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In this data book the following conventions 
are used in designating a data sheet 
"Target," "Advanced" or "Preliminary": 

Target Specification-
The target specification is intended as an 
initial disclosure of specification goals for 
the product. Product is in first stages of 
design cycle. 

Advance Information-
Indicates a product still in the design cycle, 
undergoing testing processes, and any 
specifications are based on design goals 
only. Do not use for final design. 

Preliminary Data-
Indicates a product not completely re­
leased to production. The specifications 
are based on preliminary evaluations and 
are not guaranteed. Small quantities are 
available, and Silicon Systems should be 
consulted for current information. 
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systems. No patents or licenses regarding the integrated circuit technology herein are implied unless otherwise stated. 
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COMMUNICATION PRODUCTS REFERENCE 

551 73K212 X Bell 212A/l03 +12V 28 DIP, 28 PLCC 

551 73K2125 X 73K212 with serial interface only +12V 22 DIP 

SS173K212L X Low Power 73K212 +5V 28 DIP, 28 PLCC 

SS173K2125L X 73K212L with serial interface only +5V 22 DIP 

SS173K221 X X cCirr V.22/V.21 +12V 22, 28 DIP, 28 PLCC 

SS173K2215 X X 73K221 with serial interface only +12V 22 DIP 

SS173K221L X X Low Power 73K221 +5V 22, 28 DIP, 28 PLCC 

SS173K2215L X X 73K221 L with serial interface only +5V 22 DIP 

SS173K222 X X X Bell 212A/l 03, cCirr V.22/V.21 +12V 22, 28 DIP, 28 PLC 

SS173K2225 X X X 73K222 with serial interface only +12V 22 DIP 

551 73K222L X X X Low Power 73K222 +5V 22,28 DIP, 28 PLCC 

551 73K2225L X X X 73K222L with serial interface only +5V 22 DIP 

SS173K222U X X X 73K222L with 16C450 UART +5V 40 DIP, 44 PLCC 

551 73K224L X X X X Bell 212A/l 03, cCirr V.22bis/V.22/V.21 +5V 28 DIP, 28, 32 PLCC, 
52 QFP, 64 TQfP 

:s; SSI 73K224SL X X X X 73K224L with serial interface +5V 22 DIP 

SSl73K302L X X Bell 212A/202/103 +5V 28 DIP, 28 PLCC 

SSI 73K3025L X X Bell 212A/202/1 03; serial interface only +5V 22 DIP 

551 73K312L 8103 X X X BELL 202/103; ccm V.21/V.23 +5V 28 DIP, 28 PLCC, 
52 QFP, 64 TQFP 

SSl73K321L X X ccm V.23/V.21 +5V 28 DIP, 28 PLCC 

SSI 73K3215L X X 73K321 L with serial interface only +5V 22 DIP 

SSl73K322L X X X ccm V.23/V.22/V.21 +5V 28 DIP, 28 PLCC 

551 73K3225L X X X 73K322L with serial interface only +5V 22 DIP 

SS173K324L 8212 X X X X ccm V.22bis/V.22/V.23/V.21 +5V 28 DIP, 28, 32 PLCC 
PI 64TQfP 

Various DIP & PLCC 
Various DIP & PLCC 
Various QfP & TQfP 



V.22bis/V.22/V.21, Bell 212/103 modes 28 DIP, PLCC 

Compact HDX V.23 modem 16 DIP, 16 SOL 

The active companents of a DAA in a chip used on 73M9OO1 28 PLCC. 24 VSOP 

tITCHING PRODUCTS 
551 75T201 Integrated DTMF Receiver Binary coded 2-0f.8 output +12V 22 DIP 

SS175T202 Integrated DTMF Receiver Low power, binary output +5V 18DIP 

551 75T203 Integrated DTMF Receiver Early detect, binary output +5V 18DIP 

551 75T204 Integrated DTMF Receiver Low power, binary output +5V 14 DIP, 16 SO 

SSI75T2089 Integrated DTMF Transceiver Generator & receiver, liP interface +5V 22 DIP 

551 75T209O Integrated DTMF Transceiver Like 75T2089 w / call progress detect +5V 22 DIP 

551 75T2091 Integrated DTMF Transceiver Like 75T2090 w / early detect +5V 28 DIP, PLCC 

551 75T980 Imprecise Call Progress Detector Energy detect in 305-640 Hz band, Teltone +5V 8 DIP 

551 78A093A/B 12x8x 1 Crosspaint Switch Low ON resistance, two versions +5,+12V 40 DIP, M PLCC 

551 78A207 Integrated MF Receiver Detects central office toll signals +5V 20 DIP 

eM PRODUCfS 
551 78P233 DS-l Line Interface T1 clock & data recovery, transmit equalization +5V 24 DIP, SDIP, SO 

551 78P234 2048 kBit/s PCM Interface Receive clock & data recovery, transmit drivers +5V 20 DIP, SO 

551 78P236 DS-3 Line Interface T3 clock & data recovery, transmit equalization +5V 28 DIP 

551 78P3OO T1 /E 1 Short Haul Transceiver Receive jitter attenuation +5V 28 DIP, PLCC 

~ 551 78P2361 STS-l Line Interface Transceiver STS-l clock & data recovery, transmit equalization +5V 28 DIP 

551 78P2362 CEPT E-3 Line Interface Transceiver E3 clock & data recovery, transmit equalization +5V 28 DIP 

551 78P72oo DS-3 Line Interface Transceiver DS-3 Transceiver w/Receive eaualization & hiaher transmitter drive +5V 28 DIP 

RICTS 
551780902 1 OBase T MAU Transceiver Direct interface to twisted pair and AUI +5V 28 DIP, PLCC 

SSl780903 10BaseT Hub Transceiver Programmable squelch, detect/correct reverse palarity +5V 24 DIP, 28 PLCC 

5517808330 802.3 Coax Transceiver 1 OBase-2 applications +9V 20 DIP, PLCC, 64 TQFP 

551 7808330A 802.3 Coax Transceiver 1 OBase-2/1 OBase-5 applications +9V 20 DIP, PLCC, 64 TOFP 

5517808360 Ethernet Controller/ENDEC Combo Fully integrated MAC ENDEC & AUI +5V 100 OFP, TOFP 

5517808370 PCMCIA Ethernet Combo Hiahlv intearated PCMCIA MAC ENDEC & AUI +5V 100 OFP. TOFP 

----~. SS173M450l 16C450 pin compatible UART +5V 40 DIP, M PLCC 

551 73MI450 28-pin version of 551 73M450 Full UART in 28-pin package +5V 28 DIP, PLCC 

SS173M2450 28-pin version of 73M450 Adds IlPRST function +5V 28 DIP, PLCC 

SSI73M550 16C550 pin compatible UART Receive and Transmit FIFOs +5V 40 DIP, M PLCC, 48 GT 

551 73M1550 28-pin version of SSI 73M550 Full UART in 28-pin package +5V 28 DIP, PLCC 

551 73M2550 28-pin version of 73M550 Adds IlPRST function +5V 28 DIP, PLCC 



Communications ICs at Silicon Systems 

Silicon Systems has built its 21-year reputation on the design 
and manufacture of both custom and standard mixed-signaIICs, 
or MSICs®. 

All communications ICs, to one degree or another, involve mixed­
signal design. All input or output real-world, analog signals and 
digitize them somewhere in between. In fact, the digital signal 
processing in modem design gave birth to the DSP found in most 
of today's computers. 

Silicon Systems' designers are experts in protocol and signal 
processing - analog, digital, wired and wireless. But you should 
know that easily half of our business is in custom design, and all of 
our ICs are application-specific. We think this gives us an edge in 
customer-driven engineering. 

We can build mixed-signal circuits which conform to almost 
limitless requirements for partitioning, cost, footprint, performance 
and power. In other words, we have the tools to do the job exactly 
the way you want it. 

Why not send for a free copy of our Tool Kit brochure for a look 
at what we've developed in the past and what we can develop for 
you in the future. Bring us your application, and we'll break out 
the tools. 
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Introduction 

Silicon Systems' K-Series Family of One-Chip Modems 

Silicon Systems is a leader in the design and manufac­
turing of CMOS VLSI modems. Currently, Silicon 
Systems offers the most extensive line of one-chip 
modem ICs available, with high-performance, cost­
effective designs suitable for a wide range of applica­
tions. Silicon Systems' fully compatible modem IC 
family has redefined the modem IC as a universal 
component which can be easily integrated into any 
system. Designs can be upgraded to meet different 
standards and speeds by simply substituting one K­
Series IC for another. Using a K-Series family modem 
IC in your application eliminates product obsolesence, 
and minimizes development costs. 

The Silicon Systems modem IC family consists of four 
basic products: 

1. The SSI 73K222L, a multi-mode device which 
combines both Bell 212A11 03 and V.221V.21 capa­
bility in one chip, with operating modes at a -30, 
600 and 1200 bit/so 

2. The SSI 73K222U which combines the functional­
ity of the 73K222L with the industry standard 
16C450 UART. 

3. The SSI 73K224L, a major technological break­
through which provides 2400 bit/s V.22bis opera­
tion in addition to V.221V.21 and Bell 212A1103 
modes in a single IC. 

4. The SSI 73K322L provides CCIIT V.221V.21 plus 
V.23 Videotex modes. 

New additions to Silicon Systems' modem IC family 
extend the available operating modes and provide 
features which greatly simplify integral modem design. 
The SSI 73K324L offers V.22bis, V.221V.21 and V.23 
operating modes on one chip. These products dra­
matically reduce external Circuitry required for dedi­
cated integral modem designs. 

Silicon Systems' one-chip modem IC products repre­
sent technical achievements unmatched in the indus­
try. An advanced Digital Signal Processor resides on 
the same chip with sophisticated analog circuitry in the 
SSI 73K224Land SSI 73K324Lproducts. "U"versions 
of the K-Series devices integrate an industry standard 
UART with full modem capability on a single chip. In 

1-0 

addition, an innovative bus structure makes a separate 
controller unnecessary in dedicated integral designs. 
All K-Series devices are available in low-power ver­
sions. This feature allows optimal performance with 
single +5V supply operation and is unique to Silicon 
Systems' products. 

Silicon Systems' single-chip modem IC family is 
designed to be the most effective solution for a wide 
variety of modem applications. The products provide 
for a full range of communications standards and 
speeds up to 2400 bit/so Moreover, features can be 
extended to include additional modes and higher 
operating speeds without impacting existing designs. 
Take advantage of these capabilities. Design for 
tomorrow's needs today by using Silicon Systems' 
K-Series modem IC family. 

K-Series Modem Design Manual 
The Silicon Systems K-Series Modem Design Manual 
contains a large body of application literature for the 
K-Series family of single chip modem products. This 
manual is intended as a tutorial for those users who 
may be designing with modems for the first time, and 
also as a helpful guide for more experienced modem 
designers. 

The K-Series Modem Design Manual is available 
through our worldwide network of representatives and 
distributors. 
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DESCRIPTION 

The SSI 73K212 is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a typical Bell 212A full-duplex modem. 
Using an advanced CMOS process that integrates 
analog, digital and switched-capacitor filter functions 
on a single substrate, the SSI73K212 offers excellent 
performance and a high level of functional integration 
in a Single 28- or 22-pin DIP configuration. The 
SSI 73K212L low power version of the SSI 73K212 
provides identical performance and features, but oper­
ates from a Single +5V supply with substantially lower 
power consumption. 

The SSI73K212 includes the DPSK and FSK modula­
tor/demodulator functions, call progress and hand­
shake tone monitor test modes and a DTM F dialer. 
This device supports all Bell 212A modes of operation 
allowing both synchronous and asychronous commu­
nications. 

Test features such as analog loop, digital loop, and 
remote digitalloopback are provided. Internal pattern 
generators are also included for self-testing. The 
SSI73K212 is designed to appear to the systems 
designer as a microprocessor peripheral, and will eas­
ily interface with popular one-Chip microprocessors 
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One-chlp Bell 212A and 103 standard compatible 
modem data pump 
Full-duplex operation at 0-300 bltls (FSK) or 
1200 bltls (OPSK) 
Pin and software compatible with other 
SSI K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial or parallel microprocessor bus for control 

Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
Call progress, carrier, preCise answer tone and 
long loop detectors 
OTMF generators 

Test modes available: ALB, OL, ROL, Mark, Space, 
Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
CMOS technology for low power consumption 
using 30 mW@5Vor180mW@12V 
Single +5V (73K212L) or +12V (73K212) versions 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SS173K212/K212L 
Bell 212A/1 03 
Single-Chip Modem 

DESCRIPTION (Continued) 

(80C51 typical) for control of modem functions through 
its 8-bit multiplexed address/data bus or serial control 
bus. An ALE control line simplifies address demulti­
plexing. Data communications occurs through a sepa­
rate serial port only. 

The SSI 73K212 is ideal for use in either free standing 
or integral system modem products where full-duplex 
1200 bitls data communications over the 2-wire 
switched telephone network is desired. Its high func­
tionality, low power consumption and efficient packag­
ing simplify design requirements and increase system 
reliability. A complete modem requires only the addi­
tion of the phone line interface, a control microproces­
sor, and RS-232 level convertor for a typical system. 
THe SSI 73K212 is part of SSi's K-Series family of pin 
and function compatible single-chip modem products. 
These devices allow systems to be configured for 
higher speeds and Bell or CCITT operation with only a 
single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash­
ion. The SSI 73K212 includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data within a 0.01% rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 biVs + 1.0%, 
- 2.5%. The rate converter will then insert ordelete stop 
bits in orderto output a signal which is 1200 biVs± .01 % 
(±.01 % is the required synchronous data rate 
accuracy). 

The serial data stream from the ASYNC/SYNC con­
verter is passed through the data scrambler and onto 
the analog modulator. The data scrambler can be 
bypassed under processor control when unscrambled 
data must be transmitted. The ASYNC/SYNC rate 
converter and the data scrambler are bypassed in all 
FSK modes. If serial input data contains a break signal 
through one character (including start and stop bits) the 
break will be extended to at least 2· N + 3 bits long 
(where N is the number of transmitted bits/character). 
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Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC rate converter. The SYNC/ASYNC 
convertor will reinsert any deleted stop bits and trans­
mit output data at an intra-character rate (bit-to-bit 
timing) of no greater than 1219 bit/so An incoming break 
signal (low through two characters) will be passed 
through without incorrectly inserting a stop bit. 

SYNCHRONOUS MODE 

The Bell 212A standard defines synchronous opera­
tion only at 1200 biVs. Operation is similar to that of the 
asynchronous mode except that data must be synchro­
nized to a provided clock and no variation in data 
transfer rate is allowable. Serial input data appearing at 
TXD must be valid on the rising edge of TXCLK. 

TXCLK is an internally derived 1200 Hz signal in 
internal mode and is connected internally to the 
RXCLK pin in slave mode. Receive data at the RXD pin 
is clocked out on the falling edge of RXCLK. The 
ASYNCH/SYNCH converter is bypassed when syn­
chronous mode is selected and data is transmitted out 
at the same rate as it is input. 

DPSK MODULATOR/DEMODULATOR 

The SSI73K212 modulates a serial bit stream into dibit 
pairs that are represented by four possible phase shifts 
as prescribed by the Bell 212A standard. The base­
band signal is then filtered to reduce intersymbol inter­
ference on the bandlimited 2-wire telephone line. 
Transmission occurs using either a 1200 Hz (originate 
mode) or 2400 Hz carrier (answer mode). Demodula­
tion is the reverse of the modulation process, with the 
incoming analog signal eventually decoded into di-bits 
and converted back to a serial bit stream. The demodu­
lator also recovers the clock which was encoded into 
the analog signal during modulation. Demodulation 
occurs using either a 1200 Hz carrier (answer mode or 
ALB originate mode) or a 2400 Hz carrier (originate 
mode or ALB answer mode). The SSI73K212 uses a 
phase locked loop coherent demodulation technique 
for optimum receiver performance. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output Signal using two discrete frequencies to 
represent the binary data. In the Bell 103, the standard 
frequencies of 1270 and 1070 Hz (originate, mark and 



space) or 2225 and 2025 Hz (answer, mark and space) 
are used. V.21 mode uses 980 and 1180 Hz (originate, 
mark and space) or 1650 and 1850 Hz (answer, mark 
and space). Demodulation involves detecting the re­
ceived frequencies and decoding them into the 
appropriate binary value. The rate converter and 
scrambler/descrambler are bypassed in the 103 mode. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer­
ence in the bandlimited receive signal. The transmit 
signal filtering approximates a 75% square root of 
raised COSine frequency response characteristic. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are ad­
dressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The status detect register is read 
only and cannot be modified except by modem 
response to monitored parameters. 

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the 
SSI 73K212 control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO ,A 1 and A21ines provide register addresses for data 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the RD 
line is taken low. The next eight cycles of EXCLK will 
then transfer out eight bits of the selected address 
location LSB first. A write takes place by shifting in eight 
bits of data LSB first for eight consecutive cycles of 
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EXCLK. WR is then pulsed low and data transferred 
into the selected register occurs on the rising edge of 
WR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received 
analog signal to determine status or presence of car­
rier, call-progress tones, answer tone and weak re­
ceived signal, (long loop condition). An unscrambled 
mark request signal is also detected when the received 
data out of the DPSK demodulator before the descram­
bier has been high for 165.5 ms ± 6.5 ms minimum. The 
appropriate detect register bit is set when one of these 
conditions changes and an interrupt is generated for all 
purposes except long loop. The interrupts are disabled 
(masked) when the enable interrupt bit is set to O. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected using the tone register and the transmit 
enable (CRO bit D1) is changed from 0 to 1. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 22·PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

DESCRIPTION 

System Ground. 

Power supply input, 12V + 10%, -20% (73K212) or 5V 10% 
(73K212l). Bypass with.1 and 22 JlF capacitors to ground. 

An internally generated reference voltage. Bypass with 
.1 JlF capacitor to GND. 

Chip current reference. Sets bias current for op-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MQ resistor. ISET should be bypassed to GND with a 
.1 JlF capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
registers. 

Chip select. A low during the falling edge of ALE on this pin 
allows a read cycle or a write cycle to occur. ADO-AD7 will 
not be driven and no registers will be written if CS (latched) 
is not active. The state of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is selectable under processor control 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK modes only. The pin defaults to the crystal frequency 
on reset. 

Interrupt. This open drain output signal is used to inform the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K212 internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 
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PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

RESET 25 20 I Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 

WR 13 - I Write. A low on this informs the SSI 73K212 that data is 
available on ADO-AD7 for writing into an internal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-7 I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 I/O Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI73K212 that data 
or status information is being read by the processor. The 
falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXClK in order to read all eight bits of the 
referenced register. Read data is provided lSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K212 that data 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data lSB first on 
the DATA pin for eight consecutive falling edges of EXClK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins;AO, A1, A2, DATA,andanunconnectedpin. Also, the RD andWR controls are used differently. 

The Serial Control mode is provided in the parallel control versions by tying ALE high and CS low. 
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, 
respectively. 
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DTE USER INTERFACE 

NAME 28-PIN 22-PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

External Clock. This signal is used in synchronous trans-
mission when the external timing option has been selected. 
In the external timing mode the rising edge of EXCLK is 
used to strobe synchronous DPSK transmit data applied to 
the TXD pin. Also used for serial control interface. 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received data 
output. The rising edge of RXCLK can be used to latch the 
valid output data. RXCLK will be valid as long as a carrier 
is present. 

Received Data Output. Serial receive data is available on 
this pin. The data is always valid on the rising edge of 
RXCLK when in synchronous mode. RXD will output con-
stant marks if no carrier is detected. 

Transmit Clock. This signal is used in synchronous trans-
mission to latch serial input data on the TXD pin. Data must 
be provided so that valid data is available on the rising edge 
of the TXCLK. The transmit clock is derived from different 
sources depending upon the synchronization mode 
selection. In Internal Mode the clock is generated internally. 
In External Mode TXCLK is phase locked to the EXCLK pin. 
In Slave Mode TXCLK is phase locked to the RXCLK pin. 
TXCLK is always active. 

Transmit Data Input. Serial data for transmission is applied 
on this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK clock. In asynchronous 
modes (1200 bitls or 300 baud) no clocking is necessary. 
DPSK data must be 1200 bitls +1%, -2.5%. 

Received modulated analog signal input from the tele-
phone line interface. 

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. Consult crystal manufacturer for proper 
valves. XTL2 can also be driven from an external clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. In parallel mode the ad­
dress lines are latched by ALE. Register CRO controls 
the method by which data is transferred overthe phone 

REGISTER BIT SUMMARY 

CRO 000 

CONTROl ENABLE 
REGISTER CRl 001 DETECT 

1 INTERRUPT 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as D's. 
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line. CR1 controls the interface between the micropro­
cessor and the 551 73K212 internal state. DR is a 
detect register which provides an indication of moni­
tored modem status conditions. TR, the tone control 
register, controls the DTMF generator, answer and 
guard tones and RXD output gate used in the modem 
initial connect sequence. All registers are read/write 
except for DR which is read only. Register control and 
status bits are identified below: 

BYPASS ClK TEST TEST 
SCRAMBLER CONTROL RESET MODE MODE 

1 0 

UNSCR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS lOOP 

TRANSMIT 
DTMF DTMF3 DTMF2 DTMFl DTMFO 
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REGISTER ADDRESS TABLE 

OOXX.73K212. 322. 321 
01XX.73K221.302 
10XX.73K222 
1100.73K224 
1110a73K324 
1101.73K312 

OOOO.PWR DOWN 
0OOl.INT SYNCH 
0010.EXT SYNCH 
00ll.SLAVE SYNCH 
0100.ASYNCH 8 BITSICHAR 
01 01.ASYNCH 9 BITSICHAR 
0110.ASYNCH 10 BITSICHAR 
0111.ASYNCH 11 BITSICHAR 
1100.FSK 
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OaXTAL 
1.16 X DATA 
RATE OUTPUT 
ATCLKPIN IN 
DPSKMODE 
ONLY 

OaDISABLE OaANSWER 
TXA OUTPUT 1.ORIGINATE 

1.ENABLE 
TXAOUTPUT 
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...--------
CONTROL REGISTER 0 

BIT NO. 

DO 

01 

05,04,03, 
02 

NAME 

Answer/ 
Originate 

Transmit 

Enable 

Transmit 
Mode 

05 04 03 02 01 DO 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSM ANSWER/ 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

CONDITION 

o 

000 0 

000 

001 0 

001 

o o 0 

o o 

o o 

o 

DESCRIPTION 

Selects answer mode (transmit in high band, receive 
in low band). 

Selects originate mode (transmit in low band, receive in 
high band). 

Enables transmit output at TXA. 

Note: Answer tone and OTMF TX control require TX 
enable. 

Selects power down mode. All functions 
disabled except digital interface. 

Internal synchronous mode.lnthis mode TXCLK is an 
internally derived 1200 Hz signal. Serial input data 
appearing at TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter­
nally to EXCLK pin, and a 1200 Hz clock must be 
supplied externally. 

Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

Selects OPSK asynchronous mode - 8 bits/character 
(1 start bit, 6 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 9 bits/character 
(1 start bit, 7 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 10 bits/character 
(1 start bit, 8 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 11 bits/character 
(1 start bit, 8 data bits, Parity and 1 stop or 2 stop bits). 
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CONTROL REGISTER 1 

D7 D6 

TRANSMIT TRANSMIT 
CR1 PATIERN PATIERN 
001 1 0 

D5 

ENABLE 
DETECT 
INTER. 

BIT NO. NAME CONDITION 

D1 DO 

D1, DO Test Mode 0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

03 ClK Control 0 
(Clock Control) 

1 

04 Bypass 0 
Scrambler 

1 

05 Enable Detect 0 
Interrupt 

1 

D4 D3 D2 D'1 DO 

BYPASS ClK RESET TEST TEST 
SCRAMB CONTROL MODE MODE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

Analog loop back mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable bit must be low. 

Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

Selects local digital loopback. Internally loops TXO 
back to RXD and continues to transmit data carrier at 
the TXApin. 

Selects normal operation. 

Resets modem to power down state. All control regis-
ter bits (CRO, CR1, Tone) are reset to zero. The output 
of the ClK pin will be set to the crystal frequency on 
reset. 

Selects 11.0592 MHz crystal echo output at ClK pin. 

Selects 16 X the data rate, output at ClK pin in OPSK 
modes only. 

Selects normal operation. DPSK transmn data is passed 
through scrambler. 

Selects Scrambler Bypass. Bypass DPSK data is 
routed around scrambler in the transmit path. 

Disables interrupt at INT pin. 

Enables INT output. An interrupts will be generated 
with a change in status of DR bits D1-D4. The answer 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX OTMF is activated. All interrupts will be 
disabled if the device is in power down mode. 
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CONTROL REGISTER 1 (Continued) 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D7 D6 

D7,D6 Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

DETECT REGISTER 

BIT NO. NAME CONDITION 

DO lONG lOOP 0 

D1 CAll 0 
PROGRESS 

DETECT 

D2 ANSWER 0 
TONE 

DETECT 

D3 CARRIER 
DETECT 

D4 UNSCRAM- 0 
BLED 
MARK 

SSI 73K212/K212L 
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D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal data transmission as controlled 
by the state of the TXD pin. 

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

DESCRIPTION 

Indicates normal received signal. 

No call progress tone detected. 

Indicates presence of call progress tones. The call 
progress detection circuitry is activated by energy in 
the 350 to 620 Hz call progress band. 

No answer tone detected. 

Indicates detection of 2225 Hz answer tone. The 
device must be in originate mode for detection of 
answer tone. 

Indicated carrier has been detected in the received 
channel. 

No unscrambled mark. 

Indicates detection of unscrambled marks in the 
received data. A valid indication requires that 
unscrambled marks be received for> 165.5 ± 6.5 ms. 
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DETECT REGISTER (Continued) 

05 04 

RECEIVE UNSCR. 

BIT NO. 

05 

06,07 

NAME 

RECEIVE 
DATA 

TONE REGISTER 

07 

DATA MARK 

CONDITION 

05 

03 

CARR. 
DETECT 

02 

ANSWER 
TONE 

DESCRIPTION 

01 

CALL 
PROG. 

DO 

LONG 
LOOP 

Continuously outputs the received data stream. This 
data is the same as that output on the RXO pin, but it 
is not disabled when RXO is tri-stated. 

Not used. 

04 03 02 01 DO 

RXO 
OUTPUT 
CONTR. 

TRANSMIT TRANSMIT 
TR 
011 

BIT NO. 

03,02, 
01, DO 

NAME 

DTMF 

ANSWER OTMF OTMF3 OTMF2 OTMF1 OTMFO 
TONE 

CONDITION 

03 02 01 DO 

o 0 0 0-
1 1 1 1 

DESCRIPTION 

Programs 1 of 16 OTMF tone pairs that will be 
transmitted when TX OTMF and TX enable bit (CRO, bit 
01) are set. Tone encoding is shown below: 

KEYBOARD OTMF CODE 
EQUIVALENT 03 02 01 DO 

o o 0 0 0 941 1633 
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TONE REGISTER (Continued) 

TR 
011 

BIT NO. 

04 

05 

07 

07 

RXO 
OUTPUT 
CONTR. 

05 04 03 02 

TRANSMIT TRANSMIT OTMF 3 OTMF 2 
ANSWER OTMF 

TONE 

01 DO 

OTMF 1 OTMFO 

NAME CONDITION DESCRIPTION 

TRANSMIT 0 Disable OTMF. 
OTMF r-----------r--A-ct-i-va-t-es--O-TM--F-.T-h-e-s-e-Ie-c-te-d-O-T-M-F-t-o-ne-s-a-r-e--~ 

transmitted continuously when this bit is high (with 
Transmit Enable, CRO-01). TX OTMF overrides all 
other transmit functions. 

TRANSMIT 0 Oisables answer tone generator. 
ANSWER ~----------~----------------------------------~ 

TONE Enables answer tone generator. A 2225 Hz answer 

RXO OUTPUT 0 
CONTROL 

tone will be transmitted continuously when the Trans­
mit Enable bit is set in CRO. The device must be in 
answer mode. 

Enables RXO pin. Receive data will be output on 
RXO. 

Disables RXO pin. The RXO pin reverts to a high 
impedance with internal, weak pull-up resistor. 

IDREGISTER 

10 
110 

BIT NO. 

07 

10 

06 

10 

NAME 

07,06,05 Device 

04 Identification 

Signature 

05 04 03 

10 10 10 

CONDITION DESCRIPTION 

07 06 05 04 Indicates Oevice: 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD + 0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply Voltage 4.5 5 5.5 V 

TA, Operating Free-Air -40 +85 °C 
Temperature 

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 % 
external clock 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (External to GND) 0.1 /IF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass capacitor (ISET pin to GND) 0.1 /IF 

VDD Bypass capacitor 1 (External to GND) 0.1 /IF 

VDD Bypass capacitor 2 (External to GND) 22 /IF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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ELECTRICAL SPECIFICATIONS (Continued) 

DC ELECTRICAL CHARACTERISTICS 

SSt 73K212/K212L 
Bell 212A1103 

Single-Chip Modem 

(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

100, Supply Current ISET Resistor = 2 MQ 

IDDA, Active ClK = 11.0592 MHz 8 12 rnA 

1001, Power-down ClK = 11.0592 MHz 4 rnA 

1002, Power-down ClK = 19.200 kHz 3 rnA 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 VDD V 

All other inputs 2.0 VDD V 

Vll, Input low Voltage 0 0.8 V 

IIH, Input High Current VI = VIH Max 100 !lA 
Ill, Input low Current VI = Vil Min -200 !lA 
Reset Pull-down Current Reset = VDD 1 50 !lA 
Input Capacitance All Digital Input Pins 10 pF 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 rnA 2.4 VDD V 

VOL, Output low Voltage 10 MAX=1.6 rnA 0.4 V 

VOL, ClK Output 10=3.6mA 0.6 V 

RXD Tri-State Pull-up Curr. RXD=GND -1 -50 !lA 
CMAX, ClK Output Maximum Capacitive load 15 pF 
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ELECTRICAL SPECIFICATION (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to + 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN 

PSK Modulator 

Carrier Suppression Measured at TXA 55 

Output Amplitude TX scrambled marks -11 

FSK Mod/Demod 

Output Freq. Error ClK = 11.0592 MHz -0.35 

Transmit level Transmit Dotting Pattem -11 

Harmonic Distortion THD in the alternate band 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dotting Pattern 
InAlB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -15 

DTMF Generator 

Freq. Accuracy -.25 

Output Amplitude low-Band, DPSK Mode -10 

Output Amplitude High-Band, DPSK Mode -8 

Twist High-Band to low-Band, 1.0 
DPSK mode 

Long Loop Detect DPSKor FSK -38 

Dynamic Range Refer to Performance Curves 

Call Progress Detector 

Detect level 2-Tones in 350-600 Hz band -34 

Reject level 2-Tones in 350-600 Hz band 

Delay Time -70 dBmO to -30 dBmO STEP 27 

Hold Time -30 dBmO to -70 dBmO STEP 27 

Hysteresis 2 

Note: Parameters expressed in dBmO refer to the following definition: 

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line. 

5V Version 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+.35 

-10.0 -9 

-60 -50 

±8 

+15 

+.25 

-9 -8 

-7 -6 

2.0 3.0 

-28 

45 

0 

-41 

80 

80 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 

1-16 

UNITS 

dB 

dBmO 

% 

dBmO 

dB 

0/0 

% 

% 

dBmO 

dBmO 

dB 

dBmO 

dB 

dBmO 

dBmO 

ms 

ms 

dB 



ELECTRICAL SPECIFICATION (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level In FSK mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

TXA pin Output Impedance 

Output load TXA pin; FSK Single 
Tone out for THO = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 KHz 

Frequency = 153.6 KHz 

Clock Noise TXA pin; 76.8 KHz 

5V Version (73K212L) 

12V Version (73K212) 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 

1-17 

SSI 73K212/K212L 
Bell 212A/103 

Single-Chip Modem 

MIN NOM MAX UNITS 

-49 -42 dBmO 

15 45 ms 

2 3 dB 

10 24 ms 

-49 -42 dBmO 

20 45 ms 

10 30 ms 

-2.5 +2.5 % 

200 300 Q 

10 kQ 

50 pF 

-39 dBmO 

-45 dBmO 

1.0 mVrms 

2.0 mVrms 

-10 +10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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ELECTRICAL SPECIFICATION (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE low 

TLA CS/Addr. hold after ALE low 

TLC ALE low to RD/WR low 

TCL RD/WR Control to ALE high 

TRD Data out from RD low 

TLL ALE width 

TRDF Data float after RD high 

TRW RD width 

TWW WR width 

TDW Data setup before WR high 

TWD Data hold after WR high 

TCKD Data out after EXCLK low 

TCKW WR after EXCLK low 

TDCK Data setup before EXCLK low 

TAC Address setup before control·· 

TCA Address hold after control" 

TWH Data Hold after EXCLK . Maximum time applies to parallel version only. .. Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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MIN NOM MAX UNITS 

30 ns 

20 ns 

40 ns 

10 ns 

0 160 ns 

60 ns 

0 80 ns 

200 25000 ns 

140 25000· ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 ns 



TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ _______ _ 

TLC 

TLC 

SS173K212/K212L 
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I 
TWO 

I. TOW ~. j~1 
ADO-AD7 --K ADDRESS }--{ READ DATA}--{ ADDRESS }--{ WRITE DATA)f---

~ ----='}----'l-41--=-------I-~>--------<-4+-------

READ TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2. ---+---------------------+lbI\! 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Seriesproducts 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a DAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical DAA ar­
rangements are shown: one for a split ±5 or ±12 volt 
design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CA I-l'>~;........! 
CB t-<.. f+-=oo--1 

CC .-..."~--, 
CDI-l>-~~ 

BA D-I~:"+--+--t-t---+---i 
BB 
DA J,>-j-::::::~--+--I--+------1 

DO 
DB 

US.U6 
MC145406 

ALE 
~ 

SSI 
K·SERIES 

LOW 
POWER 
FAMilY 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address! 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin deSCription. 

In most applications the controllerwill rnonitorthe serial 
data for commands from the DTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

Cl 
390pF 

AS 
37.4 K 

• Note: Values shown are for 5V low power 
K-Senes products. For 12V versions 
these values change to: 

C1_150 pF 

C2-750 pF 

R5 _ 86.61< 

R7_14.3K 

22K 

VAl ..r MaV 
II2SOl2O 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a single 5V supply. Because 
DTMF tones utilize a higher amplitude than data, these 

VOLTAGE 
REFERENCE 

+5V 

CI 
390pF 

R4 
37AK I.". 

HOa< >---_____ ---l 
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signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg of 
the transformer is being driven in one direction by U1 A 
and the resistor is driven in the opposite direction at the 
same time by U1 B, the junction of the transformer and 
resistor remains relatively constant and the receive 
signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

• Note: Op-amp U1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

+5V 

VRI 
..r MOV 

V25Ol2O 

~ ~-------------------------------~ 
FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, however, modem designs 
must properly contend with precise frequency toler­
ances and very low level analog signals, to ensure 
acceptable performance. Using good analog circuit 
design practices will generally result in a sound design. 
Following are additional recommendations which 
should be taken into consideration when starting new 
designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±O.01% accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LA YOUT CONSIDERATIONS 

Good analog/digital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 JJ.F electro­
lytic capacitor in parallel with a 0.1 JJ.F ceramic capaci­
tor between VDD and GND is recommended. Liberal 
use of ground planes and larger traces on power and 
ground are also highly favored. High speed digital 
circuits tend to generate a significant amount of EMI 
(Electro-Magnetic Interference) which must be mini­
mized in order to meet regulatory agency limitations. 
To accomplish this, high speed digital devices should 
be locally bypassed, and the telephone line interface 
and K-Series device should be located close to each 
other near the area of the board where the phone line 
connection is accessed. To avoid problems, power 
supply and ground traces should be routed separately 
to the analog and digital functions on the board, and 
digital signals should not be routed near low level or 
high impedance analog traces. The analog and digital 
grounds should only connect at one point near the K­
Series device ground pin to avoid ground loops. The K­
Series modem IC's should have both high frequency 
and low frequency bypassing as close to the package 
as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line Simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because Signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER point, is the measure of 
dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GND 1 RXA 

VREF 

RESET 

ISET 

RXClK 

RXD 

TXD 

EXClK 

TXClK 

13 iNT 

TXA 

400-Mil 
22-Pin DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K212 with Parallel Bus Interface 

28-pin 12V supply 

Plastic Dual-In-Line 

ClK 

XTL1 

XTL2 

ADO 

AD1 

AD2 

AD3 

AD4 

ADS 

ADS 

AD7 

ALE 

WIT 

1m" 

Plastic Leaded Chip Carrier 

28-pin 5V supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

SSI 73K212 with Serial Interface 

22-pin 12V supply 

Plastic Dual-In-Line 

22-pin 5V supply 

Plastic Dual-In-Line 

Ceramic Dual-In-Line 

GND 

RXA 

VREF 

RESET 

ISET 

RXClK 

RXD 

TXD 

EXClK 

TXA 

VOD 

600-Mil 
28-Pin DIP 

ORDER NO. 

73K212 -IP 

73K212 -IH 

73K212L -IP 

73K212L - IH 

73K212S -IP 

73K212SL -IP 

73K212SL -IC 

8 

10 

11 

4321282726 

PLCC PINOUTS 
ARE THE SAME AS 

THE 28-PIN DIP 

12 13 14 15 16 17 18 

28-Pln 
PLCC 

PKG.MARK 

73K212 -IP 

73K212 -IH 

73K212L -IP 

73K212L-IH 

73K212S -IP 

73K212SL -IP 

73K212SL -IC 

25 

24 

23 

22 

21 

20 

19 
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DESCRIPTION 

The 551 73K221 is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.22 and V.21 compatible modem, 
capable of 1200 or 0-300 bitls fu II-duplex operation 
over dial-up lines. The 551 73K221 is an enhancement 
of the 551 73K212 single-chip modem with perform­
ance characteristics suitable for European and ASian 
telephone systems. The 551 73K221 produces either 
550 or 1800 Hz guard tone, recognizes and generates 
a 2100 Hz answer tone, and allows V.21 for 300 Hz 
FSK operation. The 551 73K221 integrates analog, 
digital, and switched-capacitor array functions on a 
single substrate, offering excellent performance and a 
high level of functional integration in a single 28- or 
22-pin DIP configuration. The 551 73K221 L, low power 
version of the 551 73K221 provides identical perform­
ance and features, but operates from a single +5 volt 
supply with substantially lower power consumption. 

The 551 73K221 includes the DPSK and FSK modula­
tor/demodulator functions, call progress and hand­
shake tone monitor test modes, and a tone generator 
capable of producing DTMF, answer and 550 or 
1800 Hz guard tone. This device supports 
V.22 (except mode v) and V. 21 modes of operation, 

1292 - rev. 

AOO-AD7 

"Ali 0---+01 
WIr 0---+01 
ALE 0---+01 
~ 0---+01 

RESET o--~ 

1iiT 0----1 

TXD o------~ 

(Continued) 

BLOCK DIAGRAM 

RXD 0--------1 ... _ ._ J 
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December 1992 

FEATURES 
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DETECT 

FUNCTIONS 
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One-chip CCITT V.22 and V.21 standard 
compatible modem data pump 
Full-duplex Operation at 0-300 bltls (FSK) or 600 
and 1200 bltls (DPSK) 
Pin and software compatible with other 
SSI K-Serles 1-chip modems 
Interfaces directly with standard microprocessors 
(8048,80C51 typical) 
Serial (22-pln DIP) or parallel (28-pln DIP) 
microprocessor bus for control 
Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
Call progress, carrier, precise answer tone 
(2100 Hz), and long loop detectors 
DTMF, and 550 or 1800 Hz guard tone generators 

Test modes available: ALB, DL, RDL, Mark, 
Space, Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
Space efficient 22- or 28-pin DIP packages 

CMOS technology for low power consumption 
using 30 mW@5Vor180mW@12V 
Single +5 volt (73K221 L) or +12 volt (73K221) 
versions 

PIN DIAGRAM 

elK 

XTL1 

XTL2 

TXA ADO 

AD1 
RXA 

AD2 

AD3 

AD4 

ADS 

AD6 

AD7 

ALE 

WR 

RD 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 

allowing both synchronous and asynchronous com­
munications. The SSI 73K221 is designed to appear to 
the systems designer as a microprocessor peripheral, 
and will easily interface with popular one-chip micro­
processors (80C51 typical) for control of modem func­
tions through its 8-bit multiplexed address/data bus or 
alternatively via the serial control bus. An ALE control 
line simplifies address demultiplexing. Data communi­
cations occurs through a separate serial port only. 

The SSI 73K221 is ideal for use in either free standing 
or integral system modem products where full-duplex 
1200 bit/s data communications over the 2-wire 
switched telephone network is desired. Its high func­
tionality, low power consumption and efficient packag­
ing simplify design requirements and increase system 
reliability. A complete modem requires only the addi­
tion of the phone line interface, a control microproces­
sor, and RS-232 level converter for a typical system. 
The SSI 73K221 is part of Silicon Systems' K-Series 
family of pin and function compatible single-chip mo­
dem products. These devices allow systems to be 
configured for higher speeds and Bell or CCITT opera­
tion with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous 
fashion, The SSI 73K221 includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data at a regular rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC rate converter. The 
ASYNC/SYNC rate converter accepts the data pro­
vided on the TXD pin which normally must be 1200 or 
600 bit/s + 1.0%, - 2.5%. The rate converter will then 
insert or delete stop bits in order to output a signal 
which is 1200 or 600 bit/s ± .01%. 

The serial data stream from the ASYNC/SYNC con­
verter is passed through the data scrambler and onto 
the analog modulator. The data scrambler can be 
bypassed under processor ~~trol when unscrambled 
data must be transmitted. the ASYNC/SYNC rate 
converter and the data scrambler are bypassed in all 
FSK modes. If serial input data contains a break signal 
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through one character (including start and stop bits) the 
break will be extended to at least 2· N + 3 bits long 
(where N is the number of transmitted bits/character). 

Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC rate converter. The SYNC/ASYNC 
convertor will reinsert any deleted stop bits and trans­
mit output data at an intra-character rate (bit-to-bit 
timing) of no greater than 1219 bit/so An incoming 
break signal (lOW through two characters) will be 
passed through without incorrectly inserting a stop bit. 

The SYNC/ASYNC converter also has an extended 
overspeed mode which allows selection of an output 
range of either +1% or +2.3%. In the extended 
overspeed mode, stop bits are output at 7/8 the normal 
width. 

SYNCHRONOUS MODE 

The CCITT V.22 standard defines synchronous opera­
tion at 600 and 1200 bit/so The Bell 212A standard 
defines synchronous operation only at 1200 bit/so 
Operation is similar to that of the asynchronous mode 
except that data must be synchronized to a provided 
clock and no variation in data transfer rate is allowable. 
Serial input data appearing at TXD must be valid on the 
rising edge of TXCLK. 

TXCLK is an internally derived Signal in internal mode 
and is connected internally to the RXCLK pin in slave 
mode. Receive data at the RXD pin is clocked out on 
the falling edge of RXCLK. The ASYNC/SYNC con­
verter is bypassed when synchronous mode is 
selected and data is transmitted at the same rate as it 
is input. 

DPSK MODULATOR/DEMODULATOR 

The SSI 73K221 modulates a serial bit stream into dibit 
pairs that are represented by four possible phase shifts 
as prescribed by the V.22 standard. The baseband 
signal is then filtered to reduce intersymbol interfer­
ence on the bandlimited 2-wire telephone line. Trans­
mission occurs on either a 1200 Hz (originate mode) or 
2400 Hz carrier (answer mode). Demodulation is the 
reverse of the modulation process, with the incoming 
analog signal eventually decoded into di-bits and con­
verted back to a serial bit stream. The demodulator 
also recovers the clock which was encoded into the 
analog signal during modulation. Demodulation occurs 
using either a 1200 Hz carrier (answer mode or ALB 



originate mode) or a 2400 Hz carrier (originate mode or 
ALB answer mode). The SSI 73K221 uses a phase 
locked loop coherent demodulation technique for 
optimum performance. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. V.21 mode uses 980 and 
1180 Hz (originate, mark and space) or 1650 and 
1850 Hz (answer, mark and space). Demodulation 
involves detecting the received frequencies and 
decoding them into the appropriate binary value. The 
rate converter and scrambler/descrambler are by­
passed in the V.21 mode. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the re­
ceive channel. Amplitude and phase equalization are 
necessary to compensate for distortion of the transmis­
sion line and to reduce intersymbol interference in the 
band limited receive signal. The transmit signal filtering 
approximates a 75% square root of raised Cosine 
frequency response characteristic. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, optionse­
lect and status monitoring. These registers are 
addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only and 
cannot be modified except by modem response to 
monitored parameters. 
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SERIAL COMMAND INTERFACE 

The serial command mode allows access to the 
SSI 73K221 control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO , A 1 and A21ines provide register addresses for data 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the 
RD line is taken low. The first bit is available after RD 
is brought low and the next seven cycles of EXC LK will 
then transfer out the remaining seven bits of the se­
lected address LSB first. A write takes place by shifting 
in eight bits of data LSB first for eight consecutive 
cycles of EXCLK. WR is then pulsed low and data 
transferred into the addressed register on the rising 
edge of WR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received 
analog signal to determine status or presence of car­
rier, call-progress tones, answer tone and weak 
received signal (long loop condition). An unscrambled 
mark signal is a Iso detected when the received data out 
of the DPSK demodulator before the descrambler has 
been mark for 165.5 ms ± 6.5 ms minimum. The 
appropriate detect register bit is set when one of these 
conditions changes and an interrupt is generated for all 
conditions except long loop. The interrupts are dis­
abled (masked) whenthe enable interrupt bit is setto O. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected using the tone register and the transmit 
enable (CRO bit 01) is changed from 0 to 1. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 22-PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 12V +10%, -20% (or 5V ±10%). 
Bypass with .1 and 22 JlF capacitors to ground. 

An internally generated reference voltage. Bypass with 
.1 JlF capacitor to GND. 

Chip current reference. Sets bias current for op-amps. The 
chip current is set by connecting this pin to VOD through a 
2 MQ resistor. ISET should be bypassed to GND with a 
.1 JlF capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
control registers. 

Chip select. A lowonthis pin during the falling edge of ALE 
allows a read cycle or a write cycle to occur. ADO-AD7 will 
not be driven and no registers will be written if CS (latched) 
is not active. The state CS is a latched on the falling edge 
of ALE. 

Output clock. This pin is selectable underprocessorcontrol 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK modes only. The pin defaults to the crystal frequency 
on reset. 

Interrupt. This open drain output signal is used to inform the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K221 internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the elK pin will be set to the 
crystal frequency. An internal pull down permits power on 
reset using a capacitor to VDD. 
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PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28·PIN 22·PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this pin informs the SSI73K221 that data is 
available on ADO-AD7 for writing into an internal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-7 I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 1/0 Serial Control Data. Data for a readlwrite operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI 73K221 that data 
or status information is being read by the processor. The 
falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K221 that data 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data LSB first on 
the DATA pin for eight consecutive falling edges of EXCLK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected pin. Also, the RD and WR controls are used differently. 

The Serial Control mode is provided in the parallel control versions by tying ALE high and CS low. 
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, 
respectively. 
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PIN DESCRIPTION (Continued) 

DTE USER INTERFACE 

NAME 28-PIN 22-PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

External Clock. This signal is used in synchronous trans-
mission when the external timing option has been selected. 
In the external timing mode the rising edge of EXCLK is 
used to strobe synchronous DPSK transmit data applied to 
the TXD pin. Alternately used for serial control interface. 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received data 
output. The rising edge of RXCLK can be used to latch the 
valid output data at RXD. RXCLK will be valid as long as a 
carrier is present in DPSK synchronous modes. 

Received Digital Data Output. Serial receive data is avail-
able on this pin. The data is always valid on the rising edge 
of RXCLK when in synchronous mode. RXD will output 
constant marks if no carrier is detected. 

Transmit Clock. This signal is used in DPSK synchronous 
transmission to latch serial input data on the TXD pin. Data 
must be provided so that valid data is available on the rising 
edge of the TXCLK. The transmit clock is derived from 
different sources depending upon the synchronization 
mode selection. In Internal Mode the clock is generated 
internally. In External Mode TXCLK is phase locked to the 
EXCLK pin. In Slave Mode TXCLK is phase locked to the 
RXCLK pin. TXCLK is always active. 

Transmit Data Input. Serial data for transmission is applied 
to this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK. In asynchronous modes 
(1200/600 bitls or 300 baud) no clocking is necessary. 
DPSK data must be 1200/600 biVs + 1 %, -2.5% or +2.3%, 
-2.5 % in extended overspeed mode. 

Received modulated analog signal input from the tele-
phone line interface. 

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
an 11.0592 MHz parallel mode crystal. Load capaCitors 
should be connected from XTL 1 and XTL2 to Ground. 
XTL2 can also be driven from an external clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO and A 1 
address lines in serial mode, orthe ADO and AD1lines 
in parallel mode. In parallel mode ADO and AD1 lines 
are latched by ALE. Register CRO controls the method 
by which data is transferred over the phone line. CR1 

REGISTER BIT SUMMARY 

CRO 000 

CONTROL ENABLE 
REGISTER CR1 001 DETECT 

1 INTERRUPT 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

10 
REGISTER 10 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as O's. 
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controls the interface between the microprocessor and 
the SSI 73K221 internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTM F generator, answer and guard tones and 
RXD output driver used in the modem initial connect 
sequence. All registers are read/write except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS CLK TEST TEST 
SCRAMBLER CONTROL RESET MODE MODE 

1 0 

UNSCR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMIT DTMF11 DTMFOI 
DTMF DTMF3 DTMF2 OVERSPEED GUARD! 
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REGISTER ADDRESS TABLE 

OOXX-73K212. 322. 321 
01 XX.73K221. 302 
10XX-73K222 
1100-73K224 
1110-73K324 
1101-73K312 

0-1200 Bms DPSK 
1-600 BITtS DPSK 

oooo-PWR DOWN 
0001-INT SVNCH 
oo10-EXT SVNCH 
ooll-SLAVE SVNCH 
01oo-ASVNCH 8 BITs/cHAR 
0101-ASVNCH 9 BITs/cHAR 
0110-ASVNCH 10 BITSICHAR 
0111-ASVNCH 11 BITSICHAR 
llOO-FSK 
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O_NORMAL 
l-BVPASS 

SCRAMBLER 

O-XTAL 
1-16X DATA 
RATE OUTPUT 
AT CLK PIN IN 
DPSKMODE 
ONLY 

O-NORMAL 
l_RESET 

O-DISABLE o-ANSWER 
TXA OUTPUT l-ORIGINATE 

l-ENABLE 
TXAOUTPUT 

0-1800 Hz G.T. 
1-550 Hz G.T. 



CONTROL REGISTER 0 

07 :II. 05 D4 
CRO MOOUL. :' :,' : TRANSMIT TRANSMIT 
000 OPTION ': ':", MOOE 3 MOOE 2 

BIT NO. NAME CONDITION 

00 Answer/ 0 
Originate 

1 

01 Transmit 0 

Enable 1 

05 04 03 02 

05,04,03, Transmit 0 0 0 0 
02 Mode 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

SSI73K221/K221L 
CCITT V.22, V.21 

Single-Chip Modem 

03 02 01 00 

TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MOOE1 MOOEO ENABLE ORIGINATE 

DESCRIPTION 

Selects answer mode (transmit in high band, receive 
in low band). 

Selects originate mode (transmit in low band, receive 
in high band). 

')I~~nlp.~ 1I C:11 1::)1 1 I\l output at TXA. 

Enables transmit output at TXA. 
Note: TX Enable must be set to 1 to allow Answer Tone 
and OTMF transmission. 

Selects power down mode. All functions disabled 
except digital interface. 

Internal synchronous mode. In this mode TXCLK is an 
internally derived 1200 Hz signal. Serial input data 
appearing at TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nallyto EXCLKpin, anda 1200 Hz ± 0.01 % clock must 
be supplied externally. 

Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

Selects OPSK asynchronous mode - 8 bits/character 
(1 start bit, 6 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 9 bits/character 
(1 start bit, 7 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 10 bits/character 
(1 start bit, 8 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 11 bits/character 
(1 start bit, 8 data bits, Parity and 1 stop bit). 

VtJt:OlOIlVI 

I, 

1-33 



SS173K221/K221L 
CCITI V.22, V.21 
Single-Chip Modem 

CONTROL REGISTER 0 (Continued) 

07 05 04 03 02 01 DO 

CRO MODUlo 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. 

07 

NAME 

Modulation 

Option 

CONDITION 

o X 

CONTROL REGISTER 1 

07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PAITERN PAITERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

01 DO 

01, DO Test Mode 0 0 

0 1 

1 0 

1 1 

02 Reset 0 

1 

03 CLK Control 0 
(Clock Control) 

1 

DESCRIPTION 

Selects: 

DPSK mode at 1200 bit/so 

DPSK mode at 600 bit/so 
X = Don't care 

04 03 

BYPASS ClK 

02 

SCRAMB CONTROL RESET 

DESCRIPTION 

Selects normal operating mode. 

01 DO 

TEST TEST 
MODE MODE 

1 0 

Analog loop back mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be forced 
low. 

Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

Selects local digital loopback. Internally loops TXD 
back to RXD and continues to transmit carrier from 
TXA pin. 

Selects normal operation. 

Resets modem to power down state. All control 
register bits (CRO, CR1 , Tone) are reset to zero. The 
output of the ClK pin will be set to the crystal 
frequency. 

Selects 11.0592 MHz crystal echo output at CLK 
pin. 

Selects 16 X the data rate, output at eLK pin in DPSK 
modes only. 
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CONTROL REGISTER 1 (Continued) 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB CONTROL RESET MODE MODE 
001 1 0 INTER. 1 0' 

BIT NO. NAME CONDITION DESCRIPTION 

D4 Bypass 0 Selects normal operation. DPSK data is passed 
Scrambler through scrambler. 

1 Selects Scrambler Bypass. Bypass DPSK data is 
routed around scrambler in the transmit path. 

D5 Enable Detect 0 Disables interrupt at INT pin. 
Interrupt 1 Enables INT output. An interrupts will be generated 

with a change in status of DR bits D1-D4. The answer 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX DTMF is activated. All interrupts will be 
disabled if the device is in power down mode. 

D7 D6 

D7,D6 Transmit 0 0 Selects normal data transmission as determined 
Pattern by the state of the TXD pin. 

0 1 Selects an alternating mark/space transmit pattern for 
modem testing. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 

DETECT REGISTER 

D5 D4 D3 D2 D1 DO 

DR 
010 

RECEIVE 
DATA 

UNSCR. CARR. ANSWER CAll lONG 
MARK DETECT TONE PROG. lOOP 

BIT NO. NAME CONDITION DESCRIPTION 

DO long loop 

D1 Call Progress l---~--L-~~~~~~~~~~~------_I 
Detect Indicates presence of call progress tones. The call 

progress detection circuitry is activated by energy in 
the 350 to 620 Hz call progress band. 
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DETECT REGISTER (Continued) 

DR 
010 

BIT NO. 

02 

03 

04 

NAME 

Answer 
Tone 
Detect 

Carrier 
Detect 

Unscrambled 

05 

RECEIVE 
DATA 

CONDITION 

04 03 02 01 DO 

UNSCR. CARR. ANSWER 
TONE 

CALL 
PROG. 

LONG 
LOOP MARK DETECT 

DESCRIPTION 

Indicates detection of 2100 Hz answer tone. The 
device must be in originate mode for detection of 
answer tone. 

r detected in the receive channel. 

Indicates carrier has been detected in the received 
channel. 

Mark ~----------~--'n-d-ic-a-te-s-d-e-te-ct-io-n-o-f-u-ns-c-ra-m-b-,e-d-m--ar-k-s-in-t-he----4 

05 Receive 
Data 

TONE REGISTER 

07 06 

RXO TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

BIT NO. NAME 

DO OTMF 0/ 
Guard Tone 

01 OTMF 1/ 

05 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

06 04 DO 

X 1 X 

X 0 0 

X 0 1 

04 01 

0 0 

0 1 

received data. This may be used in the V.22 connect 
sequence or for requesting a remote modem to config­
ure itself for remote digitalloopback. A valid indication 
means that unscrambled marks have been received 
for> 165.5 ± 6.5 ms. 

Continuously outputs the received data stream. This 
data is the same as that output on the RXO pin, but it 
is not disabled when RXO is tri-stated. 

04 03 02 01 DO 

TRANSMIT OTMF 1/ OTMF 0/ 
OTMF OTMF3 OTMF2 OVER- GUARD 

SPEED 

DESCRIPTION 

DO interacts with bits 06, 05, and 04 as shown. 

Transmit OTMF tones. 

Transmits 1800 Hz guard tone. 

Transmits 550 Hz guard tone. 

01 interacts with 04 as shown. 

Asynchronous OPSK 1200 or 600 bitls +1.0% - 2.5% 

Asynchronous OPSK 1200 or 600 bitls +2.3% -2.5%. 
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TONE REGISTER (Continued) 

07 06 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

D3 D2 D1 DO 

03, D2, OTMF3, 0 0 0 0-
D1,DO 2,1,0 1 1 1 1 

D4 Transmit 0 
DTMF 1 

D5 Transmit 0 
Answer 1 
Tone 

D4 D3 

TRANSMIT 
DTMF DTMF3 

DESCRIPTION 

SSI 73K221/K221 L 
CCITI V.22, V.21 

Single-Chip Modem 

D2 D1 DO 

DTMF 1/ DTMF 0/ 
DTMF2 OVER- GUARD 

SPEED 

Programs 1 of 16 DTMF tone pairs that will be 
transmitted when TX DTM F and TX enable bit (CRO. bit 
D1) is set. Tone encoding is shown below: 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 
2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 

* 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 0 0 0 941 1633 

Disable DTM F. 

Activates DTMF. The selected DTMF tones are trans-
mitted continuously when this bit is high. TX DTMF 
overrides all other transmit functions. Modem must be 
in DPSK mode during DTMF transmission. 

Disables answer tone generator. 

Enables answer tone generator. A 2100 Hz answer 
tone will be transmitted continuously when the 
Transmit Enable bit is set in C RO. The device must be 
in answer mode. 
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TONE REGISTER (Con.tinued) 

D7 D6 

RXD TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

BIT NO. NAME 

D6 TX Guard 

(Transmit 
Guard Tone) 

07 

ID REGISTER 

10 
110 

BIT NO. 

D7 

10 

RXO Output 
Control 

06 

10 

NAME 

07,06,05 Device 

04 Identification 

D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT DTMF 1/ DTMF 0/ 
ANSWER DTMF OTMF3 DTMF2 OVER- GUARD 

TONE SPEED 

CONDITION DESCRIPTION 

0 Disables guard tone generator. 

1 Enables guard tone generator (See DO for 
selection of guard tones). 

0 Enables RXO pin. Receive data will be output on 
RXO. 

1 Disables RXO pin. The RXD pin becomes a high 
impedance with internal weak pull-up resistor. 

D5 04 

10 ID 

CONDITION DESCRIPTION 

I ndicates Device: 

~----------+---------~------------------------, 
Signature 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

RATING 

14 

-65 to 150 

260 

SSI 73K221/K221 L 
CCITT V.22, V.21 

Single-Chip Modem 

UNIT 

V 

°C 

°C 

Applied Voltage -0.3 to VDD+0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

TA, Operating Free-Air -40 +85 °C 
Temperature 

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 % 

external clock 

External Components (Refer to Application section for placement.) 

VREF Bypass Capacitor (External to GND) 0.1 IlF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass CapaCitor (ISET pin to GND) 0.1 IlF 

VDD Bypass Capacitor 1 (External to GND) 0.1 IlF 

VDD Bypass CapaCitor 2 (External to GND) 22 IlF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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ELECTRICAL SPECIFICATIONS (Continued) 

DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MQ 

IDOA, Active ClK = 11.0592 MHz 

ID01, Power-down ClK = 11.0592 MHz 

ID02, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI = VIH Max 

ilL, Input low Current VI = Vil Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 rnA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10=3.6mA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive load 
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NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VDD V 

VDD V 

0.8 V 

100 !lA 
!lA 

50 !lA 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 !lA 
15 pF 



SSI 73K221/K221 L 
CCITT V.22, V.21 

Single-Chip Modem 

~~' ----------------------------------------------------------------------------1 1-

ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

PSK Modulator 

Carrier Suppression Measured at TXA 55 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Mod/Demod 

Output Freq. Error ClK = 11.0592 MHz -0.35 +.35 % 

Transmit level Transmit Dotting Pattern -11 -10 -9 dBmO 

Harmonic Distortion THD in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dotting Pattern ±8 % 
InAlB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -15 +15 % 

DTMF Generator (Modem must be in DPSK mode to meet specifications) 

Freq. Accuracy -.25 +.25 % 

Output Amplitude low Group, DPSK Mode -10 -9 -8 dBmO 

Output Amplitude High Group, DPSK Mode -8 -7 -6 dBmO 

Twist High-Group to low-Group 1.0 2.0 3.0 dB 

Long Loop Detect DPSK or FSK -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

Call Prog ress Detector 

Detect level 2-Tones in 350-600 Hz band -34 0 dBmO 

Reject level 2-Tones in 350-600 Hz band -41 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 27 80 ms 

Hold Time -30 dBmO to -70 dBmO STEP 27 80 ms 

Hysteresis 2 dB 

Note: Parameters expressed in dBmO refer to the following definition: 

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line. 

5V Version 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level Not in V.21 mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

Output load TXA pin; FSK Single 

Tone out for THO = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 kHz 

Frequency = 153.6 kHz 

Output Impedance TXA pin 

Clock Noise TXA pin; 76.8 kHz 

5V Version (73K221 L) 

12V Version (73K221) 

CarrierVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Frequency Change 

Recovered Clock 

Capture Range 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXO pin 
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MIN NOM MAX UNITS 

-49 -42 dBmO 

15 45 ms 

2 3.0 dB 

10 24 ms 

-49.5 -42 dBmO 

20 45 ms 

10 30 ms 

-2.5 +2.5 0/0 

10 kQ 

50 pF 

-39 dBmO 

-45 dBmO 

200 300 Q 

1.0 mVrms 

2 mVrms 

-10 +10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Guard Tone Generator 

Tone Accuracy 550 or 1800 Hz -20 +20 Hz 

Tone Level 550 Hz -4.0 -3.0 -2.0 dB 

(Below DPSK Output) 1800 Hz -7.0 -6.0 -5.0 dB 

Harmonic Distortion 550 Hz -50 dB 

700 to 2900 Hz 1800 Hz -60 dB 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE low 30 ns 

TLA CS/Addr. hold after ALE low 20 ns 

TLC ALE low to RD/WR low 40 ns 

TCL RD/WR Control to ALE high 10 ns 

TRD Data out from RD low 0 160 ns 

TLL ALE width 60 ns 

TRDF Data float after RD high 0 80 ns 

TRW RDwidth 200 25000 ns 

TWW WRwidth 140 25000* ns 

TDW Data setup before WR high 150 ns 

TWD Data hold after WR high 20 ns 

TCKD Data out after EXCLK low 200 ns 

TCKW WR after EXCLK low 150 ns 

TDCK Data setup before EXCLK low 150 ns 

TAC Address setup before control** 50 ns 

TCA Address hold after control** 50 ns 

TWH Data hold after EXCLK 150 ns 

* Maximum time applies to parallel version only. 

** Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ 

TLC TRW 

Jm -'r-

WR" 

TlA TRD 

J TCl r 
+ TlC .L TWW .I 

+ 
TRDF 

L TAL 'J ~D ~ ~ TOW • 

ADO-AD7 --K ADDRESS }---j( READ DATA}---j( ADDRESS }---j( WRITE DATA}-

~ --=t- -~- -~- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

AO-A2 

DATA ---+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

HTWW 
---~---------------------------------~--,i 

TCKW I ~ 
(ACt TCA 

AO-A2 ------l--------------------------------------+lf.A 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a OAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical OAA ar­
rangements are shown: one for a split ±5 or ±12 volt 
design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CA~+-=~ 
CB I-<J.~;.-....j 
CC I"""--"r=,----, 
CD t"1 ___ ..-----, 

BA 
BB 

DA I>-I~~-+--+-i------j 

DO ~:~~: 
DB 

US.U6 
MCI45406 

ALE 

~ 
SSI 

K-SERIES 
LOW 

POWER 
FAMILY 

SSI 73K221/K221 L 
CCITT V.22, V.21 

Single-Chip Modem 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitorthe serial 
data for commands from the OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

C2 
300 pF 

CI 
390 pF 

AS 
37.4 K 

• Note: Values shown are lor 5V low power 
K-Series products. For 12V versions 
these values change to: 

C1 -150 pF 

C2 -750 pF 

R5 - 86.6K 

R7a 14.3K 

22K 

VRI ..r MeV 
V250L20 

FIGURE 1: BasiC Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the Signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a single 5 volt supply. Because 
DTMF tones utilize a higher amplitude than data, these 

C3 
O.ll1F 

Cl 
390pF 

R4 
37.4Kl% 

~I-----~ 

ce 
O.l"F 

~~~~N~~~~--~ 

VOLTAGE 
REFERENCE 

HOOK >---------' 
lm'Ill 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1 C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg of 
the transformer is being driven in one direction by U1 A 
and the resistor is driven in the OPPOSite direction at the 
same time by U1 B, the junction of the transformer and 
resistor remains relatively constant and the receive 
signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

• Note: Op-amp U1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

.6V 

,.. VRl 
.J MOV 

V260l20 

FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, however, modem designs MODEM PERFORMANCE 
must properly contend with precise frequency toler- CHARACTERISTICS 
ances and very low level analog signals, to ensure 
acceptable performance. Using good analog circuit 
design practices will generally result in a sound design. 
Following are additional recommendations which 
should be taken into consideration when starting new 
designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01 % accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LA YOUT CONSIDERATIONS 

Good analogldigital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem deSigns. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 J.lF electro­
lytic capacitor in parallel with a 0.1 J.lF ceramic capaci­
tor between VDD and GND is recommended. Liberal 
use of ground planes and larger traces on power and 
ground are also highly favored. High speed digital 
circuits tend to generate a significant amount of EMI 
(Electro-Magnetic Interference) which must be mini­
mized in order to meet regulatory agency limitations. 
To accomplish this, high speed digital devices should 
be locally bypassed, and the telephone line interface 
and K-Series device should be located close to each 
other near the area of the board where the phone line 
connection is accessed. To avoid problems,power 
supply and ground traces should be routed separately 
to the analog and digital functions on the board, and 
digital signals should not be routed near low level or 
high impedance analog traces. The analog and digital 
grounds should only connect at one point near the K-
Series device ground pin to avoid ground loops. The K-
Series modem IC's should have both high frequency 
and low frequency bypassing as close to the package 
as possible. 
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The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER point, is the measure of 
dynamic range. 
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* "EQ On" Indicates bit CR1 04 is set for additional phase equalization. 
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PACKAGE PIN DESIGNATIONS ClK 

(TOP VIEW) XTL1 

XTL2 
RXA 

ADO 
VREF 

AD1 
RESET 

AD2 

ISET AD3 

RXClK AD4 

RXD ADS 

TXD ADS 

EXClK AD7 

TXClK ALE 

WR" 

TXA AD 

400-Mil 
22-Pin DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K221 with Parallel Bus Interface 

28-pin 12 volt supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

28-pin 5 volt supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

SSI 73K212 with Serial Interface 

22-pin 12 volt supply 

Plastic Dual-In-Line 

22-pin 5 volt supply 

Plastic Dual-In-Line 

GND 

RXA 

VREF 

RESET 

ISET 

RXClK 

RXD 

TXD 

EXClK 

TXA 

VDD 

600-Mil 
28-Pin DIP 

ORDER NO. 

73K221 -IP 

73K221 -IH 

73K221L -IP 

73K221L -IH 

73K221S -IP 

73K221 SL - IP 

8 

10 

11 

4 3 2 1282726 

PLCC PINOUTS 
ARE THE SAME AS 

THE 28·PIN DIP 

12 13 14 15 16 17 18 

28-Pin 
PLCC 

PKG.MARK 

73K221 -IP 

73K221 -IH 

73K221L-IP 

73K221L-IH 

73K221S -IP 

73K221 SL - IP 

25 

24 

23 

22 

21 

20 

19 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

1292- rev. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714)573-6000, FAX: (714) 573-6914 
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DESCRIPTION 

The 551 73K222 is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.22, V.21 and Bell 212A compat­
ible modem, capable of 1200 biVs full-duplex opera­
tion over dial-up lines. The 5S173K222 is an enhance­
ment of the 5S1 73K212 single-chip modem which 
adds V.22 and V.21 modes to the Bell 212A and 103 
operation of the SS173K212. In Bell 212A mode, the 
S51 73K222 provides the normal Bell 212A and 103 
functions and employs a 2225 Hz answer tone. The 
SSI 73K222 in V.22 mode produces either 550 or 
1800 Hz guard tone, recognizes and generates a 
2100 Hz answer tone, and allows 600 biVs V.22 or 
0-300 bitls V.21 operation. The SSI73K222 integrates 
analog, digital, and switched-capacitor array functions 
on a single substrate, offering excellent performance 
and a high level of functional integration in a single 28-
or 22-pin DIP configuration. The SS173K222L, low 
power version of the S51 73K222 provides identical 
performance and features, but operates from a single 
+5V supply with substantially lower power 
consumption. 

The 551 73K222 includes the DPSK and FSK modula­
tor/demodulator functions, call progress and hand­
shake tone monitor and a tone generator capable of 

(Continued) 

BLOCK DIAGRAM 

ADO-AD? 

SMART 
'RT 0----1 DIALING 

• DETECT 

December 1992 

FEATURES 

One-chip CCITT V.22, V.21, Bell 212A and 103 
standard compatible modem data pump 
Full-duplex operation at 0-300 bltls (FSK) or 600 and 
1200 bltls (OPSK) 
Pin and software compatible with other 
551 K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048,80C51 typical) 
Serial or parallel microprocessor bus for control 

Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation Including V.22 extended overspeed 
Call progress, carrier, precise answer tone (2100 or 
2225 Hz), and long loop detectors, 
OTMF, and 550 or 1800 Hz guard tone generators 

Test modes available: ALB, OL, ROL, Mark, Space, 
Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
CMOS technology for low power consumption us­
Ing 30 mW@5Vor180 mW@ 12V 
Single +5 volt (73K222L) or +12 volt (73K222) 
versions 

PIN DIAGRAM 
eLK 
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TXD o-------~ 
RXD o----------l 

FUNCTIONS 

ADI 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 

tone required for European applications. This device 
supports V.22 (except mode v) and V. 21 modes of 
operation, allowing both synchronous and asynchro­
nous communications. Test features such as analog 
loop, digital loop, and remote digital loopback are 
supported. Internal pattern generators are also 
included for self-testing. The SSI 73K222 is designed 
to appear to the systems designer as a microprocessor 
peripheral, and will easily interface with popular 
one-chip microprocessors (80C51 typical) for control 
of modem functions through its 8-bit multiplexed 
address/data bus or serial control bus. An ALE control 
line simplifies address demu Itiplexing. Data communi­
cations occurS through a separate serial port only. 

The SSI73K222 is ideal for use in either free standing 
or integral system modem products where full-duplex 
1200 bit/s data communications over the 2-wire 
switched telephone network is desired. Its high func­
tionality, low power consumption and efficient packag­
ing simplify design requirements and increase system 
reliability. A complete modem requires only the addi­
tion of the phone line interface, a control microproces­
sor, and RS-232 level converter for a typical system. 
The SSI 73K222 is part of Silicon Systems' K-Series 
family of pin and function compatible single-chip 
modem products. These devices allow systems to be 
configured for higher speeds and Bell or CCITT opera­
tion with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash­
ion. The SSI 73K222 includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data within a ±0.01% rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 or 600 bit/s 
+ 1.0%, -2.5%. The converter will then insert or delete 
stop bits in order to output a signal which is 1200 or 600 
bit/s ± 0.01% (± 0.01% is required synchronous data 
rate accuracy). 
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The serial data stream from the ASYNC/SYNC con­
verter is passed through the data scrambler and onto 
the analog modulator. The data scrambler can be 
bypassed under processor control when unscrambled 
data must be transmitted. The ASYNC/SYNC con­
verter and the data scrambler are bypassed in all FSK 
modes. If serial input data contains a break signal 
through one character (including start and stop bits) the 
break will be extended to at least 2 • N + 3 bits long 
(where N is the number of transmitted bits/character). 

Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC converter. The SYNC/ASYNC conver­
tor will reinsert any deleted stop bits and transmit 
output data at an intra-character rate (bit-to-bit timing) 
of no greater than 1219 bit/so An incoming break signal 
(lOW through two characters) will be passed through 
without incorrectly inserting a stop bit. 

The SYNC/ASYNC converter also has an extended 
overspeed mode which allows selection of an 
overspeed range of either +1% or +2.3%. In the ex­
tended overspeed mode, stop bits are output at 7/8 the 
normal width. 

SYNCHRONOUS MODE 

The CCITT V.22 standard defines synchronous opera­
tion at 600 and 1200 bit/so The Bell 212A standard 
defines synchronous operation only at 1200 bit/so 
Operation is similar to that of the asynchronous mode 
except that data must be synchronized to a provided 
clock and no variation in data transfer rate is allowable. 
Serial input data appearing at TXD must be valid on the 
rising edge of TXCLK. 

TXCLK is an intemally derived signal in internal mode 
and is connected internally to the RXCLK pin in slave 
mode. Receive data at the RXD pin is clocked out on 
the falling edge of RXCLK. The ASYNCH/SYNCH 
converter is bypassed when synchronous mode is­
selected and data is transmitted out at the same rate as 
it is input. 

DPSK MODULATOR/DEMODULATOR 

The SSI 73K222 modulates a serial bit stream into 
di-bit pairs that are represented by four possible phase 
shifts as prescribed by the Bell212A or V .22 standards. 
The baseband signal is then filtered to reduce inter­
symbol interference on the band limited 2-wire 
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telephone line. Transmission occurs using either a 
1200 Hz (originate mode) or 2400 Hz carrier (answer 
mode). Demodulation is the reverse of the modulation 
process, with the incoming analog signal even!ually 
decoded into di-bits and converted back to a senal bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). The SSI 73K222 uses a phase locked loop 
coherent demodulation technique for optimum 
receiver performance. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. In Bell 103, the standard 
frequencies of 1270 and 1070 Hz (originate, mark and 
space) or 2225 and 2025 Hz (answer, mark and space) 
are used. V.21 mode uses 980 and 1180 Hz (originate, 
mark and space), or 1650 and 1850Hz (answer, mark 
and space). Demodulation involves detecting the re­
ceived frequencies and decoding them into the 
appropriate binary value. The rate converter and 
scrambler/descrambler are bypassed in the 103 or 
V.21 modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of t~e transmit an~ 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer­
ence in the bandlimited receive signal. The transmit 
signal fittering approximates a 75% squar~ r?ot of 
raised Cosine frequency response characteristic. 

AGe 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 
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PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are ad­
dressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only and 
cannot be modified except by modem response to 
monitored parameters. 

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
SSI 73K222 control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO, A 1 and A2lines provide register addresses fordata 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the RD 
line is taken low. The first bit is available after RD is 
brought low and the next seven cycles of EXCLK will 
then transfer out seven bits of the selected address 
LSB first. A write takes place by shifting in eight bits of 
data LSB first for eight consecutive cycles of EXCLK. 
WR is then pulsed low and data transferred into the 
addressed register occurs on the rising edge of WR. 
This interface mode is also supported in the 28-pin 
packages. See serial control interface pin description. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received ana­
log signal to determine status or presence of carrier, 
call-progress tones, answer tone and weak received 
signal (long loop condition). An unscrambl.ed mark 
request signal is also detected when the received data 
out of the DPSK demodulator before the descrambler 
has been high for 165.5 ms ± 6.5 ms minimum. The 
appropriate detect register bit is set when one of these 
conditions changes and an interrupt is generated for all 
purposes except long loop. The interrupts are disabled 
(masked) when the enable interrupt bit is set to O. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit bi~ary value and -:X 
DTMF mode bit previously loaded Into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected using the tone register and the transmit 
enable (CRO bit D1) is changed from 0 to 1. 
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PIN DESCRIPTION 

POWER 

NAME 28·PIN 22·PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - I/O 

CS 20 - I 

CLK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 12V + 10%, -20% (73K222) or 5V ±1 0% 
(73K222L). Bypass with .1 and 22 J.lF capacitors to GND. 

An internally generated reference voltage. Bypass with 
.1 J.l.F capacitor to ground. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MQ resistor. ISET should be bypassed to GND with a 
.1 J.l.F capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
registers. 

Chip select. A low on this pin during the falling edge of ALE 
allows a read cycle or a write cycle to occur. ADO-AD7 will 
not be driven and no registers will be written if CS (latched) 
is not active. The state of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is selectable under processor control 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK modes only. The pin defaults to the crystalfrequency 
on reset. 

Interrupt. This open drain output signal is used to inform the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K222 internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the CLK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 
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PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this informs the SSI 73K222 that data is 
available on ADO-AD7 for writing into an intemal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-7 I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 1/0 Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI73K222 that data 
or status information is being read by the processor. The 
falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K222 that data 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data LSB first on 
the DATA pin for eight consecutive falling edges of EXCLK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1 , A2, DATA, and an unconnected pin. Also, the R D and WR controls are used differently. 

The serial control mode is provided in the parallel control versions by tying ALE high and CS low. 
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, 
respectively. 
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PIN DESCRIPTION (Continued) 

DTE USER 

NAME 28-PIN 22-PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

External Clock. This signal is used in synchronous trans-
mission when the external timing option has been selected. 
In the external timing mode the rising edge of EXCLK is 
used to strobe synchronous DPSK transmit data applied to 
on the TXD pin. Also used for serial control interface. 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received data 
output. The rising edge of RXCLK can be used to latch the 
valid output data. RXCLK will be valid as long as a carrier 
is present. 

Received Data Output. Serial receive data is available on 
this pin. The data is always valid on the rising edge of 
RXCLK when in synchronous mode. RXD will output con-
stant marks if no carrier is detected. 

Transmit Clock. This signal is used in synchronous trans-
mission to latch serial input data on the TXD pin. Data must 
be provided so that valid data is available on the rising edge 
of the TXCLK. The transmit clock is derived from different 
sources depending upon the synchronization mode selec-
tion. In Internal Mode the clock is generated internally. In 
External Mode TXCLK is phase locked to the EXCLK pin. 
In Slave Mode TXCLK is phase locked to the RXCLK pin. 
TXCLK is always active. 

Transmit Data Input. Serial data for transmission is applied 
on this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK clock. In asynchronous 
modes (1200/600 bitls or 300 baud) no clocking is neces-
sary. DPSK data must be 1200/600 biVs +1%, -2.5% or 
+2.3%, -2.5 % in extended overspeed mode. 

Received modulated analog signal input from the tele-
phone line interface. 

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal. Load capaCitors 
should be connected from XTL 1 and XTL2 to Ground. 
XTL2 can also be driven from an external clock. 
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1'--------
REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. In parallel mode the ad­
dress lines are latched by ALE. Register CRO controls 
the method by which data is transferred over the phone 

REGISTER BIT SUMMARY 

CRO 000 

CONTROL ENABLE 
REGISTER CR1 001 DETECT 

1 INTERRUPT 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as O's. 
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line. CR1 controls the interface between the micropro­
cessor and the SSI 73K222 internal state. DR is a 
detect register which provides an indication of moni­
tored modem status conditions. TR, the tone control 
register, controls the DTMF generator, answer and 
guard tones and RXD output gate used in the modem 
initial connect sequence. All registers are readiwrite 
except for DR which is read only. Register control and 
status bits are identified below: 

BYPASS CLK TEST TEST 
SCRAMBLER CONTROL RESET MODE MODE 

1 0 

UNseR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMIT DTUF11 
DTUF DTUF3 DlMF2 OVERSPEED 
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Single-Chip Modem 

REGISTER ADDRESS TABLE 

OOXX.73K212. 322. 321 
01XX.73K221.302 
10XX.73K222 
ll00.73K224 
1110.73K324 
1101.73K312 

0.1200 BITtS DPSK 
1.600 BITtS DPSK 
o-BELL 103 FSK 
1.V.21 FSK 

OOOO.PWR DOWN 
000l.INT SYNCH 
0010.EXT SYNCH 
00ll.SLAVE SYNCH 
0100.ASYNCH 8 BITSICHAR 
0101.ASYNCH 9 BITSICHAR 
0110.ASYNCH 10 BITs/CHAR 
0111.ASYNCH 11 BITs/CHAR 
ll00.FSK 
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o-XTAL 
1.16 X DATA 
RATE OUTPUT 
ATCLK PIN IN 
DPSKMOOE 
ONLY 

o-DISABLE O.ANSWER 
TXA OUTPUT 1.0RIGINATE 

1.ENABLE 
TXAOUTPUT 

0-2225 Hz A.T. 
1800 HzG.T. 

1.2100 Hz A.T. 
500 Hz G.T. 
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;-1 ____ _ 

~ 
CONTROL REGISTER 0 

D~ ~ 04 03 02 01 00 

CRO Monlll '. TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
000 OPT MOOE 3 MOOE2 MOOE 1 MOOEO ENABLE ORIGINATE 

BIT NO. NAME CONDITION ____ •.• IIVN 

00 Answer/ 0 Selects answer mode (transmit in high band, receive 
Originate in low band). 

1 Selects originate mode (transmit in low band, receive 
in high band). 

01 Transmit 0 • .. ·hll::~nu:~~ transmit output at TXA. 
Enable 1 Enables transmit output at TXA. 

Note: TX Enable must be setto 1 to allow Answer Tone 
and OTMF Transmiission. 

05 04 03 02 

05,'04,03, Transmit 0 0 0 0 Selects power down mode. All functions disabled 
02 Mode except digital interface. 

0 0 0 1 Internal synchronous mode. In this mode TXCLK is an 
internally derived 1200 Hz signal. Serial input data 
appearing at TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

0 0 1 0 External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz ± 0.01 % clock must 
be supplied externally. 

0 0 1 1 Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

0 1 0 0 Selects PSK asynchronous mode - 8 bits/character 
(1 start bit, 6 data bits, 1 stop bit). 

0 1 0 1 Selects PSK asynchronous mode - 9 bits/character 
(1 start bit, 7 data bits, 1 stop bit). 

0 1 1 0 Selects PSK asynchronous mode - 10 bits/character 
(1 start bit, 8 data bits, 1 stop bit). 

0 1 1 1 Selects PSK asynchronous mode - 11 bits/character 
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits). 

1 o 0 Selects FSK ~laliVII. 

06 0 Not used; must be written as a "0." 
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CONTROL REGISTER 0 (Continued) 

05 04 03 02 01 DO 

CRO 
000 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

07 Modulation 

Option 

x = Don't care 

CONTROL REGISTER 1 

07 06 05 04 03 02 01 DO 

TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB CONTROL RESET MODE MODE 
001 1 0 INTER. 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

01 DO 

01,00 Test Mode 0 0 Selects normal operating mode. 

0 1 Analog loop back mode. Loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be forced 
low. 

1 0 Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

1 1 Selects local digital loopback. Internally loops TXD 
back to RXD and continues to transmit carrier from 
TXA pin. 

02 Reset 0 Selects normal operation. 

1 Resets modem to power down state. All control 
register bits (CRO, CR1, Tone) are reset to zero. The 
output, of the CLK pin will be set to the crystal 
frequency. 

03 CLK Control 0 Selects 11.0592 MHz crystal echo output at ClK 
(Clock Control) pin. 

1 Selects 16 X the data rate, output at CLK pin in DPSK 
modes only. 
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1'-----------
CONTROL REGISTER 1 (Continued) 

07 D6 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 

BIT NO. NAME 

04 Bypass 
Scrambler 

05 Enable Detect 

07,06 Transmit 
Pattern 

DETECT REGISTER 

BIT NO. NAME 

DO long loop 

01 Call 
Progress 

Detect 

0 INTER. 

CONDITION 

0 

1 

0 

1 

07 06 

0 0 

0 1 

1 0 

1 1 

D5 04 

RECEIVE UNSCR. 
DATA MARK 

CONDITION 

04 03 02 01 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal operation. DPSK data is passed 
through scrambler. 

Selects Scrambler Bypass. Bypass DPSK data is 
routed around scrambler in the transmit path. 

Disables interrupt at INT pin. 

Enables INT output. An interrupts will be generated 
with a change in status of DR bits 01-04. The answer 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX DTMF is activated. All interrupts will be 
disabled if the device is in power down mode. 

Selects normal data transmission as controlled by the 
state of the TXD pin. 

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

03 02 

CARR. ANSWER 
DETECT TONE 

DESCRIPTION 

D1 

CAll 
PROG. 

DO 

lONG 
lOOP 

Indicates presence of call progress tones. The call 
progress detection circuitry is activated by energy in 
the 350 to 620 Hz call progress band. 
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DETECT REGISTER (Continued) 

D5 D4 D3 D2 D1 DO 

RECEIVE UNSCR. CARR. ANSWER CALL 
PROG. 

LONG 
LOOP DATA MARK DETECT TONE 

BIT NO. 

D2 

D3 

D4 

05 

NAME 

Answer 
Tone 
Detect 

Carrier 
Detect 

Unscrambled 
Mark 

Detect 

Receive 
Data 

TONE REGISTER 

D7 D6 

RXD TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

BIT NO. NAME 

DO OTMFOI 
Answer/ 

Guard Tone 

01 OTMF 1/ 
Overspeed 

CONDITION 

D5 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

06 05 D4 DO 

X X 1 X 

X 0 0 0 

X 1 0 0 

X 0 0 1 

X 1 0 1 

1 0 0 0 

1 0 0 1 

04 D1 

0 0 

0 1 

DESCRIPTION 

Indicates detection of 2225 Hz answer tone in Bell 
mode or 21 00 Hz in CCITT mode. The device must be 
in originate mode for detection of answer tone. For 
CCITT answer tone detection, bit DO of the Tone 
Register must be set to a 1. 

Indicates carrier has been detected in the receive 
channel. 

Indicates detection of unscrambled marks in 

the received data. A valid indication requires that 
unscrambled marks be received for> 165.5 ± 6.5 ms. 

Continuously outputs the received data stream. This 
data is the same as that output on the RXD pin, but it 
is not disabled when RXD is tri-stated. 

D4 D3 D2 D1 DO 

TRANSMIT DTMF 11 DTMF 01 
DTMF DTMF3 DTMF2 OVER- ANSWERI 

SPEED GUARD 

DESCRIPTION 

00 interacts with bits D6, D5, and D4 as shown. 

Transmit OTMF tones. 

Detects 2225 Hz in originate mode. 

Transmits 2225 Hz in answer mode (Bell). 

Detects 2100 Hz in originate mode. 

Transmits 2100 Hz in answer mode (CCITT). 

Select 1800 Hz guard tone. 

Select 550 Hz guard tone. 

01 interacts with D4 as shown. 

Asynchronous OPSK + 1.0% -2.5%. 

Asynchronous OPSK +2.3% -2.5%. 
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.,::------
TONE REGISTER 

D7 D6 D5 D4 D3 D2 D1 DO 

RXD TRANSMIT TRANSMIT TRANSMIT DTMF 11 DTMF 01 
TR OUTPUT GUARD ANSWER DTMF DTMF3 DTMF2 OVER- ANSWERI 
011 CONTA. TONE TONE SPEED GUARD 

BIT NO. NAME CONDITION DESCRIPTION 

03 02 01 DO 

03,02, DTMF3, 0 0 0 0- Programs 1 of 16 DTMF tone pairs that will be 
01, DO 2,1,0 1 1 1 1 transmitted when TX DTM F and TX enable bit (CRO, bit 

01) are set. Tone encoding is shown below: 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 02 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 
it 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

0 0 0 0 0 941 1633 

D4 Transmit 0 Disable DTMF. 
DTMF 1 Activates DTMF. The selected DTMF tones are 

transmitted continuously when this bit is high. TX 
DTMF overrides all other transmit functions. 

05 04 DO 05 interacts with bits 04 and DO as shown. 

D5 Transmit 0 0 X Disables answer tone generator. 
Answer 1 0 0 Enables answer tone generator. A 2225 Hz answer 
Tone tone will be transmitted continuously when the Trans-

mit Enable bit is set in CRO. The device must be in 
answer mode. 

1 0 1 Likewise a 2100 Hz answer tone will be transmitted.' 
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TONE REGISTER (Continued) 

07 06 

RXO TRANSMIT 
TR OUTPUT GUARD 
011 CONTA. TONE 

. BITNO. NAME 

06 

07 

10 REGISTER 

10 
110 

D7 

10 

Transmit 
Guard Tone 

RXO Output 
Control 

06 

ID 

05 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

0 

1 

0 

1 

05 

ID 

BIT NO. NAME CONDITION 

07,06 Device 

Identification 

Signature 

07 06 05 04 

04 03 02 01 DO 

TRANSMIT OTMF 11 OTMF 01 
OTMF OTMF3 OTMF2 OVER- ANSWERI 

SPEED GUARD 

DESCRIPTION 

Disables guard tone generator. 

Enables guard tone generator (See DO for selection 
of guard tones). 

Enables RXD pin. Receive data will be output on 
RXD. 

Disables RXO pin. The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 

04 

ID 

DESCRIPTION 

Indicates Oevice: 
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~I----I _____ _ 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

VOO Supply Voltage 14 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Applied Voltage -0.3 to VDO+0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VOO Supply voltage 4.5 5 5.5 V 

TA, Operating Free-Air -40 +85 °C 
Temperature 

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 % 
external clock 

External Components (Refer to Application section for placement.) 

VREF Bypass Capacitor (External to GNO) 0.1 /IF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass Capacitor (ISET pin to GND) 0.1 J.LF 

VDD Bypass Capacitor 1 (External to GND) 0.1 J.LF 

VDD Bypass Capacitor 2 (External to GND) 22 J.LF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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ELECTRICAL SPECIFICATIONS (Continued) 

DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MQ 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

VIL, Inj:!ut Low Voltage 0 

IIH, Input High Current VI = VIH Max 

ilL, Input low Current VI = Vil Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 rnA 2.4 

VOL, Output Low Voltage 10 MAX = 1.6 rnA 

VOL, CLK Output 10 = 3.6 rnA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive Load 
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NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VDD V 

VDD V 

0.8 V 

100 JJA 
JJA 

50 JJA 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 /.LA 
15 pF 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

PSK Modulator 

Carrier Suppression Measured at TXA 55 dB 

Output Amplitude TX scrambled marks -11 -10.0 -9 dBmO 

FSK Mod/Demod 

Output Freq. Error ClK = 11.0592 MHz -0.35 +.35 % 

Transmit level Transmit Dotting Pattern -11 -10.0 -9 dBmO 

Harmonic Distortion TH D in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dotting Pattern ±8 % 
inAlB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -15 +15 % 

DTMF Generator 

Freq. Accuracy -.25 +.25 % 

Output Amplitude low Band, DPSK Mode -10 -9 -8 dBmO 

Output Amplitude High Band, DPSK Mode -8 -7 -6 dBmO 

Twist High-Band to Low-Band, OPSK Mode 1.0 2.0 3.0 dB 

Long Loop Detect DPSK or FSK -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

Call Progress Detector 

Detect level 2-Tones in 350-600 Hz band -34 0 dBmO 

Reject level 2-Tones in 350-600 Hz band -41 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 27 80 ms 

Hold Time -30 dBmO to -70 dBmO STEP 27 80 ms 

Hysteresis 2 dB 

Note: Parameters expressed in dBmO refer to the following definition: 

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line. 

5V Version 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 

1-67 



SSI 73K222/K222L 
V.22, V.21, Bell 212A 
Single-Chip Modem 

ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Carrier Detect DPSK or FSK 

Threshold receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level Not in V.21 mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

Output load TXA pin; FSK Single 

Tone out for THO = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 kHz 

Frequency = 153.6 kHz 

TXA pin Output Impedance 

Clock NOise TXA pin; 76.8 KHz 

5V Version (73K222L) 

12V Version (73K222) 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 
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MIN NOM MAX UNITS 

-49 -42 dBmO 

15 45 ms 

2 3.0 dB 

10 24 ms 

-49.5 -42 dBmO 

20 45 ms 

10 30 ms 

-2.5 +2.5 % 

10 kO 

50 pF 

-39 dBmO 

-45 dBmO 

200 300 0 

1.0 mVrms 

2.0 mVrms 

-10 +10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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~'------
ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Guard Tone Generator 

Tone Accuracy 550 Hz 

1800 Hz -20 +20 Hz 

Tone Level 550 Hz -4.0 -3.0 -2.0 dB 

(Below DPSK Output) 1800 Hz -7.0 -6.0 -5.0 dB 

Harmonic Distortion 550 Hz -50 dB 

700 to 2900 Hz 1800 Hz -60 dB 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 30 ns 

TLA CS/Addr. hold after ALE Low 20 ns 

TLC ALE Low to RD/WR Low 40 ns 

TCL RD/WR Control to ALE High 10 ns 

TRD Data out from RD Low 0 140 ns 

TLL ALE width 60 ns 

TRDF Data float after RD High 0 200 ns 

TRW RD width 200 25000 ns 

TWW WR width 140 25000 ns 

TDW Data setup before WR High 150 ns 

TWD Data hold after WR High 20 ns 

TCKD Data out after EXCLK Low 200 ns 

TCKW WR after EXCLK Low 150 ns 

TDCK Data setup before EXCLK Low 150 ns 

TAC Address setup before control* 50 ns 

TCA Address hold after control* 50 ns 

TWH Data Hold after EXCLK 20 

* Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ _______ _ 

TLC TRW 

TLC 

~ IMD 
TAL;' ~ TOW ~ 4 ~~I 

ADO·AD7 --K ADDRESS ~READDATA~ ADDRESS ~WRITEDATA}-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO·A2 

DATA ---f-

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

HTWW 
----~------------------------------------~~i 

TCKW I ~ 
I,TAC t TCA 

M~---~---------------------------------~ 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a DAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical DAA ar­
rangements are shown: one for a split ±5 or ±12 
volt design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CA~~~ 
CB ...... ,..------, 
CC ...... ,-+------, 
CD 1-1>-+-=-'---1 

SA 
BB 

US,U6 
MC145406 

ALE 
l:'S" 

SSI 
K-SERIES 

LOW 
POWER 
FAMILY 

SSI 73K222/K222L 
V.22, V.21, Bell 212A 
Single-Chip Modem 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitor the serial 
data for commands from the DTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent overt he same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

CI 
390pF 

• Note: Values shown are for 5V low power 
K·Series products, For 12V versions 
these values change to: 

22K 

CI z1S0pF 

C2 - 750 pF 

RS.86.6K 

R7.14.3K 

VRI 
J MOV 

V250l20 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a single 5V supply. Because 
DTMF tones utilize a higher amplitude than data, these 

C3 
O.I"F 

Cl 
390pF 

R4 
37.4K 1% 

~I----~ 

VOlTAGE 
REFERENCE 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg of 
the transformer is being driven in one direction by U1 A 
and the resistor is driven in the opposite direction at the 
same time by U1 B, the junction of the transformer and 
resistor remains relatively constant and the receive 
signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

• Note: Op-amp U 1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

VRI ..r MOV 
V2601.20 

HOOK >--_____ .....J 

~ ~-------------------------------~ 
FIGURE 2: Single 5V Hybrid Version 

1-72 



SS173K222/K222L 
V.22, V.21 , Bell 212A 

~ ___________________________________ S_i_n_g_le_-_C_h_iP_M __ O_d_em __ ~ 

Unlike digital logic circuitry, modem designs must MODEM PERFORMANCE 
properly contend with precise frequency tolerances CHARACTERISTICS 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K -Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±O.01% accuracy. 

I n order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LAYOUT CONSIDERATIONS 

Good analogldigital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 221lF electro­
lytic capacitor in parallel with a 0.1 IlF ceramic capaci­
tor between VDD and GND is recommended. Liberal 
use of ground planes and larger traces on power and 
ground are also highly favored. High speed digital 
circuits tend to generate a significant amount of EMI 
(Electro-Magnetic Interference) which must be mini­
mized in order to meet regulatory agency limitations. 
To accomplish this, high speed digital devices should 
be locally bypassed, and the telephone line interface 
and K-Series device should be located close to each 
other near the area of the board where the phone line 
connection is accessed. To avoid problems, power 
supply and ground traces should be routed separately 
to the analog and digital functions on the board, and 
digital signals should not be routed near low level or 
high impedance analog traces. The analog and digital 
grounds should only connect at one point near the 
K-Series device ground pin to avoid ground loops. The 
K-Series modem IC's should have both high fre-
quency and low frequency bypassing as close to the 
package as possible. 
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The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER point, is the measure of 
dynamic range. 
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PACKAGE PIN DESIGNATIONS ClK 

(TOP VIEW) XTl1 

XTL2 
RXA 

ADO 
VREF 

A01 
RESET A02 
ISET AD3 

RXCLK AD4 

RXD ADS 

AD6 

EXCLK AD7 

ALE 

~ 

1m 

400-MII 
22-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K222 with Parallel Bus Interface 
28-Pin 12V Supply 

Plastic Dual-In-Line 
Plastic Leaded Chip Carrier 

28-Pin 5V Supply 
Plastic Dual-In-Line 
Plastic Leaded Chip Carrier 

SSI 73K222 with Serial Interface 
22-Pin 12V Supply 

Plastic Dual-In-Line 

22-Pin 5V Supply 
Plastic Dual-In-Line 
Ceramic Dual-In-Line 

600-MII 
28-Pln DIP 

RXA 

VREF 

RESET 

ISET 

TXA 

VDD 

ORDER NO. 

73K222-IP 
73K222-IH 

73K222L-IP 
73K222L-IH 

73K222S-IP 

73K222SL-IP 
73K222SL-IC 
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4321282726 
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PLCC PINOUTS 23 

8 ARE THE SAME AS 22 
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11 
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PKG.MARK 

73K222-IP 
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DESCRIPTION 

The SSI 73K222U is a compact, high-performance 
modem which includes a 8250Al16C450 compatible 
UART with the 1200 bitls modem function on a single 
chip. Based on the SSI 73K222L 5V low power CMOS 
modem IC. the SSI 73K222U is the perfect modemJ 
UART component for integral modem applications. It is 
ideal for applications such as portable terminals and 
laptop computers. The SSI 73K222U is the first fully 
featured modem IC which can function as an intelligent 
modem in integral applications without requiring a 
separate dedicated microcontroller. It provides for data 
communication at 1200,600, and 300 bitls in a multi­
mode manner that allows operation compatible with 
both Bell 212A1103 and CCITT V.22N.21 standards. 
The digital interface section contains a high speed 
version of the industrystandard 8250Al16C450 UART, 
commonly used in personal computer products. A 
unique feature of the SSI 73K222U is that the UART 
section can be used without the modem function, 
providing an additional asynchronous port at no added 
cost. The SSI 73K222U is designed in CMOS technol­
ogy and operates from a single +5V supply. Available 
packaging includes 40-pin DIP or 44-pin PLCC for 
surface mount applications. 

BLOCK DIAGRAM 
TXD XTl1 XTL2 elK 

UDO 

UD1 

UD2 

UD3 

UD4 

UD5 

UDe 8250A I 16C450 
UD7 UART 
UM 

UA1 

UA2 

~ 

mTA 
~ RXD·INPUT OH 

INTRPT (lU)jiPRST RESET RXD VDD VREF GND ISET STNOLN 
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FEATURES 

SSI73K222U 
Single-Chip Modem 

with UART 

December 1992 

o ModemlUART combination optimized for Integral bus 
applications 

o Includes features of SSI73K222L single-chip modem 
o Fully compatible 16C450/8250 UART with 8250B or 

8250A selectable Interrupt emulation 
• High speed UARTwllllnterface directly with high clock 

rate bus with no walt states 
o Single-port mode allows full modem and UART control 

from CPU bus, with no dedicated microprocessor 
required 

• Dual-port mode suits conventional designs using lo­
cal microprocessor for transparent modem operation 

• Complete modem functions for 1200 blt/s (Bell 212A, 
V.22) and 0-300 bltls (8eIl103, V.21) 

• Includes DTMF generator, carrier, call-progress and 
precise answer-tone detectors for Intelligent dialing 
capability 

• On chip 2-wlre/4-wlre hybrid driver and off-hook relay 
buffer 

• Speaker output with four-level software driven volume 
control 

• Low power CMOS (40 mW) with power down mode 
(15 mW) 

• Operates from single +5V supply 

RELAY 
DRIVER 

PIN DIAGRAM 

TXA1 

TXA2 

RX ... 

SPKR 

~/MAO tm ...... T a 
~/MA1 

(UA3)IMA2 

DATA/~) (ISCD)/OCLK II 

'FI11/~ 

WR/(N/c) (DlIR)IMAI 13 

~/OCLK 
(CTI)IMAO I. 

(lm)/'IRT 

'CiR' 

Parentheses Indicate slngle·port mode. 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 73K222U integrates an industry standard 
8250/16C450 UART function with the modem capabil­
ity provided by the SSI73K222l single chip modem IC. 
The SSI 73K222U is designed specifically for integral 
microprocessor bus intelligent modem products. These 
designs typically require the standard 8250 or higher 
speed 16450 UART to perform parallel-to-serial and 
serial-to-parallel conversion process necessary to in­
terface a parallel bus with the inherently serial modem 
function. The SSI 73K222U provides a highly inte­
grated design which can eliminate multiple compo­
nents in any integral bus modem application, and is 
ideal for internal PC modem applications. 

The SSI 73K222U includes two possible operating 
modes. In the dual-port mode, the device is suitable for 
conventional plug-in modem card designs which use a 
separate local microprocessor for command interpre­
tation and control of the modem function. In this mode, 
a dedicated microcontroller communicates with the 
SSI 73K222U using a separate serial command port. 
In the single-port mode the main CPU can control both 
the UART and modem function using the parallel data 
bus.This allows very efficient modem design with no 
local microprocessor required for dedicated applica­
tions such as laptop PC's or specialized terminals. 

To make designs more space efficient, the 
SSI 73K222U includes the 2-wire to 4-wire hybrid 
drivers, off-hook relay driver, and an audio monitor 
output with software volume control for audible call 
progress monitoring. As an added feature the UART 
function can be used independent of the modem func­
tion, providing an added asynchronous port in a typical 
PC application with no additional circuitry required. 

UART FUNCTION (16C450) 

The UART section of the SSI 73K222U is completely 
compatible with the industry standard 16C450 and the 
8250 UART devices. The bus interface is identical to 
the 16450, except that only a single polarity for the 
control signals is supported. The register contents and 
addresses are also the same as the 16C450. To insure 
compatibility with all existing releases of the 8250 
UART design, external circuitry normally used in PC 
applications to emulate 8250B or 8250A interrupt op­
eration has been included on the SSI 73K222U. 
A select line is then provided to enable the desired 
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interrupt operation. The UART used in the 
SSI 73K222U can be used with faster bus read and 
write cycles than a conventional 16C450 UART. This 
allows it to interface directly with higher clock rate 
microprocessors with no need for external circuitry to 
generate wait states. 

The primary function of the UART is to perform parallel­
to-serial conversion on data received from the CPU 
and serial-to-parallel conversion on data received from 
the internal modem or an external device. The UART 
can program the numberof bits per character, parity bit 
generation and checking, and the number of stop bits. 
The UART also provides break generation and detec­
tion, detection of error conditions, and reporting of 
status at any time. A prioritized maskable interrupt is 
also provided. 

The UART block has a progammable baud rate gen­
erator which divides an internal 1.8432 MHz clock to 
generate a clock at 16 x the data rate. The data rate for 
the transmit and receive sections must be the same. 
For DPSK modulation, the data rate must be 1200 Hz 
or 600 Hz. For FSK modulation, the data rate must be 
300 Hz or less. The baud generator can create a clock 
that supports digital transfer at up to 115.2 kHz. The 
output of the baud generator can be made available at 
the ClK pin under program control. 

MODEM FUNCTION (551 73K222L) 

The modem section of the SSI 73K222U provides all 
necessary analog functions required to create a single 
chip Bell 212A1103 and CCITT V.22N.21 modem, 
controlled by the system CPU or a local dedicated 
microprocessor. Asynchronous 1200 bitls DPSK (Bell 
212A and V.22) and 300 baud FSK (Bell 1 03 and V.21) 
modes are supported. 

The modem portion acts as a peripheral to the micro­
processor. In both modes of operation, control infor­
mation is stored in register memory at specific address 
locations. In the single-port mode, the modem section 
can be controlled through the 16C450 interface, with 
no external microcontroller required. The primary ana­
log blocks are the DPSK modulator/demodulator, the 
FSK modulator/demodulator, the high and low band 
filters, the AGe, the special detect circuitry, and the 
DTMF tone generator. The analog functions are per­
formed with switched capacitor technology. 



PSK MODULATOR / DEMODULATOR 

The SSI 73K222U modulates a serial bit stream into 
dibit pairs that are represented by four possible phase 
shifts as prescribed by the Bell 212A or V.22 standard. 
The baseband signal is then filtered to reduce inter­
symbol interference on the band limited 2-wire PSTN 
line. Transmission occurs using either a 1200 Hz 
(originate mode) or 2400 Hz carrier (answer mode). 
Demodulation is the reverse of the modulation proc­
ess, with the incoming analog signal eventually de­
coded into dibits and converted back to a serial bit 
stream. The demodulator also recovers the clock which 
was encoded into the analog signal during modulation. 
The demodulator decodes either a 1200 Hz carrier 
(originate carrier) or a 2400 Hz carrier (answer carrier). 
The SSI73K222U uses a phase-locked-loop coherent 
demodulation technique that offers inherently better 
performance than typical DPSK demodulators used by 
other manufacturers. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator frequency modulates the analog 
output signal using two discrete frequencies to repre­
sent the binary data. In Bell 1 03, the standard frequen­
cies of 1270 Hz and 1070 Hz (originate mark and 
space) and 2225Hz and 2025 Hz (answer mark and 
space) are used. V.21 mode uses 980 Hz and 1180 Hz 
(originate, mark and space) or 1650 Hz and 1850 Hz 
(answer, mark and space). Demodulation involves 
detecting the received frequencies and decoding them 
into the appropriate binary value. 

PASSBAND FILTERS AND EQUALIZERS 

A high and low band filter is included to shape the 
amplitude and phase response of the transmit signal 
and provide compromise delay equalization and rejec­
tion of out-of-band signals in the receive channel. 
Amplitude and phase equalization is necessary to 
compensate for distortion of the transmission line and 
to reduce intersymbol interference in the band limited 
receive signal. The transmit signal filtering approxi­
mates a 75% square root of raised Cosine frequency 
response characteristic. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping, and provides a total 
dynamic range of >45 dB. 
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SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received ana­
log signal to determine status or presence of carrier, 
call-progress tones, answer tone, and weak received 
signal (long loop condition). An unscrambled mark 
signal is also detected when the received data out of 
the DPSK demodulator before the descrambler has 
been high for 165.5 mS ±13.5 mS. The appropriate 
status bit is set when one of these conditions changes 
and an interrupt is generated for all monitored condi­
tions except long loop. The interrupts are disabled 
(masked) when the enable interrupt bit is set to a O. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
dual-tones determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected and the transmit enable (CRO bit 01) is 
changed from a 0 to a 1. 

TEST FEATURES 

Test features such as analog loopback (ALB), remote 
digital loopback, local digital loopback, and internal 
pattern generators are also included. 

LINE INTERFACE 

The line interface ofthe SSI73K222U consists of a two­
to-four wire hybrid, and an off-hook relay driver. 

The two-to-four wire converter has a differential trans­
mit output and requires only a line transformer and an 
external impedance matching resistor. Four-wire 
operation is also available by simply using either of the 
transmit output signals. 

The relay driver output of the SSI73K222U is an open 
drain signal capable of sinking 20 mA, which can 
control a line closu re relay u sed to take the line off hook 
and to perform pulse dialing. 

AUDIO MONITOR 

An audio monitor output is provided which has a 
software programmable volume control. Its output is 
the received signal. The audio mOnitor output can 
directly drive a high impedance load, but an external 
power amplifier is necessary to drive a low-impedance 
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PIN DESCRIPTION 

GENERAL 

NAME DIP PLCC 

VDD 40 44 

GND 20 22 

VREF 19 21 

ISET 9 11 

XTL1 25 27 

XTL2 24 26 

ClK 21 23 

RESET 10 12 

STNDlN 15 17 

TYPE DESCRIPTION 

I +5V Supply ±1 0%, bypass with a .1 and a 22~F capacitor 
toGND 

I System Ground 

0 VREF is an internally generated reference voltage which is 
externally bypassed by a .1 ~F capacitor to the system 
ground. 

I The analog current is set by connecting this pin to VDD 
through a 2 MQ resistor. ISET should be bypassed to GND. 
Alternatively, an internal bias can be selected by connect-
ing ISET to GND, which will result in a larger worst-case 
supply current due to the tolerance of on-Chip resistors. 
Bypass with .1 ~F capacitor if resistor is used. 

I These pins are connections for the internal crystal 

I oscillator requiring an 11.0592 MHz crystal (9216Hz x 
1200). XTAL2 can also be TTL driven from an external 
clock. 

0 Output Clock. This pin is selectable under processor con-
trol to be either the crystal frequency (which might be used 
as a processor clock) or the output of the baud generator. 

I Reset. An active signal (high) on this pin will put the chip into 
an inactive state. The control register bits (except the 
Receiver Buffer, Transmitter Holding, and Divisor latches) 
wi" be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull-down resistor permits 
power-on reset using a 0.1~F capacitor connected to the 
5V supply. 

I Single-port mode select (active high). In a single-port 
system there is no local microprocessor and all the modem 
control is done through the 16C450 parallel bus interface. 
The local microprocessor interface is replaced with UART 
control signals which a"owthe device to function as a digital 
UART as well as modem. 
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PIN DESCRIPTION (continued) 

UART INTERFACE 

NAME DIP PLCC TYPE 

UAO-UA2 37-39 41-43 I 
UA3 12 14 I 

UDO-UD7 27-34 30-37 1/0 

DISTR 35 38 I 

DOSTR 36 39 I 

CS2 1 2 I 

INTRPT 5 7 0 

RXD 6 8 1/0 

DESCRIPTION 

SSI73K222U 
Single-Chip Modem 

with UART 

UART Address. These pins determine which of the UART 
registers is being selected during a read or write on the 
UART data bus. The contents of the DLAB bit in the 
UART's Line Control Register also control which register is 
referenced. In single-port mode, UAO-UA3 are latched 
when ADS goes high. In dual-port, only UAO-UA2 are 
used. 

(3 state) UART Data. Data or control information to the 
UART registers is carried over these lines. 

Data Input Strobe. A low on this pin requests a read of the 
internal UART registers. Data is output on the 00-07 lines 
if DISTR and CS2 are active. 

Data Output Strobe. A low on this pin requests a write of the 
internal UART registers. Data on the 00-07 lines are 
latched on the rising edge of DOSTR. Data is only written 
if both DOSTR and CS2 are active. 

Chip Select. A low on this pin allows a read or write to the 
UART registers to occur. In single port mode, CS2 is latched 
on ADS. 

(3 state) UART Interrupt. This signal indicates that an 
interrupt condition on the UART side has occurred. If the 
Enable 8250A interrupt bit in the interrupt Enable Register 
is 0 the interrupt is gated by the DISTR signal to provide 
compatibility with the 8250B. The output can be put in a high 
impedance state with the OUT2 register bit in the Modem 
Control Register. In single-port mode, INTRPT also be-
comes valid when a modem interrupt signal is generated by 
the modem section's Detect Register. 

Function is determined by STNDLN pin and bit 7, Tone 
Control Register: 

STNDLN 07 

0 0 RXD outputs data received by modem. 

1 0 RXD is electrically an input but signal is 
ignored. 

X 1 RXD is a serial input to UART. 
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SSI73K222U 
Single-Chip Modem 
with UART 

PIN DESCRIPTION (continued) 

UART INTERFACE (continued) 

TXD 7 9 

ANALOG I LINE INTERFACE 

NAME DIP PLCC 

TXA1 3 4 
TXA2 4 5 

RXA 16 18 

SPKR 17 19 

OH 18 20 

0 

TYPE 

0 
0 

I 

0 

0 

Function is determined by STNDLN pin and bit 7, Tone 
Control Register: 

STNDLN D7 

0 0 TXD is a serial output of UART. 

1 0 TXD is forced to a mark. 

X 1 TXD is a serial output of UART. 

DESCRIPTION 

(differential) Transmitted Analog. These pins provide the 
analog output signals to be transmitted to the phone line. 
The drivers will differentially drive the impedance of the line 
transformer and the line matching resistor. An external 
hybrid can also be built using TXA1 as a single ended 
transmit signal. 

Received Analog. This pin inputs analog information that is 
being received by the two-to-four wire hybrid. This input 
can also be taken directly from an external hybrid. 

Speaker Output. This pin outputs the received signal through 
a programmable attenuator stage, which can be used for 
volume control and disabling the speaker. 

Off-hook relay driver. This signal is an open drain output 
capable of sinking 20mA and is used for controlling a relay. 
The output is the complement ofthe OH register bit in CR3. 

1-82 



PIN DESCRIPTION (continued) 

UART CONTROL INTERFACE (STNDLN = 1) 
(See Figure 1: Single-port mode) 

NAME DIP PLCC TYPE 

ADS 23 25 I 

UA3 12 14 I 

CTS 14 16 I 

DSR 13 15 I 

DCD 11 13 I 

DTR 22 24 0 

RTS 2 3 0 

RI 8 10 I 

DESCRIPTION 

SSI73K222U 
Single-Chip Modem 

with UART 

Address Strobe. ADS is used to latch address and chip 
select to simplify interfacing to a multiplexed Address/Data 
Bus. UAO-UA3 and CS2 are latched when the ADS signal 
goes high. 

UART Address Bit 3. UA3 is used in single-port mode to 
address the modem registers from the 16C450 interface. 
If UA3 is 0, the normal 16C450 registers are addressed by 
UAO-UA2 and if UA3 is 1, the modem registers are ad-
dressed. UA3 is latched when ADS goes high. 

Clear to Send. This pin is the complement of CTS bit in the 
Modem Status Register. The signal is used in modem 
handshake control to signify that communications have 
been established and that data can be transmitted. 

Data Set Ready.This pin is the complement of DSR bit in 
the Modem Status Register.The signal is used in modem 
handshake to signify that the modem is ready to establish 
communications. 

Data Carrier Detect. This pin is the complement of DCD bit 
inthe Modem Status Register. The signal is used in modem 
control handshake to signify that the modem is receiving a 
carrier. 

Data Terminal Ready. The DTR output is programmed 
through a bit in the Modem Control Register. The signal is 
used in modem handshake to signify that the 16C450 is 
available to communicate. 

Request to Send. The RTS output is programmed through 
a bit in the Modem Control Register. The signal is used in 
modem handshake to signify that the 16C450 has data to 
transmit. -
Ring Indicator. This Indicates that a telephone ringing 
signal is being received. This pin is the complement of the 
RI bit in the Modem Status Register. 
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SSI73K222U 
Single-Chip Modem 
with UART 

PIN DESCRIPTION (continued) 

MICROPROCESSOR INTERFACE (STNDLN = 0) 
(See Figure 2: Dual-port mode) 

NAME DIP PLCC TYPE DESCRIPTION 

MAO-MA2 12-14 14-16 I Modem Address Control. These lines carry register 
addresses for the modem registers and should be valid 
throughout any read or write operation. 

DATA 22 24 I/O Serial Control Data. Serial control data to be readiwritten is 
clocked in/out on the falling edge of the DCLK pin. The 
direction of data transfer is controlled by the state of the RD 
pin. If the RD pin is active (low) the DATA line is an output. 
Conversely, if the RD pin is inactive (high) the DATA line is 
an input. 

RD 23 25 I Read. A low on this input informs the SSI 73K222U that 
control data or status information is being read by the 
processor from a modem register. 

WR 26 28 I Write. A low on this input informs the SSI 73K222U that 
control data or status information is available for writing into 
a modem register. The procedure for writing is to shift in 
data LSB first on the DATA pin for eight consecutive cycles 
of DCLK and then to pulse WR low. Data is written on the 
rising edge of WR. 

DCLK 11 13 I Data Clock. The falling edge of this clock is used to strobe 
control data for the modem registers in or out on the DATA 
pin. The normal procedure for a write is to shift in data LSB 
first on the DATA pin for eight consecutive cycles of DCLK 
and then to pulse WR low. Data is written on the rising edge 
of WR. The falling edge of the RD signal must continue for 
eight cycles of DCLK in order to read all eight bits of the 
reference register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

INT 2 3 0 (with weak pull-up) Modem Interrupt. This output signal is 
used to inform the modem processor that a change in a 
modem detect flag has occurred. The processor must then 
read the Modem Detect Registerto determine which detect 
triggered the interrupt. INTwili stay active until the proces-
sor reads the Modem Detect Register or does a full reset. 

J,lPRSr 8 10 0 Microprocessor Reset." This output signal is used to pro-
vide a hardware reset to the microprocessor. This signal is 
high if the RESET pin is highorthe MCR bit 03 (OUT1) bit 
is set. 

* NOTE: The J,lPRST pin is an upgraded function which was not included in the initial definition of the 
SSI 73K222U. 
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FIGURE 1: 
Single-Port Mode 

In the single-port mode, the SSI 73K222U is designed to be 
accessed only by the main CPU using the same parallel bus utilized 
for data transfer. This mode is enabled when the STNDLN pin is at 
a logic "1". In the single port mode, internal registers are accessed 
by the main CPU to configure both the UART section and the 

modem function, eliminating the need for a separate microcon­
troller. In this mode, multiplexed pins provide the eTS, DSR, DTR, 
DED and RI signals normally associated with the UART function. A 
separate pin, ADS, is used for bus control. 
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FIGURE 2: 
Dual-Port Mode 

The dual-port mode allows use of a dedicated microprocessor for 
control of the modem function, and is enabled when the STNDLN 
pin = "0". This mode is useful for conventional plug-in card modem 
designs where it is necessary to make the modem function trans­
parent to the main CPU. In this mode, the SSI 73K222U's multi­
plexed pins form the serial command bus used to communicate with 
the external microprocessor. The RI, CTS, DSR, DTR, and DCD 
logic functions must then be implemented using ports from the 
dedicated microprocessor. 

The serial control interface allows access to the control and status 
registers via a serial command port. In this mode the MAO, MA1, 
and MA2 lines provide register addresses for data passed through 
the DATA pin under control of the RD and WR lines. A read op­
eration is initiated when the RD line is taken low. The next eight 
cycles of DCLK will then transfer out eight bits of the selected 
address location LSB first. A write takes place by shifting in eight 
bits of data LSB first for eight consecutive cycles of DCLK. WR is 
then pulsed low and data transfer into the selected register occurs 
on the rising edge of WR. 

..:::enen 
c; -. en ::t:::l_ 
::T (Q ~ 
CarW 
»1" .... 01\) 
.w::T1\) 
-I -. I\) 

"'DC s: o 
Co 
CD 
3 



SSI73K222U 
Single-Chip Modem 

with UART 

UART CONTROL REGISTER OVERVIEW 

DATA BIT NUMBER 

UART 
REGISTER ADDRESS 07 06 05 04 03 02 01 DO 

UA3·UAO· 

RECEIVER 
BUFFER RBR 0000 BIT 7 BIT 6 BIT 5 BIT4 BIT 3 BIT2 BIT 1 BITO 

REGISTER DLAB- 0 (MSB) (LSB) 
I (READ ONLY) 

TRANSMIT 
HOLDING THR 0000 BIT7 BIT6 BIT 5 BIT4 BIT 3 BIT2 BIT 1 BITO 
REGISTER DLAB- 0 (MSB) (LSB) 

I (WRITE ONLY) 

INTERRUPT ENABLE ENABLE ENABLE ENABLE ENABLE 

ENABLE IER 0001 0 0 0 825M! MODEM REC. LINE THR REC. DATA 

REGISTER 
DLAB-O 16C450 STATUS STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT 
INTERRUPT INTERRUPT "0" IF 10 IIR 

REGISTER 
0010 0 0 0 0 0 10 10 INTERRUPT 

I (READ ONLY) BIT 1 BIT 0 PENDING 

LINE DIVISOR EVEN PARITY NUMBER WORD WORD 

CONTROL LCR 0011 LATCH SET STICK PARITY ENABLE 
OF STOP LENGTH LENGTH 

ACCESS BREAK PARITY S(~Lis~T BITS SELECT 1 SELECT 0 REGISTER (DLAB) (PEN) (STB) (WLS1) (WLSO) 

MODEM ENABLE jLPRST REOUEST DATA 

CONTROL MCR 0100 0 0 0 LOOP INTERRUPT (OUTlIN TO SEND TERMINAL 

REGISTER IN(~~~~) 16C450) (RTS) READY 
(DTR) 

LINE TRANSMIT TRANSMIT BREAK FRAMING PARITY OVERRUN DATA 
STATUS LSR 0101 0 SHIFT REG. HOLDING INTERRUPT ERROR ERROR ERROR READY 

REGISTER EMPTY REGISTER (BI) (FE) (PE) (OE) (DR) 
(TSRE) EMPTY(THRE) 

MODEM DATA RING DATA CLEAR DELTA TRAILING DELTA DELTA 
STATUS MSR 0110 CARRIER INDICATOR SET READY TO SEND DATA CARR. EDGE RING DATASET CLEAR 

REGISTER DETECT (RI) (DSR) (eTS) DETECT INDICATOR READY TO SEND 
(READ ONLY) (DCD) (DDCD) (TERI) (DDSR) (DCTS) 

SCRATCH SCR 0111 BIT7 BIT6 BIT 5 BIT4 BIT3 BIT2 BIT 1 BITO 
REGISTER 

DIVISOR 0000 
LATCH DLL DLAB.l 

BIT7 BIT6 BIT 5 BIT4 BIT3 BIT2 BIT 1 BITO 
(LS) 

DIVISOR 0001 
LATCH DLM 

DLAB- 1 
BIT 15 BIT 14 BIT 13 BIT 12 BIT11 BIT 10 BIT 9 BIT8 

(MS) 

• In single-port mode (STNDLN pin = 1), all four address lines UA3-UAO are used to address the UART Control Registers. 

• In dual-port mode (STNDLN pin = 0), only three address lines UA2-UAO are used to address the UART Control Registers; 
the UA3 pin becomes the MA2 pin in this mode. 
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SSI73K222U 
Single-Chip Modem 
with UART 

MODEM CONTROL REGISTER OVERVIEW 

ADDRESS DATA BIT NUMBER 

STNDLN 

REGISTER 
0 1 

07 06 05 D4 03 D2 
MA2- = MAO 

CONTROL MODULATION MODULATION POWER CHARACTER CHARACTER 
REGISTER CAO 000 1000 

OPTION 
0 

MODE ON SIZE 1 SIZE 0 
0 (READ ONLY) (READ ONLY) 

CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK REGISTER CRI 001 1001 PATTERN PATTERN DETECT RESET 
1 1 0 INTERRUPT SCRAMBLER CONTROL 

DETECT DEVICE DEVICE RECEIVE UNSCR. CARRIER ANSWER 

REGISTER 
DR 010 1010 SIGNATURE SIGNATURE DATA MARK DETECT TONE 

1 0 DETECT DETECT 

TONE RXDfTXD TRANSMIT TRANSMIT TRANSMIT DTMF DTMF CONTROL TONE 011 1011 GUARD ANSWER 
REGISTER CONTROL TONE TONE DTMF 3 2 

CONTROL 
REGISTER CR2 100 1100 RESERVED FOR FUTURE USE 

2 

CONTROL SPEAKER SPEAKER 
REGISTER CR3 101 1101 VOLUME VOLUME OFF-HOOK X X X 

3 1 0 

SCRATCH SCR 110 1110 BIT7 BITS BIT5 BIT 4 BIT3 BIT2 REGISTER 

UART REOUEST DATA RING DATA 

CONTROL UCR 111 1111 TXCLK X TO SEND TERM. READY INDICATOR CARRIER 

REGISTER 
(READ ONLY) (RTS) (DTR) (RI) DETECT (DCD) 

lREAD ONLYl (READ ONLY) 
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01 DO 

TRANSMIT ORIGINATE! 
ENABLE ANSWER 

TEST TEST 
MODE MODE 

1 0 

CALL LONG 
PROGRESS LOOP 

DETECT DETECT 

DTMF DTMFO 
GUARDIANS. 1 TONE 

X X 

BIT 1 BITO 

DATA CLEAR 
SET TO 

READY SEND 
(DSR) (CTS) 



UART REGISTER BIT DESCRIPTIONS 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
STNDLN: 0 
ADDRESS: UA2 - UAO = 000, DLAB = 0 

1 

SSI73K222U 
Single-Chip Modem 

with UART. 

UART SECTION 

UA3 • UAO = 0000, DLAB = 0 

This read only registe r contains the parallel received data with start, stop, and parity bits (if any) removed. The 
high order bits for less than 8 data bits/character will be set to O. 

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
STNDLN: 0 1 
ADDRESS: UA2 - UAO = 000, DLAB = 0 UA3 - UAO = 0000, DLAB = 0 

This write only register contains the parallel data to be transmitted. The data is sent LSB first with start, stop, 
and parity bits (if any) added to the serial bit stream as the data is transferred. 

INTERRUPT ENABLE REGISTER (IER) 
STNDLN: 0 1 
ADDRESS: UA2 • UAO = 001, DLAB = 0 UA3 - UAO = 0001, DLAB = 0 

This 8-bit register enables the four types of interrupts of the UART to separately activate the chip Interrupt 
(INTRPT) output signal. It is possible to totally disable the interrupt system by resetting bits 0 through 3 of the 
Interrupt Enable Register. Similarly, by setting the appropriate bits of this register to a logic 1, selected 
interrupts can be enabled. Disabling the interrupt system inhibits the Interrupt Identification Register and the 
active (high) I NTRPT output fromthe chip. All other system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 

BIT NO. NAME CONDITION DESCRIPTION 

DO Received Data 1 This bit enables the Received Data Available Inter-
rupt when set to logic 1. 

01 Transmitter Holding 1 This bit enables the Transmitter Holding Register 
Register Empty Empty Interrupt, when set to logic 1. 

02 Receiver Line 1 This bit enables the Receiver Line Status Interrupt, 
Status Interrupt when set to logic 1 . 

03 Modem Status 1 This bit enables the Modem Status Register Inter-
rupt when set to interrupt logic 1. 

04 8250N16450 1/0 Set for compatibility with 8250N16C450 UARTS. 
Reset this bit to disable the gating of the INTRPT 
interrupt line with the DISTR signal which is 
needed for 8250B compatibility. 

05 - 07 Not Used 0 These three bits are always logic O. 
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SSI73K222U 
Single-Chip Modem 
with UART 

INTERRUPT 10 REGISTER (UR) (READ ONLY) UART SECTION 
STNDLN: 0 1 
ADDRESS: UA2 • UAO = 010 UA3 • UAO = 0010 

The IIR register gives prioritized information as to the status of interrupt conditions. When accessed, the IIR 
freezes the highest priority interrupt pending and no other interrupts are acknowledged until the particular 
interrupt is serviced by the CPU. 

BIT NO. NAME CONDITION DESCRIPTION 

DO Interrupt Pending 0 This bit can be used in either a hardwired priortized 
or polled environment to indicate whether an inter-
rupt is pending. When bit 0 is a logic 0, an interrupt 
is pending and the IIR contents may be used as a 
pointer to the appropriate interrupt service routine. 

1 When bit 0 is a logic 1 , no interrupt is pending. 

01,02 Interrupt 10 bits 0, 1 Table below These two bits of the "R are used to identify the 
highest priority interrupt pending as indicated in 
the following table. 

03 - 07 Not Used 0 These five bits of the IIR are always logic O. 

INTERRUPT PRIORITY TABLE 

02 01 DO PRIORITY TYPE SOURCE RESET 

0 0 1 - None None 

1 1 0 Highest Receiver Line Status Overrun Error, Reading the Line 
Parity Error, Status Register 
Framing Error or 
Break Interrupt 

1 0 0 Second Receive Data Receive Data Reading the Rcvr. 
Available Available Buffer Register 

0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register 
Register Empty Register Empty (if source of interrupt) 

or Writing to Transmit 
Holding Register 

0 0 0 Fourth Modem Status Clear to Send or Reading the Modem 
Data Set Ready or Status Register 
Ring Indicator or 
Data Carrier Det. 
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LINE CONTROL REGISTER (LCR) 
STNDLN: 0 
ADDRESS: UA2· UAO = 011 

1 
UA3· UAO = 0011 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 

The user specifies the format of the asynchronous data communications exchange via the Line Control 
Register. In addition to controlling the format, the user may retrieve the contents of the Line Control Register 
for inspection. This feature simplifies system programming and eliminates the need for separate storage in 
system memory of the line characteristics. 

BIT NO. NAME CONDITION DESCRIPTION 

00 Word Length Select 0 Bits 00 and 01 select the number of data bits per 
character as shown: 

01 Word Length Select 1 01 00 Word Length 

0 0 5 bits 

0 1 6 bits 

1 0 7 bits 

1 1 8 bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each 
transmitted character. If bit 2 is a logic 0, one stop 
bit is generated in the transmitted data. If bit 2 is a 
logic 1 when a 5-bit word length is selected via bits 
o and 1, one-and-a-half stop bits are generated. If 
bit 2 is a logic 1 when either a 6, 7, or 8-bit word 
length is selected, two stop bits are generated. 
The receiver checks the first stop bit only, regard-
less of the number of stop bits selected. 

03 Parity Enable 1 This bit is the Parity Enable bit. When bit 3 is a logic 
1, a parity bit is generated (transmit data) or 
checked (receive data) between the last data word 
bit and stop bit of the serial data. (The parity bit is 
used to produce an even or odd number of 1's 
when the data word bits and the parity bit are 
summed). 

04 Even Parity Select 1 or 0 This bit is the Even Parity Select bit. When bit 3 is 
a logic 1 and bit 4 is a logic 0, an odd number of 
logiC 1's are transmitted or checked in the data 
word bits and parity bit. When bit 3 is a logic 1 and 
bit 4 is a logic 1, an even number of logic 1's are 
transmitted or checked. 
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SSI73K222U 
Single-Chip Modem 
with UART 

LINE CONTROL REGISTER (LCR) (Continued) 

BIT NO. NAME CONDITION 

05 Stick Parity 1 or 0 

D5 D4 

0 0 

0 1 

1 0 

1 1 

06 Set Break 1 

07 Divisor Latch Access 1 
Bit (OLAB) 

UART SECTION 

DESCRIPTION 

This bit is the Stick Parity bit. When bit 3 is a logic 
1 and bit 5 is a logic 1, the parity bit is transmitted 
and checked by the receiver as a logic 0 if bit 4 is 
a logic 1 or as a logic 1 if bit 4 is a logic O. 

Parity 

ODO Parity 

EVEN Parity 

MARK Parity 

SPACE Parity 

Output of modem is set to a spacing state. When 
the modem is transmitting DPSK data if the Set 
Break bit is held for one full character (start, data, 
parity, stop) the break will be extended to 2 N + 3 
space bits (where N = # data bits + parity bit + 1 
start + 1 stop). Any data bits generated during this 
time will be ignored. See note below. 

This bit is the Divisor Latch Access Bit (DLAB). It 
must be set high (logic 1) to access the Divisor 
Latches of the baud generator during a Read or 
Write operation. It must be set low (logic 0) to 
access the Receiver Buffer, the Transmitter Hold-
ing Register, or the Interrupt Enable Register. 

NOTE: This feature enables the CPU to alert a terminal in a computer communications system. If the 
following sequence is followed, no erroneous or extraneous characters will be transmitted be-
cause of the break. 

1. Load an all O's pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the Transmitter to be idle. (TSRE = 1), and clear break when normal transmission has 
to be restored. 

During the break, the Transmitter can be used as a character timer to accurately establish the 
break duration. 
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MODEM CONTROL REGISTER (MCR) 
STNDLN: 0 1 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 

ADDRESS: UA2-UAO=100 UA3 - UAO = 0100 

The MCR register controls the interface with the modem. Bits 01 and DO are also available as read only bits 
in the UART Control Register in the Modem Registers. In single-port mode, bits 01 and DO are available 
inverted at the RTS and OTR pins. 

BIT NO. NAME CONDITION DESCRIPTION 

DO OTR 1 This bit controls the Data Terminal Ready (OTR) 
output. When bit 0 is set to a logic 1, the OTR 
output is forced to a logic O. When bit 0 is reset to 
a logic 0, the OTR output is forced to a logic 1. 

01 RTS 1 This bit controls the Request to Send (RTS) output. 
When bit 1 is setto a logiC 1, the RTSoutput is forced 
to a logic O. When bit 1 is reset to a logic 0, the RTS 
output is forced to a logic 1. 

02 IlPRST* 1 In single-port mode inactive unless loop = 1, 
(OUT1 in 16C450) then functions as below (04). In dual-port mode 

the IlPRST pin is the logical OR of this bit and the 
RESET pin. 

03 Enable Interrupt 0 Sets INTRPT pin to high impedance if 
(OUT2 in 16C450) STNOLN = 1. 

1 INTRPT output enabled. 

04 LOOP 1 This bit provides a localloopback feature for diag-
nostic testing of the UART portion of the 
SSI 73K222U. When bit 04 is set to logic 1, the 
following occurs: 

1. TXO is forced to mark, RXO is ignored. 

2. The output of the Transmitter is looped to the 
Receiver. 

3. The four modem control inputs to the UART 
(CTS, OSR, OCO, and RI) are ignored and the 
UART signals RTS, OTR, Enable Interrupt, and 
IlPRST are forced inactive. 

4. The UART signals RTS, OTR, Enable Inter-
rupt, and IlPRST are internally connected to 
the four control signals CTS, OSR, OCO and 
RI respectively. Note that the Modem Status 
Register Interrupts are now controlled by the 
lower four bits of the Modem Control Register. 
The interrupts are still controlled by the Inter-
rupt Enable Register. 

05 - 07 0 These bits are permanently set to logic O. 

• Note: The I1PRST bit has an upgraded function which was not included in the initial definition of the SSI 73K222U. 
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SSI73K222U 
Single-Chip Modem 
with UART 

liNE STATUS REGISTER (lSR) 
STNDlN: 0 
ADDRESS: UA2· UAO = 101 

1 
UART SECTION 

UA3· UAO = 0101 

This register provides status information to the CPU concerning the data transfer. 

BIT NO. NAME CONDITION DESCRIPTION 

00 OR 1 The Oata Ready (OR) bit is set to a 1 whenever a 
complete incoming character has been received 
and transferred into the Receiver Buffer Register. 
Oata Ready is reset to 0 by reading the data in the 
Receiver Buffer Register or by writing a 0 into it 
from the processor. 

01 OE 1 The Overrun Error (OE) bit indicates that the data 
in the Receiver Buffer Registerwas not read by the 
CPU before the next characterwas transferred into 
the Receiver Buffer Register, thereby destroying 
the previous character. The OE indicator is reset 
whenever the CPU reads the contents of the Line 
Status Register. 

02 PE 1 The Parity Error (PE) bit indicates that the received 
character did not have the correct parity. The bit is 
reset to 0 whenever the CPU reads the Line Status 
Register. 

03 FE 1 The Framing Error (FE) bit indicates that the re-
ceived character did not have a valid stop bit. The 
FE indicator is reset whenever the CPU reads the 
contents of the Line Status Register. A framing 
error will not occur in OPSK receive from the 
modem due to the fact that missing stop bits are 
reinserted. 

04 BI 1 The Break Interrupt (BI) bit indicates that a break 
has been received. A break occurs whenever the 
received data is held to 0 for a full data word (start 
+ data + stop) or for two full data words when 
receiving in OPSK mode from the modem. The BI 
bit is reset to 0 whenever the CPU reads the Line 
Status Register. 

05 THRE 1 The Transmit Holding Register Empty (THRE) 
indicates that the Transmitter is ready to accept a 
new character for transmission. The THRE bit is 
reset when the CPU loads a character into the 
Transmit Holding Register. 

06 TSRE 1 The Transmit Shift Empty (TSRE) indicates that 
both the Transmit Holding Register and the Trans-
mit Shift Registers are empty. 

07 0 Always zero. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 
STNDLN: 0 1 
ADDRESS: UA2· UAO = 110 UA3· UAO = 0110 

This register provides the current state of the control signals from the modem. In addition, four bits provide 
change information. The CTS, DSR, DCD, and RI signals come from the UART Control Register if 
STNDLN = ° and from the CTS, DSR, DCD and RI pins (inverted) if STNDLN = 1. This register is READ ONLY. 
The delta bits indicate whether the inputs have changed Since the last time the Modem Status Register has 
been read. In Loop Mode CTS, DSR, RI and DCD are taken from RTS, DTR, J.1PRST, and Enable Interrupt 
in the Modem Control Register respectively. 

BIT NO. NAME CONDITION DESCRIPTION 

DO DCTS 1 This bit is the Delta Clear to Send (DCTS) indica-
tor. Bit 0 indicates that the CTS input to the chip 
has changed state since the last time itwas read by 
the CPU. 

01 DDSR 1 This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
chip has changed state since the last time it was 
read by the CPU. 

02 TERI 1 This bit is the Trailing Edge of the Ring Indicator 
(TERI) detector. Bit 2 indicates that the RI input to 
the chip has changed state. 

03 DDCD 1 This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the 
chip has changed state. 

04 CTS 1 This bit is the complement of the Clear To Send 
(CTS) input. If STNDLN = 0, this reflects the status 
of the UART Control Register bit. If bit 4 (loop) of 
the MCR is set to a 1, this bit is equivalent to RTS 
in the MCR. 

05 DSR 1 This bit is the complement of the Data Set Ready 
(DSR) input. If STNDLN = 0, this reflects the status 
of the UART Control Register bit. If bit 4 of the MCR 
is set to a 1, this bit is the equivalent of DTR in the 
MCR. 

06 RI 1 This bit is the complement ofthe Ring Indicator (RI) 
input. If STNDLN = 0, this reflects the status of the 
UART Control Register bit. If bit 4 of the MC R is set 
to a 1, this bit is equivalent to J.1PRST in the MeR. 

07 DCD 1 This bit is the complement of the Data Carrier 
Detect (DCD) If STNDLN = 0, this reflects the 
status of the UART Control Register bit. If bit 4 of 
the MCR is setto a 1 , this bit is equivalentto Enable 
Interrupt in the MCR. 
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SSI73K222U 
Single-Chip Modem 
with UART 

SCRATCH REGISTER (SCR) 
STNDlN: 0 
ADDRESS: UA2-UAO=111 

1 
UART SECTION 

UA3 - UAO = 0111 

The Scratch Register is a dual port register which can be simultaneously accessed through both the UART 
bus and the modem bus.This provides the possibility for the modem controller to communicate directly with 
the central CPU. Note that if both processors write the Scratch Register, the data stored will be from whichever 
processor last wrote the register. 

DIVISOR lATCH (least significant byte) (Dll) 
STNDlN: 0 1 
ADDRESS: UA2 - UAO = 000, DlAB = 1 UA3 • UAO = 0000, DlAB = 1 

DIVISOR lATCH (Most significant byte) (DlM) 
STNDlN: 0 1 
ADDRESS: UA2 - UAO = 001, DlAB = 1 UA3 • UAO = 0001, DlAB = 1 

DIVISOR lATCH VALUE VS. DATA RATE 

The Divisor Latch is two 8-bit write only registers which control the rate of the programmable baud generator. 
The programmable baud generator generates an output clock by dividing an internal 1.8432 MHz clock by the 
value stored in the divisor latch. This output clock has a value of 16X the data rate at which the modem will 
operate. This output clock is available at pin 21 under the control of bit 3 (03) of the Modem Control Register 1. 
Upon loading either of the Divisor Latches the 16-bit device counter is immediately loaded, preventing long 
counts on initial load. The following table shows divisor values for common data rates. 

DESIRED DIVISOR USED % ERROR DESIRED DIVISOR USED % ERROR 
DATA RATE FOR 16 x DATA GENERATED DATA RATE FOR 16 x DATA GENERATED 

RATE CLOCK RATE CLOCK 

501 2304 4800 24 

75 1 1536 7200 16 

110 1 1047 9600 12 

134.5 1 857 0.058 19200 6 

159 1 768 38400 3 

300 1 384 56000 2 2.86 

600 2 192 1. Data Rate valid for FSK transmission. 

1200 3 96 2. Data Rate valid for halfspeed DPSK trans mis-

1800 64 sion. 

2000 58 0.69 3. Data Rate valid for normal 1200 BITtS DPSK 
transmission. 

2400 48 

3600 32 
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MODEM REGISTER BIT DESCRIPTIONS 

CONTROL REGISTER (CRO) 
STNDLN: 0 1 

SSI73K222U 
Single-Chip Modem 

with UART 

MODEM SECTION 

ADDRESS: MA2· MAO = 000 UA3· UAO = 1000 

BIT NO. NAME CONDITION DESCRIPTION 

DO Answer/Originate 0 Selects Answer Mode (transmit in high band, re-
ceive in low band). 

1 Selects Originate Mode (transmit in low band, 
receive in high band). 

01 Transmit Enable 0 Disables transmit output at TXA. 

1 Enables transmit output at TXA. 

NOTE: Answer tone and OTMF TX control require 
Transmit Enable. If Transmit Enable is on, call 
progress and answer tone detector interrupts are 
masked. 

02,03 Character Size 0, 1 These bits are read only. These bits represent the 
character size. The character size is determined 
by the UART Line Control Register and includes 
data, parity (if used), one start bit, and one stop bit. 

03 02 Character length 

0 0 8-bit character 

0 1 9-bit character 

1 0 10-bit character 

1 1 11-bit character 

04 Power ON This bit controls the power down mode of the 
SSI 73K222U, the analog, and most digital por-
tions of the chip. The digital interface is active 
during power down. 

0 Power down mode. 

1 Normal operation. 

05 Modulation Mode 0 OPSK 

1 FSK 

06 Reserved 0 Must be written as zero. 

07 Modulation Option 0 OPSK: 1200 biVs 

1 600 biVs 

0 FSK: 103 mode 

1 V.21 mode 
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SSI73K222U 
Single-Chip Modem 
with UART 

CONTROL REGISTER (CR1) 
STNDLN: 0 1 

MODEM SECTION 

ADDRESS: MA2 - MAO = 001 UA3 - UAO = 1001 

BIT NO. NAME CONDITION DESCRIPTION 

DO, D1 Test Mode D1 DO 

0 0 Selects normal operating mode. 

0 1 Analog loopback Mode. loops the transmitted 
analog signal back to the receiver, and causes the 
receiver to use the same center frequency as the 
Transmitter. To squelch the TXA pin, transmit 
enable bit must be forced low. 

1 0 Selects remote digitalloopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data in TXD is ignored. 

1 1 Selects half-duplex. Internally performs a logical 
AND of TXD and RXD to send to the UART 
receiver. Both transmit and receive characters will 
occur at the Receiver Buffer Register. 

D2 Reset 0 Selects normal operation. 

1 Resets modem to power down state. All Control 
Register bits (CRO, CR1, TONE) are reset to zero. 
The output of the clock pin will be set to the crystal 
frequency. 

D3 ClK Control 0 ClK pin output is selected to be an 11.0592 MHz 
(Clock Control) crystal echo output. 

1 ClK pin output is selected to be 16 x the Data Rate 
set by the UART divisor latch. 

D4 Bypass Scrambler 0 Selects normal operation. DPSK data is passed 
through scrambler. 

1 Selects Scrambler Bypass. DPSK data is routed 
around scrambler in the transmit path. 
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SSI73K222U 
Single-Chip Modem 

~~ __ ~ _____________________________________ W_it_h_U_A_R_T_~ 

CONTROL REGISTER (CR1) (Continued) MODEM SECTION 

BIT NO. NAME CONDITION DESCRIPTION 

D5 Enable Detect 0 Disables interrupts generated by Detect Register 
Interrupt bits D1 - D4 at INT pin in dual-port mode, or at 

INTRPT pin in single-port mode. All interrupts 
normally disabled in power down modes. 

1 Enables interrupts generated by Detect Register 
bits D1 - D4 at INT pin in dual-port mode, or at 
INTRPT pin in single-port mode. An interrupt will 
be generated with a change in status of DR bits 
D1 - D4. The answer tone and call progress detect 
interrupts are masked when the TX enable bit is 
set. Carrier detect is masked when TX DTMF is 
activated. All interrupts will be disabled if the 
device is in power down mode. The interrupt is 
reset when the DR register is read. 

D6,D7 Transmit Pattern D7 D6 

0 0 Selects normal data transmission as controlled by 
the state of the TXD pin. 

0 1 Selects an alternating mark/space transmit pattern 
for modem testing. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 
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SSI73K222U 
Single-Chip Modem 
with UART 

DETECT REGISTER (DR) 
STNDLN: 0 1 

MODEM SECTION 

ADDRESS: MA2· MAO = 010 UA3· UAO = 1010 

BIT NO. NAME CONDITION DESCRIPTION 

DO Long Loop 0 Indicates normal received signal. 

1 Indicates low received signal level « -38 dBm). 

D1 Call Progress Detect 0 No call progress tone detected. 

1 Indicates presence of call progress tones. The call 
progress detection circuitry is activated by energy 
in the normal 350 to 620 Hz call progress band-
width. 

D2 Answer Tone Received 0 No answer tone detected. 

1 Indicates detection of 2225 Hz answer tone in Bell 
mode or 2100 Hz in CCITT mode. The device must 
be in Originate Mode for detection of answer tone 
for normal operation. For CCITT answer tone 
detection, bit DO of the Tone Register must be set. 

D3 Carrier Detect 0 No carrier detected in the receive channel. 

1 Carrier has been detected in the receive channel. 

D4 Unscrambled Marks 0 No unscrambled mark detected. 

1 Indicates detection of unscrambled marks in the 
received data. A valid indication requires that 
unscrambled marks be received for > 165.5 ± 
13.5 ms. 

D5 Receive Data Continuously outputs the received data stream. 
This data is the same as that output on the RXD 
pin, but it is not disabled when RXD is tri-stated. 

D6,D7 D7 D6 Product Identified 

Device Signature 0, 1 0 0 SSI 73K212U (special order only) 

0 1 SSI 73K221 U (special order only) 

1 0 SSI73K222U 

1-100 



,~ I 

I 

~ 

TONE CONTROL REGISTER (TONE) 

SSI73K222U 
Single-Chip Modem 

withUART I 
STNDLN: 0 1 

MODEM SECTION 

ADDRESS: MA2 • MAO = 011 UA3· UAO = 1011 

The Tone Control Register contains information on the tones that are transmitted. Tones are transmitted only 
if the Transmit Enable bit is set. The priority of the transmit tones are: 1) OTMF, 2) Answer, 3) FSK, 
4) Guard. 

BIT NO. NAME CONDITION DESCRIPTION 

DO OTMF 0 I Answerl 06 05 04 DO DO interacts with bits 06, 05, and 04 as shown: 

Guard Tone X X 1 X Transmit OTMF tones. 

X 1 0 0 Select 2225 Hz answer tone (Bell). 

X 1 0 1 Select 2100 Hz answer tone (CCITT). 

1 0 0 0 Select 1800 Hz guard tone. 

1 0 0 1 Select 550 Hz guard tone. 

00,01, OTMF Table below Programs 1 of 16 OTM F tone pairs that will be 
02,03 transmitted when TX OTMF and TX enable bit 

(CRO, bit 01) is set. Tone encoding is shown 
below. 

KEYBOARD OTMF CODE TONES 
EQUIVALENT 03 02 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 . 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

0 0 0 0 0 941 1633 
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SSI73K222U 
Single-Chip Modem 
with UART 

TONE CONTROL REGISTER (TONE) (Continued) 

D4 TX DTMF 0 

(Transmit DTMF) 1 

D5 TXANS D5 DO 

(Transmit Answer Tone) 0 X 

1 0 

1 1 

D6 TX Guard 0 

(Transmit Guard Tone) 1 

D7 RXD/TXD Control STNDlN D7 

0 0 

1 0 

X 1 

CONTROL REGISTER (CR3) 
STNDLN: 0 

MODEM SECTION 

Disable DTMF. 

Activates DTMF. The selected DTMF tones are 
transmitted continuously when this bit is high. TX 
DTMF overrides all other transmit functions. 

D5 interacts with bit DO as shown. 

Disables answer tone generator. 

Enables answer tone generator. A 2225 Hz an-
swer tone will be transmitted continuously when 
the transmit enable bit is set. The device must be 
in answer mode. 

Enables a 2100Hz answer tone generator, with 
operation same as above. 

Disables guard tone generator. 

Enables guard tone generator. (See DO for selec-
tion of guard tones). 

Function is dependant on status of STNDLN pin. 

RXD is output data received by modem, TXD is 
serial output of UART. 

RXD is electrically an input, but the signal is 
ignored, TXD is forced to a mark. 

RXD is serial input to UART, TXD is serial output 
of UART. 

1 
ADDRESS: MA2· MAO = 101 UA3· UAO = 1101 

SIT NO. NAME CONDITION DESCRIPTION 

DO - D4 Not Used Not presently used. 

D5 Off Hook 0 Relay driver open. 

1 Open drain driver pulling low. 

D6,D7 Speaker Volume 0, 1 D7 D6 Speaker volume control status. 

0 0 Speaker off 

0 1 -24 dB 

1 0 -12 dB 

1 1 o dB 
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SSI73K222U 
Single-Chip Modem 

with UART 
.11.... ___________________________________ _ 

~ 
MODEM SECTION SCRATCH REGISTER (SCR) 

STNDLN: 0 1 
ADDRESS: MA2 - MAO = 110 UA3 - UAO = 1110 

" 

The Scratch Register is a dual-port registerwhich can be accessed either through the UART bus orthe modem 
bus. It can be used for a communication path outside the data stream. 

UART CONTROL REGISTER (UCR) 
STNDLN: 0 1 
ADDRESS: MA2 - MAO = 111 UA3 - UAO = 1111 

The UART Control Register contains the handshaking signals necessary for the microprocessor to commu­
nicate with the central CPU through the UART. 

BIT NO. NAME CONDITION DESCRIPTION 

00 CTS 1 In dual-port mode, CTS, OSR, OCO and RI are 
writeable locations which can be read through the 
16C450 port in the Modem Status Register. 

01 OSR 1 

02 OCO 1 In the single-port mode, DO - 03 are ignored and 
the information for the Modem Status Register 
comes directly from the external pins. 

03 RI 1 

04 OTR 1 

05 RTS 1 OTR and RTS are read only versions of the 
same register bits in the Modem Contol Reg-
ister. 

06 Not Used 

07 TXCLK Clock TXCLK is the clock that the UART puts out with 
TXO. The falling edge of TXCLK is coincident with 
the transitions of data on TXD. TXCLK can also be 
used for the microprocessor to send synchronous 
data independent of the UART by forcing data 
patterns using CR1 bits 6 and 7 before the rising 
edge of TXCLK. 

NOTE: Control Register 2 (CR2) is reserved for future products and is disabled. 
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SSI73K222U 
Single-Chip Modem 
with UART 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
TA = -40°C to 85°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETER RATING 

VDD Supply Voltage 7 

Storage Temperature -65 to 150 

Soldering Temperature (10 sec.) 260 

Applied Voltage -0.3 to VDD +0.3 

UNIT 

V 

°C 

°C 

V 

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

VDD, Supply Voltage 4.5 5 5.5 V 

TA, Operating Free-Air 
Temperature -40 85 °C 

External Component (Refer to application drawing for placement.) 

VREF Bypass Capacitor 2 (VREF to GND) 0.1 j.lF 

Bias Setting Resistor 1 (Placed between VDD 
and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass Capacitor 2 ISET pin to GND 0.1 j.lF 

VDD Bypass Capacitor 2 (VDDto GND) 0.1 j.lF 

XTL 1 Load Capacitor From pin to GND 40 pF 

XTL2 Load Capacitor From pin to GND 20 pF 

Input Clock Variation (11.0592 MHz) -0.01 +0.01 % 

Hybrid Loading 

R1 See Figure 3 600 Q 

R2 600 Q 

C TXA Hybrid Loading 0.033 j.lF 

1. Optional for minimum worst case current consumption. 

2. Minimum for optimized system layout; may require higher values for noisy environments. 
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DC ELECTRICAL CHARACTERISTICS 
TA = -40°C to +85 °C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETERS CONDITIONS 

100, Supply Current 

IDDA, Active ISET Resistor = 2MO 

IDDA, Active ISET=GND 

1001, Power-Down ClK = 11.0592MHz 

1002, Power-Down ClK = 19.200KHz 

Digital Inputs 

Input High Current IIH VI = VDD 

Input low Current III VI=O 

Input low Voltage Vil 

Input High Voltage VIH Except RESET & XTl1 

Input High Voltage VIH RESET & XTl1 

Pull Down Current RESET PIN 

Input Capacitance 

Digital Outputs 

Output High Voltage VOH lOUT = -1 rnA 

VOL UDO-UD7 and INTRPT IOUT=3.2 rnA 

VOL other outputs lOUT = 1.6 rnA 

ClK Output VOL lOUT = 3.2 rnA 

OH Output VOL lOUT = 20 rnA 

OH Output VOL lOUT = 10 rnA 

Offstate Current INTRPT pin VO=OV 

capacitance 

Inputs Input Capacitance 

ClK Maximum capacitive load to pin 

Analog Pins 

RXA Input Resistance 

RXA Input Capacitance 

1-105 

MIN 

-200 

2.0 

3.0 

5 

2.4 

-20 

SSI73K222U 
Single-Chip Modem 

with UART 

NOM MAX UNIT 

8 12 rnA 

8 15 rnA 

3 4 rnA 

2 3 rnA 

100 ~ 

~ 
0.8 V 

V 

V 

30 ~ 
10 pF 

VDD V 

0.4 V 

0.4 V 

0.6 V 

1.0 V 

0.5 V 

20 ~ 

10 pF 

15 pF 

200 KO 

25 pF 



SSI73K222U 
Single-Chip Modem 
with UART 

DYNAMIC CHARACTERISTICS AND TIMING 
TA = -40°C to +85°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETERS CONDITIONS 

DPSK Modulator 

Carrier Suppression Measured at TXA 

Output Amplitude ANS TONE 2225 or 2100 Hz 

DPSK TX Scrambled Marks 

FSK Dotting Pattern 

FSK Tone Error Bell 103 or V.21 

DTMF Generator 

Freq. Accuracy 

Output Amplitude Low Band, not in V.21 mode 

Output Amplitude High Band, not in V.21 mode 

Long Loop Detect DPSK or FSK 

Demodulator 
Dynamic Range DPSK or FSK 

Call Progress Detector 

Detect Level 2-Tones in 350-600 Hz Band 

Reject Level 2-Tones in 350-600 Hz Band 

Delay Time -70dBmO to -30 dBmO Step 

Hold Time -30dBmO to -70 dBmO Step 

Hysteresis 

Carrier Detect DPSK or FSK Receive 

Threshold Data 

Delay Time -70 dBmO to -30 dBmO Step 

Hysteresis 

Hold Time -30 dBmO to -70 dBmO Step 

Answer Tone Detector 

Detect Level Threshold In FSK mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Frequency Range 

MIN 

55 

-11 

-11 

-11 

-.25 

-10 

-8 

-40 

-39 

27 

27 

2 

-49 

15 

2 

10 

-49.5 

20 

10 

-2.5 

NOM MAX UNIT 

dB 

-10.0 -9 dBmO· 

-10.0 -9 dBmO 

-10.0 -9 dBmO 

±5 Hz 

.25 % 

-9 -8 dBmO 

-7 -6 dBmO 

-32 dBmO 

45 dB 
-----

0 dBmO 

-46 dBmO 

80 ms 

80 ms 

dB 

-42 dBmO 

45 ms 

3.0 dB 

24 ms 

-42 dBmO 

45 ms 

30 ms 

+2.5 % 

1. All units in dBmO are measured at the line input to the transformer. The interface circuit inserts an 8 dB 
loss in the transmit path (TXA1 - TXA2 to line), and a 3dB loss in the receive path (line to RXA). 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Speaker Output 

Gain Error 

Output Swing SPKR 1 OKII50 pF LOAD 5% THD 

CarrierVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Frequency change assumed 

Recovered Clock 

Capture Range % of Center Frequency 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin. 

Guard Tone Generator 

Tone Accuracy 550 or 1800 Hz 

Tone Level 550 HZ 

(Below DPSK Output) 1800 HZ 

Harmonic Distortion 700 to 2900 HZ 

SERIAL BUS INTERFACE (See Figure 4) 
The following times are for CL = 100 pF. 

PARAMETER 

TRD Data out from Read 

TCKD Data out after Clock 

TRDF Data Float after Read 

TRCK Clock High after Read 

TWW Write Width 

TDCK Data Setup Before Clock 

TCKH Data Hold after Clock 

TCKW Write after Clock 

TACR Address setup before Control 1 

TCAR Address Hold after Control 1 

TACW Address setup before Write 

TCAW Address Hold after Write 

1. Control is later of falling edge of RD or DCLK. 
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MIN 

-1 

2.75 

-10 

-625 

-20 

-4.0 

-7.0 

MIN 

0 

0 

200 

140 

150 

20 

150 

50 

50 

50 

50 

SSI73K222U 
Single-Chip Modem 

with UART 

NOM MAX UNIT 

+1 dB 

VP 

10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 

+20 Hz 

-3.0 -2.0 dB 

-6.0 -5.0 dB 

-60 dB 

NOM MAX UNIT 

140 ns 

200 ns 

200 ns 

ns 

10000 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SSI73K222U 
Single-Chip Modem 
with UART 

PARALLEL BUS INTERFACE (See Figure 5) The following times are for CI = 100 pF. 

PARAMETER MIN MAX MIN MAX 

Dual-Port Mode Single-Port Mode 

RC Read Cycle = TAD + TRC 240 340 

TDIW DISTR Width 80 80 

TODD Delay DISTR to Data (read time) 80 80 

THZ** DISTR to Floating Data Delay 0 50 0 50 

TRA Address Hold after DISTR 20 20 

TRCS Chip select hold after DISTR 20 20 

TAR* DISTR Delay after Address 20 20 

TCSR DISTR Delay after Chip Select 20 20 

WC Write Cycle = TAW + TDOW + TWC 140 140 
--

TDOW DOSTR Width 80 80 

TDS Data Setup 30 50 

TDH** Data Hold 20 20 

TWA Address Hold after DOSTR 20 20 

TWCS Chip select hold after DOSTR 20 20 

TAW* DOSTR delay_ after Address 20 20 

TCSW DOSTR delay after Chip Select 20 20 

TAOS Address Strobe Width 40 

TAS Address Setup Time 30 

TAH Address Hold Time 0 

TCS Chip Select Setup Time 30 

TCH Chip Select Hold Time 0 

TRC Read Cycle Delay 40 40 

TWC Write Cycle Delay 40 40 

TAD Address to Read Data 200 300 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

* TAR and TAW are referenced from the falling edge of either CS2 or DISTR or DOSTR, which ever is later. 

** THZ and TDH are referenced from the rising edge of CS2 or DISTR or DOSTR, which ever is earlier. 
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R2 
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FIGURE 3: TXA Hybrid Loading Analog Interface Hybrid Loading 

READ MODE 

WRITE MODE 

FIGURE 4: Modem Serial Bus Timing 
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Al)g 
(STNDLN =1) 

ADDRESS 
UA2 (UA3)-UAO 

DATA 
UD7-UDO 

FIGURE 5: UART Bus Timing 
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TYPICAL PERFORMANCE CHARACTERISTICS 

The SSI 73K222U was designed using an integrated 
analog/digital architecture that offers optimum per­
formance over a wide range of line conditions. The 
SSI 73K222U utilizes the circuit design proven in 
SSl's 73K222L one-chip modem, with added en­
hancements which extend low signal level perfor­
mance and increase immunity to spurious noise typi­
cally encountered in integral bus applications. The 
SSI 73K222U provides excellent immu nity to the types 
of disturbances present with usage of the dial-up 
telephone network. The following curves show repre­
sentative Bit Error Rate performance under various 
line conditions. 
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BER vs. SIN 

This test measures the ability of the modem to function 
with minimum errors when operating over noisy lines. 
Since some noise is generated by even the best dial­
up lines, the modem must operate with as Iowa SIN 
ratio as possible. Optimum performance is shown by 
curves that are closest to the zero axis. A narrow 
spread between curves for the four line conditions 
indicates minimal variation in performance when oper­
ating over a range of line qualities and is typical of high 
performance adaptive equalization receivers. High 
band receive data is typically better than low band due 
to the inherent design of PSK modems. 
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BER vs. Receive Level 

This measures the dynamic range of the modem. As 
signal levels vary widely over dial-up lines, the widest 
dynamic range possible is desirable. The minimum 
Bell specification calls for 36dB of dynamic range. 
SIN ratios were held constant at the indicated values 
while receive level was lowered from very high to very 
low signal levels. The ''width of the bowl" of these 
curves taken at the 10· BER point is a measure of the 
dynamic range. 

SER vs. Carrier Offset 

This parameter indicates how the modem performance 
is impacted by frequency shifts encountered in normal 
PSTN operation. Flat curves show no performance 
degradation from frequency offsets. The SSI K-Series 
devices use a 2nd order carrier tracking phase-Iocked­
loop, which is insensitive to carrier offsets in excess of 
10Hz. The Bell network specifications allow as much 
as 7Hz offset, and the CCITT specifications require 
modems to operate with 7Hz of offset. 

APPLICATION 

The SSI73K222U includes additional circuitry to greatly 
simplify integral modem designs in either of two differ­
ent configurations. The single-port mode represents 
the most efficient implementation for an integral mo­
dem. Figure 9 shows a typical schematic using this 
mode. In this configuration, the SSI 73K222U trans­
fers data and commands through the single parallel 
port. All modem control is provided by the main CPU, 
eliminating the need for an external microcontroller 
and supporting components. The SSI 73K222U is 
unique in that access to both the UART and modem 
sections is possible through the UART port. Also 
shown is a separate serial port, which can be used 
independent of the modem function when the modem 
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section is inactive. Figure 10 shows a more conven­
tional integral modem design, in which a local micro­
processor handles modem supervision, allowing the 
modem function to be transparent to the main proces­
sor. Inclusion of the hybrid drivers, audio volume 
control, and off hook relay driver reduces component 
count for a highly efficient design. In either mode of 
operation, the SSI 73K222U's ability to operate from a 
single +5 volt power supply eliminates the need for 
additional supply voltages and keeps power usage to 
a minimum. 

(See Figure 9 & 10: Typical Integral Applications 
Single and Dual-Port Modes.) 
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'~~I--------------------------------------------------------------------------------------------------
PACKAGE PIN DESIGNATIONS 
(Top View) 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI73K222U 

VDD 

UAO 

UA1 

UA2 

UD7 

U06 

U05 

Uo. 

U03 

UD2 

UDl 

UOO 

WJ!i/ (N/C) 

XTll 

XTl2 

ClK 

40-Pin Plastic Dual-In-Line 

44-Pin Plastic Leaded Chip Carrier 
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SSI73K224L 
V.22bis/V.22/V.21 , 

Bell 212A/1 03 
Single-Chip Modem 

------------------------------------------------------------------------------
DESCRIPTION 

The 551 73K224L is a highly integrated single-chip 
modem Ie which provides the functions needed to 
construct a V.22bis compatible modem, capable of 
2400 bitls full-duplex operation over dial-up lines. The 
551 73K224L offers excellent performance and a high 
level of functional integration in a single 2S-pin 01 P. 
This device supports V.22bis, V.22, V.21, Bell 212A 
and Bell 103 modes of operation, allowing both syn­
chronous and asynchronous communication. The 
551 73K224L is designed to appear to the systems 
deSigner as a microprocessor peripheral, and will eas­
ily interface with popular single-chip microprocessors 
(SOC51 typical) for control of modem fu nctio ns through 
itsS-bit multiplexed address/data busorvia an optional 
serial control bus. An ALE control line simplifies ad­
dress demultiplexing. Data communications normally 
occur through a separate serial port. The 551 73K224L 
is pin and software compatible with the 551 73K212L 
and 551 73K222L single-chip modem ICs, allowing 
system upgrades with a single component change. 

The 551 73K224L operates from a single +5 V supply 
for low power consumption. 

The 551 73K224L is ideal for use in eitherfree-standing 
or integral system modem products where full-duplex 

(Continued) 

December 1992 

FEATURES 

One-chip mUlti-mode V.22bisN.221V.21 and 
Bell 212A11 03 compatible modem data pump 
FSK (300 bit/s), DPSK (600, 1200 bltts), or QAM 
(2400 bitts) encoding 
Pin and software compatible with other 
SSI K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Parallel microprocessor bus for control with a 
wide range of package options 
Selectable asynch/synch with Internal bufferl 
debuffer and scrambler/descrambler functions 
All synchronous and asynchronous operating 
modes (Internal, external, slave) 
Adaptive equalization for optimum performance 
over alilines 
Programmable transmit attenuation (16 dB, 1 dB 
steps), selectable receive boost (+18 dB) 
can progress, carrier, answer tone, unscrambled 
mark, S1, and signal quality monitors 
DTMF, answer and guard tone generators 

Test modes available: ALB, DL, RDL, Mark, 
Space, Alternating bit, S1 pattern 
CMOS technology for low power consumption 
(typically 100 mW@5V)with power-down mode 
(15 mW@5V) 
TTL and CMOS compatible Inputs and outputs 
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DESCRIPTION (Continued) 

2400 biVs data communications over the 2-wire 
switched telephone network is desired. Its high func­
tionality ,low power consumption, and efficient packag­
ing simplify design requirements and increase system 
reliability. 

The SSI73K224L is designed to be a complete V.22bis 
compatible modem on a Chip. The complete modem 
requires only the addition of the phone line interface, a 
control microprocessor, and RS-232 level converter for 
a typical system. Many functions were included to 
simplify implementation of typical modem designs. In 
addition to the basic 2400 biVs QAM, 60011200 biVs 
DPSK and 300 biVs FSK modulator/demodulator sec­
tions, the device also includes SYNCH/ASYNCH 
converters, scrambler/descrambler, call progress tone 
detect, DTMF tone generator capabilities and hand­
shake pattern detectors. V.22bis, V.22, V.21 and Bell 
212A1103 modes are supported (synchronous and 
asynchronous) and test modes are provided for diag­
nostics. Most functions are selectable as options and 
logical defaults are provided. 

OPERATION 

QAM MODULATOR/DEMODULATOR 

The SSI 73K224L encodes incoming data into quad­
bits represented by 16 possible signal pOints with 
specific phase and amplitude levels. The baseband 
signal. is then filtered to reduce intersymbol interfer­
ence on the bandlimited telephone network. The 
modulator transmits this encoded data using either a 
1200 Hz (originate mode) or 2400 Hz (answer mode) 
carrier. The demodulator, although more complex, 
essentially reverses this procedure while also recover­
ing the data clock from the incoming signal. Adaptive 
equalization corrects for varying line conditions by 
automatically changing filter parameters to compen­
sate for line characteristics. 

DPSK MODULATOR/DEMODULATOR 

The SSI 73K224L modulates a serial bit stream into 
di-bit pairs that are represented by four possible phase 
shifts as prescribed by the Bell 212A1V.22 standards. 
The base-band signal is then filtered to reduce inter­
symbol interference on the band limited 2-wire PSTN 
line. Transmission occurs on either a 1200 Hz (origi­
nate mode) or 2400 Hz carrier (answer mode). 

Demodulation is the reverse of the modulation pro­
cess, with the incoming analog s!gnal eventually 
decoded into di-bits and converted back to a serial bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). Adaptive equalization is also used in DPSK 
modes for optimum operation with varying line 
conditions. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. The Bell 103 standard fre­
quencies of 1270 and 1070 Hz (originate mark and 
space) and 2225 and 2025 Hz (answer mark and space) 
are used when this mode is selected. V.21 mode uses 
980 and 1180 Hz (originate, mark and space) or 1650 
and 1850 Hz (answer, mark and space). Demodulation 
involves detecting the received frequencies and decod­
ing them into the appropriate binary value. The rate 
converter and scrambler/descrambler are automatically 
bypassed in the FSK modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals. Amplitude 
and phase equalization are necessary to compensate 
for distortion of the transmission line and to reduce 
intersymbol interference in the band limited receive 
signal. The transmit signal filtering corresponds to a 
75% square root of raised Cosine frequency response 
characteristic. 

ASYNCHRONOUS MODE 

The asynchronous mode is used for communication 
with asynchronous terminals which may communicate 
at 600,1200, or 2400 biVs + 1 %, -2.5% even though the 
modem's output is limited to the nominal bit rate ±.01 % 
in DPSK and QAM modes. When transmitting in this 
mode the serial data on the TXD ·input is passed 
through a rate converter which inserts or deletes stop 
bits in the serial bit stream in order to output a signal 
that is the nominal bit rate ±.01%. This signal is then 
routed to a data scrambler and into the analog modu­
lator where quad-biVdi-bit encoding results in the out-
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put signal. Both the rate converter and scrambler can 
be bypassed for handshaking, and synchronous 
operation as selected. Received data is processed in 
a similar fashion except that the rate converter now 
acts to reinsert any deleted stop bits and output data to 
the terminal at no greater than the bit rate plus 1 %. An 
incoming break signal (low through two characters) will 
be passed through without incorrectly inserting a stop 
bit. 

The SYNC/ASYNC converter also has an extended 
overspeed mode which allows selection of an output 
overspeed range of either +1% or +2.3%. In the ex­
tended overspeed mode, stop bits are output at 7/8 the 
normal width. 

Both the SYNC/ASYNC rate converter and the data 
descrambler are automatically bypassed in the FSK 
modes. 

SYNCHRONOUS MODE 

Synchronous operation is possible only in the QAM or 
DPSK modes. Operation is similar to that of the asyn­
chronous mode except that data must be synchronized 
to a provided clock and no variation in data transfer rate 
is allowable. Serial input data appearing at TXD must 
be valid on the rising edge of TXCLK. 

TXCLK is an internally derived 1200 or 2400 Hz signal 
in internal mode and is connected internally to the 
RXCLK pin in slave mode. Receive data at the RXD pin 
is clocked out on the falling edge of RXCLK. The 
asynchlsynch converter is bypassed when synchro­
nous mode is selected and data is transmitted at the 
same rate as it is input. 

PARALLEL BUS INTERFACE 

Eight 8-bit registers are provided for control, option 
select, and status monitoring. These registers are 
addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appearto a control 
microprocessor as seven consecutive memory loca­
tions. Six control registers are read/write memory. The 
detect and ID registers are read only and cannot be 
modified except by modem response to monitored 
parameters. 

SERIAL CONTROL INTERFACE 

The serial command mode allows access to the 
SSI 73K324 control and status registers via a serial 
control port. In this mode the AO, A 1, and A2 lines 
provide register addresses for data passed through the 
DATA pin under control ofthe RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
next eight cycles of EXCLK will then transfer out eight 
bits of the selected addresss location LSB first. A write 
takes place by shifting in eight bits of data LSB first for 
eight consectuive cycles of EXCLK. WR is then pulsed 
low and data transfer into the selected register occurs 
on the rising edge of WR. 

DTMF GENERATOR 

The DTMF generator controls the sending of the six­
teen standard DTMF tone pairs. The tone pair sent is 
determined by selecting TRANSMIT DTMF (bit D4) 
and the 4 DTMF bits (DO-D3) of the TONE register. 
Transmission of DTMF tones from TXA is gated by the 
TRANSMIT ENABLE bit of CRO (bit D1) as with all 
other analog signals. 
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PIN DESCRIPTION 

POWER 

NAME TYPE 

GND I 

VDD I 

VREF 0 

ISET I 

DESCRIPTION 

System Ground. 

Power supply input, 5V -5% +10%. Bypass with .22 JlF and 22 JlF capacitors 
toGND. 

An internally generated reference voltage. Bypass with .22 JlF capacitor to 
GND. 

Chip current reference. Sets bias current for op-amps. The chip current is set 
by connecting this pin to VDD through a 2 MQ resistor. Iset should be bypassed 
to GND with a .22 JlF capacitor. 

PARALLEL MICROPROCESSOR INTERFACE 

ALE I Address latch enable. The falling edge of ALE latches the address on ADO-
AD2 and the chip select on CS. 

ADO- 1/0/ Address/data bus. These bidirectional tri-state multi-plexed lines carry infor-
AD7 Tristate mation to and from the internal registers. 

CS I Chip select. A low on this pin allows a read cycle or a write cycle to occur. ADO-
AD7 will not be driven and no registers will be written if CS (latched) is not 
active. CS is latched on the falling edge of ALE. 

ClK 0 Output clock. This pin is selectable under processor control to be either the 
crystal frequency (for use as a processor clock) or 16 x the data rate for use 
as a baud rate clock in QAM/DPSK modes only. The pin defaults to the crystal 
frequency on reset. 

INT 0 Interrupt. This open drain weak pullup, output signal is used to inform the 
processor that a detect flag has occurred. The processor must then read the 
detect register to determine which detect triggered the interrupt. INT will stay 
active until the processor reads the detect register or does a full reset. 

RD I Read. A low requests a read of the SSI 73K224l internal registers. Data 
cannot be output unless both RD and the latched CS are active or low. 

RESET I Reset. An active high signal on this pin will put the chip into an inactive state. 
All control register bits (CRO, CR1, CR2, CR3, Tone) will be reset. The output 
of the ClK pin will be set to the crystal frequency. An internal pull down resistor 
permits power on reset using a capaCitor to VDD. 

WR I Write. A low on this informs the SSI 73K224l that data is available on ADO-
AD7 for writing into an internal register. Data is latched on the rising edge of 
WR. No data is written unless both WR and the latched CS are active (low). 

Note: The serial control mode is provided in the parallel versions by tying ALE high and CS low. In this 
configuration AD7becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, respectively. 
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DTE USER INTERFACE 

NAME TYPE 

EXCLK I 

RXCLK OfTristate 

RXD 0 

TXCLK OfTristate 

TXD I 

DESCRIPTION 

SSI73K224L 
V.22bis/V.22/V.21, Bell 212A/1 03 

Single-Chip Modem 

External Clock. This signal is used in synchronous transmission when the 
external timing option has been selected. In the external timing mode the 
rising edge of EXCLK is used to strobe synchronous transmit data available 
on the TXD pin. Also used for serial control interface. 

Receive Clock. Tri-stateable. The falling edge of this clock output is coincident 
with the transitions in the serial received data output. The rising edge of 
RXCLK can be used to latch QAM or DPSK valid output data. RXCLK will be 
active as long as a carrier is present. 

Received Digital Data Output. Serial receive data is available on this pin. The 
data is always valid on the rising edge of RXCLK when in synchronous mode. 
RXD will output constant marks if no carrier is detected. 

Transmit Clock. Tri-stateable. This signal is used in synchronous transmission 
to latch serial input data on the TXD pin. Data must be provided so that valid 
data is available on the rising edge of the TXCLK. The transmit clock is derived 
from different sources depending upon the synchronization mode selection. In 
Internal Mode the clock is generated internally. In External Mode TXCLK is 
phase locked to the EXCLK pin. In Slave Mode TXCLK is phase locked to the 
RXCLK pin. TXCLK is always active. 

Transmit Digital Data Input. Serial data for transmission is input on this pin. In 
synchronous modes, the data must be valid on the rising edge of the TXCLK 
clock. In asynchronous modes (2400/1200/600 bitls or 300 baud) no clocking 
is necessary. DPSK data must be +1%, -2.5% or +2.3%, -2.5 % in extended 
overspeed mode. 

ANALOG INTERFACE AND OSCILLATOR 

RXA I Received modulated analog signal input from the phone line. 

TXA 0 Transmit analog output to the phone line. 

XTL1 I These pins are forthe internal crystal oscillator requiring a 11.0592 MHz 
XTL2 lID parallel mode crystal. Two capacitors from these pins to ground are also 

required for proper crystal operation. Consult crystal manufacturer for proper 
values. XTL2 can also be driven from an external clock. 
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PIN DESCRIPTION (continued) 

SERIAL MICROPROCESSOR INTERFACE 

NAME TYPE DESCRIPTION 

AO-A2 I Register Address Selection. These lines carry register addresses and should 
be valid during any read or write operation. 

DATA 110 Serial Control Data. Data for a read/write operation is clocked in or out on the 
falling edge of the EXCLK pin. The direction of data flow is controlled by the 
RD pin. RD low outputs data. RD high inputs data. 

RD I Read. A low on this input informs the SSI 73K322L that data or status 
information is being read by the processor. The falling edge of the RD signal 
will initiate a read from the addresses register. The RD signal must continue 
for eight falling edges of EXCLK in order to read all eight bits of the referenced 
register. Read data is provided LSB first. Data will not be output unless the RD 
signal is active. 

WR I Write. A low on this input informs the SSI73K322L that data or status information 
has been shifted in through the DATA pin and is available forwriting to an internal 
register. The normal procedure for a write is to shift in data LSB first on the DATA 
pin for eight consecutive falling edges of EXCLK and then to pulse WR low. Data 
is written on the rising edge of WR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the pins; 
AO, A1, A2, DATA, and an unconnected pin. Also, the RD and WR controls are used differently. 
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REGISTER DESCRIPTIONS 

Eight 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO, A1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. The address lines are 
latched by ALE. Register CRO controls the method by 
which data is transferred over the phone line. CR1 
controls the interface between the microprocessor and 

REGISTER BIT SUMMARY 

CONTROL 
MODULATION 

MODULATION MODULATION 
REGISTER CRO 000 TYPE TYPE 

0 OPTION 1 0 

CONTROL TRANSMIT TRANSMIT ENABLE 
REGISTER CR1 001 PATTERN PATTERN DETECT 

1 1 0 INTERRUPT 

DETECT RECEIVE PATTERN RECEIVE 
REGISTER DR 010 LEVEL S1 DET DATA 

TONE RXD TRANSMIT TRANSMIT 
CONTROL TR 011 OUTPUT GUARD ANSWER 
REGISTER CONTROL TONE TONE 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

SPECIAL 
REGISTER SR 101 

ID 
REGISTER ID 110 ID ID 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as O's. 

SSI73K224L 
V. 22bis/V.22N. 21 , Bell 212A/1 03 

Single-Chip Modem 

the 551 73K224L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTM F generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. CR2 is the primary D5P control interface 
and CR3 controls transmit attenuation and receive 
gain adjustments. All registers are read/write except 
for DR and ID which are read only. Register control and 
status bits are identified below: 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWERI 
MODE MODE MODE 

2 1 0 
ENABLE ORIGINATE 

BYPASS 
SCRAMBLER CLK TEST TEST 

CONTROL RESET MODE MODE 
1 0 

UNseR. 
CARRIER 

SPECIAL CALL 
MARK TONE PROGRESS SIGNAL 

DETECT DETECT DETECT DETECT QUAUTY 

TRANSMIT 
DTMF11 

DTMF3 DTMF2 EXTENDED DTMFO/GUARDI 
DTMF OVERSPEED ANSWER 

TRANSMIT RESET TRAIN EQUAUZER 
16 WAY S1 DSP INHIBIT ENABLE 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT 
ATTEN. ATTEN. ATTEN. ATTEN. 

3 2 1 0 

TXD so sa 
SOURCE SELECT 1 SELECT 0 
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REGISTER ADDRESS TABLE 

OAM: 0=2400 B ITIS 
DPSK: 0=1200 BITIS 

1=600BITIS 
FSK: 0=103 MODE 

I=V.2l 

~:~~ ----------------~ 

OOXX=73K212, 322, 321 
01 XX=73K221, 302 
10XX=73K222 
1100= 73K224 
1110=73K324 
1101=73K312 

0010=EXT SVNCH 
0011=SLAVESVNCH 
0100=ASYCH 8 BITSICHAR 
0101 =ASYCH 9 BITS/CHAR 
0110=ASYCH 10 BITs/CHAR 
0111=ASYCH 11 BITs/CHAR 
lXOO=FSK 

O=ACCESS CR3 O=DSP IN O=NORMAL O=RX=TX 
I=RX=16 WAY 1 =ACCESS DEMOD MODE DOTTNG 

SPECIAL I=DSP IN CALL 1=SI 
REGISTER PROGRESS 

MODE 
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O=DSP 
NACTIVE 

1=DSP 
ACTIVE 

O=ADAPTEO 
ACTIVE 

I=ADAPTEO 
FROZEN 

0=1800 Hz G.T. 
2225 Hz ANS TONE 
GENERATED. 

1=550 Hz G.T. 
2100 Hz ANS TONE 
GENERATED 6 
DETECTED (V.2l, V.22) 

O=ADAPTEO 
ININIT 

I=ADAPTEO 
OK TO ADAPT 
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CONTROL REGISTER 0 

D7 D6 

CRO MODUL. MODUL. 
000 OPTION TYPE 1 

BIT NO. NAME 

DO Answer/ 
Originate 

D1 Transmit 
Enable 

D5, D4, Transmit 
D3,D2 Mode 

D6,D5 Modulation 
Type 

D5 D4 

SSI73K224L 
V.22bis/V. 22/V. 21 , Bell 212A/103 

Single-Chip Modem 

D3 D2 D1 DO 

MODUL. TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
TYPE 0 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

CONDITION DESCRIPTION 

0 Selects answer mode (transmit in high band, receive 
in low band). 

1 Selects originate mode (transmit in low band, receive in 
high band). 

0 Disables transmit output at TXA. 

1 Enables transmit output at TXA. 

Note: Transmit Enable must be set to 1 to allow 
activation of Answer Tone or DTMF. 

D5 D4 D3 D2 

0 0 0 0 Selects power down mode. All functions disabled 
except digital interface. 

0 0 0 1 Internal synchronous mode. In this mode TXCLK is an 
internally derived 600,1200 or 2400 Hz signal. Serial 
input data appearing at TXD must be valid on the rising 
edge of TXCLK. Receive data is clocked out of RXD on 
the falling edge of RXCLK. 

0 0 1 0 External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 600, 1200 or 2400 Hz clock 
must be supplied externally. 

0 0 1 1 Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

0 1 0 0 Selects asynchronous mode - 8 bits/character (1 start 
bit, 6 data bits, 1 stop bit). 

0 1 0 1 Selects asynchronous mode - 9 bits/character (1 start 
bit, 7 data bits, 1 stop bit). 

0 1 1 0 Selects asynchronous mode - 10 bits/character (1 start 
bit, 8 data bits, 1 stop bit). 

0 1 1 1 Selects asynchronous mode - 11 bits/character (1 start 
bit, 8 data bits, Parity and/or 1 or 2 stop bits). 

1 X 0 0 Selects FSK operation. 

D6 D5 

1 0 OAM 

0 0 DPSK 

0 1 FSK 
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V.22bis/V.22/V.21, Bell 212A/1 03 
Single-Chip Modem 

CONTROL REGISTER 0 (Continued) 

D7 D6 D5 D4 

CRO MODUL. MODUL. MODUL. TRANSMIT 
000 OPTION TYPE 1 TYPE 0 MODE 2 

SIT NO. NAME CONDITION 

D7 Modulation 0 
Option 

1 

CONTROL REGISTER 1 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INT. 

SIT NO. NAME CONDITION 

D1 DO 

D1,DO Test Mode 0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

D3 clock Control 0 

1 

D3 D2 D1 DO 

TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 1 MODE 0 ENABLE ORIGINATE 

DESCRIPTION 

QAM selects 2400 bit/so DPSK selects 1200 bit/so 
FSK selects 103 mode. 

DPSK selects 600 bit/so 
FSK selects V.21 mode. 

D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

Analog loopback mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same carrier frequency as the transmitter. To 
squelch the TXA pin, TRANSMIT ENABLE bit as well 
as Tone Reg bit D2 must be low. 

Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

Selects local digital loopback. Internally loops TXD 
back to RXD and continues to transmit data carrrier at 
TXA pin. 

Selects normal operation. 

Resets modem to power down state. All control regis-
ter bits (CRO, CR1, CR2, CR3 and Tone) are reset to 
zero except CR3 bit D2. The output ofthe clock pin will 
be set to the crystal frequency. 

Selects 11.0592 MHz crystal echo output at ClK pin. 

Selects 16 X the data rate, output at ClK pin in DPSKI 
QAM modes only. 
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~l~ _____________________________________ S_in_g_'_e_-c_h_i_P_M __ od_e_m __ 1III 
CONTROL REGISTER 1 (Continued) 

I 

,I 

07 06 05 04 03 02 01 DO 
TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 

CR1 PATTERN PATTERN DETECT SCRAMB CONTROL RESET MODE MODE 
001 1 0 INT. 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

04 Bypass 0 Selects nonnal operation. OPSK and QAM data is passed 
Scrambler through scrambler. 

1 Selects Scrambler Bypass. Bypass OPSK and QAM 
data is routed around scrambler in the transmit path. 

05 Enable Detect 0 Disables interrupt at INT pin. All interrupts are normally 
Interrupt disabled in power down mode. 

1 Enables INT output. An interrupt will be generated with 
a change in status of DR bits 01-04 and 06. The 
answer tone and call progress detect interrupts are 
masked when the TX enable bit is set. Carrier detect is 
masked when TX DTMF is activated. All interrupts will 
be disabled if the device is in power down mode. 

07 06 

07,06 Transmit 0 0 Selects normal data transmission as controlled by the 
Pattern state of the TXD pin. 

0 1 Selects an alternating mark/space transmit pattern for 
modem testing and handshaking. Also used for S1 
pattern generation. See CR2 bit 04. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 

DETECT REGISTER 

07 06 05 04 03 02 01 DO 

DR RECEIVE S1 RECEIVE UNSCR. CARR. ANSWER CALL SIGNAL 
010 LEVEL PATTERN DATA MARK DETECT TONE PROG. QUALITY 

INDICATOR DETECT DETECT DETECT DETECT INDICATOR 

BIT NO. NAME CONDITION DESCRIPTION 

DO Signal Quality 0 Indicates normal received signal. 
Indicator 1 Indicates low received signal quality (above average 

error rate). Interacts with special register bits 02, 01. 

01 Call Progress 0 No call progress tone detected. 
Detect 1 Indicates presence of call progress tones. The call 

progress detection circuitry is activated by energy in 
the normal 350 to 620 Hz call progress bandwidth. 
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DETECT REGISTER (Continued) 

07 06 05 04 03 02 01 00 

OR RECEIVE S1 RECEIVE UNSCR. CARR. ANSWER CALL SIGNAL 
010 LEVEL PATTERN OATA MARK OETECT TONE PROG. QUALITY 

INOICATOR OETECT OETECT DETECT INDICATOR 

BIT NO. NAME CONDITION DESCRIPTION 

02 Answer Tone 0 No answer tone detected. 
Received 1 In Call Init mode, indicates detection of 2225 Hz 

answer tone in Bell mode (TR bit 00=0) or 2100 Hz if 
in CCITT mode (TR bit 00=1). The device must be in 
originate mode for detection of answer tone. Both 
answer tones are detected in demod mode. 

03 Carrier 0 No carrier detected in the receive channel. 
Oetect 1 Indicated carrier has been detected in the received 

channel. 

04 Unscrambled 0 No unscrambled mark. 
Mark 1 Indicates detection of unscrambled marks in the 

Oetect received data. Should be time qualified by software. 

05 Receive Continuously outputs the received data stream. This 
Oata data is the same as that output on the RXO pin, but it 

is not disabled when RXO is tri-stated. 

06 S1 Pattern 0 No S1 pattern being received. 
Oetect 1 S1 pattern detected. Should be time qualified by soft-

ware. S1 pattern isdefined as adouble di-bit (0011 00 .. ) 
unscrambled 1200 biVs DPSK signal. Pattern must be 
aligned with baud clock to be detected. 

07 Receive Level 0 Received signal level below threshold, 
Indicator (typical =: -25 dBmO); can use receive gain boost (+18 dB). 

1 Received signal above threshold. 

TONE REGISTER 

07 06 05 04 03 02 01 00 

RXO TRANSMIT TRANSMIT TRANSMIT OTMF 11 OTMF 01 
TR OUTPUT GUARD ANSWER DTMF DTMF3 DTMF2 EXTENDED ANSWER! 
011 CONTR. TONE TONE OVER- GUARD 

SPEEO 

BIT NO. NAME CONDITION DESCRIPTION 

06 05 04 00 00 interacts with bits 06, 05, and 04 as shown. 

DO DTMF 01 X X 1 X Transmit OTMF tones. 
Answerl X 1 0 0 Select Bell mode answer tone. Interacts with OR bit 02 

Guard Tone and TR bit 05. 

X 1 0 1 Select CCITT mode answertone. Interacts with OR bit 
(Continued) 02 and TR bit 05. 
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TONE REGISTER (Continued) 

07 06 05 

RXO TRANSMIT TRANSMIT 
TR OUTPUT GUARO ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

00 OTMF 01 06 05 04 00 
Answerl 1 0 0 0 

Guard Tone 
1 0 0 1 

04 01 

01 
OTMF 11 

0 0 Extended 
Overspeed 0 1 

04 02 

02 OTMF 21 0 0 
4WIRE 0 1 

FOX 

SSI73K224L 
V.22bis/V.22/V.21, Bell 212A/1 03 

Single-Chip Modem 

04 03 02 01 00 

TRANSMIT DTMF 1/ OTMF 0/ 
OTMF OTMF3 OTMF 21 EXTENDED ANSWERI 

4WIRE OVER· GUARO 
FOX SPEED 

DESCRIPTION 

00 interacts with bits 06,05, and 04 as shown. 

Select 1800 Hz guard tone. 

Select 550 Hz guard tone. 

01 interacts with 04 as shown. 

Asynchronous OAM or OPSK +1.0% -2.5%. (normal) 

Asynchronous OAM or OPSK +2.3% -2.5%. (extended 
overspeed) 

Selects 2 wire duplex or half duplex 

02 selects 4 wire full duplex in the modulation mode 
selected. The receive path corresponds to the ANSI 
ORIG bit CRO 00 in terms of high or low band selection. 
The transmitter is in the same band as the receiver, but 
does not have magnitude filtering or equalization on its 
signal as in the receive path. 
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TONE REGISTER (Continued) 

07 06 05 04 03 02 01 DO 

RXD TRANSMIT TRANSMIT TRANSMIT DTMF 1/ DTMF 01 
TR OUTPUT GUARD ANSWER DTMF DTMF3 DTMF 21 EXTENDED ANSWERI 
011 CONTR. TONE TONE 4WIRE OVER- GUARD 

FOX SPEED 

BIT NO. NAME CONDITION DESCRIPTION 

D3 D2 D1 DO 

D3, D2, DTMF 3, 0 0 0 o - Programs 1 of 16 DTMF tone pairs that will be 
D1, DO 2,1,0 1 1 1 1 transmitted when TX DTM F and TX enable bit (CRO, bit 

D1) is set. Tone encoding is shown below: 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 02 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 . 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 0 0 0 941 1633 

04 TX DTMF 0 Disable DTMF. 
(Transmit 1 Activate DTMF. The selected DTMF tones are trans-

DTMF) mitted continuously when this bit is high. TX DTMF 
overrides all other transmit functions. 

Note: DTMFO - DTMF2 should be set to an appropriate state after DTM F dialing to avoid unintended operation. 
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TONE REGISTER (Continued) 

D7 D6 D5 D4 D3 D2 D1 DO 

RXD TRANSMIT TRANSMIT TRANSMIT DTMF 1/ DTMF 01 
TR OUTPUT GUARD ANSWER DTMF DTMF3 DTMF 21 EXTENDED ANSWERI 
011 CONTR. TONE TONE 4WIRE OVER- GUARD 

FDX SPEED 

BIT NO. NAME CONDITION DESCRIPTION 

D5 D4 DO D5 interacts with bits D4 and DO as shown. Also 
interacts with DR bit D2 in originate mode. See Detect 
Register description. 

D5 Transmit 0 0 X Disables answer tone generator. 
Answer Tone 1 0 0 In answer mode, a Bell 2225 Hz tone is transmitted 

continuously when the Transmit Enable bit is set. 

1 0 1 Likewise, a CCITT 21 00 Hz answer tone is transmitted. 

D6 Transmit 0 Disables guard tone generator. 
Guard Tone 1 Enables guard tone generator. (See DO for selection 

of guard tones.) Bit D4 must be zero. 

D7 RXD Output 0 Enables RXD pin. Receive data will be output on RXD. 
Control 1 Disables RXD pin. The RXD pin reverts to a high 

impedance with internal weak pull-up resistor. 

CONTROL REGISTER 2 

D7 D6 D5 D4 D3 D2 D1 DO 

CR2 SPEC CALL TRANSMIT RESET TRAIN EQUALIZER 
100 0 REG INIT S1 16 WAY DSP INHIBIT ENABLE 

ACCESS 

BIT NO. NAME CONDITION DESCRIPTION 

DO Equalizer 0 The adaptive equalizer is in its initialized state. 
Enable 1 The adaptive equalizer is enabled. This bit is used in 

handshakes to control when the equalizer should cal-
culate its coefficients. 

D1 Train 0 The adaptive equalizer is active. 
Inhibit 1 The adaptive equalizer coefficients are frozen. 

D2 RESET DSP 0 The DSP is inactive and all variables are initialized. 

1 The DSP is running based on the mode set by other 
control bits 

D3 16 Way 0 The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode). 

1 The receiver, independent of the transmitter, is forced 
into a 16 point decision plane. Used for QAM hand-
shaking. 
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CONTROL REGISTER 2 (Continued) 

07 06 

CR2 SPEC 
100 0 REG 

ACCESS 

BIT NO. NAME 

04 Transmit 
S1 

05 Callinit 

06 Special 
Register 
Access 

07 Not used at this time 

CONTROL REGISTER 3 

CR3 
101 

03,02, 
01,00 

04 

Transmit 
Attenuator 

Receive 
Gain Boost 

05 04 

CALL TRANSMIT 
INIT S1 

CONDITION 

0 

1 

0 

1 

0 
1 

0 

o 0 0 0-

03 02 01 00 

RESET TRAIN EQUALIZER 
16WAY OSP INHIBIT ENABLE 

DESCRIPTION 

The transmitter when placed in alternating mark/space 
mode transmits 0101 ...... scrambled or not dependent 
on the bypass scrambler bit. 
When this bit is 1 and only when the transmitter is placed 
in alternating mark/space mode by CR 1 bits 07, 06, and 
in OPSK or QAM, an unscrambled repetitive double dibit 
pattern of 00 and 11 at 1200 biVs (S1) is sent. 
The OSP is setup to do demodulation and pattern 
detection based on the various mode bits. Both answer 
tones are detected in demod mode concurrently; TR-
00 is ignored. 

The OSP decodes unscrambled mark, answer tone 
and call progress tones. 

Normal CR3 access. 
Setting this bit and addressing CR3 allows access to 
the SPECIAL REGISTER. See the SPECIAL REGIS-
TER for details. 
Only write zero to this bit. 

TRANSMIT TRANSMIT 
ATTEN. ATTEN. 

3 2 

Sets the attenuation level of the transmitted signal 
in 1dB steps. The default (03-00=0100) is for a trans­
mit level of -10 dBmO on the line with the recom­
mended hybrid transmit gain. The total range is 16 dB. 

Boost is in the path. This boost does not change 
reference levels. It is used to extend dynamic range by 
compensating for internally generated noise when 
receiving weak signals. The receive level detect signal 
and knowledge of the hybrid and transmit attenuator 
sett will determine when boost should be enabled. 
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Single-Chip Modem I 
111----1 ------

I 

I 

I 

I 

,I 

I 

I 

SPECIAL REGISTER 

SR 
101 

06 05 03 

TXO 
SOURCE 

SIGNAL 
QUALITY 

LEVEL 
SELECT1 

01 

SIGNAL 
QUALITY 

LEVEL 
SELECTO 

06 TXBAUO CLK TXBAUO clock is the transmit baud-synchronous clock that can be used to 

05 RXUNOSCR 
OATA 

03 TXO SOURCE 

02,01 SIGNAL 
OUAlITY 

LEVEL 
SELECT 

synchronize the input of arbitrary quadldi-bit patterns. The rising edge of 
TXBAUO signals the latching of a baud-worth of data internally. Synchronous 
data to be entered via the TXOAL T bit, CR3 bit 07, should have data 
transitions that start 1/2 bit period delayed from the TXBAUO clock edges. 

This bit outputs the data received before going to the descrambler. This is 
useful for sending special unscrambled patterns that can be used for 
signaling. 

This bit selects the transmit data source; either the TXO pin if ZERO or the 
TXOALT ifthis bit is a ONE. The TRANSMIT PATTERN bits 07 and 06 in CR1 
override either of these sources. 

The signal quality indicator is a logical ZERO when the signal received is 
acceptable for low error rate reception. It is determined by the value of the 
Mean Squared Error (MSE) calculated in the decisioning process when 
compared to a given threshold. This threshold can be set to four levels of error 
rate. The SOl bit will be low for good or average connections. As the error rate 
crosses the threshold setting, the SOl bit will toggle at a 1.66 ms rate. Toggling 
will continue until the error rate indicates that the data pump has lost 
convergence and a retrain is required. At that point the SOl bit will be a ONE 
constantly. The SOl bit and threshold selection are valid for OAM and 
OPSK only and indicates typical error rate. 

NOTE: This register is "mapped" and is accessed by setting CR2 bit 06 to a ONE and addreSSing CR3. This 
register provides functions to the 73K224L user that are not necessary in normal communications. 
Bits 07-04 are read only, while 03-00 are read/write. To return to normal CR3 access, CR2 bit 06 
must be returned to a ZERO. 
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10 REGISTER 

D7 D6 D5 D4 

ID ID ID ID ID 
110 3 2 1 0 

BIT NO. NAME CONDITION 

D7, D6, Device 
D5,D4 Identification 

Signature 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

DESCRIPTION 

RATING 

7V 

-65 to 150°C 

260°C 

-0.3 to VDD+0.3V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.22 JlF 

Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass capacitor (ISET pin to GND) 0.22 JlF 

VDD Bypass ~apacitor 1 (VDDto GND) 0.22 JlF 

VDD Bypass capacitor 2 (VDDto GND) 22 JlF 

XTL 1 Load Capacitance Depends on crystal requirements 18 39 pF 

XTL2 Load Capacitance Depends on crystal requirements 18 27 pF 

Clock Variation (11.0592 MHz) Crystal or external clock -0.01 +0.01 0/0 

TA, Operating Free-Air -40 85 °c 
Temperature 
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Single-Chip Modem • 

~--------
DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

100, Supply Current ClK = 11.0592 MHz 

ISET Resistor = 2 Mil 

IDD1, Active Operating with crystal oscillator, 18 25 mA 

IDD2, Idle < 5 pF capacitive load on ClK pin 3 5 mA 

Digital Inputs 

Vll, Input low Voltage 0.8 V 

VIH, Input High Voltage 

All Inputs except Reset 2.0 VDD V 
XTl1,XTl2 

Reset, XTl1, XTl2 3.0 VDD V 

IIH, Input High Current VI = VDD 100 JlA 
Ill, Input low Current VI=OV -200 JlA 
Reset PUll-down Current Reset = VDD 2 50 JlA 

Digital Outputs 

VOH, Output High Voltage 10= 10H Min 2.4 VDD V 
lOUT = -0.4 rnA 

VOL, Output low Voltage 10 = lOUT = 1.6 rnA 0.4 V 

RXD Tri-State Pull-up Curro RXD=GND -2 -50 JlA 
Capacitance 

Maximum Capacitive load 

ClK Maximum permitted load 25 pF 

Input Capacitance All Digital Inputs 10 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN 

QAM/DPSK Modulator 

Carrier Suppression Measured at TXA 35 

Output Amplitude TX scrambled marks -11.5 
ATT=0100 (default) 

FSK Modulator/Demodulator 

Output Freq. Error elK = 11.0592 MHz -.31 

Transmit level A TT = 0100 (Default) -11.5 
Transmit Dotting Pattern 

TXA Output Distortion All products through BPF 

Output Bias Distortion Dotting Pattern measured at RXD -10 
at RXD Receive Level-20 dBm, SNR 20 dB 

Output Jitter at RXD Integrated for 5 seconds -15 

Sum of Bias Distortion and Integrated for 5 seconds 
Output Jitter -17 

Answer Tone Generator (2100 or 2225 Hz) 

Output Amplitude ATT = 0100 (Default Level) -11.5 

Not in V.21 

Output Distortion Distortion products in receive band 

DTMF Generator Not in V.21 

Freq. Accuracy -0.03 

Output Amplitude Low Band, A IT = 0100, DPSK Mode -10 

Output Amplitude High Band, A IT = 0100, DPSK Mode -8 

Twist High-Band to Low-Band, DPSK Mode 1.0 

Receiver Dynamic Range Refer to Performance Curves -43 

Call Progress Detector In Callinit mode 

Detect level 460 Hz test signal -34 

Reject level 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+.20 

-10.0 -9 

-45 

+10 

+15 

+17 

-10 -9 

-40 

+0.25 

-8 

-6 

2.0 3.0 

-3.0 

0 

-40 

25 

25 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Carrier Detect Receive Gain = On for lower Input level measurements 

Threshold All Modes -48 -43 dBmO 

Hysteresis All Modes 2 

Delay Time FSK 70 dBmO to -6 dBmO 25 37 ms 

70 dBmO to -40 dBmO 25 37 ms 

DPSK -70 dBmO to -6 dBmO 7 17 ms 

-70 dBmO to -40 dBmO 7 17 ms 

QAM -70 dBmO to -6 dBmO 25 37 ms 

-70 dBmO to -40 dBmO 25 37 ms 

Hold Time FSK -6 dBmO to -70 dBmO 25 37 ms 

-40 dBmO to -70 dBmO 15 30 ms 

DPSK -6 dBmO to -70 dBmO 20 29 ms 

-40 dBmO to -70 dBmO 14 21 ms 

QAM -6 dBmO to -70 dBmO 25 32 ms 

-40 dBmO to -70 dBmO 18 28 ms 

Answer Tone Detectors DPSK Mode 

Detect Level -48 -43 dBmO 

Detect Time Caliinit Mode, 2100 or 2225 Hz 6 50 ms 

Hold Time 6 50 ms 

Pattern Detectors DPSK Mode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 10 55 ms 

Hold Time -6 to -40 dBmO, Demod Mode 10 45 ms 

Unscrambled Mark 

Delay Time For signals from -6 to -40 10 45 ms 

Hold Time caliinit Mode 10 45 ms 

Receive Level Indicator 

Detect On -22 -28 dBmO 

Valid after Carrier Detect DPSK Mode 1 4 7 ms 

Output Smoothing Filter 

Output Impedance TXA pin 200 300 n 

Output load TXA pin; FSK Single 10 Kn 

Tone out for THO = -50 dB 50 pF 

in .3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off -35 dBmO 

Energy 10 kHz, Guard Tones off -55 dBmO 

12 kHz, Guard Tones off -65 dBmO 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Anti Alias Low Pass Filter 

Out of Band Signal Energy Level at RXA pin with receive 
(Defines Hybrid Trans- Boost Enabled 
Hybrid loss requirements) Scrambled data at 2400 bit/s 

in opposite band 

Sinusoids out of band 

Transmit Attenuator 

Range of Transmit Level Default An =0100 (-10 dBmO) 1111-000 

Step Accuracy 

Output Impedance 

Clock Noise 

TXA pin; 153.6 kHz 

Carrier Offset 

Capture Range Originate or Answer 

Recovered Clock 

Capture Range % of frequency (originate or 
answer) 

Guard Tone Generator 

Tone Accuracy 550 Hz 

1800 Hz 

Tone Level 550 Hz 

(Below QAM/DPSK 1800 Hz 
Output) 

Harmonie Distortion 550 Hz 

(700 to 2900 Hz) 1800 Hz 

Timing (Refer to Timing Diagrams) 

Parallel Mode 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWR Low 

TCL RD/WR Control to ALE High 

TRD Data out from RD Low 

TLL ALE width 

TRDF Data float after RD High 

TRW RDwidth 

1-138 

MIN NOM MAX UNITS 

-14 dBm 

-9 dBm 

-21 -6 dBmO 

-0.15 +0.15 dB 

200 300 n 

1.5 mVrms 

±5 ±7 Hz 

-0.02 +0.02 0/0 

+1.2 % 

-0.8 

-4.5 -3.0 -1.5 dB 

-7.5 -6.1 -4.5 dB 

-50 dB 

-50 dB 

30 ns 

10 ns 

40 ns 

10 ns 

90 ns 

25 ns 

40 ns 

70 ns 
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~l--------------------------------------
DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Parallel Mode (Continued) 

TWW WR width 70 ns 

TDW Data setup before WR High 70 ns 

TWD Data hold after WR High 20 ns 

Serial Mode 

TRCK Clock High after RD Low 250 T1 ns 

TAR Address setup before RD Low 0 ns 

TRA Address hold after RD Low 350 ns 

TRD RD to Data valid 300 ns 

TRDF Data float after RD High 40 ns 

TCKDR Read Data out after Falling 300 ns 
Edge of EXCLK 

TWW WRwidth 350 ns 

TAW Address setup before WR Low 50 ns 

TWA Address hold after Rising 50 ns 
Edge of WR 

TCKDW Write Data hold after Falling 200 ns 
Edge of EXCLK 

TCKW WR High after Falling 330 T1 + T2 ns 
Edge of EXCLK 

TDCK Data setup before Falling 50 ns 
Edge of EXCLK 

T1, T2 Minimum Period 500 ns 

NOTE: T1 and T2 are the low/high periods, respectively, of EXCLK in serial mode. 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ 

TlC TRW 

m -t- '"'lr-

WIt 

TCl 

TLA TAO TRDF 

~ 
.I 

TlC ..L TWW J 

1:-

l TAL 'J I TWO 

~ ~ I. TOW •• ~~ 
ADO-AD7 --K ADDRESS ~READDATA~ ADDRESS ~WRfTEDATA}-

~ -=1- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

---'1 T2 It-
EXCLK 

-~- -~-

AO-A2 ---+--------------------tfAD 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod­
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter­
face, and a OM phone line interface to function as a 
typical intelligent modem. The K-Series ICs interface 
directly with Intel 8048 and 80C51 microprocessors for 
control and status monitoring purposes. Two typical 
OAA arrangements are shown: one for a split ±5 or 
±12 V design and one for a single 5 V design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CAH>~~ 
CB I-< ~~::--t 
CC I-<f+-=::-=::--i 
CD 1-1>+="---

CF I-<I-+==--t 

SA 
BB 

~~ 1>-I-::R=xC,:::;LK:--+--t--t-----j 

DB <H....:.T:::::XC.:::.:LKc..,...-+--t--t-_---j 

US,U6 
MC145406 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitorthe serial 
data for commands from the OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

+ C8 
22.u' Cl 

390pF 

R5 
37.4 K 

22K 

VRl ..r MeV 
V250L20 

FIGURE 1: BasiC Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a single 5 volt supply. Because 
DTMF tones utilize a higher amplitude than data, these 

C3 
O.I~F 

Cl 
390pF 

1\4 
37.4K I'll. 

~I-----;l>-< 

R6 
22.1K 

C6 R7 C5 
0.1 ~F 201( I'll. 7SOpF 

~~~NL~~I--~ 

VOlTAGE 
REFERENCE 

.5V 

HOOK >--______ -.1 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1 C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg of 
the transformer is being driven in one direction by U 1 A 
and the resistor is driven in the opposite direction at the 
same time by U1 B, the junction of the transformer and 
resistor remains relatively constant and the receive 
signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

TI 
MIDCOM 

• Note: Op-amp U 1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

671-6005 
~~~--------~-

.5V 

VRI 
MOV 

V251X.20 

~ ~--------------------------------~ 
FIGURE 2: Single 5V Hybrid Version 
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MODEM PERFORMANCE Unlike digital logic circuitry, modem designs must 
properly contend with precise frequency tolerances 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01% accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LA YOUT CONSIDERATIONS 

Good analog/digital design rules must be used to control 
system noise in order to obtain highest performance in 
modem designs. The more digital circuitry present on 
the PC board, the more this attention to noise control is 
needed. The modem should be treated as a high 
impedance analog device. A 22 J.lF electrolytic ca­
pacitor in parallel with a 0.22 J.lF ceramic capacitor be­
tween VDD and GND is recommended. Liberal use of 
ground planes and larger traces on power and ground 
are also highly favored. The ISET resistor and capacitor 
should be mounted near the ISET pin, away from digital 
signals. High speed digital circuits tend to generate a 
significant amount of EMI (Electro-Magnetic Interfer­
ence) which must be minimized in order to meet regula­
tory agency limitations. To accomplish this, high speed 
digital devices should be locally bypassed, and the 
telephone line interface and K-Series device should be 
located close to each other near the area of the board 
where the phone line connection is accessed. To avoid 
problems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-Series modem IC's should have both high 
frequency and low frequency bypassing as close to the 
package as possible. 

CHARACTERISTICS 

The curves presented here define modem IC perform-
, ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Hayes SmartModem™ 2400 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (S/N) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a modem will exhibit better 
BER-performance test curves receiving in the low 
band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

ClK GND 

XTL1 RXA 

XTL2 VREF 

RXA ADO RESET 

VREF AD1 ISET 

RESET AD2 RXClK 

ISET AD3 RXD 

RXCLK AD4 TXD 

RXD AD5 ~ 

TXD AD6 EXCLK 

EXCLK AD7 TXCLK 

TXCLK ALE T/iIT 
1m 1FJT WA" TXA 

TXA m VDD 

400-MII 600-MII 
22-Pln DIP 28-Pln DIP 

:.: :.: :.: 
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..J ..J 
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!Q a: a: z z z () w Z I-
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for a static sensitive component. 
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ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. 

SSI73K224L with Serial Bus Interface 

22-Pin Plastic Dual-In-Line 73K224LS-IP 

SSI 73K224L with Parallel Bus Interface 

28-Pin Plastic Dual-In-Line 73K224L-IP 

28-Pin Plastic Leaded Chip Carrier 73K224L-281H 

32-Pin Plastic Leaded Chip Carrier 73K224L-321H 

44-Pin Plastic Leaded Chip Carrier 73K224L-IH 

52-Lead Quad Flat Pack Package 73K224L-IG 

64-Lead Thin Quad Flat Pack Package 73K224L-IGT 

PKG.MARK 

73K224LS-IP 

73K224L-IP 

73K224L-281H 

73K224L-321H 

73K224L-IH 

73K224L-IG 

73K224L-IGT 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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Protected by the following patents: 
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DESCRIPTION 

The 551 73K302L is a highly integrated single-chip 
modem Ie which provides the functions needed to 
construct a Bell 202, 212A and 103 compatible 
modem. The 551 73K302L is an enhancement of the 
551 73K212L single-chip modem with Bell 202 mode 
features added. The 73K302L is capable of 1200 or 
0-300 bitls full-duplex operation over dial-up lines. 
4-wire full-duplex capability and a low speed back 
channel are also provided in Bell 202 mode. The 
551 73K302L recognizes and generates a 900 Hz soft 
carrier turn-off tone, and allows 103 for 300 biVs F5K 
operation. The 551 73K302L integrates analog, digital, 
and switched-capacitor array functions on a Single 
substrate, offering excellent performance and a high 
level of functional integration in a single 28 or 22-
pin DIP configuration. The 551 73K302L operates 
from a single +5V supply with very low power 
consumption. 

The 551 73K302L includes the DP5K and F5K modu­
lator/demodulator functions, call progress and hand­
shake tone monitors, test modes, and a tone generator 
capable of producing DTMF, answer, and 900 Hz soft 
carrier turn-off tone. This device supports Bell 
202, 212Aand 103 modes of operation, allowing both 

AOO·AD7 

lin o---~ 
WIr o---~ 
AlE o---~ 
~ o---~ 

RESET o---~ 

1m' 0-----1 

(Continued) 

BLOCK DIAGRAM 

SMART 
OIAlfIjG 

& 

December 1992 

FEATURES 

One-chip Bell 212A, 103 and 202SIT standard 
compatible modem data pump 
Full-duplex operation at 0-300 blt/s (FSK), 1200 bltls 
(DPSK) or 0-1200 bltls (FSK) forward channel with or 
without 0-150 blt/s back channel 
Full-duplex 4-wlre operation In Bell 202 mode 

Pin and software compatible with other 
SSI K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial (22-pln DIP) or parallel microprocessor bus 
for control 
Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
Call progress, carrier, preCise answer tone 
(2225 Hz), soft carrier turn-off (SCT), and FSK mark 
detectors 
DTMF, answer, and SCT tone generators 

Test modes available: ALB, OL, ROL, Mark, Space, 
Alternating bit patterns 
CMOS technology for low power consumption 
using 35 mW @ 5V from a single power supply 

PIN DIAGRAM 
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DESCRIPTION (Continued) 

synchronous and asynchronous communications. 
The SSI73K302L is designed to appearto the systems 
designer as a microprocessor peripheral, and will eas­
ily interface with popular one-chip microprocessors 
(80C51 typical) for control of modem functions through 
its 8-bit multiplexed address/data bus or via an optional 
serial command bus. An ALE control line simplifies 
address demultiplexing. Data communications occurs 
through a separate serial port only. 

The SSI73K302L is ideal for use in either free standing 
or integral system modem products where multi-stan­
dard data communications is desired. Its high function­
ality, low power consumption and efficient packaging 
simplify design requirements and increase system 
reliability. A complete modem requires only the addi­
tion of the phone line interface, a modem controller, 
and RS232 level converter for a typical system. 

Tri-mode capability in one-chip allows full-duplex Bell 
212 and 103 operation or assymetrical Bell 202S 
operation overthe 2-wire switched telephone network. 
202T mode full-duplex operation· at 1200 bitls is also 
possible when operating on 4-wire le?sed lines. 

A soft carrier turn-off feature facilitates fast line turn 
around when using the 202S mode for half-duplex 
applications. 

The SSI 73K302L is part of Silicon Systems K-Series 
family of pin and function compatible single-chip 
modem products. These devices allow systems to be 
configured for higher speeds and Bell or CCITT opera­
tion with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash­
ion. The SSI 73K302L includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data at a regular rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 biVs + 1.0%, 
2.5%. The rate converter will then insert or delete stop 
bits in orderto output a signal which is 1200 biVs ± .01 % 
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(±.01 % is the required synchronous data rate 
accuracy). 

The SYNC/ASYNC converter also has an extended 
overspeed mode which allows selection of an output 
overspeed range of either +1% or +2.3%. In the ex­
tended overspeed mode, stop bits are output at 7/8 the 
normal width. 

The serial data stream from the transmit buffer or the 
rate converter is passed through the data scrambler 
and onto the analog modulator. The data scrambler 
can be bypassed under processor control when 
unscrambled data must be transmitted. If serial input 
data contains a break signal through one character 
(including start and stop bits) the break will be 
extended to at least 2 • N + 3 bits long (where N is the 
number of transmitted bits/character). 

Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC converter. The ASYNC/ASYNC con­
verterwill reinsert any deleted stop bits and output data 
at an intra-character rate (bit -to-bit timing) of no greater 
than 1219 bitls. An incoming break signal (low through 
two characters) will be passed through without incor­
rectly inserting a stop bit. 

SYNCHRONOUS MODE 

The Bell 212A standard defines synchronous opera­
tion at 1200 biVs. Operation is similar to that of the 
asynchronous mode except that data must be synchro­
nized to a provided clock and no variation in data 
transfer rate is allowable. Serial input data appearing at 
TXD must be valid on the rising edge of TXCLK. 

TXCLK is an internally derived signal in internal mode 
and is connected internally to the RXCLK pin in slave 
mode. Receive data at the RXD pin is clocked out on 
the falling edge of RXCLK. The ASYNCH/SYNCH 
converter is bypassed when synchronous mode is_ 
selected and data is transmitted out at the same rate as 
it is input. 

DPSK MODULATOR/DEMODULATOR 

In DPSK mode the SSI 73K302L modulates a serial bit 
stream into di-bit pairs that are represented by four 
possible phase shifts as prescribed by the Bell 212A 
standards. The base-band signal is then filtered to 
reduce intersymbol interference on the bandlimited 
2-wire telephone line. Transmission occurs using ei-
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ther a 1200 Hz (originate mode) or 2400 Hz (answer 
mode) carrier. Demodulation is the reverse of the 
modulation process, with the incoming analog signal 
eventually decoded into di-bits and converted back to 
a serial bit stream. The demodulator also recovers the 
clock which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). The SSI 73K302L uses a phase locked loop 
coherent demodulation technique for optimum 
receiver performance. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. Bell 103 mode uses 1270 
and 1070 Hz (originate, mark and space) or 2225 and 
2025 Hz (answer, mark and space). Bell 202 mode 
uses 1200 and 2200 Hz for the main channel and 387 
and 487 Hz for the back channel. The modulation rate 
of the back channel is up to 150 baud. Demodulation 
involves detecting the received frequencies and 
decoding them into the appropriate binary value. The 
rate converter and scrambler/descrambler are auto­
matically bypassed in the 103 or 202 modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer­
ence in the bandlimited receive signal. The transmit 
signal filtering approximates a 75% square root of 
raised Cosine frequency response characteristic. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are ad-
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dressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only 
and cannot be modified except by modem response to 
monitored parameters. The parallel bus interface is not 
available in the 22-pin package. 

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
SSI 73K302L control and status registers via a serial 
command port. In this mode the AO , A 1 and A2 lines 
provide register addresses for data passed through the 
data pin under control of the RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
first bit is available after RD is brough low and the next 
seven cycles of EXCLK will then transfer out seven bits 
of the selected address location LSB first. A write takes 
place by shifting in eight bits of data LSB first for eight 
consecutive cycles of EXCLK. WR is then pulsed low 
and data transfer into the selected register occurs on 
the rising edge of WR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received ana­
log signal to determine status or presence of carrier, 
answer tone and weak received signal (long loop 
condition), special tones such as FSK marking and the 
900 Hz soft carrier turn-off tone are also detected. A 
highly frequency selective call progress detector pro­
vides adequate discrimination to accurately detect 
lower quality call progress signals. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected using the tone register and the transmit 
enable (CRO bit 01) is changed from 0 to 1. 

SOFT CARRIER TURN-OFF TONE GENERATOR 

The soft carrier turn-off tone generator will output a 
900 Hz tone. When activated in Bell 202 main channel 
transmit mode, the output signal will shift to 900 Hz, 
maintaining phase continuity during the transition. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 22-PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD? 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 1? 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 5V ±1 0%. Bypass with .1 and 22 J.lF 
capacitors to GND. 

An internally generated reference voltage. Bypass with 
.1 J.lF capacitor to GND. 

Chip current reference. Sets bias current for op-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MQ resistor. ISET should be bypassed to GND with a 
.1 JlF capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 
Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
registers. 

Chip select. A low on this pin during the falling edge of ALE 
allows a read cycle or a write cycle to occur. ADO-AD? will 
not be driven and no registers will be written if CS (latched) 
is not active. The state of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is selectable underprocessorcontrol 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK mode only. The pin defaults to the crystal frequency 
on reset. 

I nterrupt. This open drai n output signal is used to inform the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI?3K302l internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1 , Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capaCitor to VDD. 
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PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this informs the SSI 73K302L that data is 
available on ADO-AD7 for writing into an intemal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are active low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-7 I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 I/O Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI 73K302L that 
data or status information is being read by the processor. 
The falling edge of the R 0 signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K302L that data 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data LSB first on 
the DATA pin for eight consecutive falling edges of EXCLK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A1, A2, DATA, and an unconnected pin. Also, the RD and WR controls are used differently. 

The serial control mode is provided in the parallel control versions by tying ALE high and CS low. 
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, 
respectively. 
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PIN DESCRIPTION (Continued) 

DTE USER INTERFACE 

NAME 28-PIN 22-PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

External Clock. This signal is used only in synchronous 
DPSK transmission when the external timing option has 
been selected. In the external timing mode the rising edge 
of EXCLK is used to strobe synchronous DPSK transmit 
data available on the TXD pin. Also used for serial control 
interface. 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received DPSK 
data output. The rising edge of RXCLK can be used to latch 
the valid output data. RXCLK will be valid as long as a 
carrier is present. In Bell 202 mode a clock which is 16 x 
1200 or 16 x 150 baud data rate is output. 

Received Data Output. Serial receive data is available on 
this pin. The data is always valid on the rising edge of 
RXCLK when in synchronous mode. RXD will output con-
stant marks if no carrier is detected. 

Transmit Clock.This signal is used only in synchronous 
DPSK transmission to latch serial input data on the TXD 
pin. Data must be provided so that valid data is available 
on the rising edge of the TXCLK. The transmit clock is 
derived from different sources depending upon the syn-
chronization mode selection. In Internal Mode the clock is 
1200 Hz generated internally. In External Mode TXCLK is 
phase locked to the EXCLK pin. In Slave Mode TXCLK is 
phase locked to the RXCLK pin. TXCLK is always active. In 
Bell 202 mode the output is a 16 x 1200 baud clock or 16 
x 150 baud to drive a UART. 

Transmit Data Input. Serial data for transmission is applied 
on this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK clock. In asynchronous 
modes (1200 or 300 baud) no clocking is necessary. DPSK 
must be 1200 biVs +1%, -2.5% or +2.3%, -2.5 % in 
extended overspeed mode. 

Received modulated analog signal input from the tele-
phone line interface. 

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. XTL2 can also be driven from an external 
clock. 
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,:-----
REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO and A 1 
address lines in serial mode, or the ADO and AD1 lines 
in parallel mode. The ADO and AD11ines are latched by 
ALE. Registe r C RO co ntro Is the method by which data 
is transferred over the phone line. CR1 controls the 

REGISTER BIT SUMMARY 

CRO 000 

Ca-ITROl ENABLE 
REGISTER CR1 001 DETECT 

1 INTERRUPT 

DETECT RECEIVE REGISTER DR 010 DATA 

Ta-IE 
Ca-ITROl TR 011 
REGISTER 

Ca-ITROl 
REGISTER CR2 100 

2 

Ca-ITROl 
REGISTER CR3 101 

3 

10 
REGISTER 10 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as O's. 
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interface between the microprocessor and the 
SSI73K302L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTM F generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. All registers are read/write except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS 
SCRAMBLER! ClK TEST TEST 

ADD PH. EO. Ca-ITROl RESET MODE MODE 

202 1 0 

UNseR. CARRIER SPECIAL CAll 
MARKS DETECT TONE PROGRESS 

TRANSMIT DTMFI 

DTMF DTMF3 202T 
FOX 



SSI73K302L 
Bell 212A, 103, 202 
Single-Chip Modem 

REGISTER ADDRESS TABLE 

OOXX.73K212, 322, 321 
01XX.73K221,302 
10XX.73K222 
ll00.73K224 
1110.73K324 
1101.73K312 

0..103 FSK 
1.202 FSK 

OOOO.PWR DOWN 
1100.FSK 
0010.EXT SYNCH 
00ll.SLAVE SYNCH 
0100..ASYNCH 8 BITSICHAR 
0101.ASYNCH 9 BITSICHAR 
0110.ASYNCH 10 BITSICHAR 
0111..ASYNCH 11 BITSICHAR 
ll00.FSK BELL 103 OR 202 
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O.DISABLE IN 212, 103 MODES: 
TXA OUTPUT O.ANSWER 

1.ENABLE 1.ORIGINATE 
TXAOUTPUT 

O.NORMAL OPERATION 
1.FULL DUPLEX IN 202 MODE 

0..1% 
1.2.5% 

IN 202 MODE: 
o..RECEIVE @ 1200 BITIS, 

TRANSMIT @ 150 BITIS 
1.RECEIVE@ 150 BIT/S, 

TRANSMIT @ 1200 BITIS 

0.900 HZ SCTTONE IF 
IN ANSWER MODE 
.2225 HZ ANSWER TONE 
IN 103 OR 212 ORIGINATE 
MODES 

1.FSKMARK 



CONTROL REGISTER 0 

CRO 
000 

BIT NO. 

00 

01 

05,04,03, 
02 

NAME 

Answer/ 
Originate 

Transmit 
Enable 

Transmit 
Mode 

CONDITION 

o 

o 0 0 0 

000 

o 0 o 

o 0 

o o 0 

o o 

o o 

o 

DESCRIPTION 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

Selects answer mode (transmit in high band, receive 
in low band or in Bell 202 mode, receive at 1200 bit/s 
and transmit at 150 biVs). 

Selects originate mode (transmit in low band, receive 
in high band or in Bell 202 mode, receive at 150 bitls 
and transmit at 1200 bit/s). 

Note: This bit works with TR bit 00 to program special 
tones detected in Tone Register. See detect and tone 

Note: Answer tone and OTMF TX control require TX 
enable. 

Selects power down mode. All functions disabled 
except digital interface. 

Internal synchronous mode. In this mode TXCLK is an 
internally derived 1200 Hz signal. Serial input data 
appearing at TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter­
nally to EXCLK pin, and a 1200 Hz ± 0.01 % clock must 
be supplied externally. 

Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK in this mode. 

Selects OPSK asynchronous mode - 8 bits/character 
(1 start bit, 6 data bits, 1 bit). 

Selects OPSK asynchronous mode - 9 bits/character 
(1 start bit, 7 data bits, 1 stop bit). 

Selects OPSK asynchronous mode - 10 bits/character 
1 start bit, 8 data bits, 1 bit). 

Selects OPSK asynchronous mode -11 bits/character 
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits). 
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CONTROL REGISTER 0 (Continued) 

D7 D5 D4 D3 D2 D1 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. 

D7 

NAME 

Modulation 
Option 

CONDITION 

D7 D5 D4 

CONTROL REGISTER 1 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D1 DO 

D1, DO Test Mode 0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

DESCRIPTION 

Selects: 

~C!\lnl"hlr"n",IC! mode at 1200 biVs. 

D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB! CONTROL RESET MODE MODE 

ADD 1 0 
PH. Ea. 

DESCRIPTION 

Selects normal operating mode. 

Analog loop back mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be forced 
low. Not supported in FDX202 mode. 

Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

Selects local digital loopback. Internally loops TXD 
back to RXD and continues to transmit carrier from 
TXA pin. 

Selects normal operation. 

Resets modem to power down state. All control 
register bits (CRO, CR1, Tone) are reset to zero. The 
output of the ClK pin will be set to the crystal 
frequency. 
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SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem I 
~,I_------

'1'1 CONTROL REGISTER 1 (Continued) 

07 06 05 04 03 02 01 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB/ CONTROL RESET MODE MODE 
001 1 0 INTER. ADD 1 0 

"I 

PH. Ea. 

BIT NO. NAME CONDITION DESCRIPTION 

03 ClK Control 0 Selects 11.0592 MHz crystal echo output at ClK 
pin. 

1 Selects 16 X the data rate, output at ClK pin in OPSK 
modes only. 

04* Bypass 0 Selects normal operation. OPSK data is passed 
Scrambler/ through scrambler. 
Add Phase 1 Selects Scrambler Bypass. OPSK data is routed 
Equalization around scrambler in the transmit path. In Bell 202 

mode, additional phase equalization is added to the 
main channel filters when 04 is set to 1. 

05 Enable Detect 0 Disables interrupt at INT pin. 
Interrupt 1 Enables I NT output. An interrupt will be generated with 

a change in status of DR bits 01-04. The special tone 
and call progress detect interrupts are masked when 
the TX enable bit is set. Carrier detect is masked when 
TX OTMF is activated. All interrupts will be disabled if 
the device is in power down mode. 

07 06 

07,06 Transmit 0 0 Selects normal data transmission as controlled 
Pattern by the state of the TXO pin. 

0 1 Selects an alternating mark/space transmit pattern for 
modem testing. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 

* 04 should always be set to 1 when receiving 1200 bitls data and to 0 when transmitting 1200 bitls data in 
202 mode. 
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DETECT REGISTER 

DR 
010 

BIT NO. 

DO 

NAME 

Long Loop 

D5 

RECEIVE 
DATA 

CONDITION 

0 

D4 D3 D2 D1 DO 

UNSCR. CARR. SPECIAL CALL LONG 
MARK DETECT TONE PROG. LOOP 

DESCRIPTION 

Indicates normal received signal. 

D1 Call Progress 0 No call progress tone detected. 

D2 

Detect ~----------~------------------------------------~ 
Indicates presence of call progress tones. The call 

Special Tone 
Detect 

o 

progress detection circuitry is activated by energy in 
the normal 350 to 620 Hz call progress band. 

No special tone detected as programmed by 
CRO bit DO and Tone Register bit DO. 

(1) 2225 Hz answer tone if DO of TR=O and the device 
is in Bell 103 or 212A originate mode. 

(2) Soft carrier turn-off tone if DO of TR=O and the 
device is in Bell 202 answer mode. 

(3) an FSK mark in the mode the device is set to 
receive if DO of TR is set to 1. 

D3 Carrier Detect I------~----_J_--~~~~~~~~~~~~~~------__I 

04 Unscrambled 
Mark 

Detect 

05 Receive 
Data 

0 

Indicated carrier has been detected in the received 
channel. 

(DPSK only) Indicates detection of unscrambled 
marks in the received data. A valid indication requires 
that unscrambled marks be received for > 165.5 ± 
6.5 ms. 

Continuously outputs the received data stream. 
Th is data is the same as that output on the RXD pin, but 
it is not disabled when RXD is tri-stated. 
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TONE REGISTER 

07 06 05 

RXO TRANSMIT TRANSMIT 
TR OUTPUT SOFT ANSWER 
011 CONTR. 

CARRIER 
TONE TURN-OFF 

~ TONE 

BIT NO. NAME CONDITION 

05 04 00 

DO OTMF 0/ 0 1 X 
Special Tone 0 0 0 

Detect/Select 

X 0 1 

1 0 0 

1 0 1 

04 01 

01 OTMF 1/ 0 0 
Overspeed 0 1 

02 OTMF2/202T 0 

FOX 1 

03 02 01 00 

03,02, OTMF 3, 0 0 0 0-
01, DO 2,1,0 1 1 1 1 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

04 03 02 01 DO 

TRANSMIT OTMF 2/ OTMF 1/ OTMF 0/ 
OTMF OTMF3 202 OVER- SPECIAL 

FOX SPEED TONESEL 

DESCRIPTION 

DO interacts with bits 06, 04, and CRO as shown. 

Transmit OTMF tones. 

2225 Hz answer tone will be detected in 02 of OR if 
originate mode is selected in CRO. 

900 Hz SCT tone will be detected in 02 of DR if Bell 202 
answer mode is selected in CRO. 

Mark of an FSK mode selected in CRO is to be detected 
in 02 of OR. 

2225 Hz answer tone will be generated when in 
answer mode and transmit enable is selected in CRO. 

2100 Hz answer tone will be generated when in 
answer mode and transmit enable is selected in CRO. 

01 interacts with 04 as shown. 

Asynchronous OPSK 1200 bitls +1.0% -2.5%. 

Asynchronous OPSK 1200 bit/s +2.3% -2.5%. 

Enables 202 half-duplex operation if 04=0 

Enables 202 full-duplex operation if 04=0 

Programs 1 of 16 OTMF tone pairs that will be 
transmitted when TX OTM F and TX enable bit (CRO, bit 
01) are set. Tone encoding is shown below: 

KEYBOARD OTMF CODE TONES 
EQUIVALENT 03 02 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 
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TONE REGISTER (Continued) 

D7 D6 

RXD TRANSMIT 

TR OUTPUT 
SOFT 

CARRIER 
011 CONTR. TURN-OFF 

TONE 

BIT NO. NAME 

D3, D2, 
D1, DO 

(cant.) 

D4 Transmit 
DTMF 

D5 Transmit 
Answer Tone 

D6 Transmit 
SCTTone 

D7 RXD Output 
Control 

Notes for Tone Register use: 

D5 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

0 

1 

0 

1 

0 

1 

0 

1 

D4 D3 D2 D1 DO 

TRANSMIT DTMF 2/ DTMF 1/ DTMF 0/ 
DTMF DTMF3 202T OVER- SPECIAL 

FDX SPEED TONE SEL 

DESCRIPTION 

KEYBOARD DTMF CODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

I---~ . 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 0 0 0 941 1633 

Disable DTMF. 

Activate DTM F. The selected DTM F tones are 
transmitted continuously when this bit is high. 
TX DTMF overrides all other transmit functions. 

Disables answer tone generator. 

Enables answer tone generator. A 2225 Hz 
answer tone will be transmitted continuously when the 
transmit enable bit is set. To transmit answer tone, the 
device must be in answer mode. 

Disables SCT tone generator. 

Transmit SCT tone in Bell 202 mode. 

Enables RXD pin. Receive data will be output on 
RXD. 

Disables RXD pin. The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 

1. To detect SCT tone, 202 answer mode must be selected. To transmit SCTtone, 202 originate mode must 
be selected. 

2. For answer tone detection, 103 or 212 originate mode must be active. To transmit answer tone, the 
73K302 must be in 103 or 212 answer mode. 

3. After completion of DTMF dialing, bit D2 should be reset unless 202 full-duplex mode is selected. 
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ID REGISTER 

ID 
110 

BIT NO. 

D7,D6 

D7 

ID 

D6 

ID 

NAME 

Device 

Identification 

Signature 

D5 

ID 

CONDITION 

D7 D6 D5 D4 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

D4 

ID 

DESCRIPTION 

Indicates Device: 

RATING 

14 

-65 to 150 

260 

-0.3 to VDD+0.3 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

UNIT 

V 

°C 

°C 

V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

TA, Operating Free-Air Temp. -40 +85 °C 

Clock Variation (11.0592 MHz) Crystal or external clock -0.01 +0.01 % 

External Components (Refer to Application section for placement.) 

VREF Bypass Capacitor (External to GND) 0.1 ~F 

Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass Capacitor (ISET pin to GND) 0.1 ~F 

VDD Bypass Capacitor 1 (External to GND) 0.1 ~F 

VDD Bypass Capacitor 2 (External to GND) 22 ~F 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MQ 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 kHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI = VIH Max 

Ill, Input low Current VI = Vil Min -200 

Reset PUll-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10=3.6 rnA 

RXD Tri-State Pull-up Curro RXD = GND -1 

CMAX, ClK Output Maximum Capacitive load 

Capacitance 

Inputs Capacitance, all Digital Input pins 

XTl1, 2 load Capacitors Depends on crystal 15 

ClK Maximum Capacitive load 
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NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VDD V 

VDD V 

0.8 V 

100 ~ 

-~-
50 ~ 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 ~ 
15 pF 

10 pF 

60 pF 

15 pF 



DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

DPSK Modulator 

Carrier Suppression Measured at TXA 45 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Modulator 

Output FreQ. Error ClK = 11.0592 MHz -0.35 +0.35 % 

Transmit level Transmit Dotting Pattern -11 -10 -9 dBmO 

Soft Carrier Turnoff Tone -11.9 -10.9 -9.9 dBmO 

Harmonic Distortion THD in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dotting Pattern ±3 % 
InAlB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

DTMF Generator Must not be in 202 mode 

Freq. Accuracy -0.25 +0.25 % 

Output Amplitude, Low group DPSK mode -10 -9 -8 dBmO 

Output Amplitude, High group DPSK mode -8 -7 -6 dBmO 

Twist High-Band to low-Band 1.0 2.0 3.0 dB 

Long Loop Detect With Sinusoid -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

Note: Parameters expressed in dBmO refer to the following definition: 

5V Version: 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

can Prog ress Detector 

Detect Level -3 dB points in 285 and 675 Hz 

Reject Level Test signal is a 460 Hz sinusoid 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time 

Bell 103 

Bell 212A 

Bell 202 Forward Channel 

Bell 202 Back Channe,1 

Hold Time 

Bell 103 

Bell 212A 

Bell 202 Forward Channel 

Bell 202 Back Channel 

Hysteresis 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time 

Answer tone 

900 Hz SCT tone Preceded by valid carrier· 

202 Main Channel Mark 

202 Back Channel Mark 

1270 or 2225 Hz marks 

* If SCT duration >4ms, it is guaranteed to detect. 
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MIN NOM MAX UNITS 

-38 dBmO 

-45 dBmO 

20 40 ms 

20 40 ms 

2 dB 

-49 -42 dBmO 

8 20 ms 

15 32 ms 

6 12 ms 

25 40 ms 

6 20 ms 

10 24 ms 

3 8 ms 

10 25 ms 

2 dB 

-49 -42 dBmO 

10 25 ms 

4 10 ms 

10 25 ms 

20 65 ms 

10 25 ms 



DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

SpeCial Tone Detectors (Continued) 

Hold Time 

Answer tone 

900 Hz SCT tone 

202 Main Channel Mark 

202 Back Channel Mark 

1270 or 2225 Hz marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THD = -50 dB 
in 0.3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 
See Transmit Energy Spectrum 

Output Impedance TXA pin 

Clock Noise TXA pin; 76.8 kHz or 122.88 kHz 
in 202 main channel 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +10 Hz Carrier 
Frequency Change 

DPSK Recovered Clock 

Capture Range % of data rate 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 

Tone Generator 

Tone Accuracy DTMF or FSK tones 

Tone Level For DTMF, must not be in 202 mode 
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MIN 

4 

1 

3 

10 

5 

2 

-3 

10 

-10 

-625 

-5 

-1 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

NOM MAX UNITS 

15 ms 

10 ms 

10 ms 

25 ms 

15 ms 

dB 

+3 % 

kQ 

50 pF 

-60 dBmO 

20 50 Q 

0.1 0.4 mVrms 

+10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 

+5 Hz 

+1 dB 



SSI73K302L 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWR Low 

TCL RD/WR Control to ALE High 

TRD Data out from RD Low 

TLL ALE width 

TRDF Data float after RD High 

TRW RDwidth 

TWW WR width 

TOW Data setup before WR High 

TWD Data hold after WR High 

TCKD Data out after EXCLK Low 

TCKW WR after EXCLK Low 

TDCK Data setup before EXCLK Low 

TAC Address setup before control* 

TCA Address hold after control* 

TWH Data Hold after EXCLK 

* Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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MIN NOM MAX UNITS 

25 ns 

20 ns 

30 ns 

-5 ns 

0 140 ns 

30 ns 

0 5 ns 

200 25000 ns 

140 25000 ns 

40 ns 

10 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 



TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ 

TLC .L TRW 

1m -r-

WR' 

.L TCL ~ 
...,t-

TLC 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

J TWW I 

-\-
T~ TRD TRDF ~D 

L. TAL.. ~ J i!.I ~ TOW .J, 

ADO-AD7 --K ADDRESS )i----{ READ DATA)i----{ ADDRESS )i----{WRITE DATA)/--

CS' -=1- -~- -i- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 

DATA ---(-

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

HTWW 
-----+---------------------------------------r-.i 

TCKW I ~ 
It TAC , TCA 

AO-A2 ---f------------------------tfA 

DATA 

1-169 



SSI 73K302L· 
Bell 212A, 103, 202 
Single-Chip Modem 

APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a OAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with I ntel8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical OM ar­
rangements are shown: one for a split ±5 or ±12 
volt design and one for a single 5V design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

CALJ'.......L...!!!.;~ 

CB ....... ,...----, 
CC ........ ,.....----. 
CDH>~"'---i 

DD 
DB <Hi--!.::::=--t--+-t-----t 

US,US 
MC145406 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontr.ollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitorthe serial 
data for commands from the OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

Cl 
390pF 

AS 
37.4K 

22K 

VAl ..r MeV 
V250L20 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 
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1r' -------------------------------------
DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a single 5V supply. Because 
DTMF tones utilize a higher amplitude than data, these 

C3 
O.11'f' 

Cl 
390pF 

R4 
37.4K 1% 

@V--II-----i~ 

FI6 
22.1K 

C6 R7 C6 
O.11'f' 20K 1% 760pF 

~r4~~~~I--~ 

VOLTAGE 
REFERENCE 

HOOK >--------------' 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1 C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg 
of the transformer is being driven in one direction by 
U1 A and the resistor is driven in the opposite direction 
at the same time by U 1 B, the junction of the transformer 
and resistor remains relatively constant and the re­
ceive signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

R3 
4751% 

T1 
MIDCOM 
671-8005 

• Note: Op-amp U1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

r-~----------~ 
+5V 

VRI 
MOV 

V2S«.20 

~ ~--------------------------------~ 
FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, modem designs must 
properly contend with precise frequency tolerances 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01 % accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LA YOUT CONSIDERATIONS 

Good analogldigital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 f..lF electro­
lytic capacitor in parallel with a 0.1 f..lF ceramic capaci­
tor between VDD and GND is recommended. Liberal 
use of ground planes and larger traces on power and 
ground are also highly favored. High speed digital 
circuits tend to generate a significant amount of EMI 
(Electro-Magnetic Interference) which must be mini­
mized in order to meet regulatory agency limitations. 
To accomplish this, high speed digital devices should 
be locally bypassed, and the telephone line interface 
and K-Series device should be located close to each 
other near the area of the board where the phone line 
connection is accessed. To avoid problems, power 
supply and ground traces should be routed separately 
to the analog and digital functions on the board, and 
digital signals should not be routed near low level or 
high impedance analog traces. The analog and digital 
grounds should only connect at one point near the 
K-Series device ground pin to avoid ground loops. The 
K-Series modem IC's should have both high fre­
quency and low frequency bypassing as close to the 
package as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex. using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

Th is test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic' 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER point, is the measure of 
dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GNO 1 RXA 

VREF 

RESET 

ISET 

RXCLK 

RXO 

TXO 

EXClK 

TXClK 

13 1m' 

TXA 

400-Mil 
22-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K302L with Parallel Bus Interface 

28-Pin Plastic Dual-In-Line 

ClK 

XTl1 

XTL2 

ADO 

A01 

A02 

A03 

A04 

ADS 

A06 

A07 

ALE 

\VA" 

m 

28-Pin Plastic Leaded Chip Carrier 

SSI 73K302L with Serial Interface 

22-pin Plastic Dual-In-Line 

GNO 

RXA 

VREF 

RESET 

ISET 

RXClK 4 3 2 1282726 

RXO 
25 

TXO M 

PLCC PINOUTS 23 

EXClK 8 ARE THE SAME AS 22 

THE 2S·PIN DIP 21 

10 20 

TXA 11 19 

VOO 
12 13 14 15 16 17 18 

600-Mil 28-Pin 
28-Pin DIP PLCC 

ORDER NO. PKG.MARK 

73K302L-IP 73K302L-IP 

73K302L-IH 73K302L-IH 

73K302SL-IP 73K302SL -I P 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION FEATURES 
The SSI 73K312L is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.23, V.21, Bell 202, 103 FSK 
modem. The 73K312L supports asynchronous 1200 
bitls (600 bitls at V.23 half speed mode) with or without 
75/150 bitls back channel (75 for V.23 and 150 for Bell 
202) and 300 bitls FSK (V.21 or Bell 103). The 
SSI 73K312L can also both detect and generate the 
CCITT and Bell answer tones needed for call initiation. 
The SSI 73K312L integrates analog, digital, and 
switched-capacitor array functions on a single sub­
strate, offering excellent performance and a high level 
of functional integration in a single 2S- or 22-pin DIP or 
2Spin PLCC configuration. The SSI73K312L operates 
from a single +5 V supply with very low power con­
sumption. 

The SSI73K312L includes the FSK modulator/demodu­
latorfunctions, call progress and handshake tone moni­
tor test modes, and a tone generator capable of produc­
ing DTM F, answer, calling and 900 Hz soft carrier turn­
off tones. The SSI 73K312L is designed to appear to the 
systems designer as a microprocessor peripheral, and 
will easily interface with popular one-chip microproces­
sors (SOC51 typical) for control of modem functions 
through its S-bit multiplexed address/data bus or via an 
optional serial command bus. An ALE control line 
simplifies address demultiplexing. Data communica­
tions occur through a separate serial port only. 

BLOCK DIAGRAM 

fiTo---~ 

ncoD--------...t 
~~-----~--~ 
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Bell 202, 103 and CCITT V.23, V.21 single-chip 
modem 
Full-duplex operation at 0-300 bitls (V.21 and Bell 
103) 
V.23 modes 1, 2, (I.e., 0-600 bltls and 0-1200 blt/s) 
forward channel with or without 0-75 bltls back 
channel 
Bell 202 0-1200 blt/s forward channel with or 
without 0-150 bltls back channel 
Full Duplex 4-wlre mode operation In V.23 and 
Bell 202 modes 
Pin and software compatible with other 
SSI K-Series 1-chip modems 
Interfaces directly with standard microproces-
sors (S048, 80C51 typical) 
Serial or parallel microprocessor bus for control 
Serial port for data transfer 
Call progress, carrier, precise answer tone 
(2100 or 2225 Hz), and precise mark detectors 
Precise calling tone and soft carrier turnoff 
generatorsldetectors (1300 Hz, 900 Hz) 
DTMF generator 
Test modes available: ALB, DL, Mark, Space, 
Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
CMOS technology for low power consumption 
using 30 mW @ 5V from a single power supply 

TXA 

PIN DIAGRAM 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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OPERATION 
The SSI 73K312L is ideal for either free standing or 
integral system modem applications where multi­
standard data communications is desired. Typical 
uses include videotex terminals, low-cost integral 
modems and built-in diagnostics for office automation 
or industrial control systems. The 73K312L's high 
functionality, low power consumption and efficient 
packaging simplify design requirements and increase 
system reliability in these applications. A complete 
modem requires only the addition of the phone line 
interface, a control microprocessor, and RS-232 level 
converter for a typical system. 

Quad-mode capability in one-chip allows full-duplex 
V.21 and Bell 103 operation or asymetrical V.23 and 
Bell 202 operation over the 2-wire switched telephone 
network. V.23 and 202 mode full-duplex operation at 
1200 bitls is also possible when operating on 4-wire 
leased lines. 

A soft carrier turn-off feature facilitates fast line turn 
a~ound when using the 202 or V.23 modes for half­
duplex applications. 

The SSI 73K312L is part of Silicon Systems K-Series 
family of pin and function compatible single-chip 
modem products. These devices allow systems to be 
configured for higher speeds and Bell or CCITT 
operation with only a single component change. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. V.21 mode uses 980 and 
1180 Hz (originate, mark and space) or 1650 and 
1850 Hz (answer, mark and space). V.23 mode uses 
1300 and 2100 Hz for the main channel and 390 and 
450 Hz forthe back channel. The modulation rate ofthe 
back channel is up to 75 baud. Bell 103 mode uses 
1270 and 1070 Hz (originate, mark and space) or 2225 
and 2025 Hz (answer, mark and space). Bell 202 mode 
uses 1200 and 2200 Hz for the main channel and 387 
and 487 Hz for the back channel. The modulation rate 
of the back channel is up to 150 baud. Demodulation 
involves detecting the received frequencies and de­
coding them into the appropriate binary value. 

PASSBAND FILTERS AND EQUALIZERS 

A high and low band filter is included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Six 8-bit registers are provided for control, option select 
and status monitoring. These registers are addressed 
with the ADO, AD1, and AD2 multiplexed address lines 
(latched by ALE) and appear to a control micropro­
cessor as memory locations. Three control registers 
and the tone register are readlWrite memory. The 
status detect register is read only and cannot be 
modified except by modem response to monitored 
parameters. The parallel bus interface is not available 
with the 22-pin package. 

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the SSI 
73K312L control and status registers via a serial com­
mand port. In this mode the AO, A 1 and A21ines provide 
register addresses for data passed through the data 
pin under control of the RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
next eight cycles of EXCLK will then transfer out eight 
bits of the selected address location LSB first. A write 
takes place by shifting in eight bits of data LSB first for 
eight consecutive cycles of EXCLK. WR is then pulsed 
low and data transferred into the selected register 
occurs on the rising edge of WR. 
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SPECIAL DETECT CIRCUITRY DTMF mode bit previously loaded into the tone 
The special detect circuitry monitors the received register. Tone generation is initiated when the DTMF 
analog signal to determine status or presence of car- mode is selected and the transmit enable (CRO bit 01) 
rier, answer tone and weak received signal (long loop is changed from 0 to 1. 
condition), special tones such as FSK marking tones, 
calling tones and the 900 Hz soft carrier turn-off tone 
are also detected. A highly frequency selective call 
progress detector provides adequate discrimination to 
accurately detect European call progress signals. 

SOFT CARRIER TURN-OFF TONE GENERATOR 

The soft carrier turn-off tone generator will output a 
900 Hz tone. When activated in Bell 202 main channel 
transmit mode, the output signal will shift to 900 Hz, 
maintaining phase continuity during the transition. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
dual-tones determined by a 4-bit binary value and TX 

PIN DESCRIPTION 

POWER 

NAME TYPE DESCRIPTION 

GND I System Ground. 

VDD I Power supply input, 5V ±1 0%. Bypass with 0.1 and 221lF capacitors to ground. 

VREF 0 An internally generated reference voltage. Bypass with 0.1 IlF capacitor to 
ground. 

ISET I Chip current reference. Sets bias current for op-amps. The chip current is set 
by connecting this pin to VDD through a 2 MQ resistor. ISET should be 
bypassed to GND with a 0.11lF capacitor. 

PARALLEL MICROPROCESSOR INTERFACE 

ALE I Address latch enable. The falling edge of ALE latches the address on ADO-
AD2 and the chip select on CS. 

ADO-AD7 I/O Address/data bus. These bidirectional tri-state multi-plexed lines carry infor-
mation to and from the internal registers. 

CS I Chip select. A low on this pin allows a read cycle or a write cycle to occur. ADO-
AD7 will not be driven and no registers will be written if CS (latched) is not 
active. The state of CS is latched on the falling edge of ALE. 

ClK 0 Output clock. This pin is selectable under processor control to be either the 
crystal frequency (for use as a processor clock) or clock depending on the 
mode: 19.2 kHz (Be1l1 03), 15.36 kHz (V.21, V.23, 8eIl202). The pin defaults 
to the crystal frequency on reset. 
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PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

INT 0 Interrupt. This open drain output signal is used to inform the processor that a 
detect flag has occurred. The processor must then read the detect register to 
determine which detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

RD I Read. A low requests a read of the SSI 73K312L internal registers. Data 
cannot be output unless both RD and the latched CS are active (low). 

RESET I Reset. An active high signal on this pin will put the chip into an inactive state. 
All control register bits (CRO, CR1 , CR3) will be reset except for the D2 bit of 
C R3 which will be set to one to allow nominal transmit power. The output of the 
CLK pin will be set to the crystal frequency. An internal pull down resistor 
permits power on reset using a 1 J.1F capaCitor to VDD. 

WR I Write. A low on this informs the SSI 73K312L that data is available on ADO-
AD7 for writing into an internal register. Data is latched on the rising edge of 
WR. No data is written unless both WR and the latched CS are active (low). 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 I Register Address Selection. These lines carry register addresses and should 
be valid during any read or write operation. 

DATA I/O Serial Control Data. Data for a read/write operation is clocked in or out on the 
falling edge of the EXCLK pin. The direction of data flow is controlled by the 
RD pin. RD low outputs data. RD high inputs data. 

RD I Read. A low on this input informs the SSI 73K312L that data or status 
information is being read by the processor. The falling edge of the RD signal 
will initiate a read from the addressed register. The RD signal must continue 
for seven falling edges of EXCLK in orderto read all eight bits of the referenced 
register. Read data is provided LSB first. Data will not be output unless the RD 
signal is active. 

WR I Write. A low on this input informs the SSI 73K312L that data or status 
information has been shifted in through the DATA pin and is available for writing 
to an internal register. The normal procedure for a write is to shift in data LSB 
first on the DATA pin for eight consecutive falling edges of EXCLK and then to 
pulse WR low. Data is written on the rising edge of WR. 

Note: The Serial Control mode is provided in the parallel control versions by floating ALE and CS or tying 
ALE high and CS low. In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become 
AO, A1 and A2, respectively. 

The Serial mode data and clock signals are compatible with the serial port mode 0 of the 8051. 
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RS-232 INTERFACE 

NAME TYPE 

EXCLK I 

RXCLK 0 

RXD 0 

TXCLK 0 

TXD I 

DESCRIPTION 

SSI73K312L 
Bell 202, 103 and CCITT V.23, V.21 

Single-Chip Modem 

External Clock. Used for serial control interface to clock control data in or out 
of the 73K312L. 

Receive Clock. In V.23 2-wire mode RXCLK equals 16 x 1200 if answering and 
16 x 75 if originating. In Bell 202 2-wire mode RXCLK equals 16 x 1200 if 
answering and 16 x 150 if originating. In V.21 or Bell 1 03 mode it equals 16 
x 300. 

Received Digital Data Output. Serial receive data is available on this pin. RXD 
will output constant marks if no carrier is detected. 

Transmit Clock. If 1200 biVs mode is selected, TXCLK equals 16 x1200 if 
originating and 16 x 75 (V.23) or 16 x 150 (Bell 202) if answering. In V.21 or 
Bell 103 mode it equals 16 x 300. 

Transmit Digital Data Input. Serial data for transmission is input on this pin. 

ANALOG INTERFACE AND OSCILLATOR 

RXA I Received modulated analog signal input from the phone line. 

TXA 0 Transmit analog output to the phone line. 

XTL1 I These pins are for the internal crystal oscillator requiring a 11.0592 MHz 
XTL2 I parallel mode crystal and two load capacitors to Ground. XTL 1 can also be 

driven from an external clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO, A1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. The ADO, AD1 and AD2 
lines are latched by ALE. Register CRO controls the 
method by which data is transferred over the phone 
line. CR1 controls the interface between the micropro-

REGISTER BIT SUMMARY 

CRO 000 

CONTROL 
REGISTER CRl 001 

1 

DETECT 
REGISTER DR 010 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as O's. 

cessor and the SSI73K312L internal state. CR3 con­
trols the attenuation of the transmitted signal and 
enables receive gain boost. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTMF generator, answer and RX output gate 
used in the modem initial connect sequence. All regis­
ters are read/write except for DR which is read only. 
Register control and status bits are identified below: 

ClK TEST TEST 
CONTROL RESET MODE MODE 

1 0 

CARRIER SPECIAL CALL LONG 
DETECT TONE PROGRESS LOOP 

DTMF2I 
DTMF3 V.23 FOX DTMFl 

202 FOX 
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REGISTER ADDRESS TABLE 

OOXX.73K212. 322. 321 
01 XX.73K221. 302 
10XX.73K222 
1100.73K224 
111o.73K324 
1101.73K312 

o.V.23 or BEll 103 
1.V.21 or BELL 202 

o.OFF 
1. TRANSMITS 
CALLING TONE IF 
ORIGINATING IN CCITT 
MODE. TRANSMITS 
SCTTONE IF 
ORIGINATING IN 
BELL MODE. 

SSI73K312L 
Bell 202, 103 and CCITT V.23, V.21 

Single-Chip Modem 

OOOO.PWR DOWN 
1000.BELL 1 03 or 202 
1100.CCITT V.23 or V.21 
1110.CCITT V.23 Me HALF SPEED 
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O.NORMAL 

o.saUELCH 
ANALOG 

1.ENABLE 
ANALOG 

V.21 AND BEll 103: 
o.ANSWER 
l.QRIGINATE 
V.23 AND BELL 202: 
o.RECEIVE @ 1200/600 BITIS 
TRANSMIT @ 75/150 BITIS 
1.RECEIVE @ 75/150 BITIS 
TRANSMIT@ 1200/600 BITIS 

1.ALLOWS V.23 or BELL 202 FULL 
DUPLEX OPERATION 

0000-1111 SETS TRANSMIT 
ATTENUATOR 16 dB RANGE 
DEFAULT.0100.·1OdBm 
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CONTROL REGISTER 0 

D7 D5 D4 D3 D2 D1 DO 

CRO SPEED 
000 SELECT 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 

BIT NO. 

DO 

D1 

D5, D4,D3, 

D2 

NAME 

Answer/ 
Originate 

Transmit 

Enable 

Transmit 

Mode 

MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

CONDITION 

o 

D5 D4 D3 D2 

o 0 0 0 

DESCRIPTION 

Selects answer mode in V.21 or Bell 1 03 (transmit in high 
band, receive in low band, or at 1200/1600 bitls mode, 
receive at 1200/600 bitls and transmit at 75/150 bitls). 

Selects originate mode in V.21 or Bell 1 03 (transmit in low 
band, receive in high band) ,or at 1200/600 bitls mode, 
receive at 75/150 bitls and transmit at 1200/600 bitls. If in 
V.23/ Bell 202 and D2 of TR=1, selects full duplex opera­
tion in 4-wire configuration. 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 
registers. 

Note: Answer tone and DTMF transmit control require 
transmit enable. 

Selects power down mode. All functions disabled except 
digital interface. 
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CONTROL REGISTER 1 

07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN OETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

01,00 Test Mode 01 00 

0 0 

0 1 

1 1 

02 Reset 0 

1 

03 ClK Control 0 
(Clock Control) 

1 

04 Add Ph. Eq. 0 

1 

05 Enable Oetect 0 
Interrupt 

1 

07,06 Transmit D706 

Pattern 0 0 

0 1 

1 0 

1 1 

SSI73K312L 
Bell 202, 103 and CCITT V.23, V.21 

Single-Chip Modem 

04 03 02 01 00 

ADD PH. Ea. ClK TEST TEST 
CONTROL RESET MOOE MOOE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

Analog loopback mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be forced low. 

Selects local digitalloopback. Internally loops TXO back 
to RXO and continues to transmit data from TXA pin. 

Selects normal operation. 

Resets modem to power down state. All control register 
bits (CRO, CR1, CR3 except for 02 bit, Tone) are reset to 
zero. CR3 bit 02 is set to one. The output of the clock pin 
will be set to the crystal frequency. 

Selects 11.0592 MHz crystal echo output at ClK pin. 

Selects 19.2 kHz (Be1l1 03) or 15.36 kHz( V.21, V.23, Bell 
202). 

Selects normal equalization. 

In V.23 or Bell 202 mode, additional phase equalization 
is added in series with the main channel filters. 

Oisables interrupt at INT pin. All interrupts are normally 
disabled in power down modes. 

Enables INT output. An interrupt will be generated with 
a change in status of OR bits D1-D3. The special tone 
and call progress detect interrupts are masked when the 
TX enable bit is set. Carrier detect is masked when TX 
OTMF is activated. All interrupts will be disabled if the 
device is in power down mode. 

Selects normal data transmission as controlled by the 
state of the TXO pin. 

Selects an alternating mark/space transmit pattem for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 
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DETECT REGISTER 

DR 
010 

BIT NO. 

DO 

D1 

D2 

D3 

D5 

D6,D7 

NAME 

Long Loop 

D5 
RECEIVE 

DATA 

D3 D2 

CARR. SPECIAL 
DETECT TONE 

D1 

CALL 
PROG. 

DO 

LONG 
LOOP 

Call Progress 0 No call progress tone detected. 
~----------4-----------------------------------~ 

Detect Indicates presence of call progress tones. The call 

Special Tone 
Detect 

Carrier Detect 

Receive 
Data 

o 

o 

progress detection circuitry is activated by energy in the 
normal 350 to 620 Hz call progress band. 

No special tone detected as programmed by CRO bit DO 
and Tone Register bit DO. 

The tone is selected by bits in CRO and TR. 

No carrier detected in the receive channel. 

Indicated carrier has been detected in the received 
channel. 

Continuously outputs the received data stream. This data 
is the same as that output on the RXD pin, but it is not 
disabled when RXD is tri-stated. 

Not used. 

1-186 



.-1 

TONE REGISTER 

D7 D6 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT CALLING ANSWER 
011 CONTA. TONE TONE 

BIT NO. NAME CONDITION 

DO Tone Select 

D3 D2 D1 DO 

D3, D2, DTMF 3, 0 0 0 0-
D1, DO 2,1,0 1 1 1 1 

SSI73K312L 
Bell 202, 103 and CCITT V.23, V.21 

Single-Chip Modem 

D4 D3 D2 D1 DO 

TRANSMIT DTMF 01 
DTMF DTMF3 DTMF 21 DTMF 1 TONE SELECT 

V.23 FDX 
202 FDX 

DESCRIPTION 

In CCITT mode, the Tone detected in D2 bit of TR is MarJ. 
of FSK selected if this bit is O. 

2100 Hz if this bit is 1 and originating, 
1300 Hz if this bit is 1 and answering. 

In Bell mode, the Tone detected in D2 bit of TR is 
2225 Hz if this bit is 0 and originating 
900 Hz (SCT) if this bit is 0 and answering 
Mark of FSK selected if this bit is 1. 

Programs 1 of 16 DTMF tone pairs that will be 
transmitted when TX DTMF and TX enable bit (CRO, bit 
D1) is set. Tone encoding is shown below: 

KEYBOARD DTMF CODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 

* 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 0 0 0 941 1633 
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TONE REGISTER (Continued) 

BIT NO. NAME CONDITION DESCRIPTION 

D2 V.23/ 0 Normal Operation 

Bell 202 1 Enables V.23 or Bell 202 full-duplex operation if D4=0. 

FDX A 4-wire configuration is required in this mode. 

D4 TX DTMF 0 Disabled DTMF. 

Transmit 
1 Activates DTMF. The selected DTMF tones are trans-

mitted continuously when this bit is high. TX DTMF 
DTMF overrides all other transmit functions. 

D5 TXANS 0 Disables answer tone generator. 

(Transmit 1 Enables answer tone generator. A 2100 Hz or 2225 Hz 
Answer tone) answer tone will be transmitted continuously when the 

transmit . enable bit is set. If TR: DO = 0, a 2225 Hz tone 
will be generated. If TR: DO = 1, a 2100 Hz tone will be 
generated. The device must be in answer mode. 

D6 TX Calling Tonel 0 Disables calling or SCT tone generator. 

SCT (Soft Carrier 
1 Transmit calling tone if originating in CCITT mode. 

Turn-Off)Tone 
Transmit SCT tone if originating in Bell mode. Transmits 
neither if answering. 

D7 RXD Output 0 Enables RXD pin. Receive data will be output on RXD. 

Control 1 Disables RXD pin.The RXD pin reverts to a high imped-
ance with internal weak pull-up resistor. 

CONTROL REGISTER 3 

..............{ 
./ ..... .' . ..... .:.' D4 D3 D2 D1 DO 

CR3 i/ .... > I> ............. I. .. . ... '. 
RECEIVE TRANSMIT TRANSMIT TRANSMIT TRANSMIT 

?> 
I. 

101 1\ ...... 
Ii> >,i 

ENABLE ATTEN. ATTEN. ATTEN. ATTEN. 

1"/ I"·; •• ii. ;< BOOST 3 2 1 0 
I" 

BIT NO. NAME CONDITION DESCRIPTION 

D3 D2 D1 DO 

D3,D2 Transmit 0 0 0 0- Sets the attenuation level of the transmitted signal in 
D1, DO Attenuator 1 1 1 1 1 dB steps. The default (D3-DO =0100) isforatransmit 

level of -10 dBmO at the line with the recommended 
hybrid transmit gain. The total range is 16 dB. 

D4 Receive 0 12 dB receive front end boost is not used. 

Gain Boost 1 Boost is in the path. This boost does not change 
reference levels. It is used to extend dynamic range by 
compensating for internally generated noise when 
receiving weak signals. The receive level detect signal 
and knowledge of the hybrid and transmit attenuator 
setting will determine when boost should be enabled. 
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10 REGISTER 

07 06 05 

10 10 10 10 
110 3 2 1 

BIT NO. NAME CONDITION 

07,06 Oevice 

Identification 

Signature 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

SSI73K312L 
Bell 202, 103 and CCITI V.23, V.21 

Single-Chip Modem 

04 

10 
0 

DESCRIPTION 

Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

VOO Supply Voltage 7 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Applied Voltage -0.3 to VOO + 0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5.5 V 

Digital Pins 

VIH, Input High Voltage 

Reset, XTL 1, XTL2 3.0 VOO V 

All other inputs 2.0 VOO V 

VIL, Input Low Voltage 0 0.8 V 

IOH, Output High Current -0.4 mA 

IOL, Output Low Current 1.6 rnA 

TA, Operating Free-Air -40 +85 °C 
Temperature 
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RECOMMENDED OPERATING CONDITIONS (Continued) 

PARAMETER CONDITIONS 

External Components* 

VREF Bypass Capacitor (External to GND) 

Bias setting resistor (Placed between VDD 
and ISET pins) 

ISET Bypass Capacitor (ISET pin to GND) 

VDD Bypass Capacitor (External to GND) 

*Refer to Application section for placement. 

DC ELECTRICAL CHARACTERISTICS 

MIN 

0.1 

1.9 

0.1 

0.1 

(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current CLK = 11.0592 MHz 

IDDA, Active ISET Resistor = 2 MQ 

IDD1, Power-down CLK = 11.0592 MHz, ISET = GND 

IDD2, Power-down CLK = 19.200 KHz, ISET = GND 

Digital Inputs 

IIH, Input High Current VI = VIH Max 

ilL, Input Low Current VI = VIL Min -200 

Reset PUll-down Current Reset = VOD 1 

Dlaltal Outputs 

VOH, Output High Voltage 10 = -0.4 rnA 2.4 

VOL, Output Low Voltage 10= 1.6mA 

capacitance 

Inputs Capitance, all Digital Input pins 

XTL 1 Load Capacitor Depends on crystal 

XTL2 Load Capacitor Depends on crystal 

CLK Maximum Capacitive Load 

DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.) 

NOM 

NOM 

39 

15 

NOTE: The following parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

MAX 

2.1 

MAX 

10 

3 

2 

100 

50 

VDD 

0.4 

10 

15 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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UNITS 

J.lF 

MQ 

J.lF 

J.lF 

UNITS 

rnA 

rnA 

rnA 

J.LA 

J.LA 
J.LA 

V 

V 

pF 

QF 

pF 

pF 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

FSK Modulator 

Output Freq. Error ClK = 11.0592 MHz -0.38 +0.38 % 
Transmit Level Transmit Dotting Pattem -11 -9 dBmO 

Harmonic Distortion THO in the alternate band FSK -60 -50 dB 
in 700-2900 Hz band 

Output Bias Distortion Transmit Dotting Pattern in ALB @ RXD ±5 % 
Total Output Jitter Random Input in ALB @ RXD -15 +15 0/0 

DTMF Generator TR bit 04=1, CRO bit 01 = 1 

Freq. Accuracy -0.25 +0.25 % 

Output Amplitude Low Band -10 -8 dBmO 

High Band -8 -6 dBmO 

Twist High-Band to Low-Band, as above 1.0 2.0 3.0 dB 

Long Loop Detect Not valid for Bell 202 V.23 back channel -38 -28 dBmO 

Dynamic Range 45 dB 

Call Progress Detector Test signal Is a 460 Hz sinusoid 

Detect level -39 0 dBmO 

Reject level -45 dBmO 

Delay Time 35 ms 

Hold Time 35 ms 

Hysteresis 2 dB 

Carrier Detect For a sinusoid at freq. = (Mark + Space)/2 

Threshold -48 -43 dBmO 

Delc!yTime 

V.21 10 15 20 ms 

103 8 15 20 ms 

V.23 Main Channel RCV 6 10 12 ms 

202 Main Channel RCV 6 8 12 ms 

202, V.23 Back Channel 25 30 40 ms 

Hold Time 

V.21 6 10 20 ms 

103 6 12 20 ms 

202, V.23 Main Channel 3 6 8 ms 

202, V.23 Back Channel 10 15 25 ms 

Hysteresis 2 dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time -70 dBmO to -30 dBmO step 

2100 Hz V.21 CCITT 
Answer Tone 

1300 Hz V.23 Mark 

390 Hz 
V.23 Back Channel Mark 

980 or 1650 Hz V.21 Marks 

2225 Hz Bell Answer Tone 

900 Hz SCT tone Assumes that SCT follows data in 
a phase continuous manner 

1200 Hz Bell 202 
Main Channel Mark 

387 Hz Bell 202 
Back Channel Mark 

1270 or 2225 Hz 
Bell 103 Marks 

Hold Time -30 dBmO to -70 dBmO step 

2100 Hz V.21 CCITT 
Answer Tone 

1300 Hz V.23 Mark 

390 Hz 
V.23 Back Channel Mark 

980 or 1650 Hz 
V.21 Marks 

2225 Hz Bell 
Answer Tone 

900 Hz SCT tone 

1200 Hz Bell 202 
Main Channel Mark 

387 Hz Bell 202 
Back ChanlJel Mark 

1270 or 2225 Hz 
Bell 103 Marks 

Hysteresis 

Detect Freq. Range Any Special Tone 
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MIN NOM MAX UNITS 

-49 -42 dBmO 

10 25 ms 

10 25 ms 

20 65 ms 

10 25 ms 

10 35 ms 

4 10 ms 

10 25 ms 

20 65 ms 

10 30 ms 

4 15 ms 

3 10 ms 

10 25 ms 

5 15 ms 

4 15 ms 

1 10 ms 

3 10 ms 

10 25 ms 

4 15 ms 

2 dB 

-3 +3 % 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THD = -50 dB 
in .3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 

Output Impedance TXA pin 

Clock Noise TXA pin: 
V.21 @ 61.44 kHz 
103 @ 76.8 kHz 
V.23 or 202 MC @ 122.88 kHz 
V.23 or 202B @ 15.36 kHz 

Timing (Refer to Timing Diagrams) 

Parallel Mode 

TAL CS/Addr. setup before ALE 

TlA CS/Addr. hold after latch 

TlC latch to RD/WR control 

TCl RD/WR Control to latch 

TRD Data out from RD 

Tll ALE width 

TRDF Data float after READ 

TRW READ width 

TWW WRITE width 

TDW Data setup before WRITE 

TWD Data hold after WRITE 

Serial Mode 

TCKDR Data out after ClK 

TCKW WRITE after ClK 

TDCK Data setup before ClK 

TAW Address setup before controP 

TWA Address hold after controP 

TWW Write width 

TCKDW Data hold after write 

TAR Address setup before control2 

TRA Address hold after control2 

TRD Data out from RD 

TRDF Data float after READ 

1 Control for setup is the falling edge of WR. 
Control for hold is the falling edge of WR. 

2Control for setup is the falling edge of RD or EXClK. 
Control for hold is the falling edge of RD or EXClK. 
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MIN NOM MAX UNITS 

10 kn 

-60 dBmO 

200 300 n 

0.2 0.4 mVrms 

25 ns 

20 ns 

30 ns 

-5 ns 

0 140 ns 

30 ns 

0 5 ns 

200 25000 ns 

140 25000 ns 

40 ns 

10 ns 

300 ns 

200 ns 

150 ns 

50 ns 

50 ns 

200 ns 

250 ns 

0 ns 

400 ns 

350 ns 

0 100 ns 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ ~ 

TlC TRW TCl J 
1m' -'r ..., ..... 

WJt 

TLC 1 TWW J 

-t 
TLA TRD TRDF I TWO 

L TAL .t J ~ ~ I .. TOW ... • ~ 
ADO-AD7 --K ADDRESS }--K READ DATA}--K ADDRESS }--K WRITE DATA)t---

~ ~- -~- -i- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 ---t--------------------i-fA1 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod­
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter­
face, and a OM phone line interface to function as a 
typical intelligent modem. The K-Series ICs interface 
directly with Intel 8048 and 80C51 microprocessors for 
control and status monitoring purposes. Two typical 
OAA arrange ments are shown: one for a split ±5 or± 12 
volt design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CA 
C:B I-<I-~~ 
CC I-<"~~ 
CD I-D-.j..!:.!.!~ 

BA 1>-t-=~--I---I--+-+-1 
BB 
DA 

DO <H=~-I--I--+----1 
DB 

US.U6 
MCI4S406 

ALE 
'CS" 

851 
K-SERIES 

LOW 
POWER 
FAMILY 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed addressl 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available. 
The parallel versions may also be used in the serial 
mode, as explained in the data sheet pin description. 

In most applications the controller will monitor the serial 
data for commands from the DTE and the received 
data for break signals from the far end modem. In this 
way, command data to the modem is sent over the 
same line as the transmitted data. In other applications 
the RS-232 interface handshake lines are used for 
modem control. 

Cl 
390pF 

R9 
10K 

VRI 
MOV 

V250L20 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The DAAs shown are two examples of how the "hybrid" 
may be implemented. The split supply design 
(Figure 1) is a typical two op-amp hybrid. The receive 
op-amp serves two purposes. It supplies gain to 
amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply DAA is more complex than the dual­
supply version described above, but its use eliminates 
the need for a second power supply. The DAA (Fig­
ure 2) uses a bridged drive to allow undistorted signals 
to be sent with a single 5 volt supply. Because DTMF 
tones utilize a higher amplitude than data, these sig­
nals will clip if a single-ended drive approach is used. 
The bridged driver uses an extra op-amp (U1 A) to 

C3 
0.1.." 

Cl 
390pF 

A4 
37.4Knl% 

~ 1--------4
C1
>-< 

O.0047~F 

C6 R7 
O.I~F 2()K 1% 

~~JW~--~~~ 

VOlTAGE 
REFERENCE 

+5V 

HOOK >--------------' 

invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive 
signal to the transformer. The receive amplifier (op­
amp C) picks off its signal at the junction of the 
impedance matching resistor and the transformer. 
Because the bottom leg of the transformer is being 
driven in one direction by U1 A and the resistor is driven 
in the opposite direction at the same time by U1 B, the 
summing point of the transformer and resistor remains 
relatively constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions on a Single IC, accessible from 
a standard bus interface. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 
Unlike digital logic circuitry, however, modem designs 
must properly contend with precise frequency toler­
ances and very low level analog signals, to insure 
acceptable performance. USing good analog circuit 

Rl 
20K01% 

R2 
20K 1% 

R3 
4750 1% 

Tl 
MIOCOM 

• Note: Op-amp U 1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

671-8005 
r-~---------4~ 

VRI 
MOV 

V25<X.20 

~ ~------------------------------~ 

FIGURE 2: Single 5V DAA VerSion 
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design practices will generally result in a sound design. 
Following are additional recommendations which 
should be taken into consideration when starting new 
designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01% accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capaCitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LAYOUT CONSIDERATIONS 

Good analog/digital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem designs. The more digital circuitry 

present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 10 J.1F elec­
trolytic capacitor in parallel with a 0.1 J.1F ceramic ca­
paCitor between VOO and ground is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita­
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the OAA and K-Series 
device should be located close to each other near the 
area of the board where the phone line connection is 
accessed. To avoid problems, power supply and 
ground traces should be routed separately to the 
analog and digital functions on the board, and digital 
signals should not be routed near low level or high 
impedance analog traces. The analog and digital 
grounds should only connect at one point near the 
analog supplies to avoid ground loops. The K-Series 
modem IC's should have both high frequency and low 
frequency bypassing as near to the package as possible. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

ClK GND 
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ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 73K312L with Serial Bus Interface 

SSI 73K312L with Parallel Bus Interface 

28-Pin Plastic Dual-In-Line 73K312L-IP 73K312L-IP 

28-Pin Plastic Leaded Chip Carrier 73K312L-281H 73K312L-281H 

32-Pin Plastic Leaded Chip Carrier 73K312L-321H 73K312L-321H 

44-Pin Plastic Leaded Chip Carrier 73K312L-IH 73K312L-IH 

52-Lead Quad Flat Pack Package 73K312L-IG 73K312L-IG 

64-Lead Thin Quad Flat Pack Package 73K312L-IGT 73K312L-IGT 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sl)eet is current before placing orders. 

'," 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

1-199 Protected by the following patents: (4,691,172) (4,n7,453) 
©1989 Silicon Systems, Inc. 
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DESCRIPTION 
The SSI 73K321 L is a highly integrated single-chip 
modem Ie which provides the functions needed to 
construct a CCITT V.23 and V.21 compatible modem, 
capable of 0-300 bitls full-duplex or 0-1200 bitls half­
duplex operation over dial-up telephone lines. The 
73K321 L provides 1200 bit/s operation in V.23 mode 
and 300 bitls in V.21 mode. The SSI 73K321 L also can 
both detect and generate the 2100 Hz answer tone 
needed for call initiation. The SSI 73K321 L integrates 
analog, digital, and switched-capacitor array functions 
on a single substrate,offering excellent performance 
and a high level of functional integration in a single 28-
or 22-pin DIP configuration. The SSI 73K321 L oper­
ates from a single +5V supply with very low power 
consumption. 

The SSI 73K321 L includes the FSK modulator/de­
modulator functions, call progress and handshake 
tone monitor test modes, and a tone generatorcapable 
of producing DTMF, answer, calling tones. The 
SSI 73K321 L is designed to appear to the systems 
designer as a microprocessor peripheral, and will eas­
ily interface with popular one-chip microprocessors 
(80C51 typical) for control of modem functions through 
its 8-bit multiplexed address/data bus or via an optional 
serial control bus. An ALE control line simplifies ad­
dress demultiplexing. Data communications occurs 
through a separate serial port only. (Continued) 

BLOCK DIAGRAM 

8-BIT 

BUS 

FOR 

CONTROL 

AND 

STATUS 

TNfo-----l 
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• One-chip CCITT V.23 and V.21 standard 
compatible modem data pump 

• Full-duplex operation at 0-300 bltls (V .21) or 
0-1200 bltls (V.23) forward channel with or 
without 0-75 bltsls back channel 

• Full Duplex 0-1200 bltls (V.23) In 4-wlre mode 

• Pin and software compatible with other 
SSI K-Serles 1-chlp modems 

• Interfaces dlrectiy with standard micropro­
cessors (8048, 80C51 typical) 

• Serial or parallel microprocessor bus for 
control 

• Serial port for data transfer 
• Call progress, carrier, precise answer tone 

(2100 Hz), calling tone (1300 Hz) and FS mark 
detectors 

• DTMF generator 
• Test modes available: ALB, DL, RDL, Mark, 

Space, Alternating bit patterns 

• Precise automatic gain control allows 45 dB 
dynamic range 

• Space efficient 28-pin PLCC package 

• CMOS technology for low power consumption 
using 30 mW @ 5V from a single power supply 

PIN DIAGRAM 
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DESCRIPTION (Continued) 

The SSI 73K321 L is ideal for either free standing or 
integral system modem applications where multi-stan­
dard data communications over the 2-wire switched 
telephone network is desired. Typical uses include 
videotex terminals, low-cost integral modems and 
built-in diagnostics for office automation or industrial 
control systems. The 73K321 L's high functionality, low 
power consumption and efficient packaging simplify 
design requirements and increase system reliability in 
these applications. A complete modem requires only 
the addition of the phone line interface, a control 
microprocessor, and RS-232 level converter for a 
typical system. The SSI 73K321 L is part of Silicon 
Systems K-Series family of pin and function compat­
ible single-chip modem products. These devices allow 
systems to be configured for higher speeds and Bell or 
CCITT operation with only a single component change. 

OPERATION 

FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. V.21 mode uses 980 and 
1180 Hz (originate, mark and space) or 1650 and 
1850 Hz (answer, mark and space). V.23 mode uses 
1300 and 2100 Hz for the main channel and 390 and 
450 Hz forthe back channel. The modulation rate of the 
back channel is up to 75 baud. Demodulation involves 
detecting the received frequencies and decoding them 
into the appropriate binary value. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band Signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer­
ence in the bandlimited receive signal. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 

within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 
Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are ad­
dressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only and 
cannot be modified except by modem response to 
monitored parameters. The parallel bus interface is not 
available with the 22-pin package. 

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the SSI 
73K321 L control and status registers via a serial 
command port. In this mode the AO , A 1 and A2 lines 
provide register addresses for data passed through the 
data pin under control of the RD and WR lines.' A read 
operation is initiated when the RD line is taken low. The 
first bit is available after RD is brought low and the next 
seven cycles of EXCLK will then transfer out seven bits 
of the selected address location LSB first. A write takes 
place by shifting in eight bits of data LSB first for eight 
consecutive cycles of EXCLK. WR is then pulsed low 
and data transferred into the selected register occurs 
on the rising edge of WR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received 
analog signal to determine status or presence of car­
rier, answer tone and weak received signal (long loop 
condition), special tones such as FSK marking and the 
1300 Hz calling tone are also detected. A highly fre­
quency selective call progress detector provides ad­
equate discrimination to accurately detect European 
call progress Signals. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone-pairs determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Dialing is initiated when the DTMF mode is se­
lected using the tone register and the transmit enable 
(CRO bit 01) is changed from 0 to 1. 
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PIN DESCRIPTION 

POWER 

NAME 28·PIN 22·PIN TYPE 

GND 28 1 I 

VDD 15 11 I 

VREF 26 21 0 

ISET 24 19 I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - 110 

CS 20 - I 

ClK 1 2 a 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

Power supply input, 5V ±1 0%. Bypass with 0.1 and 22 ~F 
capacitors to GND. 

An internally generated reference voltage. Bypass with 
0.1 ~F capacitor to GND. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MO resistor. ISET should be bypassed to GND with a 
0.1 ~F capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
registers. 

Chip select. A low during the falling edge of ALE on this pin 
allows a read cycle or a write cycle to occur. ADO-AD7 will 
not be driven and no registers will be written if CS (latched) 
is not active. The state of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is the output of the crystal oscillator 
frequency only in the SSI 73K321. 

I nterrupt. This open drain output Signal is used to inforl)1 the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K321 l internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal high on this pin will put the chip 
into an inactive state. All control register bits (CRO, CR1, 
Tone) will be reset. The output of the ClK pin will be set to 
the crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 

1-203 



SSI73K321L 
CCITT V.23, V.21 
Single-Chip Modem 

PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this informs the SSI ?3K321 L that data is 
available on ADO-AD? for writing into an internal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-? I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 I/O Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI 73K321 L that 
data or status information is being read by the processor. 
The falling edge of the RD signal will initiate a read from the 
addressed register. The RD Signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. Alowonthisinput informstheSSI73K321 Lthatdata 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data LSB first on 
the DATA pin for eight consecutive falling edges of EXCLK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected pin. Also, the RD and WR controls are used differently. 

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this 
configuration AD? becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, respectively. 
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DTE USER INTERFACE 

NAME 2S-PIN 22·PIN TYPE 

EXCLK 19 15 I 

RXCLK 23 18 0 

RXD 22 17 0 

TXCLK 18 14 0 

TXD 21 16 I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

External Clock. Used for serial control interface to clock 
control data in or out of the 73K321 L. 

Receive Clock. A clock which is 16 x1200, or 16 x 75 in V.23 
mode, or 16 x 300 baud data rate is output in V.21. 

Received Digital Data Output. Serial receive data is avail-
able on this pin. The data is always valid on the rising edge 
of RXCLK when in synchronous mode. RXD will output 
constant marks if no carrier is detected. 

Transmit Clock. TXCLK is always active. In V.23 mode the 
output is either a 16 x 1200 baud clock or 16 x 75 baud, in 
V.21 mode the clock is 16 x 300 baud. 

Transmit Digital Data Input. Serial data for transmission is 
input on this pin. In asynchronous modes (1200 or 300 
baud) no clocking is necessary. 

Received modulated analog signal input from the phone 
line. 

Transmit analog output to the phone line. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. XTL2 can also be driven from an external 
clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD and A 1 
address lines in serial mode, orthe ADO and AD1 lines 
in parallel mode. The ADO and AD11ines are latched by 
ALE. Register C RO controls the method by which data 
is transferred over the phone line. CR1 controls the 

REGISTER BIT SUMMARY 

CRO 000 

CONTROL 
REGISTER CRl 001 

1 

DETECT 
REGISTER DR 010 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as D's. 

interface between the microprocessor and the 
SSI 73K321 L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trois the DTMF generator, answer andguardtonesand 
RXD output gate used in the modem initial connect 
sequence. All registers are read/write except for DR 
which is read only. Register control and status bits are 
identified below: 

ClK TEST TEST 

CONTROL RESET MODE MODE 
1 0 

CARRIER SPECIAL CAll lONG 
DETECT TONE PROGRESS lOOP 

DTMF3 DTMF21 DTMFl 
V.23 FOX 
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REGISTER ADDRESS TABLE 

00XX.73K212, 322, 321 
01XX.73K221,302 
10XX.73K222 
1100.73K224 
111o-73K324 
1101.73K312 

0.V.23 FSK 
1.V.21 FSK 

OOOO.PWR DOWN 
ll00.FSK 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

0001. TRANSMIT DTMF, CALL PROGRESS DETECTION 

O.DISABLE 
TXAOUTPUT 

1.ENABLE 
TXAOUTPUT 

IN V.21 MODE: 
o-ANSWER 
1.0RIGINATE 
IN V.23 MODE: 

1-207 

O.HALF DUPLEX V.23 
l=ALLOWS V.23 FULL 

DUPLEX OPERATION 

O.RECEIVE@ 1200 BITtS, 
TRANSMIT@ 75 BITtS 
1.RECEIVE @ 75 BITtS, 
TRANSMIT @ 1200 BITtS 

O=ANSWER TONE FREO.=2225 Hz 
FSK MARK WILL BE INDICATED 
BY SPECIAL TONE BIT IN DR 

1.ANSWER TONE FREO .• 2100 Hz 
EITHER 2100 Hz (IN ORIG.) OR 
1300 Hz (IN ANS.) WILL BE 
INDICATED BY SPECIAL TONE 
BITIN DR 
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CONTROL REGISTER 0 

07 05 04 

CRO MOOUL. 
000 OPTION 

TRANSMIT TRANSM IT 

BIT NO. 

DO 

01 

05,04,03, 

02 

02 

NAME 

Answer/ 
Originate 

Transmit 
Enable 

Transmit 
Mode 

MODE 3 MODE 2 

CONDITION 

o 

05 04 03 02 

o 0 0 0 

02 01 DO 

TX OTMF TRANSMIT ANSWER/ 
ENABLE ORIGINATE 

DESCRIPTION 

Selects answer mode in V.21 (transmit in high band, 
receive in low band) or in V.23 mode, receive at 
1200 biVs and transmit at 75 biVs. 

Selects originate mode in V.21 (transmit in low band, 
receive in high band) or in V.23 mode, receive at 75 biVs 
and transmit at 1200 biVs. If in V.23 and 02 of TR:1, 
selects V .23 full duplex operation in 4-wire configuration. 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 
registers. 

Note: Answer tone and OTMF TX control require TX 
enable. 

Transmit OTMF 

Selects power down mode. All functions disabled except 
digital interface. 

FSK CCITT V.21 mode. 
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CONTROL REGISTER 1 

07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

01,00 Test Mode 01 DO 

0 0 

0 1 

1 0 

1 1 

02 Reset 0 

1 

03 ClK Control Program as 
(Clock ContrOl) 0 

04 Add Ph. Eq. 0 

1 

05 Enable Detect 0 
Interrupt 

1 

07,06 07 06 

Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

04 03 02 01 DO 

ADD ClK TEST TEST 
PH. Ea. CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

Analog loopback mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be forced low. 

Selects remote digitalloopback. Received data is looped 
back to transmit data internally, and RXD is forced to a 
mark. Data on TXO is ignored. 

Selects local digitalloopback. Internally loops TXO back 
to RXO and continues to transmit data from TXA pin. 

Selects normal operation. 

Resets modem to power down state. All control register 
bits (CRO, CR1 , Tone) are resetto zero. The output ofthe 
clock pin will be set to the crystal frequency. 

Not supported in the SSI 73K321.See the TXClK and 
RXClK pin descriptions for 16x the data rate clocks. 

Selects normal equalization. 

In V.23 mode, additional phase equalization is added to 
the main channel filters when 04 is set to 1. 

Disables interrupt at INT pin. All interrupts are 
normally disabled in power down modes. 

Enables INT output. An interrupt will be generated with 
a change in status of DR bits 01-03. The special tone and 
call progress detect interrupts are masked when the TX 
enable bit is set. Carrier detect is masked when TX OTM F 
is activated. All interrupts will be disabled if the device is 
in power down mode. 

Selects normal data transmission as controlled by the 
state of the TXO pin. 

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 
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DETECT REGISTER 

DR 
010 

Long Loop 

03 02 

CARR. SPECIAL 
DETECT TONE 

01 

CALL 
PROG. 

LONG 
LOOP 

01 Call Progress 
Detect 1--------1-----'-----"----------------1 

02 Special Tone 
Detect 

o 

(1) 2100 Hz answer tone if DOofTR=1 and the device is 
in V.21 originate mode. 

(2) 1300 Hz calling tone if DO of TR=1 and the device is 
in V.21 or V.23 answer mode. 

(3) an FSK mark forthe mode the device is set to receive 
in if DO of TR = O. 

03 Carrier Detect 1---~--_1_~~~~~~!..!!:!~~~~~~~----J 

05 

06,07 

Receive 
Data 

Continuously outputs the received data stream. This 
data is the same as that output on the RXD pin, but it is 
not disabled when RXO is tri-stated. 

Not used. 
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TONE REGISTER 

07 06 05 

RXO TRANSMIT TRANSMIT 
TR OUTPUT CALLING ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

00 OTMF 01 06 05 04 00 
Answer Tonel X X 1 X 

Special Tonel X X 0 0 
OetecVSelect 

X X 0 1 

X 1 0 0 

X 1 0 1 

03 02 01 00 

03,02, OTMF 3, 0 0 0 0-
01,00 2,1,0 1 1 1 1 

04 03 

TRANSMIT 
OTMF OTMF3 

DESCRIPTION 

SSI73K321l 
CCITT V.23, V.21 

Single-Chip Modem 

02 01 00 

OTMF 01 
OTMF2 OTMF 1 ANS. TONE! 

SPECIAL 
TONE! SEL 

00 interacts with bits 06,05,04, and CRO as shown. 

Transmit OTMF tones. 

Mark of an FSK mode selected in CRO is to be detected 
in 02 of OR. 

2100 Hz answer tone will be detected in 02 of OR if V.21 
originate mode is selected in CRO. 

1300 Hz calling tone will be detected in 02 of OR if V.21 
or V.23 answer mode is selected in CRO. 

Transmit 2225 Hz answer tone in answer mode. 

Transmit 2100 Hz answer tone in answer mode. 

Programs 1 of 16 OTMF tone pairs that will be 
transmitted when TX OTMF and TX enable bit (CRO, bit 
01) is set. Tone encoding is shown below: 

KEYBOARO OTMFCOOE TONES 
EQUIVALENT 03 02 01 00 LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 
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TONE REGISTER (Continued) 

BIT NO. NAME 

D3, D2, 
D1,DO 

(Cont.) 

D4 Transmit 
DTMF 

D5 Transmit 
Answer Tone 

D6 Transmit 
Calling Tone 

D7 RXD Output 
Control 

10 REGISTER 

ID 
110 

BIT NO. 

D7 

ID 

D6 

ID 

NAME 

CONDITION 

0 

1 

0 

1 

0 

1 

0 

1 

D5 

ID 

CONDITION 

D7 D6 D5 D4 

D7, D6, D5 Device 

D4 Identification 

Signature 

DESCRIPTION 

KEYBOARD DTMF CODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

* 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 0 0 0 941 1633 

Disabled DTMF. 

Activates DTMF. The selected DTMF tones are trans-
mitted continuously when this bit is high. TX DTMF 
overrides all other transmit functions. 

Disables answer tone generator. 

Enables answer tone generator. A 21 00 Hz answer tone 
will be transmitted continuously when the transmit en-
able bit is set. The device must be in answer mode. 

Disables calling tone generator. 

Transmit calling tone in either mode. 

Enables RXD pin. Receive data will be output on RXD. 

Disables RXD pin. The RXD pin reverts to a high imped-
ance with internal weak pull-up resistor. 

D4 

ID 

DESCRIPTION 

Indicates Device: 

22L 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

Applied Voltage -0.3 to VDD+0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

TA, Operating Free-Air -40 +85 °C 
Temperature 

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 % 
external clock 

External Components (Refer to Application section for placement.) 

VREF Bypass Capacitor (External to GND) 0.1 J.lF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass Capacitor (ISET pin to GND) 0.1 J.lF 

VDD Bypass Capacitor 1 (External to GND) 0.1 J.lF 

VDD Bypass CapaCitor 2 (External to GND) 22 J.lF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VOO = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MQ 

100A, Active ClK = 11.0592 MHz 

1001, Power-down ClK = 11.0592 MHz 

1002, Power-down ClK = 19.200 kHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI = VIH Max 

Ill, Input low Current VI = Vil Min -200 

Reset Pull-down Current Reset = VOO 1 

Input Capacitance All Oigitallnput Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 rnA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10=3.6mA 

RXO Tri-State Pull-up Curro RXO=GNO -1 

CMAX, ClK Output Maximum Capacitive load 

1-214 

NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VOO V 

VOO V 

0.8 V 

100 ~ 

~ 

50 ~ 
10 pF 

VOO V 

0.4 V 

0.6 V 

-50 ~ 
15 pF 



DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K321L 
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Single-Chip Modem 

(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

FSK Modulator 

Output Freq. Error ClK = 11.0592 MHz -0.35 +0.35 % 

Transmit level Transmit Dotting Pattern -11 -10 -9 dBmO 

Harmonic Distortion TH 0 in the alternate band FSK -60 -50 dB 
in 700-2900 Hz band 

Output Bias Distortion Transmit Dotting Pattern in ALB @ RXD ±3 % 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 

DTMF Generator 

Freq. Accuracy -0.25 +0.25 % 

Output Amplitude low Band, CRO bit 02=1 -10 -9 -8 dBmO 

Output Amplitude High Band, CRO bit 02=1 -8 -7 -6 dBmO 

Twist High-Band to low-Band, as above 1.0 2.0 3.0 dB 

long loop Detect Not valid for V.23 back channel -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 43 dB 

Call Progress Detector 

Detect level -3 dB points in 285 and 675 Hz -38 dBmO 

Reject level Test signal is a 460 Hz sinusoid -45 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 40 ms 

Hold Time -30 dBmO to -70 dBmO STEP 40 ms 

Hysteresis 2 dB 

Carrier Detect 

Threshold Single Tone -48 -43 dBmO 

Delay Time 

V.21 10 20 ms 

V.23 Forward Channel 6 12 ms 

V.23 Back Channel 25 40 ms 

Hold Time 

V.21 6 20 ms 

V.23 Forward Channel 3 8 ms 

V.23 Back Channel 10 25 ms 

Hysteresis 2 dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time -70 dBmO to -30 dBmO Step 

) 
2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hold Time -30 dBmO to -70 dBmO Step 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THD = -50 dB 
in .3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 

Output Impedance TXA pin, TXA Enabled 

Clock Noise TXA pin; 76.8 kHz or 
122.88 kHz in V.23 main channel 
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MIN NOM MAx UNITS 

-48 -43 dBmO 

10 25 ms 

10 25 ms 

20 65 ms 

10 25 ms 

4 15 ms 

3 10 ms 

10 25 ms 

5 15 ms 

2 dB 

-3 +3 % 

10 kn 

50 pF 

-60 dBmO 

20 50 n 

0.1 0.4 mVrms 



DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to R D/WR Low 

TCL RD/WR Control to ALE High 

TRD Data out from RD Low 

TLL ALE width 

TRDF Data float after RD High 

TRW RDwidth 

TWW WR width 

TOW Data setup before WR High 

TWO Data hold after WR High 

TCKD Data out after EXCLK Low 

TCKW WR after EXCLK Low 

TDCK Data setup before EXCLK Low 

TAC Address setup before control* 

TCA Address hold after control* 

TWH Data Hold after EXCLK 

* Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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MIN 

25 

20 

30 

-5 

0 

30 

0 

200 

140 

40 

10 

150 

150 

50 

50 

20 
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NOM MAX UNITS 

ns 

ns 

ns 

ns 

140 ns 

ns 

5 ns 

25000 ns 

25000 ns 

ns 

ns 

200 ns 

ns 

ns 

ns 

ns 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ 

TLC TRW 

m5 -+-

vm 
TLA TRD 

~ 
TCL j 

-;1-
TLC J TWW J 

4-
TRDF 

L TAL .tJ 
!TWD i!.I i!.I I.. TOW ... ~ .1 

ADO-AD7 --K ADDRESS }---K READ DATA}---K ADDRESS }---KWRITE DATA}-

~ --=1- -t- -~- -t-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

H1WW 
----~--------------------------------------~~i 

AO-A2 --~---------------------H:-A 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a OAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical DAA 
arrangements are shown: one for a split ±5 or ±12 
volt design and one fOLa single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CQNVERTERS 
80CSI 

CA 
C8 
CC VREF 
CD 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed addressl 
data interface, and one for a serial interface, The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itseH to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

I n most applications the controller will monitor the serial 
data for commands from the DTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

Cl 
390pF 

R4 
20K 

~I ~A~~~----------~~ 
K-SERIES 

LOW 
POWER 
FAMILY 

CF 

SA 
8B 
DA 
DD 
DB 

US,U6 
MCI45406 

RESET 

R4 
S.IK 

R3 
3.6K 

R9 
10K 

FIGURE 1: BaSic Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use elimi­
nates the need for a second power supply. This circuit 
(Figure 2) uses a bridged drive to allow undistorted 
signals to be sent with a Single 5V supply. Because 
DTMF tones utilize a higher amplitude than data, these 

C3 
0.1 ~F 

CI 
390pF 

R4 
37.4K 1% 

{§)----II-----........ c 

C6 
0.1 ~F 

~I--+-I\J\,~f'--..~--I 

VOLTAGE 
REFERENCE 

HOOK >-----------' 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the Signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans­
former. Each op-amp then supplies half the drive signal 
to the transformer. The receive amplifier (U1C) picks 
off its signal at the junction of the impedance matching 
resistor and the transformer. Because the bottom leg of 
the transformer is being driven in one direction by U1 A 
and the resistor is driven in the opposite direction at the 
same time by U1 B, the junction of the transformer and 
resistor remains relatively constant and the receive 
signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

• Note: Op-amp U 1 
must be rated tor 
single 5V operation. 
Rl0 & Rl1 values 
depend on Op-amp 
used. 

VRI 
MOV 

V2SOl.20 

RING ~-----------------~ 

FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, modem designs must 
properly contend with precise frequency tolerances 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01% accuracy. 

In order for a parallel mode crystal to operate correctly 
and to speCification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LAYOUT CONSIDERATIONS 

Good analog/digital design rules must be used to 
control system noise in order to obtain highest perform­
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 ~F electro­
lytic capacitor in parallel with a 0.1 ~F ceramic capaci­
tor between VDD and GND is recommended. Liberal 
use of ground planes and larger traces on power and 
ground are also highly favored. High speed digital 
circuits tend to generate a significant amount of EMI 
(Electro-Magnetic Interference) which must be mini­
mized in order to meet regulatory agency limitations. 
To accomplish this, high speed digital devices should 
be locally bypassed, and the telephone line interface 
and K-Series device should be located close to each 
other near the area of the board where the phone line 
connection is accessed. To avoid problems, power 
supply and ground traces should be routed separately 
to the analog and digital functions on the board, and 
digital signals should not be routed near low level or 
high impedance analog traces. The analog and digital 
grounds should only connect at one point near the K­
Series device ground pin to avoid ground loops. The K­
Series modem IC's should have both high frequency 
and low frequency bypassing as close to the package 
as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (S/N) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the mod.em must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will. exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER point, is the measure of 
dynamic range. 
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SSI73K321L 
BER vs SIGNAL TO NOISE 
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*SS173K321L 
BER vs RECEIVE LEVEL (V.23) 

I V.23 MAIN CHANNEL r 
RECEIVE OPERATION I C2LINE, SIN .9.5 dB 

t--

10.3 

10-4 

I 

J 

10.5 1/ 

T L 
\ v 

./ 
f--

10 o ~o ~O ~o ~o ~o 

RECEIVE LEVEL (dB) 

"EQ On" Indicates bit CR1 04 is set for 
additional phase equalization. 

73K302L performance is similar to that 
of the 73K322L V.23 operation 
corresponds to Bell 202. 
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PACKAGE PIN DESIGNATIONS ClK GND 

{TOP VIEW) XTl1 RXA 

XTL2 VREF 
RXA 

ADO RESET 
VREF 

AD1 ISET 
RESET 

AD2 4 3 2 1282726 RXClK 
~~ 

IseT AD3 RXD 

RXClK AD4 TXD 
5 [ J25 

RXD ADS 
6 [ J 24 

PLCC PINOUTS 23 
A06 EXClK 8 ARE THE SAME AS 22 

EXClK AD7 THE 28-PIN DIP 21 

ALE 10 20 

WR TXA 11 19 

TXA m VDD '--''--' 
12 13 14 15 16 17 18 

400-MII SOO-Mil 28-Pin 
22-Pln DIP 28-Pin DIP PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 73K321 twith Parallel Bus Interface 

28-Pin 5V Supply 

Plastic Dual-In-line 73K321L-IP 73K321L-IP 

Plastic Leaded Chip Carrier 73K321L-IH 73K321L-IH 

SSI 73K321 L with Serial Interface 

22-Pin 5V Supply 

Plastic Dual-In-line 73K321SL-IP 73K321SL-IP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
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_,f.. SSI73K322L 
J_~rJfonJ" CCITT V.23, V.22, V.21 

A TDK Group Company Single-Chip Modem I 
,,--------

DESCRIPTION 

The SSI 73K322L is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.23, V.22 and V.21 compatible 
modem, capable of 1200 or 0-300 bitls full-duplex 
operation or 0-1200 bitls half-duplex operation with or 
without the back channel over dial-up lines. The 
SSI 73K322L is an enhancement of the SSI 73K221 L 
single-chip modem with performance characteristics 
suitable for European and Asian telephone systems. 
The SSI 73K322L produces either 550 or 1800 Hz 
guard tone, recognizes and generates a 2100 Hz 
answer tone, and supports V.21 for 300 Hz FSK 
operation. It also operates in V.23, 1200 biVs FSK 
mode. The SSI73K322L integrates analog, digital, and 
switched-capacitor array functions on a single 
substrate,offering excellent performance and a high 
level of functional integration in a single 28- or 22-pin 
DIP configuration. The SSI73K322L operates from a 
single +5V supply with very low power consumption. 

The SSI 73K322L includes the DPSK and FSK 
modulator/demodulator functions, call progress and 
handshake tone monitor test modes, and a tone 
generator capable of producing DTMF, answer, calling 
and 550 or 1800 Hz guard tone. This device supports 
V.23, V.22 (except mode v) and V. 21 modes of 
operation, allowing both synchronous and 
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FEATURES 

• One-chip CCITT V.23, V.22 and V.21 standard 
compatible modem data pump 

• Full-duplex operation at 0-300 bills (FSK) or 600 and 
1200 bltls (DPSK) or 0-1200 bills (FSK) forward 
channel with or without 0-75 bltls back channel 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial or parallel microprocessor bus for control 

Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
Call progress, carrier, precise answer tone 
(2100 Hz), calling tone (1300 Hz) and FSK mark 
detectors 
DTMF and 550 or 1800 Hz guard tone generators 

Test modes available: ALB, DL, RDL, Mark, Space, 
Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
CMOS technology for low power consumption 
using 30 mW @ 5V from a single power supply 

PIN DIAGRAM 

RXA 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 

asynchronous communications. The SSI 73K322L is 
designed to appear to the systems designer as a 
microprocessor peripheral, and will easily interface 
with popular one-chip microprocessors (80C51 typi­
cal) for control of modem functions through its 8-bit 
multiplexed address/data bus or via an optional serial 
control bus. An ALE control line simplifies address 
demultiplexing. Data communications occurs through 
a separate serial port only. 

The SSI73K322L is ideal for use in eitherfree standing 
or integral system modem products where multi-stan­
dard data communications over the 2-wire switched 
telephone network is desired. Its high functionality, low 
power consumption and efficient packaging simplify 
design requirements and increase system reliability. A 
complete modem requires only the addition of the 
phone line interface, a control microprocessor, and 
RS-232 level converter for a typical system. The 
SSI 73K322L is part of Silicon Systems K-Series family 
of pin and function compatible single-chip modem 
products. These devices allow systems to be config­
ured for higher speeds and Bell or CCID operation 
with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash­
ion. The SSI 73K322L includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data at a regular rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 or 600 bitls 
+ 1.0%, -2.5%. The rate converter will then insert or 
delete stop bits in orderto output a signal which is 1200 
or 600 bit/s ± .01% (± .01% is the crystal tolerance). 

The SYNC/ASYNC converter also has an extended 
overspeed mode which allows selection of an output 
overspeed range of either +1% or +2.3%. In the ex­
tended overspeed mode, stop bits are output at 7/8 the 
normal width. 

The serial data stream from the transmit buffer or the 
rate converter is passed through the data scrambler 
and onto the analog modulator. The data scrambler 

can be bypassed under processor control when 
unscrambled data must be transmitted. If serial input 
data contains a break signal through one character 
(including start and stop bits) the break will be 
extended to at least 2 • N + 3 bits long (where N is the 
number of transmitted bits/character). 

Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC converter. The ASYNC/ASYNC con­
verterwill reinsert any deleted stop bits and output data 
at an intra-character rate (bit-to-bittiming) of no greater 
than 1219 bit/so An incoming break signal (low through 
two characters) will be passed through without incor­
rectly inserting a stop bit. 

SYNCHRONOUS MODE 

The CCID V .22 standard defines synchronous opera­
tion at 600 and 1200 bitls. Operation is similar to that of 
the asynchronous mode except that data must be 
synchronized to a provided clock and no variation in 
data transfer rate is allowable. Serial input data ap­
pearing at TXD must be valid on the rising edge of 
TXCLK. 

TXCLK is an internally derived signal in internal mode 
and is connected internally to the RXCLK pin in slave 
mode. Receive data at the RXD pin is clocked out on 
the falling edge of RXCLK. The ASYNCH/SYNCH 
converter is bypassed when synchronous mode is 
selected and data is transmitted out at the same rate as 
it is input. 

DPSK MODULATOR/DEMODULATOR 

In DPSK mode the SSI73K322L modulates a serial bit 
stream into di-bit pairs that are represented by four 
possible phase shifts as prescribed by the V.22 stan­
dards. The base-band signal is then filtered to reduce 
intersymbol interference on the bandlimited 2-wire 
telephone line. Transmission occurs using either a 
1200 Hz (originate mode) or 2400 Hz carrier (answer 
mode). Demodulation is the reverse of the modulation 
process, with the incoming analog signal eventually 
decoded into di-bits and converted back to a serial bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). The SSI 73K322L uses a phase locked loop 
coherent demodulation technique for optimum 
receiver performance. 
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FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. V.21 mode uses 980 and 
1180 Hz (originate, mark and space) or 1650 and 
1850 Hz (answer, mark and space). V.23 mode uses 
1300 and 2100 Hz for the main channel and 390 and 
450 Hz for the back channel. The modulation rate of 
the back channel is up to 75 baud. Demodulation 
involves detecting the received frequencies and 
decoding them into the appropriate binary value. The 
rate converter and scrambler/descrambler are auto­
matically bypassed in the V.21 or V.23 modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali­
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer­
ence in the bandlimited receive signal. The transmit 
signal filtering approximates a 75% square root of 
raised Cosine frequency response characteristic. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 
within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are ad­
dressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca­
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only and 
cannot be modified except by modem response to 
monitored parameters. 

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
881 73K322L control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO , A 1 and A21ines provide register addresses for data 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the RD 
line is taken low. The first bit is available after RD is 
brought low and the next seven cycles of EXCLK will 
then transfer out seven bits of the selected address 
location L8B first. A write takes place by shifting in eight 
bits of data L8B first for eight consecutive cycles of 
EXCLK. WR is then pulsed low and data transferred 
into the selected register occurs on the rising edge 
ofWR. 

SPECIAL DETECT CIRCUITRY 

The speCial detect circuitry monitors the received 
analog signal to determine status or presence of car­
rier, answer tone and weak received signal (long loop 
condition), special tones such as F8K marking and the 
1300 Hz calling tone are also detected. A highly fre­
quency selective call progress detector provides ad­
equate discrimination to accurately detect European 
call progress signals. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit binary value and TX 
DTMF mode bit previously loaded into the tone regis­
ter. Tone generation is initiated when the DTMF mode 
is selected using the tone register and the transmit 
enable (CRO bit 01) is changed from 0 to 1. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 22-PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD? 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 1? 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 5V ±1 0%. Bypass with .1 and 22 j..I.F 
capacitors to GND. 

An internally generated reference voltage. Bypass with 
.1 j..I.F capacitor to GND. 

Chip current reference. Sets bias current for op-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MQ resistor. ISET should be bypassed to GND with a 
.1 j..I.F capacitor. 

Address latch enable. The falling edge of ALE latches the 
address on ADO-AD2 and the chip select on CS. 

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal 
registers. 

Chip select. A low on this pin during the falling edge of ALE 
allows a read cycle or a write cycle to occur. ADO-AD? will 
not be driven and no registers will be written if CS (latched) 
is not active. The state of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is selectableunderprocessorcontrol 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK modes only. The pin defaults to the crystal frequency 
on reset. 

Interrupt. This open drain output signal is used to inform the 
processor that a detect flag has occurred. The processor 
must then read the detect register to determine which 
detect triggered the interrupt. INT will stay low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI ?3K322l internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 
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PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this informs the SSI 73K322L that data is 
available on ADO-AD7 for writing into an internal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are low. 

SERIAL MICROPROCESSOR INTERFACE 

AO-A2 - 5-7 I Register Address Selection. These lines carry register 
addresses and should be valid during any read or write 
operation. 

DATA - 8 I/O Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SS 173 K322L that data 
or status information is being read by the processor. The 
falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K322L that data 
or status information has been shifted in through the DATA 
pin and is available for writing to an internal register. The 
normal procedure for a write is to shift in data LSB first on 
the DATA pin for eight consecutive falling edges of EXCLK 
and then to pulse WR low. Data is written on the rising edge 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD?, ALE and CS are removed and replaced with the 
pins; AO,A1, A2, DATA, andan unconnected pin. Also, the RDandWR controls are used differently. 

The Serial Control mode is provided in the parallel control versions by tying ALE high and CS low. 
In this configuration AD? becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, 
respectively. 

DTE USER INTERFACE 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

EXCLK 19 15 I External Clock. This signal is used only in synchronous 
DPSK transmission when the external timing option has 
been selected. In the external timing mode the rising edge 
of EXCLK is used to strobe synchronous DPSK transmit 
data available on the TXD pin. Also used for serial control 
interface. 
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RS-232 INTERFACE (Continued) 

NAME 28-PIN 22-PIN 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received DPSK 
data output. The rising edge of RXCLK can be used to latch 
the valid output data. RXCLK will be valid as long as a 
carrier is present. In V.23 or V.21 mode a clock which is 
16 x1200 (or 16 x 75) or 16 x 300 Hz baud data rate is 
output, respectively, for driving a UART. 

Received Data Output. Serial receive data is available on 
this pin. The data is always valid on the rising edge of 
RXCLK when in synchronous mode. RXD will output con-
stant marks if no carrier is detected. 

Transmit Clock.This signal is used only in synchronous 
DPSK transmission to latch serial input data on the TXD 
pin. Data must be provided so that valid data is available 
on the rising edge of the TXCLK. The transmit clock is 
derived from different sources depending upon the syn-
chronization mode selection. In Internal Mode the clock is 
1200 Hz generated internally. In External Mode TXCLK is 
phase locked to the EXCLK pin. In Slave Mode TXCLK is 
phase locked to the RXCLK pin. TXCLK is always active. In 
V.23 orV.21 mode the output is a 16 x 1200 (or 16 x 75) or 
16 x 300 Hz baud clock, respectively for driving a UART. 

Transmit Data Input. Serial data fortransmission is applied 
on this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK clock. In asynchronous 
modes (1200 or 300 baud) no clocking is necessary. DPSK 
must be 1200/600 biVs +1%, -2.5% or +2.3%, -2.5 % in 
extended overspeed mode. 

Received modulated analog signal input from the tele-
phone line interface. 

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. XTL2 can also be driven from an external 
clock. 
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-1 

REGISTER DESCRIPTIONS interface between the microprocessor and the 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO and A 1 
address lines in serial mode, or the ADO and AD1 lines 
in parallel mode. The ADO and AD11ines are latched by 
ALE. Register CRO controls the method by which data 
is transferred over the phone line. CR1 controls the 

REGISTER BIT SUMMARY 

CRO 000 

SSI 73K322L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTM F generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. All registers are read/write except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS 
CONTROL ENABLE CLK SCRAMBLER! TEST TEST 
REGISTER CR1 001 DETECT CONTROL RESET MODE MODE 

1 INTERRUPT 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

10 
REGISTER 10 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as O's. 
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(V.23) 1 0 

UNSCR. CARRIER SPECIAL CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMIT DTMF21 DTMF11 DTMF3 
DTMF V.23 FOX OVERSPEED 
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REGISTER ADDRESS TABLE 

00XX.73K212, 322,321 
01XX.73K221, 302 
10XX.73K222 
1100.73K224 
1110.73K324 
1101.73K312 

0.1200 BITtS DPSK 
1.600 BITtS DPSK 
O.V.23 FSK 
1.V.21 FSK 

OOOO.PWR DOWN 
0001.INT SYNCH 
0010=EXT SYNCH 
0011.SLAVE SYNCH 
0100aASYNCH 8 BITs/CHAR 
0101.ASYNCH 9 BITSICHAR 
0110.ASYNCH 10 BITSICHAR 
0111.ASYNCH 11 BITSICHAR 
1100=FSK 

O.XTAL 
1.16X DATA 
RATE OUTPUT 
ATCLK PIN IN 
DPSKMODE 
ONLY 

O.NORMAL 

O.DISABLE 
TXAOUTPUT 

1.ENABLE 
TXAOUTPUT 

1.ALLOWS V.23 FULL 
DUPLEX OPERATION 
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IN V.21 ORV.22 MODE: 
O.ANSWER 
1.ORIGINATE 
IN V.23 MODE : 
O.RECEIVE@12OOBITtS, 
TRANSMIT @ 75 BITtS 
1.RECEIVE @ 75 BITtS, 
TRANSMIT@ 1200 BITtS 

0.1800 Hz G.T. (V.22). 
2225 Hz ANS TONE 
GENERATED, FSK 
MARK DETECT 
SELECTED 

1-550 Hz G.T. (V.22) 
2100Hz ANS TONE 
GENERATED & 
DETECTED (V.21 , V.22) 
1300 Hz DETECTED (V.23) 

i 

I 

I 



'I 
CONTROL REGISTER 0 

D7 II D5 
04 

CRO MOOUL. TRANSMIT TRANSMIT 
000 OPTION MODE 3 MODE 2 

BIT NO. NAME CONDITION 

DO Answer/ 0 
Originate 

1 

01 Transmit 0 
Enable 1 

05 03 

05,04,03, Transmit 0 0 0 0 
02 Mode 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 1 o 0 

SSI73K322L 
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03 02 01 DO 

TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 1 MODE 0 ENABLE ORIGINATE 

DESCRIPTION 

Selects answer mode (transmit in high band, receive 
in low band or in V.23 HOX mode, receive at 1200 bit/s 
and transmit at 75 bit/s). 

Selects originate mode (transmit in low band, receive in 
high band or in V.23 HOX mode, receive at 75 bit/s and 
transmit at 1200 bit/s). 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 
registers. 

~I~ nlj;)~ transmit output at TXA. 

Enables transmit output at TXA. 

Note: Answer tone and OTMF TX control require TX 
enable. 

Selects power down mode. All functions disabled 
except digital interface. 

Internal synchronous mode. In this mode TXCLK is an 
internally derived 1200 Hz signal. Serial input data 
appearing at TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nallyto EXCLK pin, and a 1200 Hz± 0.01%clock must 
be supplied externally. 

Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

Selects OPSK asynchronous mode - 8 bits/character 
(1 start bit, 6 data bits, 1 stop bit). 

lects OPSK asynchronous - 9 bits/character 
. (1 start bit, 7 data bits, 1 ~ bit). 

Selects OPSK asynchronous mode - 10 bits/character 
(1 start bit, 8 data bits, 1 ~~ebit). 

Selects OPSK asynchronous mode - 11 bits/character 
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits). 

Selects FSK II. 
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CONTROL REGISTER 0 (Continued) 

D7 D5 D4 D3 D2 D1 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

D7 D5 D4 Selects: 

D7 Modulation 

Option 

FSK CCITT V.21 mode. 

CONTROL REGISTER 1 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB/ CONTROL RESET MODE MODE 
001 1 0 INTER. ADD 1 0 

PH. Ea. 

BIT NO. NAME CONDITION DESCRIPTION 

D1 DO 

D1, DO Test Mode 0 0 Selects normal operating mode. 

0 1 Analog loopback mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same center frequency as the transmitter. To 
squelch the TXA pin, transmit enable must be 
forced low. 

1 0 Selects remote digital loopback. Received data is 
looped back to transmit data internally, and RXD is 
forced to a mark. Data on TXD is ignored. 

1 1 Selects local digital loopback. Internally loops TXD 
back to RXD and continues to transmit carrier from 
TXA pin. 

D2 Reset 0 Selects normal operation. 

1 Resets modem to power down state. All control regis-
ter bits (CRO, CR1, Tone) are reset to zero. The output 
of the ClK pin will be set to the crystal frequency. 
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I CONTROL REGISTER 1 (Continued) 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB/ CONTROL RESET MODE MODE 
001 1 0 INTER. ADD 1 0 

PH. Ea. 

BIT NO. NAME CONDITION DESCRIPTION 

D3 ClK Control 0 Selects 11.0592 MHz crystal echo output at ClK 
pin. 

1 Selects 16 X the data rate, output at ClK pin in DPSK 
modes only. 

D4 Bypass 0 Selects normal operation. DPSK data is passed 
Scrambler/ through scrambler. 

Add Phase 1 Selects Scrambler Bypass. DPSK data is routed 
Equalization around scrambler in the transmit path. In V.23 mode, 

additional phase equalization is added to the main 
channel filters when D4 is set to 1. 

D5 Enable Detect 0 Disables interrupt at INT pin. 

1 Enables INT output. An interrupts will be generated 
with a change in status of DR bits D1-D4. The special 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX DTM F is activated. All interrupts will be 
disabled if the device is in power down mode. 

D7D6 

D7, D6 Transmit 0 0 Selects normal data transmission as controlled by the 
Pattern state of the TXD pin. 

0 1 Selects an alternating mark/space transmit pattern for 
modem testing. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 
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DETECT REGISTER 

D5 

DR RECEIVE 
010 DATA 

BIT NO. NAME CONDITION 

DO Long Loop 0 

D1 Call Progress 
Detect 

D2 Special Tone 0 
Detect 

D3 Carrier Detect 

D4 Unscrambled 0 
Mark 

D5 Receive 
Data 

D6,D7 

D4 D3 D2 D1 DO 

UNSCR. CARR. SPECIAL CALL LONG 
MARK DETECT TONE PROG. LOOP 

DESCRIPTION 

Indicates normal received signal. 

Indicates presence of call progress tones. The call 
progress detection circuitry is activated by energy in 
the normal 350 to 620 Hz call progress band. 

No special tone detected as programmed by CRO bit DO 
and Tone Register bit DO. 

(1) 2100 Hz answertone if DO of TR=1 and the device 
is in V.21 or V.22 originate mode. 

(2) 1300 Hz calling tone if DO of TR=1 and the device 
is in V.21, or V.22 answer mode. 

(3) an FSK mark in the mode the device is set to 
receive. 

Indicated carrier has been detected in the ,received 
channel. 

Indicates detection of unscrambled marks in 
the received data. A valid indication requires that 
unscrambled marks be received for> 165.5 ± 6.5 ms. 

Continuously outputs the received data stream. This 
data is the same as that output on the RXD pin, but it 
is not disabled when RXD is tri-stated. 

Not used. 
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TONE REGISTER 

07 06 05 04 03 02 D1 DO 

RXO TRANSMIT TRANSMIT TRANSMIT DTMF 21 OTMF 11 DTMF 01 
TR OUTPUT GUAROI ANSWER DTMF DTMF3 V.23 FOX OVER- G.T.lANSW'/ 
011 CONTR. CALLING TONE SPEED SP. TONE! 

TONE SELECT 

BIT NO. NAME CONDITION DESCRIPTION 

06 05 04 DO DO interacts with bits 06, 04, and CRO as shown. 

DO OTMFO X X 1 X Transmit DTMF tones. 

Guard Tonel 1 X 0 0 Select 1800 Hz guard tone if in V.22 and answer mode 
Answer Tone inCRO. 

Special Tonel 1 X 0 1 Select 550 Hz guard tone if in V.22 and answer mode 
Detect/Select inCRO. 

X X 0 0 Mark of an FSK mode selected in CRO is to be detected 
in 02 of DR. 

X X 0 1 2100 Hz answer tone will be detected in 02 of DR if 
V.21 or V.22 originate mode is selected in CRO. 

1300 Hz calling tone will be detected in 02 of DR ifV.21, 
or V.22 answer mode is selected in CRO. 

X 1 0 0 Transmit 2225 Hz Answer Tone 

X 1 0 1 Transmit 2100 Hz Answer Tone 

04 01 D1 interacts with D4 as shown. 

01 DTMF 11 0 0 Asynchronous OPSK 1200 or 600 bitls +1.0% -2.5%. 
Overspeed 0 1 Asynchronous OPSK 1200 or 600 bitls +2.3% -2.5%. 

02 DTMF 21 0 Half-duplex asymetric operation in V.23 mode. 
V.23 FOX 1 Full-duplex (A-wire) operation in V.23 mode. 

03 02 01 DO 

03,02, OTMF 3, 0 0 0 0- Programs 1 of 16 OTMF tone pairs that will b~ 

01, DO 2,1,0 1 1 1 1 transmitted when TX DTM F and TX enable bit (C RO, bit 
01) are set. Tone encoding is shown below: 

KEYBOARD DTMF CODE TONES 
EQUIVALENT D3 02 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

1-237 



SSI73K322L 
CCITT V.23, V.22, V.21 
Single-Chip Modem 

TONE REGISTER (Continued) 

07 06 05 

RXO TRANSMIT TRANSMIT 
TR OUTPUT GUAR07 ANSWER 
011 CONTR. CALLING TONE 

TONE 

BIT NO. NAME CONDITION 

03,02, 
01, DO 

(Cont.) 

04 Transmit 0 
OTMF 1 

05 Transmit 0 
Answer Tone 1 

06 TX Guard or 0 
Calling Tone 

1 

07 RXO Output 0 
Control 

1 

04 03 02 01 DO 

TRANSMIT OTMF 21 OTMF 11 OTMF 01 
OTMF OTMF3 V.23 FOX OVER- GUAROI 

SPEED SPECIAL 
TONE SEL 

DESCRIPTION 

KEYBOARD OTMFCOOE TONES 
EQUIVALENT 03 02 01 DO LOW HIGH 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 
* 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

0 0 0 0 0 941 1633 

Disable OTMF. 

Activate OTMF.The ,~elected OTMF tones are 
transmitted continuously when this bit is high. 
TX OTMF overrides all other transmit functions. 

Disables answer tone generator. 

Enables answer tone generator. A 2100 Hz answer 
tone will be transmitted continuously whe n the transmit 
enable bit is set. The device must be in answer mode. 
To transmit answer tone, the device must be in OPSK 
answer mode. 

Disables guard/calling tone generator. 

Transmit guard tone if in V.22 and answering; 
otherwise transmit calling tone, in any other mode 
including V.23 mode. 

Enables RXO pin. Receive data will be output on 
RXO. 

Disables RXO pin. The RXO pin reverts to a high 
impedance with internal weak pull-up resistor. 
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IDREGISTER 

ID 
110 

BIT NO. 

D7 

ID 

D6 

ID 

NAME 

D7, D6, D5 Device 

D4 Identification 

Signature 

D5 

ID 

CONDITION 

D7 D6 D5 D4 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

D4 

ID 

DESCRIPTION 

Indicates Device: 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD+0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

TA, Operating Free-Air Temp. -40 +85 °C 

Clock Variation (11.0592 MHz) Crystal or external clock -0.01 +0.01 % 

External Components (Refer to Application section for placement.) 

VREF Bypass Capacitor (External to GND) 0.1 fJ.F 

Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass Capacitor (ISET pin to GND) 0.1 fJ.F 

VDD Bypass CapaCitor 1 (External to GND) 0.1 fJ.F 

VDD Bypass CapaCitor 2 (External to GND) 22 fJ.F 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load CapaCitor from pin to GND 20 

1-239 



SSI73K322L 
CCllT V.23, V.22, V.21 
Single-Chip Modem 

DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MQ 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI = VIH Max 

Ill, Input low Current VI = VIL Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage IOH MIN = -0.4 rnA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10 = 3.6 rnA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive Load 

Capacitance 

Inputs Capacitance, all Digital Input pins 

XTAL 1, 2 load Capacitors Depends on crystal characteristics 15 

ClK Maximum Capacitive load 
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NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VDD V 

VDD V 

0.8 V 

100 ~ 

~ 

50 ~ 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 ~ 
15 pF 

10 pF 

60 pF 

15 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

DPSK Modulator 

Carrier Suppression Measured at TXA 45 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Modulator 

Output Freq. Error ClK = 11.0592 MHz -0.35 +0.35 % 

Transmit level Transmit Dotting Pattern -11 -10 -9 dBmO 

Harmonic Distortion THD in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dotting Pattern ±3 0/0 
InALB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

DTMF Generator 

Freq. Accuracy Must be in V.22 mode -.25 +.25 % 

Output Amplitude low Band, V.22 mode -10 -9 -8 dBmO 

Output Amplitude High Band, V.22 mode -8 -7 -6 dBmO 

Twist High-Band to Low-Band, V.22 mode 1.0 2.0 3.0 dB 

Long Loop Detect With Sinusoid -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

Note: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Call Progress Detector 

Detect Level -3 dB points in 285 and 675 Hz 

Reject Level Test signal is a 460 Hz sinusoid 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time 

V.21 

V.22 

V.23 Forward Channel 

V.23 Back Channel 

Hold Time 

V.21 

V.22 

V.23 Forward Channel 

V.23 Back Channel 

Hysteresis 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 
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MIN NOM MAX UNITS 

-38 dBmO 

-45 dBmO 

40 ms 

40 ms 

2 dB 

-48 -43 dBmO 

10 20 ms 

15 32 ms 

6 12 ms 

25 40 ms 

6 20 ms 

10 24 ms 

3 8 ms 

10 25 ms 

2 dB 

-48 -43 dBmO 

10 25 ms 

10 25 ms 

20 65 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors (Continued) 

980 or 1650 Hz 
V.21 marks 

Hold Time 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THO = -50 dB 
in 0.3 to 3.4 kHz 

Out of Band Ene rgy Frequency> 12 kHz in all modes 

Output Impedance TXA pin, TXA enabled 

Clock Noise TXA pin; 76.8 kHz or 
122.88 kHz in V.23 main channel 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
{center at 1200 Hz} 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 
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MIN NOM MAX UNITS 

10 25 ms 

4 15 ms 

3 10 ms 

10 25 ms 

5 15 ms 

2 dB 

-3 +3 % 

10 kO 

50 pF 

-60 dBmO 

20 50 0 

0.1 0.4 mVrms 

-10 +10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Guard Tone Generator 

Tone Accurac1 550 or 1800 Hz 

Tone Level 550 Hz 

(Below DPSK Output) 1800 Hz 

Harmonic Distortion 550 Hz 

700 to 2900 Hz 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RD/WR Low 

TCl RD/WR Control to ALE High 

TRD Data out from RD low 

Tll ALE width 

TRDF Data float after RD High 

TRW RDwidth 

TWW WR width 

TOW Data setup before WR High 

TWO Data hold after WR High 

TCKD Data out after EXClK Low 

TCKW WR after EXCLK Low 

TDCK Data setup before EXClK Low 

TAC Address setup before control* 

TCA Address hold after control* 

TWH Data Hold after EXCLK 

* Control for setup is the falling edge of RD or WR. 
Control for hold is the falling edge of RD or the rising edge of WR. 
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MIN NOM MAX UNITS 

-20 +20 Hz 

-4.0 -3.0 -2.0 dB 

-7.0 -6.0 -5.0 dB 

-50 dB 

25 ns 

20 ns 

30 ns 

-5 ns 

0 140 ns 

30 ns 

0 5 ns 

200 25000 ns 

140 25000 ns 

40 ns 

10 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ _______ _ ~ 

TlC TRW TCl 

TlC 

TRD TRDF 

oJ. oJ. 

ADO-AD7 

~ -='}- -J- -~- -J-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 ---+-----------------------+*AI 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a DAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical DAA ar­
rangements are shown: one for a split ±5 or ±12 
volt design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

CA ,.., ___ .-:::::;;----, 

CB K.f-t-::':-::-----i 
cc K.f~::'---i 
CD H>-+-=-'''---1 

DO 

US,US 
MCI45406 

1m 
WR 
ALE 
~ 

SSI 
K-SERIES 

LOW 
POWER 
FAMILY 

VREF 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039/48 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitorthe serial 
data for commands from the DTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

+ C8 
2211F Cl 

390pF 

22K 

VRI 
J MOV 

V250l20 

FIGURE 1: BaSic Box Modem with Dual-Supply Hybrid 
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:i 
I 

DIRECT ACCESS ARRANGEMENT (DAA) signals will clip if a single-ended drive approach is 
The telephone line interfaces show two examples of used. The bridged driver uses an extra op-arnp (U1 A) 
how the "hybrid" may be implemented. The split supply to invert the signal coming from the gain setting op-amp 
design (Figure 1) is a typical two op-amp hybrid. The (U1 B) before sending it to the other leg of the trans-
receive op-amp serves two purposes. It supplies gain former. Each op-amp then supplies half the drive 
to amplify the receive signal to the proper level for the signal to the transformer. The receive amplifier (U1 C) 
modem's detectors and demodulator, and it removes picks off its signal at the junction of the impedance 
the transmitted signal from the receive signal present matching resistor and the transformer .. Because the 
at the transformer. This is done by supplying a portion bottom leg of the transformer is being driven in one 
of the transmitted signal to the non-inverting input of direction by U1 A and the resistor is driven in the 
the receive op-amp atthe same amplitude asthe signal opposite direction at the same time by U1B, the junc-
appearing at the transformer, making the transmit tion of the transformer and resistor remains relatively 
signal common mode. constant and the receive signal is unaffected. 

The single-supply hybrid is more complex than the DESIGN CONSIDERATIONS 
dual-supply version described above, but its use elimi- Silicon Systems' 1-chip modem products include all 
nates the need for a second power supply. This circuit basic modem functions. This makes these devices 
(Figure 2) uses a bridged drive to allow undistorted adaptable for use in a variety of applications, and as 
signals to be sent with a single 5 volt supply. Because easy to control as conventional digital bus peripherals. 
DTMF tones utilize a higher amplitude than data, these 

C3 
O.lpF 

Cl 
390pF 

R4 
37AK1'11. 

~I------<~ 

Rl 
20K I'll. 

R2 
20K 1% 

R3 
4751'11. 

T1 
MIOCOM 
671·8005 

• Note: Op-amp U 1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

r-~------------

C6 R7 
0.1 "F 20K I'll. 

R6 
22.1K 

~~~NL~~I--~ 

VOlTAGE 
REFERENCE 

HOOK >--_______ ....J 

01 
1N4004 

~ ~--------------------------------~ 
FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, modem designs must 
properly contend with precise frequency tolerances 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01 % accuracy. 

In orderfor a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LA YOUT CONSIDERATIONS 

Good analog/digital design rules must be used to 
control system noise in orderto obtain highest perform­
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 J.lF elec­
trolytic capacitor in parallel with a 0.1 J.lF ceramic ca­
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita­
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob­
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-Series modem IC's should have both 
high frequency and low frequency bypassing as close 
to the package as possible. 

MODEM PERFORMANCE 
CHARACTERISTICS 

The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Concord Data Systems 224 as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (S/N) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BER vs. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a DPSK modem will exhibit 
better BER-performance test curves receiving in the 
low band than in the high band. 

BER vs. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamiC range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated _ 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the SER pOint, is the measure 
of dynamic range. 
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"EQ On" Indicates bit CR1 04 is set for additional phase equalization. 

73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202. 
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* "EQ On" Indicates bit CR1 04 is set for additional phase equalization. 

** 73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, 8ell212A 

Single-Chip Modem 

DESCRIPTION 

The SSI 73K324L is a highly integrated single-chip 
modem IC which provides the functions needed to 
design a quad-mode CCITT and Bell 212A compatible 
modem capable of operation over dial-up lines. The 
SSI73K324L adds V.23 capability to the CCITT 
modes of Silicon Systems' 73K224 one-chip modem, 
allowing a one-chip implementation in designs in­
tended for European markets which require this added 
modulation mode. The SSI 73K324L offers excellent 
performance and a high level of functional integration 
in a single IC. The device supports V.22bis, V.22, Bell 
212A, V.21, and V.23 operating modes, allowing both 
synchronous and asynchronous operation as defined 
by the appropriate standard. 

The SSI 73K324L is designed to appear to the 
Systems Engineer as a(microprocessor peripheral, 
and will easily interface with popular one-chip 
microcontrollers (80C51 typical) for control of modem 
functions through its 8-bit multiplexed address/data 
bus. A serial control bus is available for applications 
not requiring a parallel interface. An optional package 
with only the serial control bus is also available. Data 
communications occurs through a separate serial port. 

(Continued) 

December 1992 

FEATURES 

One chip multi-mode CCITT V.22bis, V.22, V.21, 
V.23 and Bell 212A compatible modem data pump 

FSK (75, 300, 1200 bit/s), DPSK (600, 1200 bit/s), 
or QAM (2400 bit/s) encoding 

Pin and software compatible with other 
SSI K-Series family one-chip modems 

Interfaces dlrectly'with standard microprocessors 
(8048, 80C51 typical) 
Serial and parallel microprocessor bus for control 

Selectable asynch/synch with internal bufferl 
debuffer and scrambler/descrambler functions 

All synchronous (internal, external, slave) and 
asynchronous operating modes 

Adaptive equalization for optimum performance 
over all lines 

Programmable transmit attenuation (16 dB, 1 dB 
steps), and selectable receive boost (+18 dB) 

Call progress, carrier, answer tone, unscrambled 
mark, S1, SCT (900 Hz) calling tone (1300 Hz) and 
Signal quality monitors 
DTMF, answer, calling, SCT and guard tone 
generators 
Test modes available: ALB, DL, RDL; Mark, Space 
and Alternating bit pattern generators 

CMOS technology for low power consumption 
4-wire full duplex operation in all modes 

BLOCK DIAGRAM 

1292 - rev. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 
Single-Chip Modem 

DESCRIPTION (Continued) 

The SSI 73K324L offers full hardware and software 
compatibility with other products in Silicon Systems' 
K-Series family of single-chip modems, allowing sys­
tem upgrades with a single component change. The 
SSI 73K324L is ideal for use in free-standing or integral 
system modem products where full-duplex 2400 bit/s 
operation with alternate mode capability is required. Its 
high functionality, low power consumption, and effi­
cient packaging simplify design requirements and 
increase system reliability. A complete modem 
requires only the addition of the phone line interface, a 
control microprocessor, and RS-232 level converters 
for a typical system. 

The SSI 73K324L is designed to provide a complete 
V.22bis, V.22, Bell 212A, V.21, and V.23 compatible 
modem on a chip. Many functions were included to 
simplify implementation in typical modem designs. In 
addition to the basic 2400 bit/s QAM, 1200/600 bit/s 
DPSK and 1200/300/75 bitls FSK modulator/demodu­
lator sections, the device also includes synch/asynch 
buffering, DTMF, answer, soft carrier, guard, and call­
ing tone generator capabilities. Handshake pattern 
detectors simplify control of connect sequences, and 
precise tone detectors allow accurate detection of call 
progress, answer, calling, and soft carrierturn off tones. ; 
All operating modes defined by the incorporated stan­
dards are included, and test modes are provided. Most 
functions are selectable as options, and logical de­
faults are provided. The device can be directly inter­
faced to a microprocessor via its 8-bit multiplexed 
address/data bus for control and status monitoring. 
Data communications takes place through a separate 
serial port. Data may also be sent and received through 
the control registers. This simplifies deSigns requiring 
speed buffering, error control and compression. 

FUNCTIONAL DESCRIPTION 

QAM MODULATOR/DEMODULATOR 

The SSI 73K324L encodes incoming data into quad­
bits represented by 16 possible signal pOints with 
specific phase and amplitude levels. The baseband 
signal is then filtered to reduceintersymbol interfer­
ence on the bandlimited telephone network. The 
modulator transmits this encoded data using either a 
1200 Hz (originate mode) or 2400 Hz (answer mode) 
carrier. The demodulator, although more complex, 

essentially reverses this procedure while also recover­
ing the data clock from the incoming signal. Adaptive 
equalization corrects for varying line conditions by 
automatically changing filter parameters to compen­
sate for line characteristics. 

DPSK MODULATOR/DEMODULATOR 

The SSI 73K324L modulates a serial bit stream into 
di-bit pairs that are represented by four possible phase 
shifts as prescribed by the Bell 212AN.22 standards. 
The baseband signal is then filtered to reduce inter­
symbol interference on the bandlimited 2-wire PSTN 
line. Transmission occurs on either a 1200 Hz (origi­
nate mode) or 2400 Hz carrier (answer mode). 
Demodulation is the reverse of the modulation pro­
cess, with the incoming analog signal eventually de­
coded into di-bits and converted back to a serial bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). The SSI73K324L use a phase locked loop 
coherent demodulation technique that offers excellent 
performance. Adaptive equalization is also used in 
DPSK modes for optimium operation with varying 
lines. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator/demodulator produces a fre­
quency modulated analog output signal using two 
discrete frequencies to represent the binary data. V.21 
frequencies of 980 and 1180 Hz (originate mark and 
space), or 1650 and 1850 Hz (answer mark and space) 
are used in V.21 mode. V. 23 mode uses 1300 and 
2100 Hzforthe main channelor390 and 450 Hzforthe 
back channel. Demodulation involves detecting the 
received frequencies and decoding them into the 
appropriate binary value. The rate converter and 
scrambler/descrambler are automatically bypassed in 
the FSK modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive Signals and to provide compromise delay 
equalization as well as rejection of out-of-band signals. 
The transmit signal filtering corresponds to a "75% 
raised cosine frequency response characteristic.--
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 
,~I ______________________________________________________ _ 

1 
ASYNCHRONOUS MODE 

The asynchronous mode is used for communication 
with asynchronous terminals which may transfer data 
at 600, 1200, or 2400 bit/s + 1 %, -2.5% even though the 
modem's output is limited to the nominal bit rate ±.01 % 
in DPSK and QAM modes. When transmitting in this 
mode the serial data on the TxD input is passed 
through a rate converter which inserts or deletes stop 
bits in the serial bit stream in order to output a signal 
that is the nominal bit rate ±.01%. This signal is then 
routed to a data scrambler and into the analog modu­
lator where di-bit or quad-bit encoding results in the 
output signal. Both the rate converter and scrambler 
can be bypassed for handshaking and synchronous 
operation as selected. Received data is processed in 
a similar fashion except that the rate converter now 
acts to reinsert any deleted stop bits and output data to 
the terminal at no greater than the bit rate plus 1 %. An 
incoming break signal (low through two characters) will 
be recognized and passed through without incorrectly 
inserting a stop bit. 

The SYNC/ASYNC converter has an extended 
overspeed mode which allows selection of an output 
speed range of either +1% or +2.3%. In the extended 
overspeed mode, some stop bits are output at 7/8 the 
normal width. 

Both the SYNC/ASYNC rate converter and the data 
descrambler are automatically bypassed in the FSK 
modes. 

SYNCHRONOUS MODE 

Synchronous operation is possible only in the QAM or 
DPSK modes. Operation is similar to that of the asyn­
chronous mode except that data must be synchronized 
to a clock and no variation in data transfer rate is 
allowable. Serial input data appearing at TXD must be 
valid on the rising edge of TXCLK. 

TXCLK is an internally derived 1200 or 2400 Hz signal 
in internal mode and is connected internally to the 
RXCLK pin in slave mode. Receive data at the RXD pin 
is clocked out on the falling edge of RXCLK. The 
asynch/synch converter is bypassed when synchro­
nous mode is selected and data is transmitted out at 
essentially the same rate as it is input. 

PARALLEL CONTROL INTERFACE 

Eight 8-bit registers are provided for control, option 
select, and status monitoring. These registers are 
addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as seven consecutive memory loca­
tions. Six contol registers are read/write. The detect 
and 10 registers are read only and cannot be modified 
except by modem response to monitored parameters. 

SERIAL CONTROL INTERFACE 

The serial command mode allows access to the 
SSI 73K324 control and status registers via a serial 
control port. In this mode the AO, A 1, and A2 lines 
provide register addresses for data passed through the 
DATA pin under control of the RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
next eight cycles of EXCLK will then transfer out eight 
bits of the selected addresss location LSB first. A write 
takes place by shifting in eight bits of data LSB first for 
eight consectuive cycles of EXCLK. WR is then pulsed 
low and data transfer into the selected register occurs 
on the rising edge of WR. 

TONE GENERATOR 

The DTMF generator controls the sending of the six­
teen standard DTMF tone pairs. The tone pair sent is 
determined by selecting TRANSMIT DTMF (bit 04) 
and the 4 DTMF bits (00-03) of the TONE register. 
Transmission of DTMF tones from TXA is gated by the 
TRANSMIT ENABLE bit of CRO (bit 01) as with all 
other analog signals. 

FULL DUPLEX OPERATION 

Four-wire full duplex operation is allowed in all modes. 
This feature allows transmission and reception in the 
same band for four wire applications only. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 
Single-Chip Modem 

PIN DESCRIPTION 

POWER 

NAME TYPE 

GND I 

VDD I 

VREF 0 

ISET I 

DESCRIPTION 

System Ground. 

Power supply input, 5V -5% + 10%. Bypass with .22 JlF and 22 JlF capacitors 
to GND. 

An internally generated reference voltage. Bypass with .22 JlF capacitor to 
GND. 

Chip current reference. Sets bias current for op-amps. The chip current is set 
by connecting this pin to VDD through a 2 MQ resistor. Iset should be bypassed 
to GND wtlh a .22 JlF capactlor. 

PARALLEL MICROPROCESSOR INTERFACE 

ALE I Address latch enable. The falling edge of ALE latches the address on ADO-
AD2 and the chip select on CS. 

ADO- 110/ Address/data bus. These bidirectional tri-state multi-plexed lines carry infor-
AD? Tristate mation to and from the internal registers. 

CS I Chip select. A low on this pin allows a read cycle or a write cycle to occur. ADO-
AD? will not be driven and no registers will be written if CS (latched) is not 
active. CS is latched on the falling edge of ALE. 

ClK 0 Output clock. This pin is selectable under processor control to be either the 
crystal frequency (for use as a processor clock) or 16 x the data rate for use 
as a baud rate clock in QAM/DPSK modes only. The pin defaults to the crystal 
frequency on reset. 

INT 0 Interrupt. This open drain weak pullup, output signal is used to inform the 
processor that a detect flag has occurred. The processor must then read the 
detect register to determine which detect triggered the interrupt. I NT will stay 
active until the processor reads the detect register or does a full reset. 

RD I Read. A low requests a read of the SSI ?3K324l internal registers. Data 
cannot be output unless both RD and the latched CS are active or low. 

RESET I Reset. An active high signal on this pin will put the chip into an inactive state. 
All control register bits (CRO, CR1, CR2, CR3, Tone) will be reset. The output 
of the ClK pin will be set to the crystal frequency. An internal pull down resistor 
permits power on reset using a capacitor to VDD. 

WR I Write. A low on this informs the SSI ?3K224l that data is available on ADO-
AD? for writing into an internal register. Data is latched on the rising edge of 
WR. No data is written unless both WR and the latched CS are low. 

Note: The serial control mode is provided in the parallel versions by tying ALE high and CS low. In this 
configuration AD? becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, respectively. 
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SSI73K324L 
CCITI V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem I 
.,------

RS·232 INTERFACE 

I 

NAME TYPE DESCRIPTION 

EXCLK I External Clock. This signal is used in synchronous transmission when the 
external timing option has been selected. In the external timing mode the rising 
edge of EXCLK is used to strobe synchronous transmit data available on the 
TXD pin. Also used for serial control interface. 

RXCLK Offristate Receive Clock Tri-statable. The falling edge of this clock output is coincident 
with the transitions in the serial received DPSKIOAM data output. The rising 
edge of RXCLK can be used to latch the valid output data. RXCLK will be valid 
as long as a carrier is present. InV.23 orV.21 mode a clock which is 16x 1200/ 
75 or 16 x 300 Hz data rate is output, respectively. 

RXD 0 Received Data Output. Serial receive data is available on this pin. The data is 
always valid on the rising edge of RXCLK when in synchronous mode. RXD 
will output constant marks if no carrier is detected. 

TXCLK Offristate Transmit Clock Tri-statable. This signal is used in synchronous DPSKIOAM 
transmission to latch serial input data on the TXD pin. Data must be provided 
so that valid data is available on the rising edge of the TXCLK. The transmit 
clock is derived from different sources depending upon the synchronization 
mode selection. In Internal Mode the clock is generated internally (2400 Hz 
for OAM, 1200 Hz for D PSK or 600 Hz for half -speed DPSK). I n External Mode 
TXCLK is phase locked to the EXCLK pin. In Slave Mode TXCLK is phase 
locked to the RXCLK pin. TXCLK is always active. In V.23 or V.21 mode the 
output is a 16 x 1200/75 or 16 x 300 Hz clock, respectively. 

TXD I Transmit Data Input. Serial data for transmission is input on this pin. In 
synchronous modes, the data must be valid on the rising edge of the TXCLK 
clock. In asynchronous modes (2400/1200/600 bit/s, or 75/300 baud) no 
clocking is necessary. DPSK/OAM data must be +1%, -2.5% or +2.3%, -2.5 
% in extended overspeed mode. 

ANALOG INTERFACE 

RXA I Received modulated analog signal input from the phone line. 

TXA 0 Transmit analog output to the phone line. 

XTL1 I These pins are for the internal crystal oscillator requiring a 11.0592 MHz 
XTL2 I/O parallel mode crystal. Two capacitors from these pins to ground are also 

required for proper crystal operation. Consult crystal manufacturer for proper 
values. XTL2 can also be driven from an external clock. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 
Single-Chip Modem 

PIN DESCRIPTION (continued) 

SERIAL MICROPROCESSOR INTERFACE 

NAME TYPE DESCRIPTION 

AO-A2 I Register Address Selection. These lines carry register addresses and should 
be valid during any read or write operation. 

DATA I/O Serial Control Data. Data for a read/write operation is clocked in or out on the 
falling edge of the EXCLK pin. The direction of data flow is controlled by the 
RD pin. RD low outputs data. RD high inputs data. 

RD I Read. A low on this input informs the SSI 73K322L that data or status 
information is being read by the processor. The falling edge of the RD signal 
will initiate a read from the addressed register. The RD signal must continue 
for eight falling edges of EXCLK in order to read all eight bits of the referenced 
register. Read data is provided LSB first. Data will not be output unless the RD 
signal is active. 

WR I Write. A lowonthis input informs the SSI73K322Lthatdataorstatus information 
has been shifted in through the DATA pin and is available forwriting to an internal 
register. The normal procedure for a write is to shift in data LSB first on the DATA 
pin for eight consecutive falling edges of EXCLK and then to pulse WR low. Data 
is written on the rising edge of WR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the pins; 
AO, A1, A2, DATA, and EXCLK. Also, the RD and WR controls are used differently. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 

REGISTER DESCRIPTIONS 

Eight 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. The address lines are 
latched by ALE. Register CRO controls the method by 
which data is transferred over the phone line. CR1 
controls the interface between the microprocessor and 

REGISTER BIT SUMMARY 

Ca.lTROL 
MODULATION MODULATION MODULATION 

REGISTER CRO 000 TYPE TYPE 
0 OPTION 1 0 

Ca.lTROL TRANSMIT TRANSMIT ENABLE 
REGISTER CR1 001 PATTERN PATTERN DETECT 

1 1 0 INTERRUPT 

DETECT RECEIVE PATTERN RECEIVE 
REGISTER DR 010 LEVEL S1DET DATA 

Ta.lE RXD 
TRANSMIT 

TRANSMIT GUARDTONEI 
Ca.lTROL TR 011 OUTPUT ANSWER 
REGISTER Ca.lTROL 

SCT/CALLING 
Ta.lE Ta.lE 

Ca.lTROL SPECIAL CALL 
REGISTER CR2 100 REGISTER 

2 ACCESS 
INITIALIZE 

Ca.lTROL TRISTATE 
RE~ISTER CR3 101 TXDALT 

TXlRXCLK 
3 

SPECIAL 
REGISTER SR 101 TXBAUD RX UNSCR. 

CLOCK DATA 

10 
REGISTER 10 110 10 10 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as O's. 

the SSI 73K324L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con­
trols the DTMF generator, answer, guard tones, SCT, 
calling tone, and RXD output gate used in the modem 
initial connect sequence. CR2 is the primary DSP 
control interface and CR3 controls transmit attenuation 
and receive gain adjustments. All registers are read/ 
write except for DR and ID which are read only. 
Register control and status bits are identified below: 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWERI 
MODE MODE MODE 

2 1 0 
ENABLE ORIGINATE 

BYPASS 
SCRAMBLERI CLK TEST TEST 

ADDPH.EQ. Ca.lTROL RESET MODE MODE 

(V.23) 1 0 

UNSCR. SPECIAL CALL 
MARK CARRIER Ta.lE PROGRESS SIGNAL 

DETECT DETECT DETECT DETECT QUALITY 

TRANSMIT DTMF2I DTMFOiGUARD/ 
DTMF3 

DTMF1/ 
DTMF 4 WIRE FOX OVERSPEED ANSWERI 

CALLING/SCT 

TRANSMIT RESET TRAIN EQUALIZER 
16 WAY S1 DSP INHIBIT ENABLE 

RECEIVE TRANSMIT TRANSMIT TRANSMIT TRANSMIT 
GAIN ATTEN. ATTEN. ATTEN. ATTEN. 

BOOST 3 2 1 0 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 
Single-Chip Modem 

REGISTER ADDRESS TABLE 

OAM: 0=2400 BITtS 
DPSK: 0=1200 BlTtS 

1=600 BITtS 
FSK: O=V.23 

1=V.21 

~~:~~ ----------------~ 

OOXX=73I<212, 322, 321 
01 XX= 731<221, 302 
10XX:73I<222 
11OO=73K224 
1110=731<324 
1101=731<312 

001 O=EXT SYNCH 
0011 =SLAVE SYNCH 
01OO=ASYCH 8 BITSICHAR 
0101 =ASYCH 9 BITSICHAR 
0110=ASYCH 10 BITs/cHAR 
0111=ASYCH 11 BITS/CHAR 
1Xoo=FSK 

O=ACCESS CA3 O=DSP IN O=NORMAL O=RX=TX 
1=RX=16 WAY 1 =ACCESS DEMOD MODE DOTTING 

SPECIAL 1=DSP IN CALL 1=S1 
REGISTER PROGRESS 

MODE 

1-260 

O=DSP 
INACTIVE 

1=DSP 
ACTIVE 

O=DISABLE O=ANSWER 
TXAOUTPLIT 1=ORIGINATE 

1 =ENABLE in V.23 
TXA OUTPLIT O=BC xnil 

1=MCxnil 

O=ADAPTEO 
ACTIVE 

1 =ADAPT EO 
FROZEN 

GUARD: 0·1800 HZ 
1·550HZ 

ANSWER: 0·2225 HZ 
1·21ooHZ 

CALLING: O· 1300 HZ 
SCT' 1 ·900 HZ 

O=ADAPTEO 
ININIT 

1 =ADAPT EO 
OK TO ADAPT 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 

~------------------------------------
CONTROL REGISTER 0 

I D7 D6 D5 D4 D3 D2 D1 DO 
'! CRO MODUL. MODUL. MODUL. TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 

000 OPTION TYPE 1 TYPE 0 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

DO Answer/ 0 Selects answer mode (transmit in high1>and, receive in 
Originate low band or in V.23 HDX mode, receive at 1200 bit/s 

and transmit at 75 bit/s.) 

1 Selects originate mode (transmit in low band, receive in 
high band or in V.23 HDX mode, receive at 75 bit/s and 
transmit at 1200 bit/s.) 

Note: This bit works with Tone Register bits DO and D6 
to program special tones detected in the Detect 
Register. See Detect and Tone Registers. 

D1 Transmit 0 Disables transmit output at TXA. 

Enable 1 Enables transmit output at TXA. 

Note: Transmit Enable must be set to 1 to allow 
activation of Answer Tone, DTMF, or Carrier. 

D5 D4 D3 D2 

D5, D4, Transmit 0 0 0 0 Selects power down mode. All functions disabled 
D3,D2 Mode except digital interface. 

0 0 0 1 Internal synchronous mode. In this mode TXCLK is an 
internally derived 600, 1200 or 2400 Hz Signal. Serial 
input data appearing at TXD must be valid on the rising 
edge of TXCLK. Receive data is clocked out of RXD on 
the falling edge of RXCLK. 

0 0 1 0 External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 600, 1200 or 2400 Hz clock 
must be supplied externally. 

0 0 1 1 Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected internally to 
the RXCLK pin in this mode. 

0 1 0 0 Selects asynchronous mode - 8 bits/character (1 start 
bit, 6 data bits, 1 stop bit). 

0 1 0 1 Selects asynchronous mode - 9 bits/character (1 start 
bit, 7 data bits, 1 stop bit). 

0 1 1 0 Selects asynchronous mode -1 0 bits/character (1 start 
bit, 8 data bits, 1 stop bit). 

0 1 1 1 Selects asynchronous mode - 11 bits/character (1 start 
bit, 8 data bits, Parity and/or 1 or 2 stop bits). 

1 X 0 0 Selects FSK operation. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 
Single-Chip Modem 

CONTROL REGISTER 0 (Continued) 

SIT NO. NAME CONDITION DESCRIPTION 

06 05 

06,05 Modulation 1 0 OAM 

Type 0 0 OPSK 

0 1 FSK 

07 Modulation 0 OAM selects 2400 biVs. OPSK selects 1200 biVs. 
Option FSK selects V.23 mode. 

1 OPSK selects 600 bit/so 
FSK selects V.21 mode. 

CONTROL REGISTER 1 

07 06 05 04 03 02 01 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMBI CONTROL RESET MODE MODE 
001 1 0 INT. ADD PH.EQ 1 0 

SIT NO. NAME CONDITION DESCRIPTION 

01 DO 

01, DO Test Mode 0 0 Selects normal operating mode. 

0 1 Analog loopback mode. loops the transmitted analog 
signal back to the receiver, and causes the receiver to 
use the same carrier frequency as the transmitter. To 
squelch the TXA pin, transmit enable bit must be low. 
Tone Register bit 02 must be zero. 

1 0 Selects remote digitalloopback. Received data is looped 
back to transmit data internally, and RXO is forced to a 
mark. Data on TXO is ignored. 

1 1 Selects local digitalloopback. Internally loops TXO back 
to RXO and continues to transmit data carrrier at TXA pin. 

02 Reset 0 Selects normal operation. 

1 Resets modem to power down state. All control register 
bits (CRO, CR1, CR2, CR3 and Tone) are reset to zero 
except CR3 bit 02. The output of the clock pin will be set 
to the crystal frequency. 

03 ClK Control 0 Selects 11.0592 MHz crystal echo output at ClK pin. 
(Clock Control) 1 Selects 16 X the data rate output at ClK pin in OAM and 

OPSK only. 
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CONTROL REGISTER 1 (Continued) 

07 06 

TRANSMIT TRANSMIT 
CR1 PATTERN PATTERN 
001 1 0 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 

05 04 D3 02 01 00 

ENABLE BYPASS ClK TEST TEST 
OETECT SCRAMB/ CONTROL RESET MOOE MOOE 

INT. ADD PH.EO. 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

04 Bypass 0 Selects normal operation. OPSK and QAM data is 
Scrambler/ passed through scrambler. 

Add Ph. Eq. 1 Selects Scrambler Bypass. OPSK and QAM data is 
routed around scrambler in the transmit path. Inthe V.23 
mode, additional phase equalization is added to the main 
channel filters when 04 is set to 1. 

05 Enable Oetect 0 Disables interrupt at INT pin. All interrupts are normally 
Interrupt disabled in power down mode. 

1 Enables INT output. An interrupt will be generated with a 
change in status of OR bits D1-04 and 06. The answer 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX OTMF is activated. All interrupts will be disabled 
if the device is in power down mode. 

D7 06 

07,06 Transmit 0 0 Selects normal data transmission as controlled by the 
Pattern state of the TXO pin. 

0 1 Selects an alternating mark/space transmit pattern for 
modem testing and handshaking. Also used for S1 pat-
tern generation. See CR2 bit 04. 

1 0 Selects a constant mark transmit pattern. 

1 1 Selects a constant space transmit pattern. 
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DETECT REGISTER 

D7 D6 D5 D4 D3 D2 D1 DO 

DR RECEIVE S1 RECEIVE UNSCR. CARRIER SPECIAL CALL SIGNAL 
010 LEVEL PATTERN DATA MARK DETECT TONE PROG. QUALITY 

INDICATOR DETECT DETECT DETECT DETECT INDICATOR 

BIT NO. NAME CONDITION DESCRIPTION 

DO Signal Quality 0 Indicates normal received signal. 
Indicator 1 Indicates low received signal quality (above average error 

rate). Interacts with Special Register SQ bits D2, D1. 

D1 Call Progress 0 No call progress tone detected. 
Detect 1 Indicates presence of call progress tones. The call 

progress detection circuitry is activated by energy in the 
normal 350 to 620 Hz call progress band. 

D2 Special Tone 0 Condition not detected 
Detect 1 Condition detected 

CRO DO TR DO CR205 

1 0 1 2225 Hz ±10 Hz answer tone detected in V.22bis, V.22, 
V.21 modes. 

1 1 1 2100 Hz ±21 Hz answer tone detected in V.22bis, V.22, 
V.21 modes. 

0 0 1 1300 Hz calling tone detected in V.22 bis, V.22, V.21, V.23 
modes. 

0 X 0 900 Hz SCT tone detected in V.23 mode. 

I X 0 2100 Hz or 2225 Hz answer tone detected in QAM, OPSK, 
or V.21 Mode. 

D3 Carrier Detect O· No carrier detected in the receive channel. 

1 Indicated carrier has been detected in the received 
channel. Should be time qualified by software. 

04 Unser. Mark 0 No unscrambled mark being received. 

Detect 1 Indicates detection of unscrambled marks in the received 
data. Should be time qualified by software. 

D5 Receive Continuously outputs the received data stream. 
Data This data is the same as that output on the RXO pin, but it 

is not disabled when RXO is tri-stated. 

D6 S1 Pattern 0 No S1 pattern being received. 
Detect 1 S1 pattern detected. Should be time qualified by software. 

S1 is an unscrambled double dibit (11001100 ... ) sent in 
DPSK 1200 bitls mode. Generated pattern must be 
properly aligned to transmitter baud clock to be detected. 

D7 Receive Level 0 Received signal level below threshold, 
Indicator ("" -25 dBmO);can use receive gain boost (+18 dB.) 

1 Received signal above threshold. 
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1 

TONE REGISTER 

07 06 05 04 03 02 01 DO 

RXO TRANSMIT TRANSMIT TRANSMIT OTMF 21 OTMF 11 DTMF 01 
TR OUTPUT GUAROI ANSWER OTMF OTMF3 WIRE OVER- G.TJANSW./ 
011 CONTA. CALLING/SCT TONE FOX SPEEO CALLINGISCT 

TONE TONEISEL 

BIT NO. NAME CONDITION DESCRIPTION 

06 05 04 00 00 interacts with bits 06,05,04, and CRO as shown. 

00, D4, DTMF 01 X X 1 X Transmit OTMF tones (overides all other functions). 
05,06 Guard Tonel 1 0 0 0 Select 1800 Hz guard tone if in V.22bis or V.22 and 

Answer Tonel answer mode in CRO. 
CaliinglSCT 

Tonel 1 0 0 1 Select 550 Hz guard tone if in V.22bis or V.22 and 
Transmit answer mode in C RO. 

Select Note: Bit 00 also selects the answer tone detected in originate mode, see 
Detect Register Special Tone Oetect (bit 02) for details. 

1 0 0 0 1300 Hz calling tone will be transmittted if V.21, V.22, 
V.22bis or V.23 originate mode is selected in CRO. 

X 1 0 0 Transmit 2225 Hz Answer Tone. Must be in OPSK 
answer mode. 

X 1 0 1 Transmit 2100 Hz Answer Tone. Must be in OPSK 
answer mode. 

1 0 0 1 900 Hz SCT (soft carrier turnoff) tone transmitted in 
V.23 75 bitls receive mode. (CRO bit 00 = 1). 

D1 04 01 01 interacts with 04 as shown. 

OTMF 11 0 0 Asynchronous OAM/OPSK +1% -2.5%. (Normal). 
Overspeed 0 1 Asynchronous OAM/OPSK, 2400, 1200 or 600 bitls 

+2.3% -2.5%. (Extended overspeed). 

02 04 02 
OTMF 21 

0 0 Selects 2-wire full-duplex or half-duplex. 
4WIRE 

FOX 0 1 02 selects 4 wire full duplex in the modulation mode 
selected. The receive path corresponds to the ANSI 
ORIG bit CRO 00 in terms of high or low band selection. 
The transmitter is in the same band as the receiver, but 
does not have magnitude filtering or equalization on its 
signal as in the receive path. 

Note: OTMFO - OTM F2 should be set to an appropriate state after OTM F dialing to avoid unintended operation. 
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TONE REGISTER (Continued) 

07 06 05 D4 03 02 D1 DO 

RXD TRANSMIT TRANSMIT TRANSMIT DTMF 2/ DTMF 1/ DTMF 01 
TR OUTPUT GUARD/ ANSWER DTMF DTMF3 WIRE OVER- GUARD/ 
011 CONTR. CALLING/SCT TONE FOX SPEED CALLING/SCT 

TONE TONESEL 

BIT NO. NAME CONDITION DESCRIPTION 

03,02, DTMF 3, 04 = 1 Programs 1 of 16 DTMF tone pairs that will be 
01, DO 2,1,0 transmitted when TX DTMF and TX enable bit (CRO, bit 

D1) is set. Tone encoding is shown below: 

KEYBOARD DTMF CODE TONES 
EQUIVALENT 03 D2 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 . 1 0 1 1 941 1209 

# 1 1 0 0 941 1477 

A 1 1 0 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

0 0 0 0 0 941 1633 

07 RXD Output 0 Enables RXD pin. Receive data will be output on 
Control RXD. 

1 Disables RXD pin.The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 
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CONTROL REGISTER 2 

07 06 

CR2 SPEC 
100 0 REG 

ACCESS 

BIT NO. NAME 

DO Equalizer 
Enable 

01 Train 
Inhibit 

02 RESET DSP 

03 16 Way 

D4 Transmit 
S1 

05 Callinit 

06 Special 
Register 
Access 

07 NIA 

05 

CALL 
INIT 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 

04 D3 02 D1 DO 

TRANSMIT TRAIN EQUALIZER 
S1 16 WAY RESET INHIBIT ENABLE 

DSP 

CONDITION DESCRIPTION 

0 The adaptive equalizer is in its initialized state. 

1 The adaptive equalizer is enabled. This bit is used in 
handshakes to control when the equalizer should 
calculate its coefficients. 

0 The adaptive equalizer is active. 

1 The adaptive equalizer coefficients are frozen. 

0 The DSP is inactive and all variables are initialized. 

1 The DSP is running based on the mode set by other 
control bits 

0 The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode). 

1 The receiver, independent of the transmitter, is forced 
into a 16 point decision plane. Used for QAM hand-
shaking. 

0 The transmitter when placed in alternating mark/space 
mode transmits 0101 ., .. scrambled or not dependent 
on the bypass scrambler bit and modulation mode. 

1 When this bit is 1 and only when the transmitter is 
placed in alternating mark/space mode by CR1 bits D7, 
D6, an unscrambled repetitive double dibit pattern of 
00 and 11 at 1200 bitls (S1) is sent. 

0 The DSP is setup to do demodulation and pattern 
detection based on the various mode bits. Both answer 
tones are detected in Demod Mode concurrently; TR 
DO is ignored. 

1 The OSP decodes call progress, calling tones, un-
scrambled mark, and 2100 Hz and 2225 Hz answer 
tones. 

0 Normal CR3 access. 

1 Setting this bit and addressing CR3 allows access to 
the SPECIAL REGISTER. See the SPECIAL REGIS-
TER for details. 

0 Must be 0 for normal operation. 
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CONTROL REGISTER 3 

07 06 

CR3 TXOALT TRISTATE 
101 TXlRXCLK 

BIT NO. NAME 

03,02, Transmit 
01,00 Attenuator 

04 Receive 
Gain Boost 

(18 dB) 

05 Not Used 

06 Tristate 
TXCLKlRXCLK 

07 TXOALT 

10 REGISTER 

SPECIAL REGISTER 

SR 
101 

06 

05 04 

RECEIVE 
0 ENABLE 

BOOST 

CONDITION 

03 02 01 DO 

0 0 0 o -
1 1 1 1 

0 

1 

0 

0 

1 

Spec. Reg. bit 03=1 

05 

03 02 01 DO 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT 
ATTEN. ATTEN. ATTEN. ATTEN. 

3 2 1 0 

DESCRIPTION 

Sets the attenuation level of the transmitted signal 
in 1 dB steps. The default (03-00=0100) is for a trans-
mit level of -10 dBmO. The total range is 16 dB. 

18 dB receive front end boost is not used. 

Boost is in the path. This boost does not change 
reference levels. It is used to extend dynamic range by 
compensating for internally generated noise when 
receiving weak signals. The receive level detect signal 
and knowledge of the hybrid and transmit attenuator 
setting will determine when boost should be enabled. 

Not used. Only write zeros this location. 

TXCLK, RXCLK outputs driven 

TXCLK, RXCLK outputs in Tristate mode 

Alternate TX data source. See Special Register. 

03 02 

TXO SIGNAL 
SOURCE QUALITY 

lEVEL 
SElECT1 

01 

SIGNAL 
QUALITY 

LEVEL 
SELECTO 

06 TXBAUO ClK TXBAUO clock is the transmit baud-synchronous clock that can be used to 
synchronize the input of arbitrary quad/di-bit patterns. The rising edge of 
TXBAUO signals the latching of a baud-worth of data internally. Synchronous 
data to be entered via the TXOAL T bit, CR3 bit 07, should have data 
transitions that start 1/2 bit period delayed from the TXBAUO clock 

05 RXUNOSCR This bit outputs the data received before going to the descrambler. This is 
DATA useful for sending special unscrambled patterns that can be used for signaling. 
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J~i -------------------------------------------------------------------------------------------
SPECIAL REGISTER (Continued) 

BIT NO. NAME DESCRIPTION 

03 IrXO SOURCE This bit selects the transmit data source; either the TXO pin if ZERO or the 
TXOALT ifthis bit is a ONE. The TRANSMIT PATTERN bits 07 and 06 inCR1 
override either of these sources. 

02,01 SIGNAL The signal quality indicator is a logical zero when the signal received is 
OUALITY acceptable for low error rate reception. It is determined by the value of the 

LEVEL Mean Squared Error (MSE) calculated in the decisioning process when 
SELECT compared to a given threshold. This threshold can be set to four levels of error 

rate. The SOl bit will be low for good or average connections. As the error rate 
crosses the threshold setting, the SOl bit will toggle at a 1.66 ms rate. Toggling 
will continue until the error rate indicates that the data pump has lost 
convergence and a retrain is required. AHhat point the SOl bit will be a ONE 
constantly. The SOl bit and threshold selection are valid for OAM and OPSK 
only. 

TYPICAL 
02 01 THRESHOLD VALUE UNITS 

0 0 10-5 BER (default) 

0 1 10-6 BER 

1 0 10-4 BER 

1 1 10-3 BER 

NOTE: This register is "mapped" and is accessed by setting CR2 bit 06 to a ONE and addressing CR3. This 
register provides functions to the 73K324L user that are not necessary in normal communications. 
Bits 07-04 are read only, while 03-00 are read/write. To return to normal CR3 access, CR2 bit 06 
must be returned to a ZERO. 

07 06 05 04 03 I 02 I 01 I DO 

10 10 10 10 
110 3 2 1 

BIT NO. NAME CONDITION DESCRIPTION 

07 06 05 04 Indicates Oevice: 

07,06,05, Device 0 0 X X SSI 73K212(L) or 73K322L or 73K321 L 

04 Identification 0 1 X X SSI 73K221 (L) or 73K302L 

Signature 1 0 X X SSI 73K222(L) 

1 1 0 0 SSI73K224L 

1 1 1 0 SSI73K324L 

1 1 0 1 SSI73K312L 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

VDD Supply Voltage 7V 

Storage Temperature -65 to 150°C 

Soldering Temperature (10 sec.) 260°C 

Applied Voltage -0.3 to VDD+0.3V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.22 JlF 

Bias setting resistor (Placed between VDD 
and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass capacitor (ISET pin to GND) 0.22 JlF 

VDD Bypass capacitor 1 (VDDto GND) 0.22 JlF 

VDD Bypass capacitor 2 (VDDto GND) 22 JlF 

XTL 1 Load Capacitance Depends on crystal requirements 18 39 pF 

XTL2 Load Capacitance Depends on crystal requirements 18 27 pF 

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 % 
external clOCK 

TA, Operating Free-Air -40 85 °C 
Temperature 

1-270 

I: 



SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23, Bell 212A 

Single-Chip Modem 

DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 85°C, VOO =recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

IDD,Supply Current ClK = 11.0592 MHz 

ISET Resistor = 2 MQ 

1001, Active Operating with crystal oscillator. 18 25 mA 

1002, Idle < 5 pF capacitive load on ClK pin. 5 mA 

Digital Inputs 

Vll, Input low Voltage 0.8 V 

VIH, Input High Voltage 

All Inputs except Reset 2.0 VOO V 
XTl1,XTl2 

Reset, XTl1 , XTl2 3.0 VOO V 

IIH, Input High Current VI = VOO 100 JlA 
Ill, Input low Current VI = OV -200 JlA 
Reset Pull-down Current Reset = VOO -2 -30 -70 JlA 

Digital Outputs 

VOH, Output High Voltage 10 = 10H Min 2.4 VDD V 
lOUT = -0.4 mA 

VOL, Output low Voltage 10 = lOUT = 1.6 mA 0.4 V 

RXD Tri-State Pull-up Curro RXD=GND -2 -50 JlA 
Capacitance 

Maximum Capacitive load 

ClK 25 pF 

Input Capacitance All Digital Inputs 10 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN 

QAM/DPSK Modulator 

Carrier Suppression Measured at TXA 35 

Output Amplitude TX scrambled marks -11.5 
ATT=0100 (default) 

FSK Modulator/Demodulator 

Output Freq. Error elK = 11.0592 MHz -.31 

Transmit level A TT = 0100 (Default) -11.5 
Transmit Dotting Pattern 

TXA Output Distortion All products through BPF 

Output Bias Distortion Dotting Pattern measured at RXD -10 
at RXD Receive level -20 dBm, SNR 20 dB 

Output Jitter at RXD Integrated for 5 seconds -15 

Sum of Bias Distortion and Integrated for 5 seconds -15 
Output Jitter at RXD 

2100 Hz Answer Tone Generator 

Output Amplitude ATT = 0100 (Default level) -11.5 
Not in V.21 or V.23 Mode 

Output Distortion Distortion products in receive band 

DTMF Generator Not in V.21 or V.23 mode 

Freq. Accuracy -0.03 

Output Amplitude low Band ATT = 0100 -10 

Output Amolitude Hiah Band ATT = 0100 -8 

Twist Hiah-Band to low-Band 1.0 

Receiver Dynamic Range Refer to Performance Curves -43 

Call Progress Detector In Call Init mode 

Detect level 460 Hz inout sianal -34 

Reject level 

DelavTime -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis @ 460 Hz input signal 2 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+0.20 

-10.0 -9 

-45 

+10 

+15 

+15 

-10 -9 

-40 

+0.25 

-8 

-6 

2.0 3.0 

-3.0 

0 

-40 

25 

25 

Refer to the Basic Box Modem diagram in the Applications section for the DAA design. 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

carrier Detect Receive Gain Boost "On" for Lower Input Level Measurements 

Threshold OAM/DPSK or FSK receive data -48 -43 dBmO 

Hysteresis All Modes 2 dB 

Delay Time FSK 70 dBmO to -6 dBmO 25 37 ms 

70 dBmO to -40 dBmO 25 37 ms 

DPSK -70 dBmO to -6 dBmO 7 17 ms 

-70 dBmO to -40 dBmO 7 17 ms 

QAM -70 dBmO to -6 dBmO 25 37 ms 

-70 dBmO to -40 dBmO 25 37 ms 

Hold Time FSK -6 dBmO to -70 dBmO 25 37 ms 

-40 dBmO to -70 dBmO 15 30 ms 

DPSK -6 dBmO to -70 dBmO 20 29 ms 

-40 dBmO to -70 dBmO 14 21 ms 

OAM -6 dBmO to -70 dBmO 25 32 ms 

-40 dBmO to -70 dBmO 8 28 ms 

Special Tone Detectors 

Detect Level See definitions for DO of Tone Register -48 -43 dBmO 

Delay and Hold Time 

CalilNIT mode 
2225 or 2100 Hz 2225 ± 10 Hz 6 50 ms 
answer tone 2100 ± 21 Hz 

1300 Hz calling tone Tone Accuracy +3, -5% 10 45 ms 

900 Hz SCT Tone Accuracy ±9 Hz 10 45 ms 
Receive V.23 main channel 

Hysteresis 2 dB 

Pattern Detectors DPSK Mode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 10 55 ms 

Hold Time Demod Mode 10 45 ms 

Unscrambled Mark 

Delay Time For signals from -6 to -40 10 45 ms 

Hold Time Demod or call Init Mode 10 45 ms 

Receive Level Indicator 

Detect On -22 -28 dBmO 

Valid after Carrier Detect DPSK Mode 1 4 7 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Output Smoothing Filter 

Output Impedance TXApin 

Output Load TXA pin; FSK Single 

Tone out for THD = -50 dB 
in .3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off 

Energy 10 kHz, Guard Tones off 

12 kHz, Guard Tones off 

Anti Alias Low Pass Filter 

Maximum allowed Scrambled data at 2400 bitls in 
Out-of-Band Signal Energy opposite band 

(Defines Hybrid Trans- Sinusoids out of band 
Hybrid loss requirements) 

Transmit Attenuator 

Range of Transmit Level Default ATT = 0100 (-10 dBmO) 
1111-0000 

Step Accuracy 

Clock Noise TXA pin; 153.6 kHz 

Carrier Offset 

Capture Range Originate or Answer 

Recovered Clock 

Capture Range % of data rate originate or answer 

Guard Tone Generator 

Tone Accuracy 550 Hz 

1800 Hz 

Tone Level 550 Hz 

(Below QAM/DPSK Output) 1800 Hz 

Harmonic Distortion 550 or 1800 Hz 
(700 to 2900 Hz) 
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MIN NOM MAX UNITS 

200 300 Q 

10 kQ 

50 pF 

-35 dBmO 

-55 dBmO 

-65 dBmO 

-14 dBm 

-9 dBm 

-21 -6 dBmO 

-0.15 +0.15 dB 

1.5 mVrms 

-7 ±5 +7 Hz 

-.02 +.02 % 

+1.2 % 

-0.8 % 

-4.5 -3.0 -1.5 dB 

-7.5 -6.1 -4.5 dB 

-50 dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Timing (Refer toTiming Diagrams) 

Parallel Mode: 

TAL CS/Addr. setup before ALE Low 30 ns 

TLA CS/Addr. hold after ALE Low 10 ns 

TLC ALE Low to RDIWR Low 40 ns 

TCL RD/WR Control to ALE High 10 ns 

TRD Data out from RD Low 90 ns 

TLL ALE width 25 ns 

TRDF Data float after RD High 40 ns 

TRW RD width 70 ns 

TWW WR width 70 ns 

TOW Data setup before WR High 70 ns 

TWO Data hold after WR High 20 ns 

Serial Mode: 

TRCK Clock high after RD 250 T1 ns 

TAR Address setup before RD low 0 ns 

TRA Address hold after RD low 350 ns 

TRD RD to data valid 110 ns 

TRDF Data float after RD high 50 ns 

TCKDR Read data out after falling edge 300 ns 
of EXCLK 

TWW WR width 350 ns 

TAW Address setup before WR 50 ns 

TWA Address hold after rising edge of WR 50 ns 

TCKDW Write data hold after falling edge 200 ns 
of EXCLK 

TCKW WR high after falling edge of EXCLK 330 T1& T2 ns 

TDCK Data setup before falling edge 50 ns 
of EXCLK 

T1,T2 Minimum period 500 ns 

Note: T1 and T2 are the low/high periods, respectively, of EXCLK in serial mode. 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ ~ TLC .L TRW J TCl 

1m -'r -,-

WR" 

TlC J TWW J 
4-

TLA TRD TRDF ~D 
l TAL , J ~ ~ TOW '" 

ADO-AD7 ---K ADDRESS ~READDATA~ ADDRESS ~WRITEDATA~ 

cs -=1- -~- -~- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

M~ __ -+ ______________________________ -JI 

AO-A2 

DATA 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 -----+-------------------------------------+~ 

DATA 
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I 

APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series products 
are designed to be used in conjunction with a control 
processor, a UART or RS-232 serial data interface, 
and a OAA phone line interface to function as a typical 
intelligent modem. The K-Series ICs interface directly 
with Intel 8048 and 80C51 microprocessors for control 
and status monitoring purposes.Two typical OAA 
arrangements are shown: one for a split ±5 or ±12 
voR design and one for a single 5 volt design. These 
diagrams are for reference only and do not represent 
production-ready modem designs. 

RS232 
LEVEL 

CONVERTERS 

CA H>.j-:RT=S~ Pl.0 
CB Pl.l 

CC I-<J.+-=~ P1.2 
CD P1.3 

CFKl-~~ 

BA 
BB 
DA 
DO 
DB 

us. us 
MC145406 

ALE 
~ 

SSI 
K-SERIES 

LOW 
POWER 
FAMILY 

K-Series devices are available with two control inter­
face versions: one for a parallel multiplexed address/ 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039148 or 
8031/51 microcontrollers from Intel or many other 
manufacturers. The serial interface 22-pin version can 
be used with other microcontrollers or in applications 
where only a limited number of port lines are available 
or the application does not lend itself to a multiplexed 
address/data interface. The parallel versions may also 
be used in the serial mode, as explained in the data 
sheet pin description. 

In most applications the controllerwill monitor the serial 
data for commands from the OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

Cl 
390pF 

22K 

VRl ..r MOV 
V250L20 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 
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DIRECT ACCESS ARRANGEMENT (DAA) 

The telephone line interfaces show two examples of 
how the "hybrid" may be implemented. The split supply 
design (Figure 1) is a typical two op-amp hybrid. The 
receive op-amp serves two purposes. It supplies gain 
to amplify the receive signal to the proper level for the 
modem's detectors and demodulator, and it removes 
the transmitted signal from the receive signal present 
at the transformer. This is done by supplying a portion 
of the transmitted signal to the non-inverting input of 
the receive op-amp at the same amplitude as the signal 
appearing at the transformer, making the transmit 
signal common mode. 

The single-supply hybrid is more complex than the 
dual-supply version described above, but its use 
eliminates the need for a second power supply. This 
circuit (Figure 2) uses a bridged drive to allow undis­
torted signals to be sent with a single 5 volt supply. 
Because DTMF tones utilize a higher amplitude than 

C3 
O.I.,F 

Cl 
390pF 

R4 
37.4K 1% 

~I-------;~ 

C6 R7 
O.I.,F 20K 1% 

L@---1I-+-'\I\I~~>----1 

VOlTAGE 
REFERENCE 

HOOK >--_____ --1 

data, these signals will clip if a single-ended drive 
approach is used. The bridged driver uses an extra op­
amp (U1A) to invert the signal coming from the gain 
setting op-amp (U1 B) before sending it to the other leg 
of the transformer. Each op-amp then supplies half the 
drive signal to the transformer. The receive amplifier 
(U1 C) picks off its signal at the junction of the imped­
ance matching resistor and the transformer. Because 
the bottom leg of the transformer is being driven in one 
direction by U1A and the reSistor is driven in the 
opposite direction at the same time by U1 B, the junc­
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

Silicon Systems' 1-chip modem products include all 
basic modem functions. This makes these devices 
adaptable for use in a variety of applications, and as 
easy to control as conventional digital bus peripherals. 

* Note: Op-amp U1 
must be rated for 
single 5V operation. 
R10 & R11 values 
depend on Op-amp 
used. 

.SV 

VRI 
MOV 

V25a.20 

MID ~------------------~ 

FIGURE 2: Single 5V Hybrid Version 
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Unlike digital logic circuitry, modem designs must 
properly contend with precise frequency tolerances 
and very low level analog signals, to ensure acceptable 
performance. Using good analog circuit design prac­
tices will generally result in a sound design. Following 
are additional recommendations which should be 
taken into consideration when starting new designs. 

CRYSTAL OSCILLATOR 

The K-Series crystal oscillator requires a parallel mode 
(antiresonant) crystal which operates at 11.0592 MHz. 
It is important that this frequency be maintained to 
within ±0.01% accuracy. 

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree on the 
internal inverter circuit. The values used affect the 
accuracy and start up characteristics of the oscillator. 

LAYOUT CONSIDERATIONS 

Good analogldigital design rules must be used to control 
system noise in order to obtain highest performance in 
modem designs. The more digital circuitry present on 
the PC board, the more this attention to noise control is 
needed. The modem should be treated as a high imped­
ance analog device. A 22 IlF electrolytiC capacitor in 
parallel with a 0.221lF ceramic capacitor between VDD 
and GND is recommended. Liberal use of ground 
planes and larger traces on power and ground are also 
highly favored. High speed digital circuits tend to 
generate a significant amount of EMI (Electro-Magnetic 
Interference) which must be minimized in order to meet 
regulatory agency limitations. To accomplish this, high 
speed digital devices should be locally bypassed, and 
the telephone line interface and K-Series device should 
be located close to each other nearthe area of the board 
where the phone line connection is accessed. To avoid 
problems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-Series modem IC's should have both high 
frequency and low frequency bypassing as close to the 
package as possible. The ISET resistor and bypass 
capacitor need to be as close to device as possible. 

MODEM PERFORMANCE 
CHARACTERISTICS 

The curves presented here define modem IC perform­
ance under a variety of line conditions while inducing 
disturbances that are typical of those encountered 
during data transmission on public service telephone 
lines. Test data was taken using an AEA Electronics' 
"Autotest I" modem test set and line simulator, operat­
ing under computer control. All tests were run full­
duplex, using a Hayes 2400 Smartmodem™ as the 
reference modem. A 511 pseudo-random-bit pattern 
was used for each data point. Noise was C-message 
weighted and all signal-to-noise (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

SER VS. SIN 

This test measures the ability of the modem to operate 
over noisy lines with a minimum of data-transfer errors. 
Since some noise is generated in the best of dial-up 
lines, the modem must operate with the lowest SIN 
ratio possible. Better modem performance is indicated 
by test curves that are closest to the BER axis. A 
narrow spread between curves representing the four 
line parameters indicates minimal variation in perform­
ance while operating over a range of aberrant operat­
ing conditions. Typically, a modem will exhibit better 
BER-performance test curves receiving in the low 
band than in the high band. 

SER VS. Receive Level 

This test measures the dynamic range of the modem. 
Because signal levels vary widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Bell specification calls for 36 dB of dynamic 
range. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken atthe BER point, isthe measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

C\I Cl 
u.. 

8 ~ ~ ~ 
w 

F:! ....J Z a: 
< x x () C!l a: > 

C\I u. 4 2 32 31 30 
0 ...J .:; ~ 0 < UJ N/C 29 N/C 0 ~ ~ ...J Z x a: 
< () (!l a: > 

AD1 28 RESET 
4 3 2 28 27 26 

AD1 25 RESET AD2 27 ISET 

AD2 24 ISET AD3 26 RXCLK 

AD3 23 RXCLK AD4 25 RXD 

AD4 22 RXD AD5 24 TXD 

AD5 21 TXD AD6 23 CS" 

AD6 20 CS AD7 22 EXCLK 

AD7 19 EXClK N/C 21 N/C 

12 13 14 15 16 17 18 14 15 16 17 18 19 20 

UJ I~ I~ 0 < I~ ~ w 
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X X t- t-

28-Pin PLCC 32-Pin PLCC 

:s "" ~ 
tu 0 -' 

u u u u 0 u u II) u u u x ~ ~ 
(/) 

~ ~ !!l Z a: Z Z Z Z u Z ClK GND 

52 51 50 49 48 47 46 45 44 43 42 41 40 XTl1 RXA 
39 N!C 

38 INTB XTl2 VREF 

37 Nle ADO RESET GND 

36 TXA AD1 ISET 
N!C 35 N!C 

AD2 RXClK XTL1 RESET 
Nle 34 Nle 

AD3 RXD ISET 
GND 33 VDD 

32 Nle AD4 TXD RXCLK 

elK 31 N!C AD5 cs A1 RXD 

N!C 30 ROB AD6 EXClK TXD 

29 WRB AD7 TXClK EXCLK 
XTAL2 28 Nle 
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ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. 

SSI 73K324L with Serial Bus Interface 

22-Pin Plastic Dual-In-Line 73K324LS-IP 

SSI 73K324L with Parallell Bus Interface 

28-Pin Plastic Dual-In-Line 73K324L-IP 

28-Pin Plastic Leaded Chip Carrier 73K324L-281H 

32-Pin Plastic Leaded Chip Carrier 73K324L-321H 

44-Pin Plastic Leaded Chip Carrier 73K324L-IH 

52-Pin Quad Flat Pack Package 73K324L-IG 

64-Lead Thin Quad Flat Pack Package 73K324L-IGT 

N/C 

ISET 

NIC 

RXCLK 

N/C 

RXD 

N/C 

NIC 

TXD 

NIC 

cs 
EXCLK 

N/C 

NIC 

N/C 

N/C 

PKG.MARK 

73K324LS-IP 

73K324L-IP 

73K324L-281H 

73K324L-321H 

73K324L-IH 

73K324L-IG 

73K324L-IGT 

Preliminary Data: Indicates a product not complately released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

Protected by the following patents: (4,777,453) 
(4,789,995) (4,870,370) (4,847,868) (4,866,739) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The 551 7302240 is a set of two ICs that provide the 
data pump functions needed to design a high-perform­
ance, low-power 2400 bitls intelligent modem for use in 
dial-up telephone network applications. The 551 
7302240 consists of the 551 73K224L 1-chip mUlti­
mode modem along with the 551730600, a companion 
supervisory controller that provides a complete "AT" 
command and feature set compatible with industry 
standard products. 

The 551 7302240 includes operating modes compat­
ible with CCITT V.22bis, V.22, and V .21, as well as Bell 
212A and 103 data communications standards. Using 
advanced CM05 processes that integrate analog, 
digital signal processing and switched capacitor filter 
functions on the same chip, the 551 7302240 offers 
excellent performance, full modem features and the 
lowest power consumption available in a compact 2-
chip set. 

5517302240 
V.22bis 2400 Bitls 

Modem Device Set 

Oecember 1992 2 
FEATURES 

• Multl-modeV.22blsN.22N.21 & Bell 212A1103com­
patlble device set for Intelligent modem designs 

• 

• 

• 

• 
• 

• 

• 

Full duplex operation at 0-300, 1200 and 2400 bltls 
with all synch & asynch operating modes 

Includes high-level "AT" command Interpreter 
compatible with 2400 bitls Industry standard prod­
ucts 

SSI 73K600 Controller Compatible with other 
K-serles products 

Complete complement of "AT" modem features 

Selectable automatic speed detect, handshake and 
auto baud functions 

Supports external non-volatile memory to store 
user configurations 

Adaptive equalization for optimum performance 
over all lines 

(continued) • Dynamic range from -3 to -45 dBm (continued) 
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DESCRIPTION (continued) 

The SSI 7302240 can be used in free-standing and 
integral modem designs where full-duplex 2400 blt/s 
.operation is required. Single 5V supply operation with 
extremely low power draw make it ideal for battery 
powered terminals, lap-top PCs and other power sen­
sHive applications. 

FEATURES (continued) 

• Call progress, carrier and answer tone 
detectors provide Intelligent dialing functions 

• DTMF and CCITT guard tone generators 

• Test modes available • ALB, Dl, RDl for 
complete test capability 

• All CMOS technology for low power 
consumption « 600mW using ±5V) 

OPERATION 

The SSI 7302240 is a complete V.22bis intelligent 
modem contained in two CMOS ICs. The device set 
forms the basis for a high performance stand-alone 
modem product with self-contained command inter­
preter, indicator LEOs, and interface lines for an AS-
232 serial port. Both data and commands are passed 
over the serial port as in conventional intelligent mo­
dem designs. 

The SSI 7302240 provides the CAM, PSK and FSK 
modulator/demodulator functions, call progress and 
handshake tone monitors, test modes and a tone 
generator capable of producing DTMF, answer and 
cCln guard tones. This device supports the V.22bis, 
V.22, V.21 and Bell 212A1103 operating modes, both 
synchronous and asynchronous. The SSI 7302240 is 
designed to provide functions needed for an intelligent 
modem and includes auto-diaVauto-answer, hand­
shake with auto-fallback, and selectable pulse or 
OTMF dialing sequences to simplify these deSigns. 

The SSI 7302240 consists of two devices. The 
551 73K224l is an analog processor and OSP that 
perform the filtering, timing adjustment, level detection 
and modulation/demodulation functions. The 
551 73D600 is a command processor that provides 
supervisory control and command interpretation. The 
551 73D600 is also compatible with the 551 73K212, 
221 and 222 K-series modem ICs. 

2-2 

QAM MODULATOR/DEMODULATOR 

The SSI 7302240 scrambles and encodes the 
2400 bitls incoming data into quad bits represented by 
16 possible signal points as specified by cCln recom­
mendation V.22 bis. The modulator transmits this en­
coded data using either a 1200 Hz (originate mode) or 
2400 Hz (answer mode) carrier. The demOdu!ator 
reverses this procedure and recovers a data clock from 
the incoming signal. Adaptive equalization corrects for 
different line conditions by automatically changing filter 
parameters to compensate for line characteristics. 

DPSK MODULATOR/DEMODULATOR 

In OPSK mode the 551 7302240 modulates the 1200 
biVs incoming data using a subset of the CAM signal 
points as specified by CCITT recommendation 
V.22bis, V.22 and Bell 212A. The OPSK demodulator 
is similar to the CAM demodulator. 

FSK MODULATOR/DEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to repre­
sent the binary data. The Bell 103 standard frequen­
cies of 1270 and 1070 Hz (originate mark and space) 
and 2225 and 2025 Hz (answer mark and space) or the 
V.21 standard frequencies of 980 and 1180 Hz (origi­
nate mark and space) and 1650 and 1850 Hz (answer 
mark and space) are used when this mode is selected. 
Demodulation involves detecting the received fre­
quencies and decoding them into the appropriate bi­
nary value. 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplit filter is included to shape the amplitude and 
phase response of the transmit signal to a square root 
75% raised cosine and provide rejection of out-of-band 
signals in the receive channel. 

ASYNCHRONOUS MODES 

The character asynchronous modes are used for com­
munication between asynchronous terminals which 
may vary the data rate from +1.5% to -2.3%. When 
transmitting in this mode the serial data on the TXD 
input is passed through a rate converter which inserts 
or deletes stop bits in the serial bit stream in order to 
output the data within 0.01 %. The signal is routed to a 
data scrambler (following the cCln V.22bis algo­
rithm) and into the modulator. The 7302240 recog­
nizes a break signal and handles it in accordance with 
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specifications. Received data is processed in a similar 
fashion except that the rate converter now acts to 
reinsert any deleted stop bits. An incoming break signal 
will be passed through without incorrectly inserting a 
stop bit. 

SYNCHRONOUS MODES 

5ynchronous operation is possible only with the QAM 
or OP5K modes. Operation is similar to that of the 
asynchronous mode exceptthat data must be synchro­
nized to a provided clock and no variation in data 
transfer rate is allowable. External synchronous mode 
is provided for a user supplied clock accurate to 
±0.01%. 5erial input data appearing at TXO must be 
valid on the rising edge of TXCLK. Receive data at the 
RXO output is clocked out on the rising edge of RXCLK. 
The async/synch converter is bypassed when syn­
chronous mode is selected and data is transmitted out 
at the same rate as is input. The RXCLK, TXCLK and 
EXCLK are for synchronous modes only. 

AUTOMATIC HANDSHAKE 

The 551 7302240 will automatically perform a com­
plete handshake as defined by the V.22bis, V.22 and 
Bell 212A1103 standards to connect with a remote 
modem. The 5517302240 automatically determines 
the speed and operating mode and adjusts its opera­
tion to correspond to that of an answering modem 
when originating a call. 

TEST MODES 

The 551 7302240 allows use of Analog Loopback, 
Oigital Loopback and Remote Oigital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the appropriate control commands, or remotely 
using the ROL function. 
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ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN 

The 551 7302240 uses adaptive equalization which 
automatically compensates for varying line character­
istics by adjusting taps on a multi-tap FIR filter. Opti­
mum performance is obtained with this technique over 
a wide range of line conditions. When the line quality 
deteriorates to a specified level the 5517302240 can 
automatically initiate a retrain of the equalizer to re­
establish data communications without the need to go 
through a complete handshake sequence. 

"AT" COMMAND INTERPRETER 

The 5517302240 includes an AT command interpreter 
which is compatible with the Hayes 2400 5mart­
modem™ command set. Functions and features in­
cluded with intelligent modems are provided by the 551 
73D2240 command interpreter. The 551 730600 con­
troller may also be used with the 551 73K212, K221 , 
and K222. It will function with these parts in the modes 
supported by the device. It will still support the Hayes 
5martmodem™ 2400 commands even though opera­
tion at 2400 bitls will not be permitted. The controller 
reads the device signature ofthe modem Ie installed to 
determine which modes should be allowed. 

NON-VOLATILE MEMORY 

The 5S1 73D2240 supports connection to an external 
non-volatile memory (National 9346 or equivalent) to 
store dial strings and the current AT command configu­
ration. If NOV RAM is not present, the factory default 
configuration is automatically used, but dial string 
storage is not permitted. 

I 
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SPEED/PROTOCOL COMPATIBILITY GUIDE 

calling a: 300 

Bell 300 (103) 300 

1200 (212) 300 

24001 (224) 300 

cCln 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

called from a: 300 

Bell 300 (103) 300 

1200 (212) 300 

2400 (224) 300 

cCln 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

7302240 originating as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

7302240 answering as: 

Bell CCITT 

1200 300 1200 

300 - -

1200 - 1200 

1200 - 1200 

- 300 -

1200 - 1200 

1200 - 1200 

1 A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks. 
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"AT' COMMANDS SUPPORTED 
(Note: s=string; n=decimal, 0-255; x=Boolean, 0/1=false/true) 

COMMAND OPTIONS 

N Repeats last command line 

A Answer 

Bx BELUCCITT = 1/0 answer tone @1200 (N/A@2400) 

DS=n Dial string specified by n, n = 0-3 

Ex Command echo, 0/1 = off/on 

Hn Hook status, 0/1 = on/off 

In ID code, 0/1/2 (see Table 8) 

Ln Speaker volume, (0)1/213 = lolmed/hi 

Mn Speaker, 011/213 = control (see Table 3) 

On Online, 0/1/213 = onlinelretrain/no retrain (see Table 4) 

P Pulse dial 

Qx Quiet result, 0/1 = 1-quiet 

R Reverse originate 

Sn=n Set S register (see Table 2) 

Sn? Return value in register n (see Table 2) 

T Touch tone dial 

Vx Verbose result, 0/1 = offlon 

Xn Result code, 011/213/4 (see Table 1) 

Yx Enable long space disconnect, 1 = enable 

ZX Restore from Non-Volatile Memory, x = 0 or 1 

&Cx Carrier detect override, 0/1 = on/normal 

&Dn DTR mode, 0/1/213 (see Table 5) 

&F Restore to factory configuration 

&Gn CCITI guard tone, 011/2 = off/1800/550 

&Jx Auxiliary relay control 

&Mn AsynclSync mode, 0/112/3 (see Table 6) 
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DEFAULT 

N/A 

N/A 

1 

n=O 

1 

N/A 

N/A 

2 

1 

N/A 

Pulse 

0 

N/A 

N/A 

N/A 

Pulse 

1 

4 

0 

N/A 

0 

0 

N/A 

0 

0 

0 

• 
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.. AT" COMMANDS SUPPORTED (continued) 

COMMAND OPTIONS 

&Px Pulse dial mode, 0/1 =U.S./U.K. 

&Ox Sameas&M 

&Rx Enable RTS/CTS 

&Sx DSR override, 0/1 =U.S./U.K. 

&Tn Test mode (see Table 7) 

&V View active configuration and user profiles 

&Wx Write current configuration to NVRAM x = 0 or 1 

&Xn Sync Tx clock mode, 0/1/2=int/extlslave 

&Yx Designate default user profile ZO or Z1 

&Zn=s Store a telephone number n = 0-3 

Factory configuration1: 

DEFAULT 

0 

N/A 

0 

0 

N/A 

N/A 

0 

0 

N/A 

N/A 

B1 E1 F1 L2 M1 P 00 V1 X4 YO &CO &DO &GO &JO &MO &PO &RO &SO &T4 &XO 

Dial string arguments: 
, = delay @ = silent answer ! = flash 
; = return to command s = dial stored number W = wait for tone R=reverse mode 

TABLE 1: ResuH Codes 

Xn VOCAL/NUMERIC RESULT CODE 

XO OKlO, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONE/6 

X3 All functions of X1 + BUSY/? 

X4 All functions of X3 + NO DIAL TONEl6 

TABLE 2: S Registers Supported 

Sn FUNCTION UNITS DEFAULT 

S02 Answer on ring No. of rings 000 

S1 Ring counter No. of rings up to 8 000 

S2 Escape code ASCII CHR$() 043 

S3 Carriage return ASCII CHR$() 013 

1 If the NOVRAM has not been initialized it may be necessary to Power down/Power up and type AT&F& W<cr> 
to properly initialize modem state. 

2 Stored in NVRAM with & W command 
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TABLE 2: S Registers Supported (continued) 

NUMBER FUNCTION 

S4 Line feed 

S5 Back space 

S6 Wait for dial tone 

S7 Wait for carrier 

S8 Pause time 

S9 Carrier valid 

S10 Carrier drop out 

S11 DTMF tone duration 

S12 Escape guard time 

S13 Unused 

·S142 Bit mapped register 

S15 Unused 

S16 Test register 

S18 Test timer 

S19 Unused 

S20 Unused 

·S21 2 Bit mapped register 

·S222 Bit mapped register 

·S232 Bit mapped register 

S24 Unused 

S252 DTR delay 

S262 CTSdelay 

·S272 Bit mapped register 

UNITS 

ASCII CHR$() 

ASCII CHR$() 

Seconds 

Seconds 

Seconds 

100 milliseconds 

100 milliseconds 

1 millisecond 

20 milliseconds 

Decimal 0-255 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseconds 

10 milliseconds 

Decimal 0-255 

5517302240 
V.22bis 2400 Bitls 

Modem Device Set 

DEFAULT 

010 

008 

002 

030 

002 

006 

014 

070 

050 

N/A 

170 

N/A 

000 

000 

N/A 

N/A 

000 

118 

007 

N/A 

005 

001 

064 

* The bit mapped register functions are equivalent to normal "AT" command modem registers. They are 110t 
needed for evaluation of the 7302240 capabilities. 

Asynchronous character formats supported: 
[Number of data bits, parity (even/odd/none), number of stop bits] 

1200/2400 bitls: 7N2, 7E1, 701, 8N1 300 bitls: 7N2, 7E1, 701, 8N1 

2 Stored in NVRAM with &W command 
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TABLE 3: Speaker Modes 

Mn SPEAKER MODE 

MO Speaker off 

M1 Speaker on during connect only 

M2 Speaker on always 

M3 Speaker on during call progress 

TABLE 4: 0 Modes 

On ONLINE/RETRAIN MODE 

00 Return online 

01 Return online with retrain 

02 Enable automatic retrain (default) 

03 Disable automatic retrain 

TABLE 5: DTR Modes 

&Dn DTR MODE 

&DO Ignore DTR 

&D1 Go to command state if ON to OFF 
detected 

&D2 Go to command state and disable auto-
answer if ON to OFF detected 

&D3 Initialize modem with NVRAM if ON to 
OFF detected 

2-8 

TABLE 6: Synchronous Modes 

&Mn SYNCHRONOUS MOD~ 

&MO Asynchronous 

&M1 Sync mode entered upon completion of 
connect sequence 

&M2 Dial stored number on OFF to ON tran-
sition of DTR and go online 

&M3 Manual dial using DTR as talk data 
switch 

TABLE 7: Test Modes 

&Tn TEST MODE 

&TO End/Abort test 

&T1 Initiate local analog loopback (L3) 

&T3 Initiate local digital loop back 

&T4 Permit remote digitalloopback (L2) 

&T5 Prohibit remote digitalloopback 

&T6 Initiate remote digitalloopback (L2) 

&T7 Initiate RDL with self-test and error 
detector 

&T8 Initiate ALB with self-test and error 
detector 

TABLE 8: 10 COdes 

In CODE 

10 Product code (249) 

11 ROM checksum 

12 Checksum test 

13 Product revision 

14 Software copyright 



-I 

10\ 
I 

HARDWARE INTERFACE 

POWER SUPPLIES AND CLOCKS 

LABEL 1/0 PIN CONNECTION 
73K224L 730600 

VDD I 15 40 
GND I 28 
GND I 28 

X1 I 19 
ClK 0 1 
RST I 25 9 

DAAINTERFACE 

RxA I 27 
TxA 0 16 
VC1 0 6 
VC2 0 4 

RINGO I 12 
OH 0 1 
AUX 0 21 

RS-232N.24 INTERFACE 

RI 0 22 
AS 0 23 
TXD I 21 10 
RXD 0 22 11 
OeD 0 3 
DSR 0 24 

EXClK I 19 
RXCLK 0 23 
TXClK 0 18 
eTS 0 8 
RTS I 2 
DTR I 7 
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DESCRIPTION 

Positive supply (+5V) 
System ground 
Digital ground 
Clock input 11.0592 MHz 

Clock output 11.0592 MHz 

Reset (10 J.LF & 8.2k) 

Receive analog from OM 
Transmit analog to OM 

Audio volume control 
Audio volume control 
From ring indicator 
Off hook relay control 
Auxiliary relay control 

Ring indicator output 
Indicates high speed 
Digital data from terminal 

Digital receive data 
Data carrier detect 
Data set ready 
External Tx sync clock input 

Receive clock ouptut 
Transmit clock output 
Clear to send 
R~uest to send 
Indicates DTE available 

• 
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HARDWARE INTERFACE (continued) 

LED DISPLAY SIGNAL SOURCE 

PIN CONNECTION 

LABEL 1/0 730600 

TR LED 28 

SO LED 11 

RD LED 10 

CD LED 25 

HS LED 23 

MR LED 27 

AA LED 26 

OH LED 1 

NVRAMINTERFACE73D&OO 

NVCE 0 15 

NVRM 1/0 14 

NVSK 0 5 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 73K224L 

730600 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

DESCRIPTION 

Data terminal ready (Active Low) 

Transmit data (Mark = High) 

Receive data (Mark = High) 

Data carrier detect (Active Low) 

High speed indicator (Active Low) 

Modem readyltest in progress (Active Low) 

Auto answer indicator (Active Low) 

Off hook indicator (Active Low) 

NVCE 

NVRM 

NVSK 

RATING UNIT 

7 V 

7 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD+0.3 V 

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.1 IlF 

Bias setting resistor (Placed between VDD 
and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass capacitor (ISET pin to GND) 0.1 IlF 

VDD Bypass capacitor 1 (VDDto GND) 0.1 IlF 

VDD Bypass capacitor 2 (VDDto GND) 22 IlF 
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RECOMMENDED OPERATING CONDITIONS (continued) 

PARAMETER CONDITIONS 

External Components - 730600 

VDD Bypass capacitor VOOtoGNO 

XTl1, 2 load Capacitors Typical, depends on crystal 

Clock Variation (11.0592 MHz) Crystal or 
external clock 

TA, Operating Free-Air 
Temperature 

DC ELECTRICAL CHARACTERISTICS 

MIN 

1 

15 

-0.01 

0 

SSI73D2240 
V.22bis 2400 Bills 

Modem Device Set 

NOM MAX UNITS 

~F 

40 pF 

+0.01 % 

55 °C 

(TA = -40°C to +85°C, VOO = recommended range unless otherwise noted.) 

VDD Supply Voltage 

730600, 73K224l 4.75 5 5.5 V 

100 Supply Current ClK = 11.0592 MHz 

73K224l ISET Resistor = 2 MO 

1001, Active 25 30 mA 

1002, Idle ClK = 11.0592 MHz 3 5 mA 

730600 

1001, Active 16 mA 

1002, Idle 3.7 mA 

Digital Inputs 73K224l 

Vll, Input low Voltage 0.8 V 

VIH, Input High Voltage 

All Inputs except Reset 2.0 VOO V 
XTl1,XTl2 

Reset, XTL 1, XTL2 3.0 VOO V 

IIH, Input High Current VI= VIH MAX 100 J.1A 
ilL, Input Low Current VI=VILMIN -200 J.1A 
Reset Pull-down Current Reset = VOO 5 50 J.1A 

Digital Outputs 73K224l 

VOH, Output High Voltage 10= 10H Min 2.4 VOO V 
lOUT = -0.4 mA 

VOL, Output Low Voltage 10 = lOUT = 1.6 mA 0.4 V 

VOL, CLK Output IOUT=3.6mA 0.6 V 

RXO Tri-State Pull-up Curro RXO=GNO -5 -50 J.1A 
capacitance 73K224l 

Inputs Input capacitance, all Oigitallnput 10 pF 
pins 

CLK Maximum Capacitive Load 15 pF 
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DC ELECTRICAL CHARACTERISTICS (continued) 

PARAMETER CONDITIONS 

Digital Inputs 73D600 

VIL, Input Low Voltage 

VIH, Input High Voltage 

Reset, X1 

All Other Pins 

ilL, Low Input Current Yin = 0.45 V 

ITL, Logic 1 to 0 
Transition Current Yin = 2.0V 

Digital Outputs 73D600 

VOH Output High Voltage 

All Ports 
Except ALE, ADO-7 IOH = -80 /lA 
ADO-7, ALE IOH = -400 /lA 

VOL Output Low Voltage 

All Ports 
Except ALE, ADO-7 IOL= 1.6 rnA 

ADO-7, ALE IOL=3.2 rnA 

Reset Pull Down Resistor 

DYNAMIC CHARACTERISTICS AND TIMING 

MIN 

0 

.7VDD 

.2VDD 
+.9 

2.4 

2.4 

40 

(TA = -40°C to +85°C, VDO = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN 

QAM/DPSK Modulator 

Carrier Suppression Measured at TXA 35 

Output Amplitude TX scrambled marks -11.5 

FSK Modulator 

Output FreQ. Error CLK = 11.0592 MHz -0.31 

Transmit Level Transmit Dotting Pattern -11.5 

Output Distortion All products through BPF 

Sum of Output Bias Transmit Dotting Pattern -20 
Distortion and Output Jitter in ALB @ RXD Bell 103 Originate 

2100 Hz Answer Tone Generator 

Output Amplitude -11.5 

Output Distortion All products though BPF 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

NOM MAX 

.2VDD-.1 

VDD 

VDD 

-50 

-500 

0.45 

0.45 

125 

NOM MAX 

-10.0 -9 

+.20 

-10.0 -9 

-45 

+20 

-10 -9 

-40 

Refer to the Basic Box Modem diagram in the Applications section for the OM design. 
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UNITS 

V 

V 

V 

/lA 

/lA 

V 

V 

V 

kQ 

UNITS 

dB 

dBmO 

% 

dBmO 

dB 

% 

dBmO 

dB 

! 

I 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 

PARAMETERS CONDITIONS 

DTMF Generator 

Freq. Accuracy 

Output Amplitude 

Output Amplitude 

Twist High-Band to Low-Band 

Receiver Dynamic Range Refer to Performance Curves 

call Progress Detector In Call Init mode 

Detect Level 460 Hz test signal 

Reject Level 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

. carrier Detect 

Threshold FSK receive data 

Threshold QAMIDPSK receive data 

Hysteresis All Modes 

DPSK -70 dBmO to -6 dBmO 

-70 dBmO to -40 dBmO 
Delay Time 

QAM -70 dBmO to -60 dBmO 

-70 dBmO to -40 dBmO 

DPSK -6 dBmO to -70 dBmO 

Hold Time 
-40 dBmO to -70 dBmO 

QAM -6 dBmO to -70 dBmO 

-40 dBmO to -70 dBmO 

Answer Tone Detectors Caliinit Mode 

Detect Level 

Detect Time For Signals from 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 

Detect Time Demod Mode for Signals from 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 
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MIN 

0.03 

-10 

-8 

1.0 

-43 

-34 

2 

-51 

-49 

2 

15 

15 

25 

25 

15 

10 

44 

21 

-56 

7 

10 

4 

11 
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NOM MAX UNITS 

+0.25 % 

-8 dBmO 

-6 dBmO 

2.0 3.0 dB 

-3 dBmO 

0 dBmO 

-50 dBmO 

25 ms 

25 ms 

dB 

-40 dBmO 

-43 dBmO 

dB 

20 25 ms 

20 25 ms 

30 35 ms 

33 41 ms 

22 28 ms 

15 20 ms 

60 66 ms 

26 31 ms 

-45 dBmO 

40 ms 

50 ms 

26 ms 

43 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 

PARAMETERS CONDITIONS 

Pattern Detectors DPSKMode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 

Hold Time Demod Mode 

Unscrambled Mark 

Delay Time For signals from -6 to -40 dBmO, 

Hold Time Demod or call Init Mode 

Receive Level Indicator 

Detect On 

Valid after Carrier Detect 

Output Smoothing Filter 

Output Impedance TXA pin 

Output load TXA pin; FSK Single 

Tone out for THD = -50 dB 
in 0.3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off 

Energy 10kHz, Guard Tones off 

12 kHz, Guard Tones off 

Anti Alias Low Pass Filter (Frequency kHz) 

Out of Band Signal Energy Level at RXA pin with receive 
(Defines Hybrid Trans- Boost Enabled 

Hybrid loss requirements) Scrambled data at 2400 bitls 
in opposite band 

Sinusoids out of band 

Clock NOise TXA pin; 153.6 kHz 

73K224L 

carrier Offset 

Capture Range Originate or Answer 
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MIN NOM MAX UNITS 

5 65 ms 

4 45 ms 

5 45 ms 

5 45 ms 

-21 dBmO 

10 ms 

200 300 n 

10 kn 

50 pF 

-35 dBmO 

-55 dBmO 

-65 dBmO 

-14 dBm 

-9 dBm 

1.5 mVrms 

±7 ±10 Hz 



DYNAMIC CHARACTERISTICS AND TIMING (continued) 

PARAMETERS CONDITIONS 

Recovered Clock 

Capture Range % of frequency originate or 
answer 

Guard Tone Generator 

Tone Iv:;cu racy 550 Hz 

1800 Hz 

Tone level 550 Hz 

(Below QAM/DPSK 1800 Hz 
Output) 

Harmonic Distortion 550 Hz 

(700 to 2900 Hz) 1800 Hz 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE 

TlA CS/Addr. Hold after latch 

TlC latch to RD/WR control 

TCl RD/WR Control to latch 
TRD Data out from RD 

Tll ALE width 

TRDF Data float after READ 

TRW READ width 

TWW WRITE width 

TDW Data setup before WRITE 

TWO Data hold after WRITE 

1 : Control for setup is the falling edge of RD or WR. 

Control for hold is the falling edge of RD or the rising edge of WR. 

[...n41 

MIN 

-.02 

-0.7 

-5.0 

-8.0 

30 

20 

40 

0 

0 

50 

0 

171 

140 

150 

20 

SSI73D2240 
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NOM MAX UNITS 

+.02 % 

+1.18 % 

-3.0 -2.0 dB 

-6.0 -5.0 dB 

-60 dB 

-60 dB 

ns 

ns 

ns 

ns 

160 ns 

ns 

5 ns 

25000 ns 

25000 ns 

ns 

ns 

ALE ~ _____ ~ ______ _ 

ADO-AD? --+ 

cs ---=i'------Lj--J-__ ---p----~-----I.-{+---__ 

FIGURE 1: Bus Timing Diagram (Parallel Version) 
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PERFORMANCE DATA 
(This performance data was taken using an AEA tester and the 73D2402 MEU board.) 

TYPICAL BER PERFORMANCE 
(-2OdBm receive level 1 0-5 BER) 

PARAMETER - RECEIVE BAND C-WEIGHTED 

2400 biVs Originate 

2400 biVs Answer 

1200 biVs Originate 

1200 biVs Answer 

0-300 biVs Originate 

0-300 biVs Answer 

MINIMUM SNR REQUIRED 

17 dB SNR 

18.5 dB SNR 

8.0 dBSNR 

8.5 dBSNR 

8.0 dB SNR 

8.0 dB SNR 
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~~! ----------------------------------------------------

I 

SSI 73K224L BER vs CARRIER OFFSET SSI 73K224L BER vs SIN 
PREUMINARY PREUMINARY 

10.2 10.2 

I .\ I 

I HIGH BAND RECEIVE t ~ I HIGH BAND RECEIVE t I -30dBm ~ I ·30dBm 
QAM OPERATION DPSK OPERATION 

2400BITIS 1200 BIT/S 

10-3 10.3 ~ 
• 

\\ 

\\ Cl 

W W ~~ 
'L..J 

~ ~ 
~ 10'" 

a: ~\ 0 10'" a: a: a: w w 
l- I-
iii iii 

~ C217dB SIN 
I 3002 17 dB SIN I 

\ 
, 

~ 10-5 10.5 

'\. n.. ""'" 1 C2, 3002 or FLAT I .. --
i\ 

10~ 10~ 
-12 -8 -4 0 4 8 12 4 6 8 10 12 14 16 

SIGNAl. TO NOISE (dB) SIGNAl. TO NOISE (dB) 

SSI 73K224L BER vs SIN SSI 73K224L BER vs QAM 
PREUMINARY 

10-2 10.2 

\ I 

\\ I LOW BAND RECEIVE t \\ I HIGH BAND (HBl AND t 
\1\ I -30dBm \\ I LOW BAND (LB) 

DPSK OPERATION RECEIVE AT 
1200 BITIS ·30dBm 

10-3 \\ 10.3 
\~ 

.. ~ \ 

\1\ 
rt-C~ 

\\ 
w \ ,;'" 

~ \\ ~ 
5 10'" 1\ \ 5 10'" 

\1\ 
a: a: a: \ a: 1\ \ w 

_\ \ 
w 

\ t: t: 
HB, Cl, FLAT i-IX! 

\ 
IX! 

'l~ C2, 3002 or FLAT -I LB, C2, FLAT 
V 

U ~" 
~ 

I'-. ~\ I I 
10-5 10.5 J HB, C2, 3002 J 

~ - 1~J· 
II 

\ ~ ~~ 
\1\ ~1"" ~ ~ 

10~ 1\ \ 10~ TT 
4 6 8 10 12 14 16 10 12 14 16 18 20 22 

SIGNAL TO NOISE (dB) SIGNAl. TO NOISE (dB) 
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USER INTERFACE 

TXCLK 

EXCLK: 

RXCLK 
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FIGURE 2: 551 7302240 Box Modem Block Diagram 
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FIGURE 3: SSI 7302240 Hybrid 

RS 
5.11K 1% 

R9 
4751% 

• 

t--

3:< 0-
a.N 
CDN 
3g:t/) 

flit/) 
C N -
CD~-..J 
<OW 
C:;" 0 C 
CDaJN 
t/) -" N 
CDc:!:S ..... fII 



+7V +5V U6 

I\) 

~ 

p~ y -~OO VCC ~ 
~ ~ 1 RXl DOl ~1!5=============-____ ~~~ ________________________________ ~ 

n. '-' 14 I ! TXl 011 ~ 14 TXO ~ ~ 2 RX2 D02 13 RXO 

n.-:.. 15 5 TX2 012 ~12L==::::B[![-;;:"~"?K=-----+-t--------------============:j 1frn ~ () 3 6 RX3 D03 pb.j:1Q.l ====~R~1~9 ~Vy-.J:2:!!K~ ___ +-/ ____________ ================:j 
n. '-' 16 ~ TX3 013 t~l~O ==-:sr-:,--+-----Jr-+----;-;;v-:-;:;;:.==================~ 
'-' () 4 ~ VSS GNO~ Sy I +5V +5V 
() 17 -~7V' MCl45406 I ~ o---J ., 
'-'(). 5 -
~ ~ 18 +7V U7 +5V !> !> 

r2- 1: .L....J- VOO VCC ~ 10K >- 10K 

(). '- 7 ----4- RXl DOl ~ 
() '-' 20" 3 TXl 011 14 '-'n. 8 I ----t RX2 D02~t!13t=~--------l-+--~-+------------J 
~ ~1 6 TX2 012 t-j~2tl =======-----jr-+--~-+-------------------<. 

0-

9 7 RX3 D03 Po ~ TXClK 

n. T 8 TX3 013
10 ~ 

'-' 0- 10 ~ VSS GNO f..-.L-, ~ () W -7V MCl45406 I --::!::- +"{" • U9 +5V 

~J! I - ~ VOO VCC~ 
o-~ -a RXl DOl ~ 
~5 4 TXl 011 ~: m 
'-',,- 13 ~ RX2 D02~ ~ +5V ~ TX2 012 r-:;-12:=-__ ...... ---t 

NECTOR OB25 --t RX3 D03 H-1:---
-L- R30 09.J.J ~ TX3 013 ~ 

_ ~I)Ir)lr ~ VSS GNO r---L--, 
3.3K "-1 OH 1 -7V MCl45406 I ~ ~ -
~! 1 ~,jIjI USA 'L 1 

3.3K O~ TO ~8B 3 G~2---l-~ 
R12 ~,"" 6 4 74HCT86 

~!: ~:jIjI RO ~4HCT861L 
5 

-

3.3K "" HS U8S,.- 9 

R14 OS ~~ 8 
~')IP')IP' 10 

3.3K ,.-, CO I 74HCT86 

R15 O~I"jI -==-
3.3K "-1 AA l '-_ .... .:_-_-_-_-_-_-_-_-.:_-_-_-_-_-_-_-_-_-.:_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-.:_-.J-< 
R16 03 . ..J..J COLEO 

~I)IP')IP' AALEO 

3.3K -,.r MR MRLEO 

R17 O~ljlJf I TRLEO 

COl 

3.3K "" TR 
R18 01 . ..J.J 

A ,A 111..1)"')'" 
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PIN DIAGRAMS 
(TOP VIEW) 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73D2240 Dual In-Line Package 

28-pin Plastic DIP 

40-pin Plastic DIP 

SSI73D2240 Surface Mount Package 

28-pin Plastic Leaded Chip Carrier 

32-pin Plastic Leaded Chip Carrier 

44-pin Plastic Leaded Chip Carrier 

52-Lead Quad Fine Pitch Package 

4O-Pln DIP 

64-Lead Thin Quad Flat Pack Package 
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I~ I~ ~x ~~1~1a:1~1~18 

44-Pin PLCC 

ORDER NO. PKG.MARK 

SSI 73D2240-IP 

73K224L-IP 

73D600A-IP 

SSI 73D2240-IH 

73K224L-281H 

73K224L-321H 

73D600C-IH 

73K224L-IG 

73K224-IGT 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Copyright Notice: 

The software contained within certain components of the Silicon Systems, Inc. SSI 7302240 is copyright protected and may only be used in 
conjunction with the SSI 7302240 product as supplied by Silicon Systems, Inc. No license to reproduce this software is granted or implied. 
This material may not be reproduced in any form without the express written permission of Silicon Systems, Inc. © Copyright 1989. All rights 
reserved. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

Protected by the following patents: 
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AA 

(4,n7,453) (4,789,995) (4,870,370) (4,847,868) (4,866,739) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 73D2247 Chip Set consists of two CMOS 
integrated circuits which provide the data pump and 
protocol functions required to implement a high per­
formance 2400 bitls modem with error control and data 
compression. The basic modem function is provided 
by the SSI 73K224L modem chip and is compatible 
with CCITT V.21, V.22, V.22bis and 8ell1 03 and 212A 
protocols. The error control functions are provided by 
modular software running inthe SS173D630 controller. 
Modules are available for MNP4, and V.42. Compres­
sion software modules can be' can be added to the 
controller; MNP5 and V.42bis are available. Provi­
sions for customization of the Command Set are pro­
vided, forming the basis for an International Modem. 

5S17302247 
MNP5, V.42bis Datacom 

Modem Device Set 

January 1993 

FEATURES 

• Combines Modem and Protocol Controller 

• Supports 0 - 300, 1200 and 2400 bit/s with both 
Sync and Async Modes 

• Modular Software Design Allows Customizatlon 

• Modem Protocols: 

Bell 103, 212A 

CCITT V.22, V.22bis 

• Error Control/Compression Protocols Avail­

able: MNP4, MNP5, CCITT V.42, V.42bis 

• Supports Non-volatile Memory to Store User 

Configurations and Phone Number Blacklists 

• CMOS Design for Low Power Consumption 

MNP5, V.42bis Datacom 
Modem Device Set 

0193 - rev. 2-25 
CAUTION: Use handling procedures necessary 

for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 7302247 chip set forms the basis for an 
international modem design incorporating the most 
advanced error control and compression algorithms. 
The set consists of two chips, the SSI73K224L modem 
and the 730630 controller. Customization of the con­
troller is one of the features of this chip set; software 
modules allow the modem vendorto provide a range of 
features from a standard hardware platform. 

The 73K224L provides the QAM, PSK and FSK modu­
lator and demodulator functions, call progress and 
handshake tone monitors, test modes and a tone 
generator capable of producing DTMF, answer and 
CCITI guardtones. This single-chip modem supports 
the V.22bis, V.22, V.21 and Be1l103/212A operating 
protocols in both sync and async modes. Low level 
functions of the controller provide for automatic detec­
tion of DTE speed, autO-dial, auto-answer, handshake 
with fallback and call progress detection. 

A coded version of the 73K224L modem chip is used 
with the 7302247 chip set firmware provided by Silicon 
Systems. Different versions of the controller code can 
be generated by the modem manufacturer, with "AT" 
commands only, MNP5 with 8K SRAM, and V.42bis 
with 32K SRAM as examples. 

The 73D630 controller handles both the low level 
modem functions as well as protocol negotiation and 
protocol operation. Software modules can be chosen 
to provide the desired protocols for product 
customization and differentiation. In addition, the "AT" 
command set source code will be available for those 
desiring to provide unique or country dependent 
features. 

QAM Modulator/Demodulator 

PSK Modulator/Demodulator 

FSK Modulator/Demodulator 

Passband Filters and Equalizers 

Adaptive Equalization with Retrain 

Basic capabilities of the modem are those found in the 
73K224L Single-Chip Modem and are listed in the 
separate 73K224L data sheet. 
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AUTOMATIC HANDSHAKE 

The 7302247 will automatically per(orm a complete 
handshake with a called or calling modem and enter 
the data transfer mode. After the link between the two 
modems has been established, the modems may 
remain in the normal data mode or negotiate a link 
which has error control and data compression. 
Commands are provided to inform the modem which 
action is appropriate. 

TEST MODES 

The 7302247 chip set has provisions for three test 
modes: analog loopback, digitalloopback and remote 
digital loopback. Analog loopback allows data to be 
sent into the local modem, have it modulated and then 
demodu lated and returned to the local terminal. Digital 
loopback requires the cooperation of the user at the 
remote end and allows data to be sent to the remote 
modem, demodulated, then remodulated and returned 
to the local end. Remote digital loopback allows the 
same capability, without the need for a remote opera­
tor; signals are sent to the remote modem which 
perform the switching task that a remote operator 
would have done. 

AT COMMAND INTERPRETER 

The SSI 7302247 includes an AT Command Inter­
preter which is a superset of the Hayes 2400 
Smartmodem™ command set. Common application 
software will be able to control the modem though this 
interpreter. Additional commands have been added to 
provide for control ofthe MN P and CCITI V.42 modes. 

NON-VOLATILE MEMORY 

Two modes of operation depend on the use of non­
volatile memory: end user configuration storage and 
telephone number blacklisting. Current hardware 
provides for a 2K byte memory of which about 400 
bytes are used for setup and telephone number 
storage. The remaining 1600 bytes are avaliable. 
Memory address space allocated to non-volatile RAM 
is 8K, so an expansion factor of 4 is available. 
Alternatively, the address space could be decoded for 
more hardware functionality. 
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PROTOCOLS 

Mlcrocom Networking Protocol (MNP) 

MNP4 is a protocol offering error control while MNP5 
offers data compression. Data to be transmitted is 
broken into blocks of varying sizes, depending on line 
conditions, and sent to the remote modem along with 
a 16-bit Cyclic Redundancy Check word. If the algo­
rithm used to derive the CRC word at the transmitter 
does not produce an identical word when exercised on 
the received data, a line error is assumed, and the 
block is repeated. Data compression is obtained by 
transmitting a short set of characters for a longer 
redundant set. At the receiver, the short string is 
replaced with the longer string that it represented, and 
the data stream is returned to its original state. 

CCITT V.42 and V.42bls 

The CCITT has ratified a set of protocols which operate 
in a manner similar to MNP. MNP4 corresponds to V.42 
while MNP5 corresponds with V.42bis. Greater effi­
ciency is offered, but the tradeoff is a larger memory 
space requirement. MNP5 requires an 8K buffer, while 
V.42bis requires 32K. Data files which show com­
pression ratios approaching 2:1 with MNP5 may show 
ratios of nearly 4:1 with V.42bis. 
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ADDITIONAL INFORMATION 

The SSI 7302247 Design Manual completely defines 
the AT commands, gives a description of the hardware 
and provides instructions for modifying the code for 
customization. Please contact your local Silicon Sys­
tems sales office or Silicon Systems headquarters in 
Tustin for a copy of the SSI 73D2247 Design Manual. 
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AT COMMAND SUMMARY 
Command Description 

AT command prefix - precedes command line 

<CR> carriage retum character - terminates command line 

A go into answer mode; attempt to go to on-line state 

AI re-execute previous command line; 
not preceded by AT nor followed by <CR> 

BO select CCITT V.22 standard for 1200 bitts communication 

81 select Bel1212A standard for 1200 bItIs communlcstlon 

o dial number that follows; attempt to go to on-line state, originate 
mode 

OS=n dial stored number in location "n° (0-3) 

EO Disable character echo in command state 

E1 Ena"" character echo In command state 

HO go on hook (hang up) 

H1 go off hook; operate auxiliary relay 

10 request product indentification code 

11 perform checksum on firmware ROM; return checksum 

12 perform checksum on firmware ROM; 
returns OK or ERROR result codes 

LO or L1 low speaker volume 

L2 medium speaker volume 

L3 

MO 

M1 

M2 

M3 

00 

01 

QO 

01 

Sr 

Sr? 

VO 

V1 

WO 

W1 

XO 

X1 

high speaker volume 

speaker off 

speaker on until carrier detected 

speaker always on 

speaker on until carrier detected, except during dialing 

go to on-line state 

go to on-line state and initiate equalizer retrain at 2400 bitts 

modMn returns rHult codH 

modem does not retum result codes 

set pointer to register "r" 

set register Or" to value "n° 

display value stored in register"r" 

display result codes in numeric form 

display ,"ult codes In vlll"bo#N form (as words) 

negotiation progress result codes not returned 

negotiation progress result codes returned 

enable features represented by result codes 0-4 

enable features represented by result codes 0-5, 10-12 

X2 enable features represented by result codes 0-6, 10-12 

X3 enable features represented by result codes 0-5, 7,10-12 
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Command Description 

X4 #HIlI"" _turH reprllSlHlted by rHult codes 0-7, 10-12 

YO dl .. ",. long spaCII disconnect 

Y1 enable long space disconnect 

ZO reset modem 

&CO a .. utrUI dar. CIII"Ifer always pr8SlHJt 

&C1 track presence of data carrier 

&00 Ignora OTR signal 

&01 assume command state when an on-to-off 
transition of OTR occurs 

&02 hang up and assume command state when an on-to-off 
transition of OTR occurs 

&03 reset when an on-to-off transition of OTR occurs 

&F recall factory settings as active configuration 

&GO no guard tona 

&G 1 550 Hz guard tone 

&G2 1800 Hz guard tone 

&K flow control method 

&MO asynchronous mode 

&M1 

&M2 

&M3 

&05 

&06 

&TO 

&T1 

&T3 

&T4 

&T5 

&T6 

&T7 

&T8 

&V 

&WO 

&XO 

&X1 

&X2 

&Zn-x 

synchronous mode 1 

synchronous mode 2 

synchronous mode 3 

error control mode 

automatic speed buffering (AS8) 

terminate test in progress 

initiate local analog loopback 

initiate local digitalloopback 

grant request from remote modem for ROL 

deny request from remote modem for ROL 

initiate remote digitalloopback 

initiate remote digitalloopback with self test 

Initiate local analog loopback with self test 

view active configuration, user profiles, and stored numbers 

save storable parameters of active configuration 

modem ptOVIdH transmit clock signal 

data terminal provides transmit ~ock signal 

receive carrier provides transmit clock signal 

store phone number "x" In location "nO (0-3) 
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Dial string arguments: 
,I: delay 
; = return to command 

@ • silent answer 
s = dial stored number-

SSI73D2247 
MNP5, V.42bis Datacom 

Modem Device Set 

I = flash 
W = wait for tone R=reverse mode 

If the Nov RAM has not been Initialized it may be necessary to Power down/Power up and type AT&F& W<Cf> 
to properly initialize modem state. 

TABLE 1: Result COdes 

Xn VERBOSEITERSE RESULT CODES 

XO OKlO, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEtS 

X3 All functions of X1 + BUSVn 

X4 All functions of X3 + NO DIAL TONEtS, NO ANSWER/8 

TABLE 2: S Registers Supported 

Sn FUNCTION UNITS DEFAULT 

S01 Answer on ring No. of rings on which to answer 0002 

S1 Ring counter No. of rings accumulated 000 

S2 Escape code ASCII CHR Decimal 0-127 043 

S3 Carriage return ASCII CHR Decimal 0-127 013 

S4 Line feed ASCII CHR Decimal 0-127 010 

S5 Back space ASCII CHR 008 

SS Wait for dial tone Seconds 002 

S7 Wait for carrier Seconds 030 

S8 Pause time Seconds 002 

S9 Carrier valid 100 milliseconds (0.1 sec) 006 

S10 Carrier drop out 100 milliseconds (0.1 sec) 014 

S11 DTMF tone duration 1 millisecond (0.001 sec) 070 

S12 Escape guard time 20 milliseconds (0.05 sec) 050 

S13 Unused N/A 

·S141 Bit mapped register Decimal 0-255 170 

Stored in NVRAM with &W command. 
Modem will not answer until value is changed to 1 or greater. 
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TABLE 2: S Registers Supported (Continued) 

NUMBER FUNCTION 

815 Unused 

816 Test register 

817 88i 8pecial test register 

818 Test timer 

819 Unused 

820 Unused 

*8211 Bitmapped register 

*8221 Bitmapped register 

*8231 Bitmapped register 

824 Unused 

8251 DTR delay 

S261 CTS delay 

*8271 Bitmapped register 

S36 Negotiation failure treatment 

S37 Desired modem line speed 

838 Hang-up timeout 

S39 Current flow control setting 

S43 Current DCE speed 

S46 ProtocoVCornpression selection 

S48 Feature negotiation action 

S49 ASB Buffer low limit 

S50 ASB Buffer high limit 

S82 Break select register 

S95 Extended result code bit map 

UNITS 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseconds (0.01 sec) 

10 milliseconds (0.01 sec) 

Decimal 0-255 

Decimal 0-9 

1-249 

2-250 

* The bitmapped register functions are equivalent to normal "AT' command modem registers. 

1 Stored in NVRAM with & W command 
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DEFAULT 

N/A 

000 

096 

000 

N/A 

N/A 

000 

118 

007 

N/A 

005 

001 

064 

5 

000 

20 

3 

0 

2 

7 

8 

16 

128 

0 
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PACKAGE PIN DESIGNATIONS (Top View) 
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RXD ALE 
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RXC AI4 AOS 
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vm All A07 10 

'IIlJ All 
ALE 

II 

X2 AIO 
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WJ{ 

OND M ~ 
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13 
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30 
29 

2. 

27 

26 

2& 

24 

23 

22 

21 
20 

• 
85432 I ~ ~ ~ ~ ~ 

o 3t ~ 

18 It 20 21 22 23 Z4 2& 28 %7 28 

31 D5 

37 De 

38 D7 

35 P 
34 Ne 

33 ALE 

32 P8EN 

31 Al5 

30 A14 

29 A13 

SSI 730630/631 SSI73K224 
4O-PIN DIP 28-PIN DIP 

SSI73K224 
32·PIN PLCC 

I ~ ~ .w 3 ~ ~ ~ ~ ~ ~ 

SS173D63O/631 
44·PIN PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 
Data Controller Fax 

Modem Modem 
AT, MNP2-5, V.42, V.42bis Device Set 

Plastic Dual In-Line 73D2247Z-IP 73K224LZ-IP 11 MHz: 73D630-IP NlA 
22 MHz: 73D631-IP 

Plastic Leaded Chip Carrier 73D2247Z-IH 73K224LZ-IH 11 MHz: 73D63o-1H N/A 
22 MHz: 73D631-IH 

551 73D2247 with FAX 

Plastic Dual In-Line 73D2247ZF-IP 73K224LZ-IP 11 MHz: 73D631-IP Yamaha YTM401D 
Plastic Leaded Chip Carrier 73D2247ZF-IH 73K224LZ-IH 11 MHz: 73D631-IH Yamaha YTM401J 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Copyright Notice: 

The software contained within certain components of the SSl7302247 is copyright protected and may only be used in conjunction with the 
SSI 7302247 product as supplied by Silicon Systems. No license to reproduce this software is granted or implied. This material may not be 
reproduced in any form without the express written permission of Silicon Systems, Inc. © Copyright 1990. All rights reserved. 

0193 - rev. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

2-31 ©1990 Silicon Systems, Inc. 
Protected by the following patents: (4,777,453) (4,847,868) 

(4,789,995) (4,870,370) (4,866,739) 
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DESCRIPTION 

The SSI 7302247-F Chip Set consists of two CMOS 
Integrated circuits which provide the data pump and 
protocol functions required to Implement a high perfor­
mance 2400 bit/s modem wfth error control and data 
compression. The basic modem function Is provided by 
the SSI 73K224L modem chip and Is compatible with 
CCITT V.21, V.22, V.22bls and Bell 103 and 212A 
protocols. The error control functions are provided by 
modular software running in the SS1730630 controller. 
Modules are available for MNP4, and V.42. Compres­
sion software modules can be added to the controller, 
MNP5 and V.42bls are available. 

Send and Receive FAX capability is provided by adding 
a Yamaha YTM401 device. Firmware supporting 
class 1 FAX commands is provided. 

Provisions for customization of the Command Set are 
provided, forming the basis for an Intemational Modem. 

SS173D2247-F 
MNP5, V.42bis Datacom 

and FAX Modem Device Set 

January 1993 • 

FEATURES 

• Combines Modem and Protocol Controller 

• Supports 0 - 300, 1200 and 2400 bltls with both 
Sync and Async Modes 

• Modular SOftware Design Allows Customlzatlon 

• Modem Protocols: 
Bell 103, 212A 
CCITT V.22, V.22bls 

• Error Control/Compression Protocols Available: 
MNP4, MNPS, CCITT V.42, V.42bls 

• Supports Non-volatile Memory to Store User 
Configurations and Phone Number Blacklists 

• CMOS Design for Low Power Consumption 

• Available with MNPS only: 73D2247/S 

• send and Receive FAX capability 

9600, 7200, 4800, 2400 blt/s 
Firmware Support Provided 

MNP5, V.42bis Datacom 
and FAX Modem Device Set 

0193 - rev. 2-33 
CAUTION: Use handling procedures necessary 

for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 7302247 -F chip set forms the basis for an 
international modem design incorporating the most 
advanced error control and compression algorithms. 
The set consists of two chips, the SSI73K224L modem 
and the SSI 730630 controller. Customization of the 
controller is one of the features ofthis chip set; software 
modules allow the modem vendor to provide a range of 
features from a standard hardware platform. 

The SSI73K224L provides the QAM, PSK and FSK 
modulator and demodulator functions, call progress 
and handshake tone monitors, test modes and a tone 
generator capable of producing DTMF, answer and 
CCITT guardtones. This single-chip modem supports 
the Bell 212, V.22 and V.22bis operating protocols in 
both sync and async modes. V.21 and Bell 103 are 
supported in async mode. Low level functions of the 
controller provide for automatic detection of DTE 
speed, autO-dial, auto-answer, handshake with 
fallback and call progress detection. 

A coded version of the 73K224L modem chip is used 
with the 7302247 chip set firmware provided by Silicon 
Systems. Different versions of the controller code can 
be generated by the modem manufacturer, with "A r' 
commands only, MNP5 with BK SRAM, and V.42bis 
with 32K SRAM as examples. 

The SSI 730630 controller handles both the low level 
modem functions as well as protocol negotiation and 
protocol operation. Software modules can be chosen 
to provide the desired protocols for product 
customization and differentiation. In addition, the "Ar' 
command set source code will be available for those 
desiring to provide unique or country dependent 
features. 

QAM Modulator/Demodulator 

PSK Modulator/Demodulator 

FSK Modulator/Demodulator 

Passband Filters and Equalizers 

Adaptive Equalization with Retrain 

Basic capabilities of the modem are those found in the 
SSI 73K224L Single-Chip Modem and are listed in the 
separate SSI 73K224L data sheet. 
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AUTOMATIC HANDSHAKE 

The SSI 73D2247-F data modem will automatically 
perform a complete handshake with a called or calling 
modem and enter the data transfer mode. After the link 
between the two modems has been established, the 
modems may remain in the normal data mode or 
negotiate a link which has error control and data 
compression. Commands are provided to inform the 
modem which action is appropriate. 

TEST MODES 

The SS173D2247-F chip set has provisions for three 
test modes: analog loopback, digital loopback and 
remote digitalloopback. Analogloopback allows data 
to be sent into the local modem, have it modulated and 
then demodulated and returned to the local terminal. 
Digitalloopback requires the cooperation of the user at 
the remote end and allows data to be sent to the re mote 
modem, demodulated, then remodulated and returned 
to the local end. Remote digital loopback allows the 
same capability, without the need for a remote opera­
tor; signals are sent to the remote modem which 
perform the switching task that a remote operator 
would have done. 

AT COMMAND INTERPRETER 

The SSI 73D2247-F includes an AT Command Inter­
preter which is a superset of the Hayes 2400 
Smartmodem™ command set. Common application 
software will be able to control the modem though this 
interpreter. Additional commands have been added to 
provide for control ofthe MNP and CCITT V.42 modes. 

NON-VOLATILE MEMORY 

Two modes of operation depend on the use of non­
volatile memory: end user configuration storage and 
telephone number blacklisting. Current hardware 
provides for a 2K byte memory of which about 400 
bytes are used for setup and telephone number 
storage. The remaining 1600 bytes are avaliable. 
Memory address space allocated to non-volatile RAM 
is BK, so an expansion factor of 4 is available. 
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Alternatively, the address space could be decoded for 
more hardware functionality. Additional support will be 
provided for an optional serial EPROM (4k bit). 

FAX SUPPORT 

FAX capability is added to the basic SSI73D2247 by 
adding the Yamaha YTM401 data pump chip. In 
addition to added chip select logic the EEPROM must 
be upgraded from 64k x 8 to 128k x 8. 

PROTOCOLS 

Mlcrocom Networking Protocol (MNP) 

MNP4 is a protocol offering error control while MNP5 
offers data compression. Data to be transmitted is 
broken into blocks of varying sizes, depending on line 
conditions, and sent to the remote modem along with 
a 16-bit Cyclic Redundancy Check word. If the algo­
rithm used to derive the CRC word at the transmitter 
does not produce an identical word when exercised on 
the received data, a line error is assumed, and the 
block is repeated. Data compression is obtained by 
transmitting a short set of characters for a longer 
redundant set. At the receiver, the short string is 
replaced with the longer string that it represented, and 
the data stream is retumed to its original state. 

CCITT V.42 and V.42bls 

The CCITT has ratified a set of protocols which operate 
ina manner similar to MNP. MNP4correspondsto V.42 
while MNP5 corresponds with V.42bis. Greater effi­
ciency is offered, but the tradeoff is a larger memory 
space requirement. MNP5 requires an 8K buffer, while 
V.42bis requires 32K. Data files which show com­
pression ratios approaching 2:1 with MNP5 may show 
ratios of nearly 4:1 with V.42bis. 

EIAITIA • 578 

EIA - 578 is an ANSI standard covering "Asynchronous 
Facsimile DCE Control" for Group 3 Facsimile termi­
nals. It consists of "AT" commands similar to a data 
modem (preceded by a "+F") for data pump control. 
This insures compatibility with 3rd party personal com­
puter applications DTE software designed for FAX 
communications. 
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ADDITIONAL INFORMATION 

The SSI 7302247 Design Manual completely defines I 
the AT commands, gives a description of the hardware 
and provides instructions for modifying the code for 
customization. Please contact your local Silicon Sys-
tems sales office or Silicon Systems headquarters in 
Tustin for a copy of the SSI 73D2247 Design Manual. 
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AT COMMAND SUMMARY 

Command Description 

AT command prefix - precedes command line 

<CR> carriage retum character - terminates command line 

A go into answer mode; attempt to go to on-line state 

AI re-execute previous command line; 
not preceded by AT nor followed by <CR> 

BO select CCITT V.22 standard for 1200 bitls communication 

81 tNlet:t s.n 212A "'anard _12«1 bItm comm~t/on 

o dial number that follows; attempt to go to on-line state, originate 
mode 

OS=n dial stored number in location "n" (0-3) 

EO Disable character echo in command state 

E1 Ena"" charecte, echo In comtrWld "'at. 

HO go on hook (hang up) 

H1 go off hook; operate auxiliary relay 

10 request product indentification code 

11 perform checksum on firmware ROM; return checksum 

12 perform checksum on firmware ROM; 
returns OK or ERROR result codes 

LO or L 1 low speaker volume 

12 medium IIpNk., VolunHI 

L3 

MO 

"1 
M2 

M3 

00 

01 

QO 

01 

Sr 

Sr=n 

Sr? 

VO 

V1 

WO 

W1 

XO 

X1 

X2 

X3 

X4 

YO 

Y1 

high speaker volume 

speaker off 

IIpNk., on until CII''''' .tet:t.J 

speaker always on 

speaker on until carrier detected, except during dialing 

go to on-line state 

go to on-line state and initiate equalizer retrain at 2400 bit/s 

mod"", Mums ffItIult cod .. 

modem does not retum result codes 

set pointer to register or" 

set register or" to value "n" 

display value stored in register"r" 

display result codes in numeric form 

dlspl.y IHUIt codH In verlHJN form (as words) 

fHIIIOIMtion prog,. .. result codH not "'umtld 

negotiation progress result codes returned 

enable featureS represented by result codes 0-4 

enable features represented by result codes 0-5, 10-12 

enable features represented by result codes 0-6, 10-12 

enable features represented by result codes 0-5, 7, 10-12 

Ma"" fNtures ,.",..."t.J by result codH 0.1, 10.12 

d,..",.,ong fllMCII dlsconntH:t 

enable long space disconnect 
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Command Description 

ZO 

&CtI 

&C1 

&00 

&01 

&02 

&03 

&F 

&GO 

&G1 

&G2 

&K 

&AIO 

&M1 

&M2 

&M3 

&05 

&06 

&TO 

&T1 

&T3 

&T4 

&T5 

&T6 

&T7 

&T8 

&V 

&WO 

&XO 

&X1 

&X2 

&Zn=x 

reset modem 

... unHldII,. t:IIt'I'IIIr always",..."t 

track presence of data carrier 

Ignore DTR .""., 

assume command state when an on-to-off 
transition of OTR occurs 

hang up and assume command state when an on-to-off 
transition of OTR occurs 

reset when an on-to-off transition of OTR occurs 

recall factory settings as active configuration 

noglMrdt~ 

550 Hz guard tone 

1800 Hz guard tone 

flow control method 

asynchronous mod. 

synchronous mode 1 

synchronous mode 2 

synchronous mode 3 

error control mode 

automatic speed buffering (ASB) 

terminate test in progress 

initiate local analog loopback 

initiate local digitalloopback 

grent requ .. t from ,,,,,,ore modem for RDL 

deny request from remote modem for ROL 

initiate remote digitalloopback 

initiate remote digitalloopback with self test 

initiate local analog loopback with self test 

view active configuration, user profiles, and stored numbers 

save storable parameters of active configuration 

mod"", provides t,ansmlt clock signal 

data terminal provides transmit clock Signal 

receive carrier provides transmit clock signal 

store phone number "x" in location "n" (0-3) 

FAX AT COMMAND SUMMARY 

CQrnmand 

+FCLASS=n 

+FTS = <TIME> 

+FRS = <TIME> 

+fRM = <MOD> 

+FRH=<MOO> 

+FTM = <MOO> 

+FTH=<MOD> 

Description 

Select FAX (1) or Data (0) 

Transmit silence 

Detect silence 

Receive data with <MOO> carrier 

Receive HOLC data with <MOD> carrier 

Transmit data with <MOO> carrier 

Transmit HOLC data wI <MOO> carrier 
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J~------------------------------
Dial string arguments: 

,= delay @ = silent answer ! = flash 
; = return to command s = dial stored number W = wait for tone R=reverse mode 

If the Nov RAM has not been initialized it may be necessary to Power down/Power up and type AT&F& W<cr> 
to properly initialize modem state. 

TABLE 1: Resuh Codes 

Xn VERBOSEfTERSE RESULT CODES 

XO OKlO, CONNECT/1, RINGl2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNECT (RATE)/1 = 300,5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSY n 
X4 All functions of X3 + NO DIAL TONEt6, NO ANSWER/8 

FAX only +FCERROR, +F4 

TABLE 2: S Registers Supported 

Sn FUNCTION UNITS DEFAULT 

SOl Answer on ring No. of rings on which to answer 0002 

S1 Ring counter No. of rings accumulated 000 

S2 Escape code ASCII CHR Decimal 0-127 043 

S3 Carriage return ASCII CHR Decimal 0-127 013 

S4 Line feed ASCII CHR Decimal 0-127 010 

S5 Back space ASCIICHR 008 

S6 Wait for dial tone Seconds 002 

S7 Wait for carrier Seconds 030 

S8 Pause time Seconds 002 

S9 Carrier valid 100 milliseconds (0.1 sec) 006 

S10 Carrier drop out 100 milliseconds (0.1 sec) 014 

S11 DTMF tone duration 1 millisecond (0.001 sec) 070 

S12 Escape guard time 20 milliseconds (0.05 sec) 050 

S13 Unused N/A 

*S141 Bit mapped register Decimal 0-255 170 

Stored in NVRAM with & W command. 
Modem will not answer until value is changed to 1 or greater. 
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TABLE 2: S Registers supponed (Continued) 

NUMBER FUNCTION 

S15 Unused 

S16 Test register 

S17 SSi Special test register 

S18 Test timer 

S19 Unused 

S20 Unused 

*S21 1 Bitmapped register 

*S221 Bitmapped register 

*S231 Bitmapped register 

S24 Unused 

S251 DTRdelay 

S261 CTSdelay 

*S271 Bitmapped register 

S36 Negotiation failure treatment 

S37 Desired modem line speed 

S38 Hang-up timeout 

S39 Current flow control setting 

S43 Current DCE speed 

S46 ProtocoVCornpression selection 

S48 Feature negotiation action 

S49 ASB Buffer low limit 

S50 ASB Buffer high limit 

S82 Break select register 

S95 Extended result code bit map 

UNITS 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseconds (0.01 sec) 

10 milliseconds (0.01 sec) 

Decimal 0-255 

Decimal 0-9 

1-249 

2-250 

* The bitmapped register functions are equivalent to normal "AT" command modem registers. 

1 Stored in NVRAM with &W command 
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DEFAULT 

N/A 

000 

096 

000 

N/A 

N/A 

000 

118 

007 

N/A 

005 

001 

064 

5 

000 

20 

3 

0 

2 

7 

8 

16 

128 

0 
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PACKAGE PIN DESIGNATIONS (Top View) 

IMBED \ICC 

RO DO 

RTS 01 

DTR D2 
CLK 

NRIO D3 

DUMB D4 
XTL1 RXA 

TBO os XTl2 

TBO D6 ADO RESET 
RST 07 AD1 ISET 
TXO ~ 

AD2 
RXO AlE 

TXC PSEN 
AD3 

TDL 1.15 AD4 TXD 

RXC 1.14 AD5 

CTS 1.13 AD6 EXCLK 
WR 1.12 AD7 
1m All 

ALE 
X2 1.10 

Xl AS 
~ 

GNO AS m 

SSI730630/631 SSI73K224 
4O-PIN DIP 28-PIN DIP 

ORDERING INFORMATION 

4 3 2 1 32 31 30 

o 29 

28 

26 

25 

24 

23 

22 

21 
15 16 17 18 19 20 

SSI73K224 
32·PIN PLCC 

DUMB 7 

TBD 8 

TBD 9 

RST 10 

TXD 11 

NC 12 

AXD 13 

TXC 14 

TOL 15 

RXC 16 

CTS 17 

o 

~ ~ ~ ~ ~ ~ ~ 8 0 ~ 8 

6 5 4 3 2 1 ... 43 42 41 40 

0 39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

18 19 20 21 22 23 24 25 26 27 28 

Ii ~ x x ~ ~ ~ : ~ ~ ~ 

SSI73D630/631 
44·PIN PLCC 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 
Data Controller Fax 

Modem Modem 
AT, MNP2-5, V.42, V.42bis Device Set 

Plastic Dual In-Line 73D2247Z-CP 73K224LZ-CP 11 MHz: 73D630-CP N/A 
22 MHz: 73D631-CP 

Plastic Leaded Chip Carrier 73D2247Z-CH 73K224LZ-CH 11 MHz: 73D630-CH N/A 
22 MHz: 73D631-CH 

SSI 73D2247 with FAX 

Plastic Dual In-Line 73D2247ZF-CP 73K224LZ-CP 11 MHz: 73D631-CP Yamaha YTM401 D 

Plastic Leaded Chip Carrier 73D2247ZF-CH 73K224LZ-CH 11 MHz: 73D631-CH Yamaha YTM401J 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting trom its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Copyright Notice: 

The software contained within certain components of the SSI 7302247 -F is copyright protected and may only be used in conjunction with the 
SSI 7302247-F product as supplied by Silicon Systems. No license to reproduce this software is granted or implied. This material may not 
be reproduced in any form without the express written permission of Silicon Systems, Inc. © Copyright 1991. All rights reserved. 

0193 - rev. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

2-39 ©1991 Silicon Systems, Inc. 
Protected by the following patents: (4,777,453) (4,847,868) 

(4,789,995) (4,870,370) (4,866,739) 
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os 
D6 

D7 

Vi 

NC 

ALE 

PSEN 

1.15 

A14 

A13 
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2-40 



_of. . -l __ ~~ r SSI 7302248/2348 
JiJiam~rJturkt ® MNP5, V.42bis Datacom 

A TDK Group Company Modem Device Set 

J~ ________ ~~ ________________ J'.-I1!.·~"MjM'.ii.~ .. G1,,'·.]i.i.II.·I.I.~.]I.iL-__ 

0193 

DESCRIPTION 

The SSI 7302248/2348 Chip Sets consists of two 
CMOS integrated circuits which provide the data pump 
and protocol functions required to implement a high 
performance 2400 bitls modem with error control and 
data compression. The 7302248 basic modem func­
tion is provided by the SSI 73K224L modem chip and 
is compatible with CCITT V.21, V.22, V.22bis and Bell 
103 and 212A protocols. The error control functions 
are provided by modular software running in the SSI 
730246 controller. Modules are available for MNP4, 
and V.42. Compression software modules can be can 
be added to the controller; MNP5 and V.42bis are 
available. Provisions for customization of the Com­
mand Set are provided, forming the basis for an Inter­
national Modem. 

The 7302348 differs from the 7302248 in that it uses 
the 73K324L instead ofthe 73K224L for the data pump. 
The 73K324L replaces the Bell 103 300 baud FSK 
mode of operation withthe CCITTV.231200 baud FSK 
mode. The software is also modified to support V.23. 
The two products are otherwise identical. 

January 1993 

FEATURES 

• Combines Modem and Protocol Controller 

• Supports 0 ~ 300, 1200 and 2400 bitts with bOth 

Sync and Async Modes 

• Modular Software Design Allows Customizatlon 

• Modem Protocols: 

Bell 103, 212A 

CCITT V.22, V.22bis 

• Error Control/Compression Protocols 

Available: MNP4, MNP5, CCITT V.42, V.42bis 

• Supports Non-volatile Memory to Store User 

Configurations and Phone Numbers 

• CMOS Design for Low Power Consumption 

• TQFP packages available for PCMCIA applica­

tions 

MNP5, V.42bis Datacom 
Modem Device Set 
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for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 730224812348 chip set forms the basis for an 
international modem design incorporating the most 
advanced error control and compression algorithms. 
The set consists of two chips, the SSI 73K224L 
(73K324L) modem and the 730246 controller. 
Customization of the controller is one of the features of 
this chip set; software modules allow the modem 
vendor to provide a range of features from a standard 
hardware platform. 

The 73K224L (73K324L) provides the QAM, PSK and 
FSK modulator and demodulator functions, call 
progress and handshake tone monitors, test modes 
and a tone generator capable of producing OTMF, 
answer and CCIIT guardtones. This single-chip mo­
dem supports the V.22bis, V.22, V.21 and Bell 1031 
CCITT V .23/212A operating protocols in both sync and 
async modes. Low level functions of the controller 
provide for automatic detection of OTE speed, auto­
dial, auto-answer, handshake with fallback and call 
progress detection. 

The 730246 controller handles both the low level 
modem functions as well as protocol negotiation and 
protocol operation. Software modules can be chosen 
to provide the desired protocols for product 
customization and differentiation. In addition, the "AT" 
command set source code will be available for those 
desiring to provide unique or country dependent 
features. 

Basic capabilities of the modem are those found in the 
73K224L (73K324L) Single-Chip Modem and are 
listed in the separate 73K224L (73K324L) data sheet. 

AUTOMATIC HANDSHAKE 

The 7302248/2348 will automatically perform a com­
plete handshake with a called or calling modem and 
enter the data transfer mode. Afterthe link between the 
two modems has been established, the modems may 
remain in the normal data mode or negotiate a link 
which has error control and data compression. 

Commands are provided to inform the modem which 
action is appropriate. 

TEST MODES 

The 7302248/2348 chip set has provisions for three 
test modes: analog loopback, digital loopback and 
remote digitalloopback. Analog loopback allows data 
to be sent into the local modem, have it modulated and 
then demodulated and returned to the local terminal. 
Oigitalloopback requires the cooperation of the user at 
the remote end and allows data to be sent to the remote 
modem, demodulated, then remodulated and returned 
to the local end. Remote digital loopback allows the 
same capability, without the need for a remote opera­
tor; signals are sent to the remote modem which 
perform the switching task that a remote operator 
would have done. 

AT COMMAND INTERPRETER 

The SSI 7302248/2348 includes an AT Command 
Interpreter which is a superset of the Hayes 2400 
Smartmodem™ command set. Common application 
software will be able to control the modem though this 
interpreter. Additional commands have been added to 
provide for control ofthe MNP and CCIIT V.42 modes. 

NON-VOLATILE MEMORY 

A serial NVRAM provides 256 bytes of storage for 
configuration information and telephone numbers. 
Current hardware provides for a 2K bit memory of 
which about 400 bytes are used for setup and 
telephone number storage. The remaining 1600 bytes 
are avaliable. Memory address space allocated to 
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non-volatile RAM is 8K, so an expansion factor of 4 is 
available. Alternatively, the address space could be 
decoded for more hardware functionality. 

PROTOCOLS 

Microcom Networking Protocol (MNP) 

MNP4 is a protocol offering error control while MNP5 
offers data compression. Data to be transmitted is 
broken into blocks of varying sizes, depending on line 
conditions, and sent to the remote modem along with 
a 16-bit Cyclic Redundancy Check word. If the algo­
rithm used to derive the CRC word at the transmitter 
does not produce an identical word when exercised on 
the received data, a line error is assumed, and the 
block is repeated. Data compression is obtained by 
transmitting a short set of characters for a longer 
redundant set. At the receiver, the short string is 
replaced with the longer string that it represented, and 
the data stream is returned to its original state. 

CCITT V.42 and V.42bis 

The CCITT has ratified a set of protocols which operate 
ina mannersimilarto MNP. MNP4correspondsto V.42 
while MNP5 corresponds with V.42bis. Greater effi­
ciency is offered, but the tradeoff is a larger memory 
space requirement. MNP5 requires an 8K buffer, while 
V.42bis requires 32K. Data files which show com­
pression ratios approaching 2:1 with MNP5 may show 
ratios of nearly 4:1 with V.42bis. 
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ADDITIONAL INFORMATION 

The Silicon Systems Protocol Design Manual defines 
the AT commands. Please contact your local Silicon 
Systems sales office or Silicon Systems headquarters 
in Tustin for a copy of the SSi Protocol Design Manual. 
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AT COMMAND SUMMARY 

Command Description 

AT command prefix - precedes command line 

<CR> carriage retum character - terminates command line 

A go into answer mode; attempt to go to on-line state 

AI re-execute previous command line; 
not preceded by AT nor followed by <CR> 

BO select CCITT V.22 standard for 1200 biVs communication 

B1 _eet Bel#212A ",.nd.rd for 1200 bItIs communbtJon 

o dial number that follows; attempt to go to on-line state, originate 
mode 

OS=n dial stored number in location "n" (0-3) 

EO Disable character echo in command state 

E1 En."" cJJ.racter echo In com",.nd st.te 

HO go on hook (hang up) 

H1 go off hook; operate auxiliary relay 

10 request product indentification code 

11 perform checksum on firmware ROM; return checksum 

12 perform checksum on firmware ROM; 
returns OK or ERROR result codes 

LO or L1 low speaker volume 

L2 nHHIlum tlpNk.,. IIo1ums 

L3 

MO 

111 

M2 

M3 

00 

01 

QO 

01 

Sr 

Sr=n 

Sr? 

VO 

V1 

WO 

W1 

XO 

high speaker volume 

speaker off 

speak.,. on until ca""'" detllcttld 

speaker always on 

speaker on until carrier detected, except during dialing 

go to on-line state 

go to on-line state and initiate equalizer retrain at 2400 biVs 

modfin "'ums rtHIult codes 

modem does not retum result codes 

set pointer to register "r" 

set register Or" to value "n" 

display value stored in register "r" 

display result codes in numeric form 

display I'fISult codes in IItHboN form (.s won:ts) 

IJIIgotiation progre .. rHult CDdH not "'umlld 

negotiation progress result codes returned 

enable features represented by result codes 0-4 

X1 enable features represented by result codes 0-5, 10-12 

X2 enable features represented by result codes 0-6, ·1 0-12 

X3 enable features represented by result codes 0-5, 7, 10-12 
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Command Description 

X4 .".",. INturN ,.prfHJfHJttld by result codes 0-7, 10-12 

YO diu"" long .".ca disconnect 

Y1 enable long space disconnect 

ZO reset modem 

"CO ass,.". datil carrier always present 

&C1 track presence of data carrier 

"00 Ig~ DTR slglllli 

&01 assume command state when an on-to-off 
transition of OTR occurs 

&02 hang up and assume command state when an on-Io-off 
transition of OTR occurs 

&03 reset when an on-to-off transition of OTR occurs 

&F recall factory settings as active configuration 

"GO no guard tOfHl 

&G1 550 Hz guard tone 

&G2 1800 Hz guard tone 

&K flow control method 

"110 .synchronous mode 

&M1 

&M2 

synchronous mode 1 

synchronous mode 2 

&M3 synchronous mode 3 

&05 error control mode 

&06 automatic speed buffering (ASS) 

&TO terminate test in progress 

&T1 initiate local analog loopback 

&T3 initiate local digitalloopback 

"T4 grant requHt from remote modem f~r RDL 

&T5 deny request from remote modem for ROL 

&T6 initiate remote digitalloopback 

&T7 initiate remote digitalloopback with self test 

&T8 initiate local analog loopback with self test 

&V view active configuration, user profiles, and stored numbers 

&WO save storable parameters of active configuration 

"XO modem prollld .. transmit clock signal 

&X1 data terminal provides transmit clock signal 

&X2 receive carrier provides transmit clock signal 

&Zn=x store phone number "x· in location "n° (0-3) 



Dial string arguments: 
,= delay 
; = return to command 

@ = silent answer 
s = dial stored number 

SSI 7302248/2348 
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Modem Device Set 

! = flash 
W = wait for tone R=reverse mode 

If the Nov RAM has not been initialized it may be necessary to Power down/Power up and type A T&F& W<Cf> 
to properly initialize modem state. 

TABLE 1: Resuh Codes 

Xn VERBOSEITERSE RESULT CODES 

XO OKlO, CONNECT/1, RINGl2, NO CARRIERl3, ERRORl4 

X1 All functions of XO + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEl6 

X3 All functions of X1 + BUSYI7 

X4 All functions of X3 + NO DIAL TONE/6, NO ANSWERl8 

TABLE 2: S Registers Supported 

Sn FUNCTION UNITS DEFAULT 

S01 Answer on ring No. of rings on which to answer 0002 

S1 Ring counter No. of rings accumulated 000 

S2 Escape code ASCII CHR Decimal 0-127 043 

S3 Carriage return ASCII CHR Decimal 0-127 013 

S4 Line feed ASCII CHR Decimal 0-127 010 

S5 Backspace ASCII CHR 008 

S6 Wait for dial tone Seconds 002 

S7 Wait for carrier Seconds 030 

sa Pause time Seconds 002 

S9 Carrier valid 100 milliseconds (0.1 sec) 006 

S10 Carrier drop out 100 milliseconds (0.1 sec) 014 

S11 DTMF tone duration 1 millisecond (0.001 sec) 070 

S12 Escape guard time 20 milliseconds (0.05 sec) 050 

S13 Unused N/A 

·S141 Bit mapped register Decimal 0-255 170 

Stored in NVRAM with &W command. 
Modem will not answer until value is changed to 1 or greater. 
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TABLE 2: S Registers supponed (Continued) 

NUMBER FUNCTION 

515 Unused 

516 Test register 

517 55i 5pecial test register 

518 Test timer 

519 Unused 

520 Unused 

*5211 Bitmapped register 

*5221 Bitmapped register 

*5231 Bitmapped register 

524 Unused 

5251 DTRdelay 

5261 CTSdelay 

*5271 Bitmapped register 

536 Negotiation failure treatment 

537 Desired modem line speed 

S38 Hang-up timeout 

539 Current flow control setting 

543 Current DCE speed 

546 Protocol/Compression selection 

548 Feature negotiation action 

549 A5B Buffer low limit 

550 A5B Buffer high limit 

582 Break select register 

595 Extended result code bit map 

UNITS 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseconds (0.01 sec) 

10 milliseconds (0.01 sec) 

Decimal 0-255 

Decimal 0-9 

1-249 

2-250 

* The bitmapped register functions are equivalent to normal "A r' command modem register$. 

1 5tored in NVRAM with &W command 
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PACKAGE PIN DESIGNATIONS 
(Top View) 
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PACKAGE PIN DESIGNATIONS 
(Top View) 
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PACKAG'E PIN DESIGNATIONS (Top View) (continued) 
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Advance Information: Indicates a product stili in the design cycle; and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Copyright Notice: 

The software contained within certain components of the SSI 7302248 is copyright protected and may only be used in conjunction with the 
SSI 7302248 product as supplied by Silicon Systems. No license to reproduce this software is granted or implied. This material may not be 
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Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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Protected by the following patents: (4, n7,453) (4,847,868) 
(4,789,995) (4,870,370) (4,866,739) 
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DESCRIPTION 

The 551 73M450L is a Universal Asynchronous 
ReceiverfTransmitter (UART) circuit which is pin- and 
function-compatible with industry-standard 16C450-
type UARTs. It is primarily used in the interface be­
tween the serial data port and the parallel peripheral 
bus in 8-bit microprocessor systems. The 551 
73M450L is available in either a 40-pin DIP or 44-pin 
PLCC package. 

The 551 73M1450 and 551 73M2450 are 28-pin ver­
sions of the SSI 73M450L. The difference between 
these versions is that the 551 73M2450 adds a J.1PR5T 
pin at the expense of the XOUT pin. 5ee Figure 13 on 
page 31 for detail. All versions are designed in CM05 
for low-power quiescent operation and require a Single 
5V supply. 

BLOCK DIAGRAM 

0193 - rev. 
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FEATURES 

Compatible with Industry standard UARTs 
Static CMOS with oscillator shutdown for low-power 
operation 
High drive current allows direct connection to a PC bus 

Full double buffering 
Independent control of transmit, receive, line status and 
data set Interrupts 
Contains modem control function including CTS, RTS, 
DSR, DTR, RI and DCD 
Programmable serial interface characteristics include: 

5, 6, 7 or 8-bit characters 
even, odd or no-parity bit generation and detection 
1, 1 1/2 or 2 stop-bit generation 
baud rate generation (de to 56K baud) 

Full status reporting capabilities 
Available In 4O-pln DIP, 44-and 28-pin PLCC packages 
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PIN DESCRIPTION 

BUS INTERFACE 

NAME TYPE DESCRIPTION 

ADS I Address Strobe: The rising edge of this signal is used for latching the Register 
Address and Chip Select inputs, thus facilitating interface to a multiplexed 
Address/Data bus. If not required, ADS should be tied permanently low. 

CSO, CS1, CS2 I Chip Select: The UART is selected when CSO and CS 1 are high and CS2 is 
low. Chip selection is complete when the decoded chip select signal is latched 
with an active (low) ADS input. This enables communication between the 
UART and the CPU. 

AO-2 I Register Select Address: These pins determine which of the UART registers 
is being selected during a read or write on the UART Data Bus. The contents 
of the DLAB bit in the UART's Line Control Register (see Table 1) also controls 
which register is referenced. 

RD,RD I Read Strobe: A request to read status information or data from a selected 
register may be made by pulling RD high or RD low while the chip is selected. 
Since only one input is required for a read, tie either RD permanently low or 
RD permanently high if not used. 

WR,WR I Write Strobe: A request to write control words or data into a selected register 
may be made by pulling WR high or WR low while the chip is selected. Since 
only one input is required for a write, tie either WR permanently low or WR 
permanently high If not used. 

00-7 I/O UART Data Bus (three-state): This bus provides bi-directional communica-
tions between the UART and the CPU; data, control words and status 
information are transferred via this bus. 

CSOUT 0 Chip Select Out: When high, indicates that the chip has been selected by 
active CSO, CS1 and ~ inputs. No data transfer can be Initiated until the 
CSOUT signal is a logic "1." CSOUT goes low when the chip Is deselected. 

DDIS 0 Driver Disable: Goes low when the CPU is reading data from the UART. A 
high-level DDIS output can be used to disable an external transceiver (if used 
between the CPU and UART on the 00-07 Data Bus) at all times, except when 
the CPU Is reading data. 

INTRPT 0 Interrupt: Goes high whenever anyone of the following interrupt types has an 
active high condition and is enabled via the IER: Receiver Error Flag, 
Received Data Available, Transmitter Holding Register Empty and Modem 
Status. The INTRPT signal Is reset low upon the appropriate interrupt service 
or a Master Reset operation. 

DATA 1/0 

SIN I Serial Input: Input for serial data from the communications link (peripheral 
device, modem or data set). 

SOUT 0 Serial Output: Output for serial data to the communications link (peripheral 
device,modem or data set). This signal is set high upon a Master Reset. 
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~-------------------------------------------------
MODEM CONTROL 

I 

I 
NAME TYPE DESCRIPTION 

I 

RTS 0 Request To Send: This output is programmed by bit 1 of the Modem Control 
Register and is used in modem handshaking to signify that the UART has data 
to transmit. This signal is set high upon Master Reset or during loop mode 
operation. 

CTS' I Clear To Send: A modem status input whose condition corresponds to the 
complement of the CTS bit (bit 4) of the Modem Status Register. When CTS 
is low, it indicates that communications have been established and that data 
may be transmitted. 

DTR 0 Data Terminal Ready: This output is programmed by bit 0 of the Modem 
Control Register, and is used in modem handshaking to signify that the UART 
is available to communicate. This signal is set high upon Master Reset or 
during loop mode operation. 

15SR I Data Set Ready: A modem status input whose condition corresponds to the 
complement of the DSR bit (bit 5) of the Modem Status Register. When DSR 
is·low, it indicates that the modem is ready to establish communications. 

nco I Data Carrier Detect: A modem status input whose condition corresponds to 
the complement of the DCD bit (bit 7) of the Modem Status Register. When 
DCD 'is low, It indicates that the modem is receiving a carrier. 

m I Ring Indicator: A modem status input whose condition corresponds to the 
complement of the RI bit (bit 6) of the Modem Status Register. When RI is low, 
it indicates that a telephone ringing signal is being received. 

rnJTf 0 Output 1,2: User designated outputs that can be set to an active low by 
C5Uf2 0 setting bit 2 (OUT1 ) or bit 3 (OUT2) of the Modem Control Register high. These 

output signals are set high upon Master Reset or during loop mode operation. 
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PIN DESCRIPTION (Continued) 

GENERAL & CLOCKS 

NAME TYPE DESCRIPTION 

VCC I +5V Supply, ±10%: Bypass with 0.1 J.l.F capacitor to VSS. 

VSS I System Ground. 

MR I Master Reset: When high, this input clears all UART control logic and 
registers, except for the Receiver Buffer, Transmitter Holding and Divisor 
Latches; also, the state of output signals SOUT, INTRPT, oun, OUT2, RTS 
and DTR are affected by an active MR input. This input is buffered with a TIL-
compatible Schmitt Trigger. 

XIN, XOUT I/O External System Clock I/O: These two pins connect the main timing reference 
(crystal or signal clock) to the UART. Additionally, XIN may be driven by an 
external clock source. 

RCLK I Receiver Clock: This input is the 16X baud rate clock for the receiver section 
of the chip. 

BAUDOUT 0 Baud Generator Output: 16X clock signal for the transmitter section of the 
UART, equal to the main reference oscillator frequency divided by the 
specified divisor in the Baud Generator Divisor Latches. May also be used for 
the receiver section by tying this output to the RCLK input of the chip. 

NC - No Connection: These pins have no internal connection and may be left 
floating. 

INTRPT 0 Interrupt: In the 28-pin versions of this chip, the INTRPT pin can be forced into 
a high impedance state by resetting to 0 the OUT2 bit (03) of the Modem 
Control Register. INTRPT pin operation is enabled by setting the the OUT2 bit 
to 1. 

XIN, XOUT I/O External System Clock: The XOUT pin is not available on the SSI 73M2450 
and therefore must be driven by an external clock connected to the XIN pin. 

J.l.PRST 0 Microprocessor Reset: This output signal is used to provide a hardware reset 
to a local controller. This pin becomes active high when the MR pin is pulled 
high orthe OUT1 bit (02) of the Modem Control Register is setto 1. The J.l.PRST 
function is available only on the SSI 73M2450. 
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TABLE 1: Control Register Address Table 

DLAB A2 A1 AO REGISTER 

0 0 0 0 Receiver Buffer (read). Transmitter Holding Register (write) 

0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 1 Line Control 

X 1 0 0 Modem Control 

X 1 0 1 Line Status 

X 1 1 0 Modem Status 

X 1 1 1 Scratch 

1 0 0 0 Divisor Latch (least significant byte) 

1 0 0 1 Divisor Latch (most significant byte) 

TABLE 2: UART Reset Functions 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Interrupt Enable Register Master Reset All bits low (0-3 forced and 4-7 perma-
nent) 

Interrupt Identification Register Master Reset Bit 0 is high; bits 1 & 2 are low; bits 3-7 
are permanently low 

Line Control Register Master Reset AlI'bits low 

Modem Control Register Master Reset All bits low 

Line Status Register Master Reset All bits low, except bits 5 & 6 are high 

Modem Status Register Master Reset Bits 0-3 are low; bits 4-7 = input signal 

SOUT Master Reset High 

INTRPT (RCVR Errs) Read LSRlMR Low 

INTRPT (RCVR Data Ready) Read RBRlMR Low 

INTRPT (THRE) Read IIRlWrite THRlMR Low 

INTRPT (Modem Status Changes) Read MSR/MR Low 

QUT2 Master Reset High 

RTS Master Reset High 

DTR Master Reset High 

QUT1 Master Reset High 

~PRST Master Reset/set OUT1 bit High during active Master Reset/OUT1 
bit; low afterwards 
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CONTROL REGISTER OVERVIEW 

REGISTER 
REGISTER ADDRESS 07 De (A2-AO) 

&DLAB 

RECEIVER 
BUFFER RBR 000 BIT 7 BIT 6 

REGISTER DLAB-O (MSB) 
(READONLV) 

TRANSMIT 
HOLDING THR 000 BIT 7 BITS 
REGISTER DLAB-O (MSB) 

(WRITE ONLy) 

INTERRUPT 
ENABLE IER 001 0 0 

REGISTER 
DLAB-O 

INTERRUPT 
10 IIR 010 0 0 

REGISTER DLAB-X 
(READ ONLY) 

LINE DIVISOR 

CONTROL LCR 011 LATCH SET 
DLAB-X ACCESS BREAK REGISTER (DLAB) 

MODEM SSIMODE 
CONTROL M;R 100 osc 0 DLAB-X REGISTER OFF 

LINE TRANSMIT-
STATUS LSR 101 0 TER EMPTY 

REGISTER 
DLAB-X (TEMT) 

MODEM DATA RING STATUS 
MSR 110 CARRIER INDICATOR REGISTER DLAB-X DETECT 

(READONLV) (OCD) (RI) 

SCRATCH SCR 111 BIT 7 BITS 
REGISTER DLAB-X 

DIVISOR 000 
LATCH DLL DLAB-l BIT 7 BITS 

(LS) 

DIVISOR 001 LATCH DLM DLAB-l BIT 15 BIT14 
(MS) 

05 

BIT 5 

BIT 5 

ENABLE 
SSIMODE 

0 

STICK 
PARITY 

0 

TRANSMIT 
HOLDING 
REGISTER 

EMPTY(THRE) 

DATA 
SET READY 

(DSR) 

BIT 5 

BIT 5 

BIT 13 
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DATA BIT NUMBER 

04 03 02 01 DO 

BIT4 BIT 3 BIT2 BITl BITO 
(LSB) 

BIT4 BIT 3 BIT2 BITl BITO 
(LSB) 

ENABLE ENABLE ENABLE ENABLE 
0 MODEM REC. LINE THR REC. DATA 

STATUS STATUS EMPTY AVAILABLE 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT ·0· IF 
0 0 10 10 INTERRUPT 

BIT 1 BITO PENDING 

EVEN PARITY NUMBER WORD WORD 
PARITY ENABLE OF STOP LENGTH LENGTH 
SELECT BITS SELECT 1 SELECT 0 

(EPS) (PEN) (STB) (WLS1) (WLSOL 

REOUEST DATA 
LOOP 0UT2 OUTl TO SEND TERMINAL 

READY (RTS) tDTRl 

BREAK FRAMING PARITY OVERRUN DATA 
INTERRUPT ERROR ERROR ERROR READY 

(BI) (FE) (PE) (OE) (DR) 

CLEAR DELTA TRAILING DELTA DELTA 

TO SEND DATA CARR. EDGE RING DATASET CLEAR 
DETECT INDICATOR READY TO SEND (CTS) 
(DDCD) (TERI) (DDSR) (DCTS) 

BIT4 BIT3 BIT2 BIT 1 BITO 

BIT 4 BIT3 BIT2 BIT 1 BITO 

BIT 12 BIT 11 BIT 10 BITS BITS 
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REGISTER BIT DESCRIPTIONS 

SSI 73M450L/1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
UART ADDRESS: A2· AO = 000, DLAB = 0 

This read only register contains the parallel received data with start, stop, and parity bits (if any) removed. The 
high order bits for less than 8 data bits/character will be set to O. 

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
UART ADDRESS: A2· AO = 000, DLAB = 0 

This write only register contains the parallel data to be transmmed. The data is sent LSB first with start, stop, 
and parity bits (if any) added to the serial bit stream as the data is transferred. 

INTERRUPT ENABLE REGISTER (IER) 
UART ADDRESS: A2· AO = 001, DLAB = 0 

this 8-bit register enables the four types of Interrupts of the UART to separately activate the chip Interrupt 
(INTRPT) output signal. This register also allows access to the chip's special 551 mode which contains the 
oscillator disable function. It Is possible to totally disable the Interrupt system by resetting bits DO through 03 
of the Interrupt Enable Register. Similarly, by setting the appropriate bits of this register to a logic 1, selected 
Interrupts can be enabled. Disabling the Interrupt system Inhibits the Interrupt Identification Register and the 
active (high) INTRPT output from the Chip. All other system functions operate In their normal manner, Including 
the setting of the Line Status and Modem Status Registers. 

The chip's 551 mode can be activated by setting bit 05. Once in the SSI mode, the chip can be placed in a 
power shut-down state by setting bit 07 In the Modem Control Register. 

BIT NAME CONDo DESCRIPTION 

DO Received Data 1 This bit enables the Received Data Available Interrupt 
when set to logic 1. 

01 Transmmer Holding 1 This bit enables the Transmmer Holding Register 

Register Empty Empty Interrupt when set to logic 1 . 

02 Receiver Line 1 This bit enables the Receiver Line Status 
Status Interrupt Interrupt when set to logic 1. 

D3 Modem Status 1 This bit enables the Modem Status Interrupt when set to 
logic 1. 

04 Not used 0 Always logic O. 

05 551 Mode 0 Disables chip's 551 Mode; normal operation. 

1 Enables chip's SSt mode. In this mode, chip can be 
placed into power shut-down by setting bit 07 in modem 
control register. 

06-07 Not used 0 Always logic O. 
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INTERRUPT ID REGISTER CUR) (READ ONLY) 
UART ADDRESS: A2· AO = 010 

The IIR register gives prioritized information as to the status of interrupt conditions. When accessed, the IIR 
freezes the highest priority interrupt pending and no other interrupts are acknowledged until the particular 
interrupt is serviced by the CPU. The order of interrupt priorities is shown in the table below. 

BIT NAME CONDo DESCRIPTION 

DO Interrupt Pending 0 This bit can be used in either a hardwired prioritized or polled 
environment to indicate whether an interrupt is pending. 
When bit 0 is a logic 0, an interrupt is pending and the IIR 
contents may be used as a pointer to the appropriate interrupt 
service routine. 

1 When bit 0 is a logic 1, no interrupt is pending. 

D1, D2 Interrupt ID bits 0; 1 Table These two bits of the IIR are used to identify the highest 
below priority interrupt pending as indicated in the following table. 

D3 - D7 Not Used 0 These five bits of the IIR are always logiC O. 

INTERRUPT PRIORITY TABLE 

D2 D1 DO PRIORITY TYPE SOURCE RESET 

0 0 1 - None None N/A 

1 1 0 Highest Receiver Line Overrun Error, Reading the Line 
Status Parity Error, Status Register 

Framing Error or 
Break Interrupt 

1 0 0 Second Receive Data Receive Data Reading the Rcvr. 
Available Available Buffer Register 

0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register 
Register Empty Register Empty (if source of interrupt) 

or Writing to Transmit 
Holding Register 

0 0 0 Fourth Modem Status Clear to Send or Reading the Modem 
Data Set Ready or Status Register 
Ring Indicator or 
Data Carrier Det. 
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LINE CONTROL REGISTER (LCR) 
UART ADDRESS: A2 - AO = 011 

SSI 73M450L/1450/2450 
Universal Asynchronous 

ReceiverlTransmitter 

The user specifies the format of the asynchronous data communications exchange via the Line Control 
Register. In addition to controlling the format, the user may retrieve the contents of the line Control Register 
for inspection. This feature simplifies system programming and eliminates the need for separate storage in 
system memory of the line characteristics. 

BIT NAME CONDo DESCRIPTION 

00 Word Length Bits 00 and 01 select the number of data bits per character 
Select 0 (WLSO) as shown: 

01 Word Length 01 00 Word Length 

Select 1 0 0 5 bits 

(WLS1) 0 1 6 bits 

1 0 7 bits 

1 1 a bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each trans-
(STB) mitted character. If bit 2 is a logic 0, one stop bit is generated 

in the transmitted data. If bit 2 is a logic 1 when a 5-bit word 
length is selected via bits 0 and 1 , one-and-a-half stop bits are 
generated. If bit 2 is a logic 1 when either a 6, 7, or a-bit word 
length is selected, two stop bits are generated. The receiver 
checks the first stop bit only, regardless,of the number of stop 
bits selected. 

D3 Parity Enable 1 This is the Parity Enable (PEN) bit. When set to a logic 1, a 
(PEN) parity bit is generated (transmit data) or checked (receive 

data) between the last data word bit and stop bit of the serial 
data. (The parity bit is used to produce an even or odd 
number of 1 's when the data word bits and the parity bit are 
summed). 

D4 Even Parity Select 1 or 0 This is the Even Parity Select (EPS) bit. When bit 3 is a 
(EPS) logic 1 and bit 4 is a logic 0, an odd number of logic 1 's is 

transmitted or checked in the data word bits and parity bit. 
When bit 3 is a logic 1 and bit 4 is a logic 1 , an even number 
of logic 1 's is transmitted or checked. 
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LINE CONTROL REGISTER (LCR) (Continued) 

BIT NAME CONDo DESCRIPTION 

05 Stick Parity 10rO This is the Stick Parity bit. When bit 3 is a logic 1 .and bit 5 is 
a logic 1, the parity bit is transmitted and checked by the 
receiver as a logic 0 if bit 4 is a logic 1 or as a logic 1 if bit 4 
Is a logic o. 

05 04 Parity 

0 0 ODD Parity 

0 1 EVEN Parity 

1 0 MARK Parity 

1 1 SPACE Parity 

06 Set Break 1 This is the Break Control bit. When set to a logic 1, the serial 
out (SOUT) is forced to a logic 0 state. The break is disabled 
by setting bit 6 to a logic O. This bit acts only on SOUT and 
has no effect on the transmitter logic. See note below. 

07 Divisor Latch Access 1 The Divisor Latch Access Bit (DLAB) must be set high 
Bit (DLAB) (logiC 1) to access the Divisor Latches of the baud generator 

during a Read or. Write operation. It must be set low (logic 0) 
to access the Receiver Buffer, the Transmitter Holding 
Register, or the Interrupt Enable Register. 

NOTE: This feature enables the CPU to alert a terminal in a computer communications system. If the 
following sequence is followed, no erroneous or extraneous characters will be transmitted because 
of the break. 

1. Load an all O's pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the Transmitter to be idle. (TEMT = 1), and clear break when normal transmission has 
to be restored. 

During the break, the Transmitter can be used as a character timer to accurately establish the break 
duration. 
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MODEM CONTROL REGISTER (MCR) 
UART ADDRESS: A2 - UAO = 100 

The Modem Control Register controls the interface with the modem, data set or peripheral device. Bits 
01 and DO are also available as read only bits in the UART Control Register in the Modem Registers. 

BIT NAME CONDo DESCRIPTION 

DO OTR 1 This bit controls the Data Terminal Ready (DTR) output. When bit 0 is 
set to a logic 1, the OTR output is forced to a logiC O. When bit 0 is reset 
to a logic 0, the OTR output is forced to a logic 1. 

01 RTS 1 This bit controls the Request to Send (RTS) output. When bit 1 is set 
to a logic 1, the RTSoutput is forced to a logic O. When bit 1 is reset to 
a logic 0, the RTS output is forced to a logic 1. 

02 OUT1 1 This bit controls the Output 1 (OUT1) signal, which is an auxiliary user-
deSignated output. When bit 2 is set to a logic 1, the OUT1 output is 
forced to a logic O. When bit 2 is reset to a logiC 0, the OUT1 output is 
forced to a logic 1. On the SSI73M2450 only, this bit controls the J.lPRST 
output. When bit 02 is set to a logic 1, the JlPRST output is forced to a 
logic 1. When bit 02 is reset to logic 0, J.lPRST is forced to logic O. 

03 OUT2 0 This bit controls the Output 2 (OUT2) Signal, which is an auxiliary user-
deSignated output. When bit 3 is set to a logic 1, the OUT2 output is 
forced to a logic O. When bit 3 is reset to a logic 0, OUT2 output is forced 
to a logic 1. On the 28-pin versions, this bit controls the INTRPT pin. 
When bit 03 is set to a logic 1, the INTRPT output is enabled. When bit 
03 is reset to logic 0, the INTRPT pin is forced into a high impedance 
state. 

04 LOOP 1 This bit provides a local Ioopback feature for diagnostic testing of the 
UART. When bit 4 is set to logic 1, the following occurs: the transmitter 
Serial Output (SOUT) is set to the logic 1 state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the four Modem 
Control inputs (CTS, OSR, OCO and RI) are disconnected; the four 
Modem Control outputs (OTR, RTS, OUT1 and OUT2) are intemally 
connected to the four Modem Control inputs, and the Modem Control 
output pins are forced to their inactive state (high). In the diagnostic 
mode, data that is transmitted is immediately received. This feature 
allows the processor to verify the transmit and received-data paths of 
the UART. 

In the diagnostic mode, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also operational, butthe 
interrupts' sources are now the lower four bits of the Modem Control 
Register instead of the four Modem Control inputs. The interrupts are 
still controlled by the Interrupt Enable Register. 

05-06 0 These bits are permanently set to logic O. 
07 SSi Mode 1 This bit is active in the SSi Mode only. When 07 is set the UART 

Osc. off oscillator is turned off placing the UART in a power shutdown state. All 
UART memory is retained during power shutdown. 

0 Resetting this bit enable the oscillator and powers up the UART. 

2-61 

• 



SSI 73M450L/1450/2450 
Universal Asynchronous 
ReceiverlTransmitter 

-------------------------------------------------------------------------------------~~ 
LINE STATUS REGISTER (lSR) 
UART ADDRESS: A2· AO = 101 

This register provides status information to the CPU concerning the data transfer. Bits 1-4 are the error 
conditions that produce a Receiver line Status interrupt whenever any of the corresponding conditions are 
detected. The line Status Register is intended for read operation only. Writing to this register is not 
recommended as this operation is used for factory testing. 

BIT NAME CONDo DESCRIPTION 

DO DR 1 The Data Ready (DR) bit is set to a 1 whenever a complete incoming 
character has been received and transferred into the Receiver Buffer 
Register. DR is reset to 0 by reading the data in the Receiver Buffer 
Register. 

01 OE 1 The Overrun Error (OE) bit indicates that the data in the Receiver Buffer 
Register was not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby destroying the 
previous character. OE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

02 PE 1 The Parity Error (PE) bit indicates that the received character did not 
have the correct parity. PE is reset to 0 whenever the CPU reads the 
Line Status Register. 

03 FE 1 The Framing Error (FE) bit indicates that the received character did not 
have a valid stop bit. FE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

04 BI 1 The Break Interrupt (BI) bit indicates that a break has been received. A 
break occurs whenever the received data is held to 0 for a full data word 
(start + data + stop). BI is reset to 0 whenever the CPU reads the Line 
Status Register. 

05 THRE 1 The Transmit Holding Register Empty (THRE) is set to a logic 1 when 
a character is transferred from the Transmit Holding Regsiter into the 
Transmit Shift Register, indicating that the UART is ready to accept a 
new character for transmission. In addition, this bit causes the UART 
to issue an interrupt to the CPU when the THRE Interrupt enable is set 
high. THRE is reset to 0 when the CPU loads a character into the 
Transmit Holding Register. 

06 TEMT 1 The Transmit Empty (TEMT) indicates that both the Transmit Holding 
Register and the Transmit Shift Registers are empty. TEMT is reset to 
o whenever the TSR or THR contains a data character. 

07 - 0 Always zero. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 
UART ADDRESS: A2 B AO = 110 

This register provides the current state ofthe control signals from the modem or peripheral device. In addition, 
four bits provide change information. Whenever bit 0, 1, 2 or 3 is set to logic 1, a Modem Status Interrupt is 
generated; reset to logic 0 occurs whenever they are read. In Loop Mode CTS, DSA, AI and DCD are taken 
from ATS, DTA, OUT1, and OUT2 in the Modem Control Aegister respectively. 

BIT NAME CONDo 

DO DCTS 1 

D1 DDSA 1 

D2 TEAl 1 

D3 DDCD 1 

D4 CTS 1 

DS DSA 1 

D6 AI 1 

D7 DCD 1 

SCRATCH REGISTER (SCR) 
ADDRESS: A2· AO = 111 

DESCRIPTION 

The Delta Clear to Send (DCTS) bit indicates that the CTS input to the 
chip has changed state since the last time it was read by the CPU. 

The Delta Data Set Aeady (DDSA) bit indicates thatthe DSA inputto the 
chip has changed state since the last time it was read by the CPU. 

The Trailing Edge of the Aing Indicator (TEAl) detect bit indicates that 
the AI input to the chip has changed from an Off (logic 0) to an On (logic 
1) condition. 

The Delta Data Carrier Detect (DDCD) bit indicates that the DCD input 
to the chip has changed state. 

This bit is the complement of the Clear To Send (CTS) input. If bit 4 
(loop) of the MCA is set to a 1, this bit is equivalent to RTS in the MCR. 

This bit is the complement of the Data Set Aeady (DSA) input. If bit 4 
of the MCA is set to a 1, this bit is the equivalent of DTA in the MCR. 

This bit is the complement of the Aing Indicator (AI) input. If bit 4 of the 
MCA is set to a 1, this bit is equivalent to OUT1 in the MCR. 

This bit is the complement of the Data Carrier Detect (DCD) input. If bit 
4 of the MCA is set to a 1, this bit is equivalent to OUT2 in the MCR. 

This 8-bit AeadIWrite Aegister does not control the UAAT in any way. It is intended as a scratchpad register 
to be used by the programmer to hold data temporarily. 

DIVISOR LATCH (LS) (DLL) 
ADDRESS: A2· AO = 000, DLAB = 1 

This register contains the least significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

DIVISOR LATCH (MS) (DLM) 
ADDRESS: A2· AO = 001, DLAB = 1 

This register contains the most significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 
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PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud Generator that is capable of taking any clock input (DC to 4 MHz) 
and dividing it by any divisor from 1 to 216_1. The output frequency of the Baud Generator is 16 x the Baud 
[divisor # = (frequency input)/(baud rate x 16)). Two 8-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization in order to ensure desired operation of the Baud 
Generator. Upon loading either of the Divisor Latches, a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 3 and 4 illustrate the use of the Baud Generatorwith crystal frequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of the desired 
baud rate is dependent on the crystal frequency chosen. 

TABLE 3: Baud Rates Using 1.8432 MHz Crystal 

DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 16 X CLOCK DESIRED AND ACTUAL 

50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 

150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 

2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86 
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TABLE 4: Baud Rates Using 3.072 MHz Crystal 

DIVISOR USED PERCENT ERROR 
DESIRED TO. GENERATE DIFFERENCE BETWEEN 

BAUD RATE 16 X CLOCK DESIRED AND ACTUAL 
I 

50 3840 -
75 2560 -
110. 1745 0.026 

134.5 1428 0.034 

150 1280 -
300 640 -
600 320 -
1200 160 -
1800 107 0.312 

2000 96 -
2400 80 -
3600 53 0.628 

4800 40 -
7200 27 1.23 

9600 20 -
19200 10 -
38400 5 -
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EXTERNAL 
CLOCK 

OPTIONAL 
CLOCK 
OUTPUT XOUT 

- OSC. CLOCK TO 
BAUD GEN. LOGIC 

vee 

OSC. CLOCK TO 
BAUD GEN. LOGIC 

NOTE: Rp function is to bias the crystal; RX2 function is to lower power and reduce crystal overdrive. 

FIGURE 1 : Typical Clock Circuits 

TYPICAL CRYSTAL OSCILLATOR NETWORK 

CRYSTAL RP RX2 C1 C2 

1.8 MHz 1 MQ 1.5K 10-30 pF 40-60 pF 

4 MHz 1 MQ 0 10-30 pF 40-60 pF 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(TA = -40oe to +85°e, vee = 5V ± 10%, unless otherwise noted. Operation above absolute maximum 
ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

vee Supply Voltage +7V 

Storage Temperature -65°e to 1500 e 

Lead Temperature Soldering, 10 sec. 2600 e 

Applied Voltage -0.3 to Vee + 0.3 
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(TA = -40°C to +85°C, VCC = 5V ± 10%, unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VI LX Clock input Low voltage -0.5 0.8 V 

VIHX Clock input High Voltage 2.0 Vee V 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage IOL=4.0 mA 0.4 V 
(except XOUT) 

VOH Output High Voltage IOH = 5.0 mA on all 2.4 V 
outputs except XOUT 

ICC Average Power Supply See Note 1 5 10 mA 

Current See Note 2 50 f,lA 

ilL Input Leakage VCC=5.25V, VSS=OV. ±10 f,lA 
All other pins floating. 

ICL Clock Leakage VIN=OV, 5.25V ±10 f,lA 

IOZ 3-State Leakage VCC=5.25V, VSS=OV, ±20 f,lA 
VOUT =OV, 5.25V 
1) Chip deselected 
2) Chip & write mode 
selected 

VILMR M R Schmitt VIL 0.8 V 

VIHMR M R Schmitt VIH 2.0 V 

Note 1: VCC = 5.25V, TA = 25°C; No loads on outputs. SIN, DSR, DCD, CTS, RI = 2.4V. All other inputs 
= O.4V. Baud Rate Gen. = 4 MHz; Baud Rate = 50 KHz. 

Note 2: VCC = 5.5V, TA = -40°C; No output load; CMOS-level inputs, XIN = Vee 

CAPACITANCE 
(TA = 25°C, VCC = VSS = ,OV, fc = 1 MHz, unmeasured pins returned to VSS) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CXTAL2 Clock Input Capacitance 15 20 pF 

CXTAL1 Clock Output Capacitance 20 30 pF 

CI Input Capacitance 6 10 pF 

CO Output Capacitance 10 20 pF 
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FIGURE 2: External Clock Input* (4 MHz Maximum) 

1The 2.4V and O.4V levels are the voltages that the inputs are driven to during AC testing. 

2rhe 2.0V and O.8V levels are the voltages at which timing tests are made. 

FIGURE 3: AC Test Polnts* 

* All timings are referenced to valid 0 and valid 1. 

AC CHARACTERISTICS (TA = -40°C to +85°C, VCC = 5V ±10%, unless otherwise noted.) 

READ & WRITE CYCLE (Refer to Figures 4 & 5) 

PARAMETER CONDITIONS MIN MAX 

tAOS Address Strobe Width 60 

tAS Address Setup Time 60 

tAH Address Hold Time 0 

tCS Chip Select Setup Time 60 

tCH Chip Select Hold Time 0 

tCSC Chip Select Output Delay 100 pF load 100 
from Select See Note 3 

tAR READ Delay from Address 60 
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READ & WRITE CYCLE (Continued) 

PARAMETER 

tRD READ Strobe Width 

tRC Read Cycle Delay 

RC Read Cycle 

tROD READ to Driver 
Disable Delay 

tRVD Delay from READ to Data 

tHZ READ to Floating Data Delay 

tRA Address Hold Time 
from READ 

tAW WRITE Delay from Address 

tWR WRITE Strobe Width 

tWC Write Cycle Delay 

WC Write Cycle=tAW+tWR+tWC 

tDS Data Setup Time 

tDH Data Hold Time 

tWA Address Hold Time 
from WRITE 

tMRW Master Reset Pulse Width 

tXH Duration of Clock High Pulse 

tXL Duration of Clock Low Pulse 

Note 1: RC = tAR + tRD + tRC 

CONDITIONS 

See Note 1 

100 pF load 
See Note 2 

100 pF load 

100 pF load 
See Note 2 

See Note 3 

See Note 3 

\ 

See Not~3 

External Clock 
(4 MHz max.) 

External Clock 
(4 MHz max.) 

SSI 73M450L/1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

MIN MAX UNITS 

125 ns 

175 ns 

360 ns 

60 ns 

125 ns 

0 100 ns 

20 ns 

60 ns 

100 ns 

200 ns 

360 ns 

40 ns 

40 ns 

20 ns 

5 j.1S 

100 ns 

100 ns 

Note 2: Charge and discharge time is determined by VOL, VOH and the external loading. 

Note 3: Applicable only when ADS is tied low. 

READ occurs when both read (RD, RD) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 

WRITE occurs when both write (WR, WR) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 
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tAH 

tCH 

~.CS1.CSO 

VALID FOR NO ~ 

VALID FOR NOAI5S" 

------- -- -----~~----,·I r------4------
\ 

CSOUT 

READ 

WRITE 

DDIS 

DATA 
00-07 

~-------------- ---------------
RC 

~----tAR----_N~ tRC 

FIGURE 4: Read Cycle Timing 

~ 
~I *~TI~ 

t 
OR 

~ 
... X ACTIVE 

NOTE: READ occurs when both read (RD, RD) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 
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CS2. CS1. cso 

CSOUT 

WRITE 

tAH 

tCH 

VALID FOR NO~ 

VALID FOR NO ~ 
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---4------.J \ .. ---___________ ---------_____ _ 

~--tAW--~1__ ~~--tWc:--~_.J.1 ~-----+-----wc------------l 
.,.------~;~: ~--- t: ACTIVE 

! R~D--------------------+------~~~------~><~A-C-TI-VE-

FIGURE 5: Write Cycle Timing 

NOTE: WRITE occurs when both write (WR, WR) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 

2-71 

• 



SSI 73M450L/1450/2450 
Universal Asynchronous 
RecelverlTransmitter 

AC CHARACTERISTICS (Continued) 

TRANSMITTER (Refer to Figure 6.) 

PARAMETER 

tHR Delay from the end of WRITE 
to the negation of Interrupt 

tlRS Delay form InitiallNTR Reset 
to Transmit Start 

tSI Delay from Initial Write 
to Interrupt 

tSTI Delay from Stop to Interrupt 
(THRE) 

tlR Delay from the end of READ 
to the negation of Interrupt 

CONDITIONS 

100 pF load 

100 pF load 

SERIAL OUT ____ ___ START PARITY 
(SOUn DATA BITS (5-8) 

INTERRUPT ___ _ 
(THRE) 

WRITE 

MIN MAX UNITS 

175 ns 

24 40 BAUDOUT 
cycles 

16 32 BAUDOUT 
cycles 

8 8 BAUDOUT 
cycles 

250 ns 

START 

_ __________________ ~~tlR~ 
READ I t.-

NOTES: 
1. SEE WRITE CYCLE TIMING; WRITE IS A PRODUCT OF w~WR" AND CSO, CSJ..:,CS'2 
2. SEe READ CYCLE TIMING; READ IS A PRODUCT OF RD, HU AND CSO, CS1, v~2 

FIGURE 6: Transmitter Timing 
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AC CHARACTERISTICS (continued) 

MODEM CONTROL (Refer to Figure 7.) 

PARAMETER CONDITIONS MIN MAX 

tMDO 

tSIM 

tRIM 

Delay from WRITE MeR 100 pF load 
to Output 

Delay to Set Interrupt 100 pF load 
from Modem Input 

Delay to Interrupt negation 100 pF load 
from READ 

WRITE 

tMDO 
RTS DTR 

OUT1,QUT2 

CTS, DSR, 15CD 

INTERRUPT 

READ 

NOTES: 
1. SEE WRITE CYCLE TIMING; READ OCCURS WHEN BOTH READ (RD, RD) 

AND CHIP SELECT (CS, CS1, CS2, LATCHED BY ADS) ARE ASSERTED. _ 

200 

250 

250 

2. SEE READ CYCLE TIMING; WRITE OCCURS WHEN BOTH WRITE (WR, WR) 
AND CHIP SELECT (CS, CS1, CS2, LATCHED BY ADS) ARE ASSERTED. 

FIGURE 7: Modem Controls Timing 
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AC CHARACTERISTICS (Continued) 

BAUD GENERATOR (Refer to Figure 8.) 

PARAMETER 

N Baud Divisor 

tBLD Baud Output Negative 
Edge Delay 

tBHD Baud Output Positive 
Edge Delay 

tLW Baud Output Down Time 

tHW Baud Output Up Time 

XIN 

BAObOUT 
(DIV. BY 1) 

CONDITIONS 

100 pF load 

100 pF load 

fX=2 MHz, div. by 2, 
100 pF load 

fX=3 MHz, div. by 3, 
100 pF load 

~ I+-tBHD 

-+I I4-tBLD 

~ !+-tLW 

BAObOUT 
(DIV. BY 2) 

BAOOOUT 
(DIV. BY 3) 

-+I tLW I+-

~ tHW I+-

-+I I+-tBLD -+I I+-tBHD -+I tHW I+- tLW --+I 

MIN MAX UNITS 

1 216_1 

125 ns 

125 ns 

425 ns 

250 ns 

-+I I+-tBLD -+I I+-tBHD L... ___ -'rI4 ,l i IHW. (N-2) XIN CYCLES ... BA ...... O-bO .... U-t II I"'" -------, 

(DIV. BYN, 
N>3) L.... ___ -' 

... 1~----.t~1 tLW. 2 XIN CYCLES 

FIGURE 8: BAUooUT Timing 
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AC CHARACTERISTICS (Continued) 

RECEIVER (Refer to Figure 9.) 

PARAMETER CONDITIONS 

tSCD Delay from RCLK to 
Sample Time 

tSINT Delay from Stop to RCLK=tXH & tXL 
Set Interrupt 

tRINT Delay from READ 100 pF load 
(READ RBR, READ LSR to 
Interrupt negation 

RCLK~~ 
I~ 8 ClKS .1 ~ lSCD 

SAMPLE ClK IL 
SIN 

(RECEIVER 
INPUT DATA) 

SAMPlEClK 

INTERRUPT 
(DATA READY 

OR RCVR ERR) 

READ 
(SEE NOTE) 

(READREC 
DATA BUFFER 

OR RDlSR) 

)) 
( 

lSINT-.! 

MIN MAX 

2 

1 

1 

NOTE: SEE READ CYCLE TIMING; READ OCCURS WHEN BOTH READ (RD. 'R15) AND CHIP SELECT (CS. CS1. 
CS2. LATCHED BY~) ARE ASSERTED. 

FIGURE 9: Receiver Timing 
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SSI 73M450L TIMING COMPARED TO PCMCIA PC CARD STD •• RELEASE 2.0 

SSI73M450L 

ITEM SYMBOL IEEE MIN MAX sst MIN MAX UNITS 

Data Setup tsu (IOWR) tDVIWl 60 TDS 30 ns 
before IOWR 

Data Hold t h (IOWR) tlWHDX 30 TDH 30 ns 
following 10WR 

IOWR Width Time twlOWR tlWlIWH 165 TWR 80 ns 

Address Setup t su A (IOWR) tAVIWl 70 TAW 30 ns 
before IOWR 

Address Hold t h A (IOWR) tlWHAX 20 TWA 20 ns 
following 10WR 

CE Setup t su CE (IOWR) tElIWl 5 Any 
before IOWR 

CE Hold thCE (IOWR) tlWHEH 20 Any 
following 10WR 

REG Setup t su REG (IOWR) tRGlIWl 5 
before 10WR 

REG Hold t h REG (IOWR) tlWHRGH 0 
following 10WR 

IOIS16 Delay t d 10lS16 (ADR)1 tAVISl 35 
Falling from Address 

IOIS16 Delay t d 10lS16 (ADR)2 tAVISH 35 
Rising from Address 

Wait Delay t d WAIT (IOWR) tlWlWTl 35 
Falling from 10WR 

Wait Width Time twWAIT tWlWTH 12,000 

NOTE: The maximum load on WAIT, INPACK and 10lS16 are 1 lSTIl with 50 pF total load. 

TABLE 5: 1/0 Output (WAITE) Timing Specification for AII5V 1/0 Cerds 
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,1: ____________________________ _ 

~ 

An ====x~ ____________________________________ ~X~ ____ __ 
.. :1111------..~: thA (lORD) 

\~----------------------~----~:/ 
:1111 _: taREG (IOWR) .. :111-----'~~1 thREG (IOWR) 

I 
___ ~_~ I I 

\ I : / 

.1 ~:...--_,,: taCS (IOWR) 4'1111----,~~: theE (IOWR) _____ ~ ______ ~:~1111------------------~~:------~--------
\~ ___ ~_M_I_OW_R _______ ~I-

tsA(IOWR) "", tdrlOlS16 (ADR) ~ :.-
~ ~ I 

1 \~~ __________________ ~----~7 
,,:...--~.: tdflOlS1? (ADR) :4l1li------... : tdrlOWR (WAIT) 

:.----.: tau (IOWR) \~ ___ -Jl ! 

~;1III--' ---... : 1111 .: 
: tdWAIT (IOWR) M (WAIT) th (IOWR)~: :.-

DOur - - - - - - - - - - - - - - - - -<'----------i-I! > --- _w -- - - -- - -- w -. 

I 
I 

All timings are measured at the caret. Skews and delays from the system driver/receiver to the card must be accounted for by the system design 

FIGURE 10: 1/0 Output Timing Specification (WRITE) 
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SSI 73M450L TIMING COMPARED TO PCMCIA PC CARD STD. - RELEASE 2.0 

SSI73M450L 

ITEM SYMBOL IEEE MIN MAX SSI MIN MAX UNITS 

Data Delay t d (lORD) tlGLOV 100 TRVD 80 ns 
after lORD 

Data Hold t h (lORD) tlGHOX ° THZ ° ns 
following lORD 

lORD Width Time twlORD tlGLlGH 165 TRD 80 ns 

Address Setup t su A (lORD) tAVIGL 70 TAR 30 ns 
before lORD 

Address Hold t h A (lORD) tlGHAX 20 TRA 20 ns 
following lORD 

CE Setup t su CE (lORD) tELlGL 5 Any 
before lORD 

CE Hold t h CE (lORD) tlGHEH 20 Any 
following lORD 

REG Setup t su REG (lORD) tRGLlGL 5 
before lORD 

REG Hold t h REG (lORD) tlGHRGH ° following lORD 

INPACK Delay t d INPACK (lORD) tGLIAL ° 45 
Falling from lORD 

IN PACK Delay t d INPACK (lORD) tlGHIAH 45 
Rising from lORD 

101516 Delay t d 101516 (ADR)1 tAVISL 35 
Falling from Address 

101516 Delay t d 101516 (ADR)2 tAVISH 35 
Rising from Address 

Wait Delay t d WAIT (lORD) tlGLWTL 35 
Falling from lORD 

Data Delay from td(WAIT) tWTHOV 35 
Wait Rising 

Wait Width Time twWAIT tWLWTH 12,000 

NOTE: The maximum load on WAIT, IN PACK and 101516 are 1 LSTTL with 50 pF total load. 

TABLE 6: 1/0 Output (READ) Timing Specification for AII5V 1/0 cards 
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-lORD 

-INPACK 

-101S16 
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1I0IS16 (ADR) ~ ....J .... .. , .... 

td (lORD) 
td 

\ ... .. ... .. 
.... tdWAIT (lORD) .... , .... twWAIT 

..-

td(WAIT) 

SSI 73M450L/1450/2450 
Universal Asynchronous 

ReceiveriTransmitter 

~ ... 
.... thA (IORDt' 

~thREG lORD) 

.. ~ thCE (lORD) 

..-

... .. ..J 
""tdrINPACK (ADR) ·1 

/ ... ~ tdrlOlS16 (lORD) .. 

/ 

... th(IORD) .. .I ... .. 
----------------------------------------------------- J-- --- ----------

AM timings are measured at the card. Skews and delays from the system driverlreceiver to the card must be accounted for by the system design 

FIGURE 11: 110 Output Timing Specification (READ) 
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APPLICATIONS INFORMATION (continued) 

28-PIN VERSION 

SSI 73M450L/1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

The 73M450l is available in two 28-pin configurations: SS173M1450 and SS173M2450. The relation between 
these two products and the 4O-pin version is shown in the accompanying diagram. Note that the only difference 
between the 73M1450 and 73M2450 is that the 73M2450 adds the J,LPRST pin at the expense of the XOUT pin. 

001---+--
011---+--
021----+--
031---+--
041----+--
051---+--
061---+--
071----+--

SIN I---+--+-­
SOUT t---+--+-

XINI----....; 

XOUT** 1----­
WJ!f1-----

SSI73M1450/2450 

+JV 
_4IIf-------t vee 

------i--t oeo 
------i---I USA 
------i--t rn=s 
-----.---r~MR 

---+--f---r~ m=R 
---+-+--i--t ms 

---+--f--+-r~ AO 
!-"---+-+-+-+---t A 1 
---+-+-+-+---t A2 

INTRPT 
m 
jJ.PRST* 

-+--------t 11[) 

_________________________________________ VSS~ 

*SSI 73M2450 only. 
**SSI 73M1450 only. 

FIGURE 13: Adapter Diagram Showing Internal COnnections and 
Bond-outs from 4O-pln to 2S-pln Packages 
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SSI 73M450L/1450/2450 
Universal Asynchronous 
ReceiverlTransmitter 

PACKAGE PIN DESIGNATIONS 
(Top View) 

SSI 73M450L 40-Pln DIP 

C') ~ 8 ~ ~ 0 8 0 

D4 25 

05 24 

06 23 

07 22 

SIN 21 

SOUl 20 

~ 19 
12 13 14 15 16 17 18 

z I- ~ ~ ~ Iii: I-
X ::J 0.. 

~ a: 
I-
~ 

SSI 73M1450 UART 
28-Pln PLCC 

CTS" D4 

MR 05 

15n{ 06 

~ 07 

AO SIN 

A1 SOUl 

A2 CS2 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 

..,. (') C\I C 0 ~ ~ Iii: @ ~ ~ 0 0 0 0 
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:::t ~ 

SSI 73M2450 UART 
28-Pin PLCC 
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I 

SSI 73M450L/1450/2450 
. Universal Asynchronous 

Receiver/Transmitter 

:'1 .... 
1 

-----------------------------~ 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

SSI73M450L 40-pin PDIP 73M450L-IP 73M450-IP 

44-pin PLCC 73M450L-IH 73M450-IH 

SS173M1450 28-pin PLCC 73M1450-IH 73M1450-IH 

SSI73M2450 28-pin PLCC 73M2450-IH 73M2450-IH 

No responsibility is assOmed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting trom its use. No license is granted under any patents. patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly. the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems. Inc .• 14351 Myford Road. Tustin. CA 92680 (714) 573-6000. FAX (714) 573-6914 

0193- rev. 2-83 ©1989 Silicon Systems. Inc. 
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SSI73M550 
SSI73M1550/2550 

UART with FIFOs 

---------------------------------------------------------------------------------
DESCRIPTION 

The 551 73M550 is a Universal Asynchronous Re­
ceiver/Transmitter (UART) with receive and transmit 
FIFO buffers. The 16-byte FIFO registers are active 
during the FIFO mode, allowing the UART to reduce 
CPU overhead and accommodate Direct Memory Ac­
cess (DMA) transfers. This mode is supported by 
interrupt functions and selectable interrupt trigger lev­
els in both the RCVR and TXMR FIFO. 

The 73M550 is functionally identical to the 551 
73M450L in the CHARACTER mode. Pins 24 
(C50UT) and 29 (NC) of the 73M450L have been 
replaced by TXRDY and RXRDY, respectively, on the 
73M550. The chip is automatically put into the CHAR­
ACTER mode upon power-up, and subsequent mode 
changes are accomplished via software control. 

The 73M 1550 and 73M2550 are 28-pin versions ofthe 
73M550. The difference between these versions is 
that 73M2550 adds a J,lPR5T pin at the expense of the 
XOUT pin. 5ee Figure 17 on page 32 for detail. These 
products require a single 5V supply. 

BLOCK D.IAGRAM 

0193- rev. 

January 1993 

FEATURES 

• 16 bytes of receive and transmit FIFO buffering 
available In FIFO mode reduces CPU overhead 

• SUpports DMAtransferswith TXRDYand RXRDYplns 

• High-speed timing for zero wait-state operation is 
compatible with PCMCIA Interface 

• Oscillator disable allows a static low-power state 

• Bit-programmable high impedance state of 
INTRPTpln 

• High drive current for directly driving large loads 

• Full double buffering 

• Independent control transmit, receive, line status 
and data set Interrupts 

• Contains modem control functions Including 
CTS, RTS, DSR, DTR, RI and DCD 

• Available In 4O-pin DIP, 44-and 28-pln PLCC, 48-
lead TQFP (73M550) and 52-lead QFP (73M2550) 
packages 

• CMOS design for low-power operation 
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SSI73M550 
SSI73M1550/2550 
-UART with FIFOs 

PIN DESCRIPTION 

BUS INTERFACE 

NAME TYPE 

ADS I 

CSO, CS1, I 
CS2 

AO-A2 I 

RD,RD I 

WR,WR I 

DO-D7 1/0 

TXRDY 1/0 

RXRDY 0 

DDIS 0 

DESCRIPTI9N 

Address Strobe: The rising edge of this signal is used for latching the Register 
Address and Chip Select inputs, thus facilitating interface to a multiplexed 
AddresS/Data bus. ADS is also required when register address signals (A2, A 1, 
AO) are not stable for the duration of the read or write cycle. If not required, ADS 
should be tied permanently low. 

Chip Select: The UART is selected when CSO and CS1 are high and CS2 is low. 
Chip selection is complete when the decoded chip select signal is latched with the 
rising edge of an active (low) ADS input. This enables communication between 
the UART and the CPU. If ADS is permanently low, then chip select should be 
stabilized for the duration of the tCSW parameter. 

Register Select Address: These pins determine which of the UART registers is 
being selected during a read or write on the UART Data Bus. The contents of the 
DLAB bit in the UART's Line. Control Register (see Table 1) also controls which 
register is referenced. 

Read Strobe: A request to read status information or data from a selected register 
may be made by pulling RD high or RD low while the chip is selected. Since only 
one input is required for a read, tie either RD permanently low or RD permanently 
high if not used. 

Write Strobe: A request to write control words or data into a selected register may 
be made by pulling WR high or WR low while the chip is selected. Since only one 
input is required for a write, tie either WR permanently low or WR permanently high 
if not used. 

UART Data Bus. (three-state): This bus provides bi-directional communications 
between the UART and the CPU; data control words and status information are 
transferred via this bus. 

Transmitter Ready Signal for DMA Transfer: Remains low as long as XMIT FIFO 
is not completely full. In FIFO mode, DMA transfer modes 0 and 1 are allowed. In 
the character mode, only DMA transfer mode 0 is allowed. DMA mode 0 supports 
single DMA transfer mode between CPU bus cycles. DMA mode 1 supports 
multiple DMA transfers until the XMIT FIFO has been filled. 

Receiver Ready Signal for DMA Transfer: Remains low until RCVR FIFO has been 
emptied. In FIFO mode DMA transfer modes 0 and 1 are allowed. In the character 
mode only DMA mode 0 is allowed. DMA mode 0 supports single DMA transfer 
made between CPU bus cycles. DMA mode 1 supports multiple DMA transfers 
until the RCVR FIFO has been emptied. 

Driver Disable: Goes low when the CPU is reading data from the UART. A high-
level DDIS output can be used to disable an external transceiver (if used between 
the CPU and UART on the DO-D7 Data Bus) at all times, except when the CPU is 
reading data. 
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SSI73M550 
SSI 73M1550/2550 

UART with FIFOs 

BUS INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

INTRPT 0 Interrupt: Goes high whenever anyone of the following interrupt types has an 
active high condition and is enabled via the IER: Receiver Error Flag, Received 
Data Available; Timeout (FIFO mode only); Transmitter Holding Register Empty 
and Modem Status. The INTRPT signal is reset low upon the appropriate interrupt 
service or a Master Reset operation. 

DATA 110 

SIN I Serial Input: Input for serial data from the communications link (peripheral device, 
modem or data set). 

SOUT 0 Serial Output: Output for serial data to the communications link (peripheral 
device , modem or data set). This signal is set high upon a Master Reset. 

MODEM CONTROL 

RTS 0 Request To Send: This output is programmed by RTS bit (01) of the Modem 
Control Register and represents the compliment of that bit. I is used in modem 
handshaking to signify that the UART has data to transmit. This signal is set high 
upon Master Reset or during loop mode operation. 

CTS I Clear To Send: A modem status input whose condition corresponds to the 
complementofthe CTS bit (04) ofthe Modem Status Register. When CTS is low, 
it indicates that communications have been established and that data may be 
transmitted. 

OTR 0 Data Terminal Ready: This output is programmed by OTR bit (~O) of the Modem 
Control Register, and represents the compliment of that bit. It is used in modem 
handshaking to signify that the UART is available to communicate. This signal is 
set high upon Master Reset or during loop mode operation. 

OSR I Data Set Ready: A modem status input whose condition is complimented and 
reflected in the OSR bit (05) of the Modem Status Register. When OSR is low, it 
indicates that the modem is ready to establish communications. 

OCO I Data Carrier Detect: A modem status input whose condition is complemented and 
reflected in the OCO bit (07) of the Modem Status Register. When OCO is low, it 
indicates that the modem is receiving a carrier. 

RI I Ring Indicator: A modem status input whose condition is complimented and 
reflected in the RI bit (06) of the Modem Status Register. When RI is low, it in-
dicates that a telephone ringing signal is being received. 

OUT1 0 Output 1 ,2: User designated outputs that can be set to an active low by setting 
OUT2 0 bit 2 (OUT1) or bit 3 (OUT2) of the Modem Control Register high. These output 

signals are set high upon Master Reset or during loop mode operation. 

2-87 



551 73M550 
551 73M1550/2550 
UART with FIFOs 

GENERAL & CLOCKS 

NAME TYPE DESCRIPTION 

VCC I +5V Supply, ±10%: Bypass with 0.1 J.LF capacitor to VSS. 

VSS I System Ground 

MR I Master Reset: When high, this input clears all UART control logic and registers, 
except for the Receiver Buffer, Transmitter Holding and Divisor Latches; also, the 
state of output signals SOUT, INTRPT, QUT1, QUT2, RTS and OTR are affected 
by an active MR input. This input is buffered with a TTL-compatible Schmitt 
Trigger. See Table 2. 

XIN, XOUT 1/0 External System Clock 110: These two pins connect the main timing reference 
(crystal or signal clock) to the UART. Additionally, XIN may be driven by an 
external clock source. 

RCLK I Receiver Clock: This input is the 16X baud rate clock for the receiver section of 
the chip. 

BAUOOUT 0 Baud Generator Output: 16X clock signal for the transmitter section of the UART. 
The clock is equal to the main reference oscillator frequency divided by the 
specified divisor in the Baud Generator Divisor Latches. May also be used for the 
receiver section by tying this output to the RCLK input of the Chip. 

N/C - No Connection: These pins have no internal connection 
and may be left floating. 

28-PIN VERSION, SPECIAL PINS 

INTRPT 0 Interrupt: In the 28-pin versions of this chip, the INTRPT pin can be forced into a 
high impedance state by resetting to 0 the OUT2 bit (03) of the Modem Control 
Register. INTRPT pin operation is enabled by setting the OUT2 bit to 1. 

XIN,XOUT 1/0 External System Clock: The XOUT pin is not available on the 73M2550 and 
therefore must be driven by an external clock connected to the XIN pin. 

J,LPRST 0 Microprocessor Reset: This output signal is used to provide a hardware reset to 
a local controller. This pin becomes active high when the MR pin is pulled high or 
the OUT1 bit (02) of the Modem Control Register is set to 1. The J,LPRST function 
is available only on the 73M2550. 
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SSI73M550 
SS173M1550/2550 

I UART with FIFOs 

!~-----------------------------------------'j .., 
TABLE 1: Control Register Address Table 

I DLAB A2 A1 AO REGISTER 

0 0 0 0 Receiver Buffer (read), Transmitter Holding Register (write) 

0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 0 FIFO Control (write) 

X 0 1 1 Line Control 

X 1 0 0 Modem Control 

X 1 0 1 Line Status 

X 1 1 0 Modem Status 

X 1 1 1 Scratch 

1 0 0 0 Divisor Latch (least significant byte) 

1 0 0 1 Divisor Latch (most significant byte) 

TABLE 2: UART Reset Functions 
~ 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Interrupt Enable Register Master Reset All bits low (0-3 & 5 forced and 4, 6 
& 7 permanent) 

Interrupt Identification Register Master Reset Bit 0 is high; bits 1,2,3,6 & 7 are 
low; bits 4 & 5 are permanently low 

Line Control Register Master Reset All bits low 
Modem Control Register Master Reset All bits low (bits 5,6 & 7 permanent) 

Line Status Register Master Reset All bits low, except bits 5 & 6 are 
high 

Modem Status Register Master Reset Bits 0-3 are low; bits 4-7 = input 
signal 

SOUT Master Reset High 
INTRPT (RCVR Errs) Read LSRlMR Low 

INTRPT (RCVR Data Ready) Read RBRlMR Low 
INTRPT (THRE) Read IIR1Write THR/MR Low 
INTRPT (Modem Status Changes) Read MSRlMR Low 
OUT2 Master Reset High 
RTS Master Reset High 
DTR Master Reset High 
OUT1 Master Reset High 
FIFO Control Register Master Reset All bits low 
RCVR FIFO MRlFCR1 and FCROIL1FCRO All bits low 
XMITFIFO MRlFCR2 and FCROIL1FCRO All bits low 
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SSI73M550 
SSI73M1550/2550 
UART with FIFOs 

CONTROL REGISTER OVERVIEW 

REGISTER 

REGISTER ADDRESS 07 06 

~~tfa 
RECEIVER 

BUFFER RBR 000 BIT 7 BIT 6 REGISTER DLAB-O (MSB) 
(READ ONLy) 

TRANSMIT 
HOLDING THR 000 BIT 7 BIT 6 REGISTER DLAB-O (MSB) 

(WRITE ONLY) 

INTERRUPT 
ENABLE IER 001 0 0 

REGISTER DLAB-O 

INTERRUPT FIFOs FIFOs 10 010 
REGISTER IIR DLAB-X ENABLED ENABLED 

(READ ONLY) (NOTE 1) (NOTE 1) 

FIFO RCVR RCVR CONTROL FCR 010 TRIGGER TRIGGER REGISTER DLAB-X 
(WRITE ONLY) (MSB) (LSB) 

LINE DIVISOR 

CONTROL LCR 011 LATCH SET 

REGISTER DLAB-X ACCESS BREAK 
(DLAB) 

MODEM SSIMODE 
CONTROL MCR 100 OSC 0 
REGISTER DLAB-X OFF 

LINE ERROR IN TRANS-
STATUS LSR 101 RCVR MITTER 

REGISTER DLAB-X FIFO EMPTY 
(NOTE 1) (TEMT) 

MODEM DATA RING STATUS MSR 110 CARRIER INDICATOR REGISTER DLAB-X DETECT 
(READ ONLy) (DCD) (RI) 

SCRATCH SCR 111 BIT 7 BIT 6 REGISTER DLAB-X 

DIVISOR 
000 LATCH DLL BIT 7 BIT 6 

(MS) DLAB-l 

DIVISOR 001 LATCH DLM BIT 15 BIT14 
(MS) DLAB-1 

DATA BIT NUt.t3ER 

05 04 03 

BIT 5 BIT 4 BIT 3 

BIT 5 BIT 4 BIT 3 

ENABLE ENABLE 

SSIMODE 0 MODEM 

(NOTE 1) STATUS 
INTERRUPT 

SSI MODE SSIMODE INTERRUPT 
RXRDY TXRDY 10 BIT 2 

FORDMA FOR DMA (NOTE 1) 

SSI MODE SSIMODE DMA XMIT XMIT MODE TRIGGER TRIGGER 
(MSB) (LSB) SELECT 

EVEN PARITY STICK PARITY ENABLE PARITY SELECT (PEN) (EPS) 

0 LOOP OUT 2 

TRANSMIT BREAK FRAMING HOLDING INTERRUPT ERROr! REGISTER (BI) (FE) EMPTY(THRE) 

DATA CLEAR DELTA 

SET READY TO SEND DATA CARR. 
DETECT (OSR) (CTS) (ODCD) 

BIT 5 BIT 4 BIT 3 

BIT 5 BIT 4 BIT 3 

BIT 13 BIT 12 BITll 

NOTE 1: THESE BITS ARE RESET TO 0 IN THE 73M450 MODE (Character Mode) 

REGISTER BIT DESCRIPTIONS 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
UART ADDRESS: A2 - AO = 000, DLAB = 0 

02 01 DO 

BIT 2 BIT 1 BIT 0 
(LSB) 

BIT 2 BIT 1 BIT 0 
(LSB) 

ENABLE ENABLE ENABLE 
REC. LINE THR REC. DATA 
STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT "a" IF 
10 10 INTERRUPT 

BIT 1 BIT 0 PENDING 

XMIT RCVR 
FIFO FIFO FIFO 

ENABLE RESET RESET 

NUMBER WORD WORD 
OF STOP LENGTH LENGTH 

BITS SELECT 1 SELECT 0 
(STB) (WLS1) (WLSO) 

REQUEST DATA 

OUT 1 TO SEND TERMINAL 

(RTS) READY 
(DTR) 

PARITY OVERRUN DATA 
ERROR ERROR READY 

(PE) (OE) (DR) 

TRAILING DELTA DELTA 
EDGE RING DATASET CLEAR 
INDICATOR READY TO SEND 

(TERI) (DOSR) (DCTS) 

BIT 2 BIT 1 BITO 

BIT 2 BIT 1 BIT 0 

BIT 10 BIT 9 BIT8 

This read only register contains the parallel received data with start, stop, and parity bits (if any) removed. The 
high order bits for less than 8 data bits/character will be set to O. 

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
UART ADDRESS: A2 - AO = 000, DLAB = 0 

This write only register contains the parallel data to be transmitted. The data is sent LSB first with start, stop, and 
parity bits (if any) added to the serial bit stream as the data is transferred. 
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SSI73M550 

SSI 73M1550/2550 
I UART with FIFOs .~l __________________________________________________________ _ 

~ 
INTERRUPT ENABLE REGISTER (IER) 
UART ADDRESS: A2· AO = 001, DLAB = 0 

This 8-bit register enables the five types of interrupts of the UART to separately activate the chip Interrupt 
(INTRPT) output signal. It is possible to totally disable the interrupt system by resetting bits 0 through 3 of the 
Interrupt Enable Register. Similarly, by setting the appropriate bits of this register to a logic 1, selected 
interrupts can be enabled. Disabling the interrupt system inhibits the Interrupt Identification Register and the 
active (high) INTRPT output from the chip. All other system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 

The chip's SSi mode can be activated by setting bit 05. Once in the SSi mode, the chip can be placed in a 
power shut-down state by setting 'bit 07 in the Modem Control Register. 

BIT NAME COND DESCRIPTION 

DO Received Data 1 When set to logic 1 this bit enables the Received Data 
Available Interrupt, and timeout interrupts in FIFO mode. 

01 Transmitter Holding 1 When set to logic 1 this bit enables the Transmitter Holding 
Register Empty Register Empty Interrupt. 

02 Receiver Line 1 When set to logic 1 this bit enables the Receiver Line 
Status Interrupt Status Interrupt. 

03 Modem Status 1 When set to logic 1 this bit enables the Modem Status 
Interrupt. 

04 Not Used 0 This bit are is always logic O. 

05 SSI Mode 1 When set to logic 1, this bit enables the SSi Mode. In the SSi 
Mode the oscillator can be turned off via bit 07 in the Modem 
Control Register, and the XMITTHRE interrupt trigger set via 
bits 04 & 05 of the FIFO Control Register. 

06-07 Not used 0 These two bits are always logic O. 
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SSI73M550 
SSI 73M1550/2550 
UART with FIFOs 

INTERRUPT 10 REGISTER (IIR) (READ ONLY) 
UART ADDRESS: A2· AO = 010 

The IIR register gives prioritized information as to the status of interrupt conditions and also allows for OMA 
transfer operations in a polled FI FO manner under the SSi mode. When accessed, the II R freezes the highest 
priority interrupt pending and no other interrupts are acknowledged until the particular interrupt is serviced by 
the CPU. The order of interrupt priorities is shown in the table below. 

BIT NAME COND DESCRIPTION 

DO Interrupt Pending 0 This bit can be used in either a prioritized interrupt or polled 
environment to indicate whether an interrupt is pending. 
When bit 0 is a logiC 0, an interrupt is pending and the IIR 
contents may be used as a pointerto the appropriate interrupt 
service routine. 

1 When bit 0 is a logic 1 , no interrupt is pending. 

01,D2 Interrupt 10 bits 0, See These three bits of the II R are used to identify the highest 
03 1,2 table priority interrupt pending as indicated in the following table. 

Page 10 Bit 03 is reset to 0 when FIFO mode is disabled. 

04 SSI mode TXROY 1 This bit function is available only when SSi mode is enabled 
for OMA (bit 05 in IER is set). This bit is the compliment of TXROYpin 

and is used to support OMA transfers in a polled environment. 
A logic 1 indicates transmitter is less than full and is ready for 
OMA transfer. 

0 A logic 0 indicates transmitter is full and not ready for OMA 
transfer. Also when S51 mode is disabled this bit will be reset 
to O. 

05 551 mode RXROY 1 This bit function is available only when 55i mode is enabled 
for OMA (bit 05 in IER is set). This bit is the compliment of RXROY pin 

and is used to support OMA transfers in a polled environment. 
A logic 1 indicates receiver is not empty and is ready for OMA 
transfer. 

0 A logic 0 indicates receiver is empty and not ready for DMA 
transfer. Also when 55i mode is disabled this bit will be reset 
to O. 

06,07 FI FOs enabled 1 These two bits are set to logic 1 when bit 00 in FCR is set to 
1 (FI FO mode enabled). 

0 These two bits are reset to logic 0 when bit 00 in FCR is reset 
to 0 (FIFO mode disabled). 
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SSI73M550 
SSI 73M1550/2550 

UART with FIFOs 
_I ·-1'-----------------------------------------------

-1 

I 

I 
" 

INTERRUPT PRIORITY TABLE 

03 02 01 DO PRIORITY TYPE SOURCE RESET 

0 0 0 1 - None None N/A 

0 1 1 0 Highest Receiver Une Status Overrun Error, Parity Error, Reading the Une 
Framing Error or Break Status Register 
Interrupt 

0 1 0 0 Second Receive Data Receive Data Available Reading the Receiver 
Available or RCVR FIFO trigger . Buffer Register or the 

level reached RCVR FIFO drops 
below trigger level 

1 1 0 0 Second Character Timeout No characters have been Reading the Receiver 
Indicator removed from or input to Buffer Register 

the RCVR FIFO during the 
last 4 character times and 
there is at least 1 character 
in it during this time 

0 0 1 0 Third Transmit Holding Transmit Holding Register Reading IIR Register 
Register Empty Empty or below XMIT FIFO (if source of interrupt) 

trigger level or Writing to Transmit 
Holding Register or 
XMIT FIFO trigger level 
reached 

0 0 0 0 Fourth Modem Status Clear to Send or Data Set Reading the Modem 
Ready or Ring Indicator or Status Register 
Data Carrier Detect 

FIFO CONTROL REGISTER (FCR) (WRITE ONLY) 
UART ADDRESS: A2 - AO = 010 

This is a write only register at the same location as the IIR read only Register. This register is used to 
enable the FIFOs, clear the FIFOs, set the XMIT and RCVR FIFO trigger level, and select the type of 
OMA signalling. 

BIT NAME CONO DESCRIPTION 

DO FIFO Enable 1 SettingthisbiUo logic 1 enables both XMITand RCVR FIFOs. 
This bit must be written as 1 when other FCR bits are written 
to or they will not be programmed. 

0 Resetting this bit to logiC 0 disables the FI FO mode (enables 
the 73M450 mode) and clears data in both FIFOs when 
changing from FIFO mode to 73M450 mode and vice versa, 
data is automatically cleared from FIFOs. 

01 RCVR FIFO Reset 1 Setting this bit to logic 1 clears all data in the RCVR FIFO and 
resets its counter logic to O. The shift register is not cleared. 
The logic 1 written into this bit is self clearing. 

02 XMIT FIFO Reset 1 Setting this bit to logic 1 clears all data in the XMIT FIFO and 
resets its counter logic to O. The shift register is not cleared. 
The logiC 1 written into this bit is self clearing. 
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FIFO CONTROL REGISTER (FCR) (WRITE ONLY) (Continued) 

BIT NAME COND DESCRIPTION 

03 OMA Mode Select 1 Setting this bit to logic 1 will enable OMA mode 1. In this mode 
pins TXROY and RXRDY and bits 04 and 05 in UR, support 
multiple OMA transfers. 

0 Resetting this bit to logic 0 will enable OMA mode O. In this 
mode, pins TXROY and RXROY and bits 04 and 05 in IIR 
support single OMA transfers. 

05,04 SSI Mode XMIT 011 These two bits are active in the SSi mode only. The value 
Trigger (MSB, LSB) written into 05 and 04 determine the XMIT FIFO trigger 

level as described in table below. The THRE interrupt will 
occur if the XM IT FI FO is below the trigger level and will reset 
when the XMIT FIFO is filled to trigger level. 

07,06 RCVR Trigger 0/1 The value written into 07 and 06 determining the RCVR 
(MSB, LSB) FIFO trigger level as described in table below. The received 

data available interrupt will occur if the RCVR FI FO is filled to 
or above the trigger level and will reset when the RCVR FIFO 
drops below the trigger level. 

XMITFIFO 
05 04 Trigger Level (Bytes) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 

RCVR FIFO 
07 06 Trigger Level (Bytes) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 
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LINE CONTROL REGISTER (LCR) 
UART ADDRESS: A2 - AO = 011 

The user specifies the format of the asynchronous data communications exchange via the Line Control 
Register. In addition to controlling the format the user may retrieve the contents of the Line Control Register 
for inspection. This feature simplifies system programming and eliminates the need for separate storage in 
system memory of the line characteristics. 

BIT NAME COND DESCRIPTION 

00ID1 Word Length Bits 00 and 01 select the number of data bits per character 
Select 0 (WLSO) as shown: 

Word Length 01 00 Word Length 

Select 1 0 0 5 bits 

(WLS1) 0 1 6 bits 

1 0 7 bits 

1 1 8 bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each trans-
(STB) mitted character. If bit 02 is a logiC 0, one stop bit is generated 

in the transmitted data. If bit 02 is a logic 1 when a 5-bit word 
length is selected via bits 00 and 01, one-and-a-half stop bits 
are generated. If bit 02 is a logic 1 when either a 6, 7, or 8-
bit word length is selected, two stop bits are generated. The 
receiver checks the first stop bit only, regardless of the 
number of stop bits selected. 

03 Parity Enable 1 This is the Parity Enable (PEN) bit. When set to a logic 1, a 
(PEN) parity bit is generated (transmit data) or checked (receive 

data) between the last data word bit and stop bit of the serial 
data. (The parity bit is used to produce an even or odd 
number of 1 's when the data word bits and the parity bit are 
summed). 

04 Even Parity Select 1 or 0 This is the Even Parity Select (EPS) bit. When bit 03 is a 
(EPS) logic 1 and bit 04 is a logic 0, an odd number of logic 1 's is 

transmitted or checked in the data word bits and parity bit. 
When bit 03 is a logiC 1 and bit 04 is a logic 1 an even number 
of logic 1 's is transmitted or checked. 

05 Stick Parity 1 or 0 This is the Stick Parity bit. When bit D3 is a logic 1 and bit 05 
is a logic 1 the parity bit is transmitted and checked by the 
receiver as a logic 0 if bit 04 is a logic 1 or as a logic 1 if bit 
04 is a logic O. 

05 04 Parity 

0 0 000 Parity 

0 1 EVEN Parity 

1 0 MARK Parity 

1 1 SPACE Parity 
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LINE CONTROL REGISTER (LCR) (Continued) 

BIT NAME COND 

06 Set Break 1 

07 Divisor latch Access 1 
Bit (DLAB) 

DESCRIPTION 

This is the Break Control bit. It causes a break condition to 
be sent to the receiving UART. When set to a logic 1 the serial 
out (SOUT) is forced to a logic 0 state. The break is disabled 
by setting bit 06 to a logiC O. This bit acts only on SOUT and 
has no effect on the transmitter logic. See note below. 

The Divisor latch Access Bit (DLAB) must be set high 
(logic 1) to access the Divisor latches of the baud generator 
during a Read or Write operation. It must be set low (logic 0) 
to access the Receiver Buffer, the Transmitter Holding Reg­
ister, or the Interrupt Enable Register. 

NOTE: This feature enables the CPU to alert a terminal in a computer communications system. If the 
following sequence is followed, no erroneous or extraneous characters will be transmitted because 
of the break. 

1. load an all O's pad character in response to THRE. 
2. Set break in response to the next THRE. 

3. Wait for the Transmitter to be idle. (TEMT = 1), and clear break when normal transmission has 
to be restored. 

During the break, the Transmitter can be used as a character timer to accurately establish the break 
duration. 

MODEM CONTROL REGISTER (MCR) 
UART ADDRESS: A2· AO = 100 

The Modem Control Register controls the interface with the modem, data set or peripheral device. 

BIT NAME COND DESCRIPTION 

DO DTR 0/1 This bit controls the Data Terminal Ready (DTR) output. When bit 0 is 
set to a logic 1 the DTR output is forced to a logic O. When bit 0 is reset 
to a logic 0 the DTR output is forced to a logic 1 . 

01 RTS 0/1 This bit controls the Request to Send (RTS) output. When bit 1 is set 
to a logic 1 the RTS output is forced to a logic O. When bit 1 is reset to 
a logic 0 the RTS output is forced to a logic 1 . 

02 OUT1 0/1 This bit controls the Output 1 (OUT1) signal, an auxiliary user-desig-
nated output. When bit 02 is set to a logic 1 ,OUT1 is forced to a logic 
O. When bit 02 is reset to a logic 0, OUT1 is forced to a logic 1. On the 
SSI73M2550 only, this bit controls the JJ,PRSToutput. When bit 02 is 
set to a logic 1 , the JJ,PRST output is forced to a logic 1. When bit 02 is 
reset to logic 0, JJ,PRST is forced to logiC O. 

03 OUT2 0/1 This bit controls the Output 2 (OUT2) Signal, an auxiliary user-desig-
nated output. When bit 03 is set to a logic 1, OUT2 forced to a logic O. 
When bit 03 is reset to a logic 0, OUT2 output is forced to a logic 1. On 
the 28-pin versions, this bit controls the INTRPT pin. When bit 03 is set 
to a logic 1, the INTRPT output is enabled. When bit 03 is reset to logic 
0, the INTRPT pin is forced into a high impedance state. 
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MODEM CONTROL REGISTER (MCR) (Continued) 

BIT NAME COND 

04 LOOP 0/1 

05-06 0 

07 SSi Mode 1 
Osc. off 

0 

LINE STATUS REGISTER (LSR) 
UART ADDRESS: A2· AO = 101 

DESCRIPTION 

This bit provides a Iocalloopback feature for diagnostic testing of the 
UART. W,",en bit 4 is set to logic 1, the following occurs: the transmitter 
Serial Output (SOUT) is set to the logic 1 state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the four Modem 
Control inputs (CTS, OSR, OCO and RI) are disconnected; the four 
Modem Control outputs (OTR, RTS, OUT1 and OUT2) are internally 
connected to the four Modem Control inputs, and the Modem Control 
output pins are forced to their inactive state (high). In the diagnostic 
mode, data that is transmitted is immediately received. This feature 
allows the processor to verify the transmit and received-data paths of 
the UART. In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The Modem Control Interrupts are also 
operational, but the interrupts' sources are now the lower four bits of the 
Modem Control Register instead of the four Modem Control inputs. The 
interrupts are still controlled by the Interrupt Enable Register. 

These bits are permanently set to logic O. 

This bit is active in the SSi Mode only. When 07 is set the UART 
oscillator is tunred off placing the UART in a power shutdown state. All 
UART memory is retained during power shutdown. 

Resetting this bit enable the oscillator and powers up the UART. 

This register provides status information to the CPU concerning the data transfer. Bits 01-04 are the error 
conditions that produce a Receiver Line Status interrupt whenever any of the corresponding conditions are 
detected. The Line Status Register is intended for read operation only. Writing to this register is not rec­
ommended as this operation is used for factory testing. 

BIT NAME COND DESCRIPTION 

DO DR 0/1 The Data Ready (DR) bit is set to a 1 whenever a complete incoming 
character has been received and transferred into the Receiver Buffer 
Register. DR is reset to 0 by reading all data in the Receiver Buffer 
Register FIFO. 

01 OE 0/1 The Overrun Error (OE) bit is set when data in the Receiver Buffer 
Register was not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby destroying the 
previous character. OE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. In FIFO mode if data continues to 
fill the FIFO beyond the trigger level an overrun error will occur only after 
the FIFO is full and the next character has been completely received in 

(Continued) 
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liNE STATUS REGISTER elSR) (Continued) 

BIT NAME COND DESCRIPTION 

01 OE 011 the shift register. OE is indicated to the CPU as soon as it occurs. The 
character in the shift register is overwritten but it is not transferred to the 
FIFO. 

02 PE 0/1 The Parity Error (PE) bit is set when the received character did not have 
the correct parity. PE is reset to 0 whenever the CPU reads the Line 
Status Register. In FIFO mode this error is revealed to the CPU when 
its associated character is at the top of the FIFO. 

03 FE 1 The Framing Error (FE) bit indicates that the received character did not 
have a valid stop bit. FE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. In the FIFO mode this error is 
revealed to the CPU when its associated character is at the top of the 
FIFO. The UART will try to resynchronize after a framing error. To do 
this it assumes that the framing error was due to the next start bit, so it 
samples the following start bit twice and then takes in the data that 
follows. 

04 BI 1 The Break Interrupt (BI) bit is set when a break has been received. A 
break occurs whenever the received data is held to 0 for a full data word 
(start + data + stop). BI is reset to 0 whenever the CPU reads the Line 
Status Register. In the FIFO mode this error is revealed to the CPU 
when its associated character is at the top of the FIFO. When break 
occurs only one zero character is loaded into the FIFO. The next 
character transfer is enabled after SIN goes to the marking (high) state 
and receives the next valid start bit. 

05 THRE 1 The Transmit Holding Register Empty (THRE) is set to a logic 1 when 
a character is transferred from the Transmit Holding Register into the 
Transmit Shift Register, indicating that the UART is ready to accept a 
new character for transmission. I n addition this bit causes the UART to 
issue an interrupt to the CPU when the THRE Interrupt enable is set 
high. THRE is reset to 0 when the CPU loads a character into the 
Transmit Holding Register. In the FIFO mode this bit is set when the 
XMIT FIFO is filled below the trigger level and will reset when the FIFO 
is filled to the trigger level. 

06 TEMT 1 The Transmit Empty (TEMT) indicates that both the Transmit Holding 
Register and the Transmit Shift Registers are empty. TEMT is reset to 
o whenever the TSR or THR contains a data character. In the FIFO 
mode this bit is set whenever the XMIT FIFO and the transmitter shift 
register are both empty. 

07 Error in 0 In the character mode this bit is reset to O. In the FIFO mode this bit is 
Rcvr FIFO set when there is at least one parity error, framing error or break 

indication in the FIFO. This bit is reset when the CPU reads the Line 
Status Register if there are no subsequent errors in the FIFO. 

Note: Bits 01-04 are the error conditions that produce a Receiver Line Status interrupt whenever any of the 
corresponding conditions are detected and the interrupt is enabled. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 
UART ADDRESS: A2 - AO = 110 

This register provides the current state of the control signals from the modem or peripheral device. In addition 
four bits provide change information. Whenever bit 00,01,02 or 03 is setto logic 1 a Modem Status Interrupt 
is generated; reset to logic 0 occurs whenever they are read. In Loop Mode CTS, DSR, RI and DCD are taken 
from RTS, DTR, OUT1, and OUT2 in the Modem Control Register, respectively. 

BIT NAME COND 

DO DCTS 1 

01 DDSR 1 

02 TERI 1 

03 DDCD 1 

04 CTS 1 

05 DSR 1 

06 RI 1 

07 DCD 1 

SCRATCH REGISTER (SCR) 
ADDRESS: A2 - AO = 111 

DESCRIPTION 

The Delta Clear to Send (DCTS) bit is set when the CTS input to the Chip 
has changed state since the last time it was read by the CPU. 

The Delta Data Set Ready (DDSR) bit is set when the DSR input to the 
chip has changed state since the last time it was read by the CPU. 

The Trailing Edge of the Ring Indicator (TERI) detect bit is set when the 
RI input to the chip has changed from an Off (logiC 0) to an On (logic 1) 
condition. 

The Delta Data Carrier Detect (DDCD) bit indicates that the DCD input 
to the chip has changed state. 

This bit is the complement of the Clear To Send (CTS) input. If bit 4 
(loop) of the MCR is set to a 1, this bit is equivalent to RTS in the MCR. 

This bit is the complement of the Data Set Ready (DSR) input. If bit 4 
of the MCR is set to a 1, this bit is the equivalent of DTR in the MCR. 

This bit is the complement of the Ring Indicator (RI) input. If bit 4 of the 
MCR is set to a 1, this bit is equivalent to OUT1 in the MCR. 

This bit is the complement of the Data Carrier Detect (DCD) input. If bit 
4 of the MCR is set to a 1, this bit is equivalent to OUT2 in the MCR. 

This 8-bit ReadIWrite Register does not control the UART in any way. It is intended as a scratchpad register 
to be used by the programmer to hold data temporarily. 

DIVISOR lATCH (lS) (Dll) 
ADDRESS: A2 - AD = 000, DLAB = 1 

This register contains the least significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

DIVISOR lATCH (MS) (DlM) 
ADDRESS: A2 - AD = 001, DLAB = 1 

This register contains the most significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 
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PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud Generator that is capable of taking any clock input (DC to 8 MHz) 
and dividing it by any divisor from 2 to 218_1. 4 MHz is the highest input clock frequency recommended when 
the divisor = 1. The output frequency of the Baud Generator is 16 x the Baud [divisor # = (frequency input)1 
(baud rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary format. These Divisor Latches must 
be loaded during initialization in order to ensure desired operation of the Baud Generator. Upon loading either 
of the Divisor Latches, a 16-bit Baud counter is immediately loaded. This prevents long counts on initial load. 

Tables 3,4 and 5 illustrate the use ofthe Baud Generator with crystalfrequencies of 1.8432 MHz, 3.072 MHz, 
and 8 MHz respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of 
the desired baud rate is dependent on the crystal frequency chosen. 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD RATE TO GENERATE DIFFERENCE BETWEEN 

(BIT RATE CLOCK) 16 X CLOCK DESIRED AND ACTUAL 
50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 

150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 

2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86 

,TABLE 3: Baud Rates using 1.8432 MHZ Crystal 
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DESIRED DIVISOR USED PERCENT ERROR 
BAUD RATE TO GENERATE DIFFERENCE BETWEEN 

(BIT RATE CLOCK) 16 X CLOCK DESIRED AND ACTUAL 

50 3840 -
75 2560 -
110 1745 0.026 

134.5 1428 0.034 

150 1280 -
300 640 -
600 320 -
1200 160 -
1800 107 0.312 

2000 96 -
2400 80 -
3600 53 0.628 

4800 40 -
7200 27 1.23 

9600 20 -
19200 10 -
38400 5 -

TABLE 4: Baud Rates using 3.072 MHZ Crystal 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD RATE TO GENERATE DIFFERENCE BETWEEN 

(BIT RATE CLOCK) 16XCLOCK DESIRED AND ACTUAL 

50 10000 -
75 6667 0.005 

110 4545 0.010 

134.5 3717 0.013 

150 3333 0.010 

300 1667 0.020 
600 833 0.040 

1200 417 0.080 

1800 2n 0.080 

2000 250 -
2400 208 0.160 
3600 139 0.080 

4800 104 0.160 

7200 69 0.644 

9600 52 0.160 

19200 26 0.160 

38400 13 0.160 
56000 9 0.790 
128000 4 2.344 

256000 2 2.344 

TABLE 5: Baud Rates using 8 MHZ Crystal 
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FIFO INTERRUPT MODE OPERATION 

When the ACVA FIFO and receiver interrupts are 
enabled (FCA DO = 1, lEA DO = 1) ACVA interrupts will 
occur as follows: 

A. The receive data available interrupt will be issued 
to the CPU when the FIFO has reached its pro­
grammed trigger level; it will be cleared as soon as 
the FI FO drops below its programmed trigger level. 

B. The IIA receive data available indication also oc­
curs when the FI FO trigger level is reached and like 
the interrupt it is cleared when the FIFO drops 
below the trigger level. 

C. The receiver line status interrupt (IIA = 06), as 
before, has higher priority than the received data 
available (IIA = 04) interrupt. 

D. The data ready bit (LSADO) is set as soon as a 
character is transferred from the shift register to 
the ACVA FI FO. It is reset when the FIFO is empty. 

When RCVA FIFO and receiver interrupts are enabled, 
ACVA FIFO timeout interrupts will occur as follows: 

A. A FIFO timeout interrupt will occur, if the following 
conditions exist: 

- at least one character is in the FIFO 

- the most recent serial character received was 
longer than 4 continuous character times ago 
(if 2 stop bits are programmed the second one 
is included in this time delay). 

- the most recent CPU read of the FIFO was 
longer than 4 continuous character times ago. 

This will cause a maximum character received to 
interrupt issued delay of 160 ms at 300 baud with a 12 
bit character. 

B. Character times are calculated by using the RCLK 
input for a clock signal (thiS makes the delay 
proportional to the baud rate). 

C. When a timeout interrupt has occurred it is cleared 
and the timer reset when the CPU reads one 
character from the ACVA FIFO. 

D. When a timeout interrupt has not occurred the 
timeout timer is reset after a new character is 
received or after the CPU reads the ACVA FIFO. 

When the XMIT FIFO and transmitter interrupts are 
enabled (FCADO = 1, IEAD1 = 1), XMIT interrupts will 
occur as follows: 

A. The transmitter holding register interrupt occurs 
when the XMIT FIFO is below the trigger level. It 
is cleared as soon as the transmitter holding reg­
ister is written to and reaches the trigger level orthe 
IIA is read. If the SSi mode is disabled (lEA DS = 
0) then the XMIT FIFO trigger level is set to 1 byte. 

B. The transmitter FIFO empty indications will be 
delayed 1 character time minus the last stop bit 
time whenver the folowing occurs: THAE =1 and 
there have not been at least two bytes at the same 
time in the transmit FIFO since the last THAE = 1. 
The first transmitter interrupt after changing FCR 
DO will be immediate, if it is enabled. 

Character timeout and RCVR FIFO trigger level inter­
rupts have the same priority as the current received 
data available interrupt; XMIT FIFO empty has the 
same priority as the current transmitter holding register 
empty interrupt. 

FIFO MODE OPERATION 

With FCR DO = 1 resetting IER ~O, IER 01, IER 02, IER 
03 or all to zero puts the UART in the FIFO polled mode 
of operation. Since the RCVR and XMITTER are 
controlled separately either one or both can be in the 
polled mode of operation. In this mode the users 
program will check RCVR and XM ITTER status via the 
LSR. As stated previously: 

LSR DO will be set as long as there is one byte in 
the RCVR FIFO 

LSR 01 to LSR 04 will specify which error(s) has 
occurred. Character error status is handled the 
same way as when in the interrupt mode, the IIR is 
not affected since I ER 02 = 0 

LSR OS will indicate when the XMIT FIFO is empty. 

LSR 06 will indicate that both the XMIT FIFO and 
shift register are empty. 

LSR 07 will indicate whether there are any errors 
in the RVCR FIFO. 

There is no trigger level reached or timeout condition 
indicated inthe FIFO Polled Mode, however, the RCVR 
and XMIT FIFOs are still fully capable of holding 
characters. 
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NOTE: Rp function is to bias the crystal; RX2 function is to lower power and reduce crystal overdrive. 

FIGURE 1: Typical Clock Circuits 

TYPICAL CRYSTAL OSCILLATOR NETWORK 

CRYSTAL RP RX2 C1 C2 

1.8 - 8 MHz 1 Mil 1.SK 10-30 pF 40-60 pF 

8MHz 1 Mil 0 10-30 pF 40-60 pF 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(TA = -40oe to +8soe, vee = sv ± 10%, unless otherwise noted. Operation above absolute maximum 
ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

vee Supply Voltage +7V 

Storage Temperature -6SoC to 1S0°C 

Lead Temperature Soldering, 10 sec. 2600 e 

Applied Voltage -0.3 to Vce + 0.3 
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DC CHARACTERISTICS 
(TA = -40°C to +85°C, VCC = 5V ± 10%, Vss = OV, unless otherwise noted; positive current is defined as 
entering the chip.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VILX Clock input Low voltage -0.5 0.8 V 

VIHX Clock input High Voltage 2.0 Vce V 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage IOL = 4.0 rnA 0.4 V 
(except XOUT) 

VOH Output High Voltage IOH = -5.0 rnA on all 2.4 V 
outputs except XOUT 

ICC Average Power Supply See Note 1 5 10 rnA 

Current See Note 2 50 J.lA 
ilL Input Leakage VCC=5.25V, VSS=OV. ±10 J.lA 

All other pins floating. 

ICL Clock Leakage VIN=OV, 5.25V ±10 J.lA 
IOZ 3-State Leakage VCC=5.25V, VSS=OV, ±20 J.lA 

VOUT =OV, 5.25V 
1) Chip deselected 
2) Chip & write mode 
selected 

VILMR MR Schmitt VIL 0.8 V 

VIHMR MR Schmitt VIH 2.0 V 

Note 1: VCC = 5.25V, TA = 25°C; No loads on outputs. SIN, DSR, DCD, CTS, RI = 2.4V. All other inputs 
= 0.4V. Baud Rate Gen. = 4 MHz; Baud Rate = 50 kHz. 

Note 2: VCC = 5.5V, TA = -40°C; No output load; CMOS-level inputs, oscillator disabled 

CAPACITANCE 
(TA = 25°C, VCC = VSS = OV, fc = 1 MHz, unmeasured pins returned to VSS) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CXTAL2 Clock Input Capacitance 15 20 pF 

CXTAL1 Clock Output Capacitance 20 30 pF 

CI Input Capacitance 6 10 pF 

CO Output Capacitance 10 20 pF 
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FIGURE 2: External Clock Input* (8 MHz Maximum) 

2.4V - - - ,-------. 

0.4V 

The 2.4V and 0.4V levels 
are the volt~es that the 
inputs are dnven to during 
AC testing. 

The 2.0V and 0.8 levels 
are the voltages at which 
timing tests are made. 

FIGURE 3: AC Test Polnts* 

* All timings are referenced to valid 0 and valid 1. 

AC CHARACTERISTICS (TA = -40°C to +85°C, VCC = 5V ±10%, unless otherwise noted.) 

READ & WRITE CYCLE (Refer to Figures 4 & 5) 

PARAMETER CONDITIONS 73M550 
73M1550 
73M2550 

MIN MAX 

tAOS Address Strobe Width 50 

tAS Address Setup Time 30 

tAH Address Hold Time 0 

tCS Chip Select Setup Time 30 

tCH Chip Select Hold Time 0 

tAR READ Delay from Address 30 
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READ & WRITE CYCLE (Continued) 

PARAMETER 

tRD READ Strobe Width 

tRC Read Cycle Delay 

tAD Address to Read Data 

RC Read Cycle 

tRDD READ to Driver 
Disable Delay 

tRVD Delay from READ to Data 

tHZ READ to Floating Data Delay 

tRA Address Hold Time 
from READ 

tAW WRITE Delay from Address 

tWR WRITE Strobe Width 

tWC Write Cycle Delay 

WC Write Cycle = tAW+tWR+tWC 

tDS Data Setup Time 

tDH Data Hold Time 

tWA Address Hold Time 
from WRITE 

tMRW Master Reset Pulse Width 

tXH Duration of Clock High Pulse 

tXL Duration of Clock Low Pulse 

Note 1: RC = tAD + tRC 

CONDITIONS 73M550 
73M1550 
73M2550 

MIN MAX 

80 

50 

160 

See Note 1 & 4 210 

100 pF load 50 
See Note 2 

100 pF load 80 

100 pF load 0 60 
See Note 2 

See Note 3 20 

See Note 3 30 

80 

50 

160 

30 

30 

See Note 3 20 

1 

External Clock 100 
(4 MHz max.) 

External Clock 100 
(4 MHz max.) 

Note 2: Charge and discharge time is determined by VOL, VOH and the external loading 

Note 3: Applicable only when ADS is tied low 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

JlS 
ns 

ns 

Note 4: In FIFO mode RC = 425 ns (minimum) between reads of the RCVR FIFO and the status registers 
(interrupt identification register or line status register). 

READ occurs when both read (RD, RD) and chip sel.ect (CSO, CS1, CS2, latched by ADS) are asserted. 

WRITE occurs when both write (WR, WR) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 

2-106 



+1 

I 

SSI73M550 
SS173M1550/2550 

UART with FIFOs 
i:-! ________________________________ ------------

i1 

Ir-------~r_-----~ 

--+-----+---+-----;1- lOR 
~ ----r-----------+------r--------~~------

FIGURE 4: Read Cycle Timing 

NOTE: READ occurs when both read (RD, RD) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 

~.CS1.CSO 

WRITE 
~------~r------~ 

lOR 
READ ----------------------~--------fl_----~~ 

DATA 
00-07 

FIGURE 5: Write Cycle Timing 

NOTE: WRITE occurs when both write (WR, WR) and chip select (CSO, CS1, CS2, latched by ADS) are asserted. 
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551 73M550 
551 73M1550/2550 
UART with FIFOs 

TRANSMITTER (Refer to Figure 6) 

PARAMETER 

tHR Delay from the end of WRITE 
to the negation of Interrupt 

tlRS Delay form Initial INTR Reset 
to Transmit Start 

tSI Delay from Initial Write 
to Interrupt 

tSTI Delay from Stop to Interrupt 
(THRE) 

tlR Delay from the end of READ 
to the negation of Interrupt 

tSXA Delay from Start to TXRDY 
active 

tWXI Delay from Write to TXRDY 
inactive 

CONDITIONS MIN MAX' UNITS 

100 pF load 175 ns 

8 24 BAUDOUT 
cycles 

See Note 1 16 24 BAUDOUT 
cycles 

See Note 1 8 8 BAUDOUT 
cycles 

100 pF load 250 ns 

100 pF load 8 BAUDOUT 
cycles 

100 pF load 195 ns 

Note: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter 
interrupt delay circuit is active (see FIFO Interrupt mode operation). 

START PARITY 

DATA BITS (5-8) 

START SERIAL OUT ____ ------,. 
(Sour) 

INTERRUPT ___ ____ 
(THRE) 

WRITE 

READ ______________________ ~ 
NOTES: 
1. SEE WRITE CYCLE TIMING; WRITE IS A PRODUCT OF we...,..WR" AND COO, CS~~ 
2. SEE READ CYCLE TIMING; READ IS A PRODUCT OF RD, HU AND CSO, CS1, li~2 

FIGURE 6: Transmitter Timing 
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WRITE 

SOUT DATA 

TXRDY 

5 

5 

SSI73M550 
SSI 73M1550/2550 

UART with FIFOs 

FIGURE 7: Transmitter Ready (Pin 24) FeR DO = 0 or FeR DO = 1 and FeR 03 = 0 (Mode 0) 

------~ ~----~ ~----------~5~----------------
WRITE 

------~ ~----~ ~----------~5~----------------

SOUT DATA 

TXRDY ----------------+---~ 

FIGURE 8: Transmitter Ready (Pin 24) FeR DO = 1 and FeR 03 =1 (Mode 1) 

NOTE: WAITE occurs when both write (WA, WA) and chip select (CSO, CS1 , CS2, latched by ADS) are asserted. 
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SSI73M550 
SS173M1550/2550 
UART with FIFOs 

MODEM CONTROL (Refer to Figure 9) 

PARAMETER CONDITIONS MIN 

tMDO 

tSIM 

tRIM 

Delay from WRITE MeR 100 pF load 
to Output 

Delay to Set Interrupt 100 pF load 
from Modem Input 

Delay to Reset Interrupt 100 pF load 
from RD, RD (RD MSR) 

WRITE~ ~ (WRMCR) 
(NOTE 1) - ---

ms-DTI! .MDO m ~--
rnJTf,OOT2 ___ _ 

INTERRUPT 

READ 
(RDMSR) 
(NOTE 2) ____ ....J 

NOTES: 
1. SEE WRITE CYCLE TIMING; READ OCCURS WHEN BOTH READ (RD, 1m) 

AND CHIP SELECT (CS, CS1 ,~, LATCHED BY~) ARE ASSERTED. 
2. SEE READ CYCLE TIMING; WRITE OCCURS WHEN BOTH WRITE (WR, WFf) 

AND CHIP SELECT (CS, CS1 ,~, LATCHED BY~) ARE ASSERTED. 

FIGURE 9: Modem Controls Timing 
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MAX UNITS 

200 ns 

250 ns 

250 ns 



BAUD GENERATOR (Refer to Figure 10) 

PARAMETER CONDITIONS 

N 

tBLD 

tBHD 

tLW 

tHW 

Baud Divisor 

Baud Output Negative 100 pF load 
Edge Delay 

Baud Output Positive 100 pF load 
Edge Delay 

Baud Output Down Time fX=8 MHz, div. by 2, 
100 pF load 

Baud Output Up Time fX=8 MHz, div. by 2, 
100 pF load 

XIN 

tHW 
tBLD ~ 14- ~ 14-

~UUlJU1Jl 

BAOOOOT 
(DIV. BY 2) 

BAOOOOT 
(DIV. BY 3) 

~ 14- tBHD --.J ~ tLW 

~ 14- tBLD -+I tLW I+-

tBLD 
~ 14-

~ tHW 14-
tBHD tHW 
~ 14- ~tLW~ 

SSI73M550 
SSI 73M1550/2550 

UART with FIFOs 

MIN MAX UNITS 

1 216_1 

125 ns 

125 ns 

100 ns 

75 ns 

-:L~ -!H~ rl4 I i lHW" ("-2) XIN CYCLES 
BAOOOOT ~I r-------,1 

(DIV. BY N, N > 3) IL-__ .....J. L-__ ---' 
14-14---.t.1 tLW = 2 XIN CYCLES 

FIGURE 10: BAUDOUT Timing 
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SSI73M550 
SSI 73M1550/2550 
UART with FIFOs 

RECEIVER (Refer to Figure 11) 

PARAMETER 

tSCD Delay from RCLK to 
Sample Time 

tSINT Delay from Stop to 
Set Interrupt 

tRINT Delay from READ 
(RD RBR/RD LSR) to 
Reset Interrupt 

CONDITIONS MIN MAX UNITS 

2 !J.S 

RCLK=tXH & tXL 1 RCLK 
See Note 1 cycles 

100 pF load 1 !J.S 

Note 1: In the FIFO mode (FCR DO = 1) the trigger level interrupts, the receiver data available indica-
tion, the active RXRDY indication and the overrun error indication will be delayed 3 RCLKs. 
Status indicators (PE, FE, BI) will be delayed 3 RCLKs after the first byte has been received. 
For subsequently received bytes these indicators will be updated immediately after RD RBR 
goes inactive. Timeout interrupt is delayed 8 RCLKs. 

RClK ~t---fL 
I~ 8 ClKS .1 ~ tSCD 

SAMPLE CLOCK ~ 
73M450 MODE: 

SIN ""\ START / DATABlT~~ 

SAMPLE CLOCK 

RDR 
INTERRUPT 

lSR 

READ RBR 
RECEIVER 

BUFFER 
REGISTER 

READ lSR 
LINE STATUS 

» « I I I 

RESISTER ______________ ----/ 

NOTE: 
1. SEE READ CYCLE TIMING 
2. READ OCCURS WHEN BOTH READ (RD. RD) AND CHIP SELECT (CS. CS1. CS2. LATCHED BY ADS) ARE ASSERTED. 

FIGURE 11: Receiver Timing 
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SIN ~ ~Z 
\J ----E __ DiATA (5-8) 

ZZ 

SSI73M550 
551 73M1550/2550 

UART with FIFOs 

TRIGGER LEVEL 
INlERRUPT 

(FeR os, 07 = 0,0) 

(FIFO AT OR ABOVE 
Ir---:n·-------+....----- TRIGGER LEVEL) 

1'----- (FIFO BELOW 

~ ________________ -J 

READ ~ ---------------------'"' ,..--__ -.1 
LINE STATUS REGISTER _________________ ---J '-----'1 

~~~~I~~ ---------,.------------------,. ..... ----. 
RE~~~~ ______________________ -.J 1'-----' 

FIGURE 12: RCVR FIFO First Byte (This sets RBR) 

SIN~ 
STOP 

SAMPLE CLOCK 

TRIGGER LEVEL) 

-'-_'---'----'--..J'---~_ (FIFO AT OR ABOVE 

TIMEOUTOR ~/------------"T------ TRIGGER LEVEL) 
TRIGGER LEVEL INTERRUPT 

(FCR 06, 07 = 0,0) tSINT SEE NOTE 2 (FIFO BELOW 
t RINT TRIGGER LEVEL) 

LSR INTERRUPT - - - \ TOP BYTE OF FIFO 
----~--~ ~~-~------

READLSR 
LINE STATUS REGISTER 

READ RBR 
RECEIVER BUFFER REGISTER 

PREVIOUS BYTE 
READ FROM FIFO 

tRINT 

FIGURE 13: RCVR FIFO Bytes Other Than the First Byte (RBR Is already set) 

Note 1: This is the reading of the last byte in the FI FO 

Note 2: If FCR DO = 1, then tSINT = 3 RCLKs. For a timeout interrupt, tSINT = 8RCLKs. 

Note 3: READ occurs when both read (RD, RD) and chip select (CSO, CS1, CS2, latched by ADS) are 
asserted. 

2-113 

• 



SSI73M550 
SS173M1550/2550 
UART with FIFOs 

READ RBR 
RECEIVER BUFFER 

REGISTER 

ZZ 
ZZ 

SIN 

~ (FIRST BYTE) 

SAMPLECLK I I 
RXRDY -tbi 

SEE NOTE 2 

)< ACTIVE 

SEE NOTE 1 

/ 
f'- tRINT 

FIGURE 14: Receiver Ready (Pin 29) FeR DO = 0 or FeR DO = 1 and FeR 03 = 0 (Mode 0) 

READ RBR Z Z.J-------"""' 1,------,. 
RECEIVER BUFFER \t ACTIVE 

REGISTER Z Z.J--------JI' 
SEE NOTE 1 

SIN ---v---\ 
(FIRST BYTE THAT J STOP "--

REACHES THE 
TRIGGER LEVEL) 

SAMPLECLK 

- ---tk~r------+-'~ tAINT 

SEE NOTE 2 

FIGURE 15: Receiver Ready (Pin 29) FeR DO = 1 and FeR 03 = 1 (Mode 1) 

Note 1: This is the reading of the last byte in the FIFO 

Note 2: If FCR DO = 1, thentSINT = 3 RCLKs. For a timeout interrupt, tSINT = 8RCLKs. 

Note 3: READ occurs when both read (RD, RD) and chip select (CSO, CS1, CS2, latched by ADS) are 
asserted. 
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SSI73M550 
SS173M1550/2550 

UART with FIFOs 

~I--------------------------------------------------------

I 

.i 

SS173M550 TIMING COMPARED TO PCMCIA PC CARD STANDARD - RELEASE 2.0 

SSI73M550 

ITEM SYMBOL IEEE MIN MAX SSI MIN MAX UNITS 

Data Setup tsu (IOWR) tDVIWL 60 TDS 30 ns 
beforelOWR 

Data Hold t h (IOWR) tlWHDX 30 TDH 30 ns 
following IOWR 

IOWR Width Time twlOWR tlWLlWH 165 TWR 80 ns 

Address Setup tsu A (IOWR) tAVIWL 70 TAW 30 ns 
before IOWR 

Address Hold t h A (IOWR) tlWHAX 20 TWA 20 ns 
following 10WR 

CE Setup t su CE (IOWR) tELlWL 5 Any 
before IOWR 

CE Hold t h CE (IOWR) tlWHEH 20 Any 
following 10WR 

REG Setup t su REG (IOWR) tRGLlWL 5 
before 10WR 

REG Hold t h REG (IOWR) tlWHRGH 0 
following 10WR 

IOIS16 Delay t d 10lS16 (ADR)1 tAVISL 35 
Falling from Address 

IOIS16 Delay t d 10lS16 (ADR)2 tAVISH 35 
Rising from Address 

Wait Delay t d WAIT (IOWR) tlWLWTL 35 
Falling from 10WR 

Wait Width Time twWAIT tWLWTH 12,000 

NOTE: The maximum load on WAIT, INPACK and 10lS16 are 1 LSTTL with 50 pFtotalload. 

TABLE 6: 1/0 Output (WRITE) Timing Specification for AII5V 110 Cards 
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SSI73M550 
SS173M1550/2550 
UART with FIFOs 

An =x ________________________________________ ~x~ ______ _ 
... : ... ~--~~: thA (lORD) 
1 

~ \ :/ 
:~ .: tsREG (IOWR) ~: ... t---_ _l~~1 thREG (IOWR) 

\ 1 1/ 
i 

:~ ., tsCS (IOWR) 

:~ 

\ 
... ' ... t----.-,~~: theE (IOWR) 

~---------------------~.:-----~---------
~ _____ M_IOW_R _______ ~l.-

tsA(IOWR) 
:~ .: 

1OJS16 
i 

\ ! 
1 

:~ ~: tdflOIS16 (ADR) 
1 ; 

tdrlOlS16 (ADR) -+i ~ 

~~---------------------+----~) : .... ~I-------...: tdrlOWR (WAIT) 

:.--..: tsu (IOWR) \ I 
:~ 1 .: ~ ~: 

tdWAIT (IOWR) M (WAIT) th (IOWR) --+: ~ 

~ -----------------~~----------------------------------------~: ~---------------------
All timings are measured at the card. Skews and delays from the system driverlreceiver to the card must be accounted for by the system design 

FIGURE 16: 1/0 Output Timing Specification (WRITE) 
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SSI73M550 
SS173M1550/2550 

UART with FIFOs 

SSI 73M550 TIMING COMPARED TO PCMCIA PC CARD STANDARD - RELEASE 2.0 

SSI73M550 

ITEM SYMBOL IEEE MIN MAX SSI MIN MAX UNITS 

Data Delay t d (lORD) tlGLOV 100 TRVD 80 ns 
after lORD 

Data Hold t h (lORD) tlGHOX 0 THZ 0 ns 
following lORD 

lORD Width Time twlORD tlGLIGH 165 TRD 80 ns 

Address Setup t su A (lORD) tAVIGL 70 TAR 30 ns 
before lORD 

Address Hold t h A (lORD) tlGHAX 20 TRA 20 ns 
following lORD 

CE Setup tsu CE (lORD) tELlGL 5 Any 
before lORD 

CE Hold t h CE (lORD) tlGHEH 20 Any 
following lORD 

REG Setup t su REG (lORD) tRGlIGL 5 
before lORD 

REG Hold t h REG (lORD) tlGHRGH 0 
following lORD 

INPACK Delay t d INPACK (lORD) tGLlAL 0 45 
Falling from lORD 

INPACK Delay t d IN PACK (lORD) tlGHIAH 45 
Rising from lORD 

IOIS16 Delay t d 10lS16 (ADR)1 tAVISL 35 
Falling from Address 

IOIS16 Delay t d 10lS16 (ADR)2 tAVISH 35 
Rising from Address 

Wait Delay t d WAIT (lORD) tlGLWTL 35 
Falling from lORD 

Data Delay from td(WAIT) tWTHOV 35 
Wait Rising 

Wait Width Time twWAIT tWLWTH 12,000 

NOTE: The maximum load on WAIT, INPACK and 10lS16 are 1 LSTTL with 50 pFtotalload. 

TABLE 7: 1/0 Output (READ) Timing Specification for AII5V 1/0 cards 
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SS173M1550/2550 
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An 

-REG 

1+-+ tsREG (lORD) 

-CE 

1+-+ tsCE(IORD) ... 
-lORD 

, .... 
tw(IORD) 

tsA(IORD) 
... ... 
~ ~ 

-INPACK 
... tdllNPACK (lOR 0) .. ..1 
~ 1 

-101516 \ 
1101516 (ADR) ~ .. ..I ... 

"'1 ~ 

td(IORD) 
td 

-WAIT \ ... .. ... .. 
.... tdWAIT (lORD) "I ~ twWAIT 

... 

td(WAIT) 

.. 
po 

/ 

~ 
Din -----------------------------------------------------

" .. .. 
.... thA(IORDt 

I+-+IthREG lORD) 

.. 1+-+1 thCE (lORD) 

... 

... ....J 
tdrlNPACK (ADR) 1 

/ 
~ tdrl01516 (lORD) 

... th(IORD) ..J 

~- - - - - - - - - - -- --

AU timings are measured at the card. Skews and delays from the system driver/receiver to the card must be accounted for by the system design 

FIGURE 17: 110 Output Timing Specification (READ) 
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~------------------------
APPLICATIONS INFORMATION 

PERIPHERAL BUB 
J3 

PIN NNoE EDGE CONNCETOR 
NUMBER 

mwr-------------r---~~ 

XTALI 

In' 

PO.0-7 

P1.1 

P1.2 8OC51 lIlS 

Pl.3 WI{ 

P1.4 ALE 

Pl.5 P3.1 

Pl.S P3.2 

RESET 

CLJ( Xl X2 

ADO-A07 

lIlS 
WI{ 

ALE 

~ SSI 
K-SERIES 

SINGLE-CHIP 
MODEM 

~---------4----+-~~D 

.-r----------+----~~~D 

RESET 

INVERTERS = 74LS386 
NAND GATE = 74LS30 

FIGURE 18: Typical Application Showing Modem Interface to Peripheral-Bus via SS173M550 UART 
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SSI73M550 
SSI 73M1550/2550 
UART with FIFOs 

APPLICATIONS INFORMATION (Continued) 

28-PIN VERSION 

The 73M550 is available in two 28-pin configurations: SSl73M1550 and SS173M2550. The relation between 
these two products and the 40-pin version is shown in the accompanying diagram. Note that the only difference 
between the 73M1550 and 73M2550 is that the 73M2550 adds the J,JPRST pin at the expense of the XOUT pin. 

FIGURE 19: Adapter Diagram Showing Internal COnnections and 
Bond-outs from 4O-pln to 2S-pln Packages 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

DO vee 

01 m 

02 om-
03 om 

04 ~ 

05 MR 

06 00Tf 

07 om 
RCLK R'rn 

SIN NJT2 

SOUT INTRPT 

csa 100mY 

CS1 AO 

~ A1 

BA'O'OOUT A2 

XIN ~ 

XOUT mmv 
WR" DOIS 

WR RO 

VSS "1m 

SSI 73M550 4O-Pln DIP 

05 

D6 

07 

RCLK 

SIN 

NlC 

SOUT 

C50 

CS1 

BAUOOUT 

N,c 

D5 

D6 

07 

RCLK 

N,c 

SIN 

SOUT 

csa 
CS1 

~ 

13AO[5OOT 
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6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

17 
18 

Z x 

Q 
z 

.7 

9 

10 

11 

12
13 

5 

19 

I-
:::> 
0 
>< 

SSI73M550 
SS173M1550/2550 

UART with FIFOs 

SS173M550 

20 21 22 23 24 

I~ a: en ~ I~ ~ en 
> 

25 26 27 

0 en 

I~ a: 0 
0 

~ 

28 

I~ 

33 INTRPT 

32 RXROY 

31 AD 

30 

29 

A1 

A2 

SSI 73M550 44-Pin PLCC 

25 (") C\I 0 0 ~ 10: § ~ ~ Q 
Cl 0 0 Z 

37 
36 NIC 

35 MR 

34 00'F'f 

33 OTR 

32 RTS 

SSl73M550 31 ooT2 

30 INTR 

29 RXROY 

28 AO 

27 A1 

26 A2 

14 15 16 17 18 19 
NIC 

SSI 73M550 48·Lead TQFP 

I 



SSI73M550 
SS173M1550/2550 
UART with FIFOs 

PACKAGE PIN DESIGNATIONS (continued) CAUTION: Use handling procedures necessary 

(Top View) 
for a static sensitive component. 

~ ~ ~ 
0 @ ~ C') 

~ 0 8 8 ~ 0 8 0 
0 > 

D4 25 ~ D4 25 CfS 

05 24 MR 24 MR 

23 nTR" 23 rrm 

07 22 'RTS" 07 22 RiS 

SIN 21 AO SIN 21 AO 

SOUT 20 Ai SOUT 20 Ai 

CS2 19 A2 CS2 19 A2 

12 13 14 15 16 17 18 12 13 14 15 16 17 18 

z I- ~ ~ ~ Ia: I- Z ~ 
(/') 

~ Ia: l- I-
X ::> 0. X (/') (/') 0. 

~ > OC > oc oc 
I- 0. I-
~ ::i. ~ 

SSI 73M1550 UART SSI 73M2550 UART 
28-Pln PLCC 28-Pln PLCC 

~ ~ 8 ~ 0 8 ~ ~ ~ ~ ~ ~ Q 
z 

52 51 50 49 48 47 46 45 44 43 42 41 40 
NIC 39 NIC 

NIC 38 MR 

NIC 3 37 'OOTf 

D5 4 36 1m': 

OS 5 35 "R'rn 

07 6 SSI73M2550 34 'OlJT2 

NIC 33 NIC 

SIN 8 32 AO 

SOUT 9 31 Ai 

~ 10 30 A2 

NIC 11 29 NIC 

NIC 12 28 NIC 

NIC 13 27 NIC 
14 15 16 17 18 19 20 21 22 23 24 25 26 

~ ~~~ri;~~~l~~ ~ 

SSI 73M2550 52-Lead QFP 
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551 73M550 

I 

551 73M1550/2550 
,~I _____________________________________ U_A_R_T_W_i_th_F_I_F_O_S __ _ 
M 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

SSI73M550 40-pin PDIP 73M550-IP 73M550-IP 

44-pin PLCC 73M550-IH 73M550-IH 

48-lead TOFP 73M550-IGT 73M550-IGT 

SSI73M1550 28-pin PLCC 73M1550-IH 73M1550-IH 

SSI73M2550 28-pin PLCC 73M2550-IH 73M2550-IH 

52-lead OFP 73M2550-IG 73M2550-IG 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in speCifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

0193 - rev. 2-123 ©1989 Silicon Systems, Inc. 

• 



Notes: 

2-124 







~ 

SSI73M223 
1200 Baud FSK Modem 

1_' __________________________________________________________________________________________ __ 

DESCRIPTION 

The SSI 73M223 modem device receives and trans­
mits serial and binary data over existing telephone 
networks using Frequency Shift Keying (FSK). It 
provides the filtering, modulation, and demodulation to 
implement a serial, asynchronous data communica­
tion channel. The SSI 73M223 employs the CCITT 
V.23 signaling frequencies of 1302 and 2097 Hz, 
operating at 1200 baud, and is intended for half duplex 
operation over a two-line system. 

The SSI73M223 provides a cost-effective alternative 
to existing modem solutions. It is ideally suited for R.F. 
data links, credit verification systems, pOint-of-sale 
terminals, and remote process control. 

January 1993 

FEATURES 

• 

• 
• 
• 
• 

• 

• 

• 

Low cost FSK Modem 

1200 baud operation 

CMOS switched capacitor technology 

Built-In self-test feature 

I 
On-chip filtering, and Modulation/Demodulation 

Uses CCITT V.23 frequencies 

On chip crystal oscillator 

Low power/High reliability 

• 1S-pln plastic package CMOS technology ensures small size, low-power con­
sumption and enhanced reliability. 

,,~I __ -----------------------------

BLOCK DIAGRAM 

RXF 4\------+----+1 

3 CAP 

VDD VSS 

0193 - rev. 3-1 

PIN DIAGRAM 

VDD TXA 

RXA CLK 

CAP OSC2 

RXF OSC1 

FIL TXD 

TEST 1'1 RXD 

TX SYIii 

VSS 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI73M223 
1200 Baud FSK Modem 

FUNCTIONAL DESCRIPTION 

The SSI 73M223 has four main functional sections: 
timing, transmit, receive, and test. Each section of the 
chip will be individually described below. 

TIMING 

The timing section contains the oscillator (OSC) and 
random logic which generates digital timing signals 
used throughout the Chip. The time base can be 
derived from 3.18MHz crystal or an external digital 
input. The digital timing logic divides the oscillator 
frequency to give a 1200Hz output than can be used for 
system timing. The signaling frequencies are 1302Hz 
for logic "1" and 2097Hz for logic "0". The modem will 
operate with clock inputs from 330KHz to 3.3MHz. 
However, the signaling frequencies and the system 
timing will be different. 

TRANSMITTER 

The SSI 73M223 transmitter consists of a program­
mable divider that drives a coherent phase frequency 
synthesizer. The programmable divider is digitally 
controlled via the Data Input pin (TXD). The output of 
the divider clocks a 16 segment phase coherent fre­
quency synthesizer. A sine wave is constructed by 
eight weighted capacitors which are the inputs to a high 
pass filter. The synthesized signal is output directly to 
the transmit pin TXA. The transmit signal can be 
disabled by using the digital control pin TX. 

RECEIVER 

The SSI 73M223's receiver is comprised of three 
sections: the input bandpass filter, the synchronization 
loop, and the demodulator. 

The input bandpass filter is a four pole Butterworth 
filter, implemented using switched capaCitor technol­
ogy. This filter reduces wideband noise which signifi­
cantly improves data error rates. The SSI73M223 can 
be configured with the bandpass filter in series with the 
receiver by setting FIL = 1 and inserting the received 
signal at RXF. The bandpass filter can be deleted from 
the system by setting FIL = 0 and inputting the received 
signal through RXA. 

3-2 

The demodulator is used to detect a received mark or 
space. 

The synchronization for sampling the digital output at 
RXD is derived from a digital phase locked loop. The 
phase locked loop is clocked at 16 times the bit rate 
with a maximum lock period of 8 clocks to lock on the 
data output signal. 

SELF TEST MODE 

The SSI 73M223 features an autotest mode which 
provides easy field test capability of the chip's function­
ality. The modem is placed in the test mode by taking 
the test pin high. In the test mode the Data Input pin is 
disconnected and the programmable divider is driven 
by a pseudo random PN sequence generator and the 
transmitter's output is connected to the receiver's in­
put. The input data to the programmable divider is 
delayed by the system delay time and compared to the 
digital output on sync transitions. If the detected data 
matches the delayed input data from the PN sequence 
counter, the SSI 73M223 is properly functioning as 
indicated by RXD low. A high on the RXD pin indicates 
a functional problem on the SSI 73M223. 



PIN DESCRIPTION 

PIN NO. PIN NAME 

1 VDD 

2 RXA 

3 CAP 

4 RXF 

5 Fil 

6 TEST 

7 TX 

8 VSS 

9 SYNC 

10 SYN 

11 RXD 

12 TXD 

13 OSC1 

14 OSC2 

15 ClK 

16 TXA 

DESCRIPTION 

Positive Supply Voltage 

SSI73M223 
1200 Baud FSK Modem 

Receive Analog Input. Analog input from the telephone network. 

Capacitor. Connect a 0.1J.1F capacitor between Pin 3 and ground (VSS). 

Filtered Receive Analog Input 

Analog I nput Control. A logical 1 selects the filtered input. A logical 0 selects 
the non-filtered input. 

Self-Test Mode Control. Normal operation when a logical O.A logical 1 
places the device into the self-test mode. A low appears at RXD, to indicate 
a properly functioning device. 

Transmitter Control. A logical 0 selects transmit mode. A logical 1 selects 
a stand-by condition forCing TXA to VDD/2 VDC. 

Ground 

Synchronized Output. Digital output synchronized with the received signal 
and used to sample the received eye pattern. 

Sync Disable. A logical 1 input disables the phase locked signal from the 
received data and locks it to the 1200Hz reference. 

Receiver Digital Output 

Transmitter Digital Input 

Crystal Input (3.1872MHz) or External Clock Input 

Crystal Return 

1200Hz Squarewave Output. Can drive up to 10 CMOS loads. 

Transmitter Analog Output 

ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER RATING UNIT 

Power Supply Voltage (VDD-VSS) 14 V 

Analog Input Voltage at RXA - 0.3 to VDD V 

Analog Input Voltage at RXF - 3 to VDD V 

Digital Input Voltage VSS - 0.3 to VDD + 0.3 V 

Storage Temperature Range - 65 to + 150 °C 

Operating Temperature Range - 25 to + 70 °C 

lead Temperature (10 secs soldering) 260 °C 
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SSI73M223 
1200 Baud FSK Modem 

ELECTRICAL CHARACTERSITICS 
Unless otherwise specified, 4.5 <VDD <13 VDC, VSS = 0 VDC, -25° C <TA 

POWER SUPPLY 

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT 

VDD Voltage Supply Range 4.5 13 V 

Supply Current VDD = 5V 25° C 2.0 rnA 

VDD = 12V 25° C 5.0 rnA 

Digital Inputs 

Input Low Voltage VIL VSS - 0.3 VSS + 1.5 V 

Input High Voltage VIH VDD -1.5 VDD + 0.3 V 

Input Low Current ilL -1 ~ 
Input High Current IIH 1 ~ 

Digital Outputs 

Output Low Voltage VOL IOL< 1~ 0.05 V 

Output High Voltage VOH IOL < -11JA VDD = 5V 4.95 V 

Output Low Current IOL VOL=O.4V VDD = 5V 0.5 rnA 

Output High Current IOH VOH = 4.5V VDD = 5V -0.2 rnA 

Analog Input Level @ RXA Centered at VDD/2 + 0.5V 0.2 VDD/4 Vpp 

Analog Input Level @ RXF *DC Level between VDD & VSS 0.2 VDD/2 VDC 

Error Rate SIN = 8dB Input @ RXF 5 x 10-3 

Analog Output Level @ TXA RL ~ 10K TX=O VDD/4 Vpp 

TX = 1 VDD/2 VDC 

Output Frequency @ TXA XTAL = 3.1872MHz TXD=1 1302 Hz 

TXD=O 2097 Hz 

Output Harmonics 2nd to 14th Harmonics -60 -50 dB 

15th Harmonic -20 dB 

Input Filter (RFX) *Input = 200 m Vpp to VDD/2 Vpp 

Lower 3dB Corner 760 Hz 

Upper 3dB Corner 2625 Hz 

* Note: The SSI 73M223 RXF input is AC coupled internally but the DC value of the input must be 
between the two supplies VDD & VSS. 

3-4 



I 

SSI73M223 
1200 Baud FSK Modem 

II~ _____ --------------------------
~ 

APPLICATION INFORMATION 

The SSI73M223 modem chip allows low cost commu­
nications in a private network, utilizing twisted pair 
telephone wires. This chip is the prime choice of those 
designers who require an efficient, high performance 
modem solution for dedicated private networks, HDX 
dial-up and other specialized applications. Such 
applications include credit verification systems, pOint­
of-sale terminals, remote process control, private data 
links and acoustic modem designs. 

Utilizing a crystal input of 3.1872MHz, the SSI 73M223 
is a 1200 Baud, FSK modem. The signaling frequen­
cies generated are 1302Hz for a logic "1" and 2097Hz 
for a logic "0". Crystals with frequencies varying 
between 330KHz to 3.3MHz can be used. The baud 
rate and signaling frequencies vary linearly with vari­
ation in crystal frequency. 

A typical implementation on the SSI 73M223 is shown 
in the figure below. An SSI 73M450 UART receives 
data to be transmitted from a microprocessor bus. The 
UART sends the data in a serial format to the SSI I 
73M 223 modem after inserting the necessary start and 
stop bits. The modem transmits this data to the far end 
via the TXA pin. The figure depicts a half-duplex 
operation. Full-duplex operation can be implemented 
by utilizing separate transmit and receive circuits. A 
USART can be used instead of a UART if synchronous 
operation is desired. With synchronous operation, a 
USART uses the modem's SYNC Signal for timing to 
sample the received data, and the modem's ClK signal 
to send data to be transmitted. 

SSI73M450 

TX SYN TEST 

WIRE 
CONVERTER 

TXA 

SSl73M223 

TXD TXD 

ClK 
TIP:=J 2T04 

RING -~~ t----II--r--.t RXF/RXA RXD f----.t RXD 

1:1 
SOO 

3.1872 MHz 
CRYSTAL 

SYNC 

OSC1 OSC2 CAP 

1M 

1" 
UART 

> MICROPROCESSOR 
BUS 

30pF I 130PF * AlC Coupling is not needed 
when using RXF input. see 
spec for input limitations 

SSI 73M223 TYPICAL APPLICATION 
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SSI73M223 
1200 Baud FSK Modem 

PACKAGE PIN DESIGNATIONS 
(Top View) 

VDD 

RXA 

CAP 

RXF 

Fil 

TEST 

TX 

VSS 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73M223 16 Pin Plastic DIP 

TXA 

2 ClK 

3 OSC2 

4 OSC1 

5 TXD 

6 11 RXD 

7 SYN 

8 SYNC 

16-Pin DIP 

ORDER NO. PKG.MARK 

73M223 - CP SSI 73M223 - CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 3-6 
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DESCRIPTION 

The SSI 73M376 K-Series Integrated Line Interface 
Unit{LlU) enables the modem to make direct connec­
tions to the Public SwitchedTelephone Network. This 
single chip data access arrangement integrates all 
external active (line side) components required in 
K-Series modem designs. The SSI 73M376 operates 
from a single 5 volt supply ideally suited for low power 
portable applications. Along with the transmit and 
receive function, it provides transmit and receive am­
plifiers, programmable audio monitor, and relay driv­
ers. In the transmit path it has provision for level 
programmable gain path as well as a normal gain path 
which can be switched via a TTL input. The 73M376 
comes in a 28-lead PLCC package. 

BLOCK DIAGRAM 
MUX TXAOUT 

0193 - rev. VCCA GNDA VCCB GNDB 3-7 

January 1993 

FEATURES 

• One-Chip data access arrangement 

• Compatible with all SSi K-Serles Modem 
Products 

• On-board receive and transmit paths. Transmit 
has level protected prog rammabillty 

• On-board differential speaker driver with four 
step variable gain 

• On-board relay driver with power conserving 
hold state 

• Low power (85 mW) with power down mode 
(25 mW) when on-hook 

• Operates from a single +5V supply 

PIN DIAGRAM 

4 3 2 1 2B 27 26 

• 

25 MONSUM 

24 AGO 

23 AG1 

20 MUX 

12 13 14 15 16 17 18 

CAUTION: Use handling prooedures necessary 
for a static sensitive component. 



SSI·73M376 
Integrated Line Interface 

FUNCTIONAL DESCRIPTION 

The transmit output uses a differential drive to allow 
undistorted signals to be sent with a single 5 volt 
supply. Each output supplies half the drive signal to the 
transformer thus increasing the available output ampli­
tude by 100%. Two dedicated transmit op-amps are 
supplied with the outputs and minus inputs brought out 
so that external resistors and capacitors can be con­
nected facilitating gain setting and filtering. The TTL 
input, MUX, switches the output of the op-amps to the 
differential driver. If the M UX input is pulled high, or left 
floating, the TXA op-amp is selected. If the MUX input 
is pulled low the TXAP op-amp is selected. 

The receive input, RCV, is the minus input of a 
dedicated op'amp where external resistors and ca­
pacitors can be connected facilitating gain setting and 
filtering. The bias, orplus, input for all the dedicated op­
amps are connected to a VCC/2 bias point which 
allows for maximum swing between the supply rails. 
The VCC/2 bias point is brought out to an external pin, 
BIASC, where a compensation capacitor can be con­
nected for power supply noise filtering. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

The audio monitor gain stage has the RXA output as 
its input and has four gain settings; off or squelch, low, 
medium, and high. The output of the gain cell is fed to 
a summer where a signal can be summed in through 
the MONSUM pin. The audio amp differential output 
can drive an 8,Q speaker with up to 400 mW rms of 
power. A capacitor needs to be in series with the 
speaker so no DC current will flow. 

On board re lay drivers can directly drive the loop and 
cutoff relays. The TIL input OH (Off Hook) controls the 
loop relay driver. The TIL input CO (Cut Off) controls 
the cutoff relay driver. A timer, which uses an external 
timing capacitor connected to the HTIMER pin, is 
available to set a delay after relay energizing before the 
driver will go into its hold state. A negative transition on 
OH or CO starts the timer. Whe n the timer has expired, 
both relay drivers will go into the hold state. While the 
timer is timing the relay drivers are in their full energiz­
ing state. If OH is low and CO goes low before the timer 
expires, orvice versa, then the timer will reset and start 
timing again. 

The TIL input POWER controls the power down 
state. When POWER is low the part is powered up and 
when it is high, it is in its power down state. 

VCCA I Analog power supply input. 

VCCB I Digital power supply input. 

GNDA I Analog ground pin. 

GNDB I Digital ground pin. 

TXA I Negative input to transmit op-amp selected when MUX = 1. 

TXAOUT 0 Transmit amplifier output. 

TXAP I Negative input to alternate transmit op-amp input selected when MUX = O. 

TXAOUTP 0 Level programmed transmit amplifier output. 

MUX I Transmit amplifier mux control (TTL). 1 selects TXA source 
o slects TXAP source 

XMTOUT 0 Transmit output. 

XMTOUT 0 Transmit output (inverted). 

RCV I Negative input to receive amplifier. 

RXA 0 Receive amplifier output. 

MONITOR 0 Positive audio amplified output. 

MONITOR 0 Negative audio amplified output. 
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SSI73M376 
Integrated Line Interface 
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PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

MONSUM I Monitor summing input sleeted when AG1 and AGO = 0 

AGO I Bit1 (TTL) input to set audio gain. 

AG1 I Bit2 (TTL) input to set audio gain. 

BIASC I VCC/2 bias compensation point. 

OH I Off hook TTL compatible input. Controls the loop relay 

CO I Cut off TTL compatible input. Controls the cutoff relay. 

HTIMER I Relay hold timing control pin connect to GND if not used. 

LOOP 0 Loop relay drive output. 

CUTOFF 0 Cutoff relay drive output. 

POWER I Power Down TTL compatible input. Controls power down mode. Low level 
powers up 73M376. 

ELECTRICAL SPECIFICATIONS 

ABSOULUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

VCC Supply Voltage 7 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 300 °C 

RECOMMENDED OPERATING CONDITIONS 
Unless otherwise specified 4.50V < Vcc < 5.50V and O°C < T(ambient) < 70°C~ Currents flowing into the chip 
are positive. Current maximums are currents with the highest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC SUPPLY VOLTAGE 

+5V POWER low 17.0 rnA 
Outputs unloaded 

+5V POWER high 5.0 rnA 

Junction Relay drivers in hold 135 °C 
Temperature state driving maximum 

current. MONITOR, 
MONITOR driving sn 
speaker to max rms 
power 
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SSI73M376 
Integrated Line Interface 

DIGITAL PINS 
(TTL compatible inputs: AGO, AG1, OH, CO, MUX, POWER pins) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Input low voltage (VIL) -0.3 0.8 V 

Input high voltage (VOH) 2.0 VCC+0.3 V 

. Input low current VIL = 0.4 V 0.0 -0.4 mA 

Input high current VIH = 2.4 V 100 JlA 

TRANSMIT AND RECEIVE SECTION 

Transmit Gain Single ended into (XMTOUT - XMTOUT) 11.5 12.5 dB 
Differential TXAOUT 

MUX=High 

Transmit Gain Single ended into (XMTOUT - XMTOUT) 11.5 12.5 dB 
Differential TXAOUTP 

MUX=Low 

XMTOUT, XMTOUT Differential 30 Q 
Output Impedance 

Transmit THD 7V p-p differential -72 dB 
From TXA or TXAP to 
XMTOUT -XMTOUT 
with Op-Amp gain=OdB 
@ 1 kHz Zioad = 600 Q 
speaker driver off 

Max. Capacitive differential load 300 pF 
XMTOUT, XMTOUT 

RCV, TXA, TXAP input impedance 1 MQ 

RCV, TXA, TXAP input offset voltage RCV - VCC/2 10 mV 
TXA - VCC/2 
TXAP - VCC/2 

RCV, TXA, TXAP input bias current Vin = VCC/2 500 nA 

Receive THD From receive Op-Amp -72 dB 
input to RXA with 
Op-Amp gain=8dB 
4 kHz speaker driver off 

Max. Capacitive load, TXAOUT, 150 pF 
TXAOUTP, RXA 

Transmit and 500 kHz 
Receive Op-Amps 
Unity Gain 
Bandwidth 

BIASC impedance VSIAsc=VCC/2 18K Q 
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MONITOR OUTPUT CIRCUIT 

SSI73M376 
Integrated Line Interface 

(All of the measurements are made with an 80 load, tied from MONITOR to MONITOR, AC coupled through 
a 20 J.1F capacitor.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Gain From RXA to Monitor outputs 
(MONITOR-MONITOR)/RXA 
AGO=Low, AG1 =Low -60 dB 

AGO=High, AG1 =Low 11 15 dB 

AGO=Low, AG1=High 18 23 dB 

AGO=High, AG1 =High 27 31 dB 

Max Output THD < -20 dB 3.5 Vpp 
Swing MONITOR-MONITOR 

MONSUMgain MONITOR - MONITOR 22 25 26 dB 

MONSUM 
Max input 3.5 Vpp 
at MONSUM 

MONITOR output MONITOR-MONITOR 5 mV 
offset AGO=Low, AG1 =Low 

MONITOR output MONITOR-MONITOR 180 mV 
offset AGO=High, AG1 =High 

MONSUM input 8K 0 
impedance 

RELAY DRIVER OUTPUTS 

Peak pull in current -25°C < T(ambient) 35 mA 
< 85°C at Vol=0.8 V 

Hold voltage After hold timer has 25% 40% Vcc 
timed out 

Hold voltage delay t=CHTIMER • 750K for ±45 % 
0.01 J.1F<CHTIMER<0.47 J.1F 
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SSI73M376 
Integrated Line Interface 

LOOP VOLTAGE 

HOLD DELAY 

5V I C~mMER' 750K 

I" .; I 
ov-+---=====~==============~--

1 

5V 
HOLD DELAY 
CHTIMER • 750K 

.... 1 ..,1 

OV-+---=======~-=====~====--~-

5V ---y----. 

OV~--~====~~~====~----~----

CUTOFF 5V ± I i n 
VOLTAGE OV=t=-~--~====~~--~ I.======~ ________ _ 

FIGURE 1: Relay Hold and Power Down Timing Diagrams 
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SSI73M376 
Integrated Line Interface 

PACKAGE PIN DESIGNATIONS 
(Top View) 

LOOP 

CUTOFF 

OH 

CO 

POWER 

HTIMER 

BlAse 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI73M376 28-Pin PLCC 

~ 
4 

12 

~ 

« 
0 z 
C!) 

3 

13 

~ 

a: a: 

al f2 f2 al e( 
0 z z 0 0 z 0 0 0 0 
C!) :::::E :::::E > > 

2 28 27 26 
25 MONSUM 

24 AGO 

23 AG1 

22 TXAOUT 

21 TXA 

20 MUX 

19 TXAOUTP 
14 15 16 17 18 

l- I- e( > 0.. 
:::> :::> x 0 e( 

f2 f2 a: a: ~ 
:::::E :::::E x x 

28-Pin PLCC 

ORDER NO. PKG.MARK 

73M376-CH 73M376-CH 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

©1990 Silicon Systems, Inc. 3-14 0193 - rev. 
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SSI75T201 
Integrated 

DTMF Receiver 

October 1991 

DESCRIPTION FEATURES 

• Central office quality 

• NO front-end band-splitting filters required 

• Single, low-tolerance, 12-volt supply 

The SSI 75T201 is a complete Dual-Tone Multifre­
quency (DTMF) receiver detecting a selectable group 
of 12 or 16 standard digits. No front-end prefiltering is 
needed. The only external components required are an 
inexpensive 3.58 MHz television "colorburst" crystal 
(for frequency reference) and two low-tolerance by­
pass capacitors. Extremely high system density is 
made possible by using the clock output of a crystal 
connected SSI75T201 receiver to drive the time bases 
of additional receivers. The SSI75T201 is a monolithic 
integrated circuit fabricated with low-power, comple­
mentary symmetry MOS (CMOS) processing. It re­
quires only a single low tolerance voltage supply and is 

• Detects either 12 or 16 standard DTMF digits 

packaged in a standard 22-pin DIP. 

ANALOG 
IN 

ATB Q---------...., 
XEN D-----------, 

• Uses Inexpensive 3.579545 MHz crystal for 
reference 

• Excellent speech immunity 

• Output in either 4-bit hexadecimal code or 
binary coded 2-of-8 

• 22-pin DIP package for high system density 

(Continued) • Synchronous or handshake interface 

• Three-state outputs 

BLOCK DIAGRAM 

BANDPASS FILTERS 

TIMING 
CIRCUITRY 

1:1 ........................................ : I 

.------Q CLRoV 

, __ J oV 

.------+------0 HlB28 

CHIP CLOCKS 

01 

02 

04 

08 

EN 

SI S2 VNA INI633 

1091 - rev. 4-1 
CAUTION: Use handling procedures necessary 

for a static sensitive component. 



SSI75T201 
Integrated 
DTMF Receiver 

DESCRIPTION (Continued) 

The SSI 75T201 employs state-of-the-art circuit tech­
nology to combine digital and analog functions on the 
same CMOS chip using a standard digital semicon­
dutor process. The analog input is preprocessed by 
60 Hz reject and band splitting filters and then hard­
limited to provide AGC. Eight bandpass filters detect 
the individual tones. The digital post-processor times 
the tone durations and provides the correctly coded 
digital outputs. Outputs interface directly to standard 
CMOS circuitry, and are three-state enabled to facili­
tate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. It is intemally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

I 
I 
I 

I 
VINcVP I 

I 
I 
I 

~ 
Analog In I ~ 

I 
I 
I 
I 
I 
I 
I 

vp 

FIGURE 1: Input Coupling 

vp 
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CRYSTAL OSCILLATOR 

The SSI 75T201 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a Iow-cost television "colorburst" crystal. The crystal 
oscillator is enabled by tying XEN high. The crystal is 
connected between XIN and XOUT. A 1 MO 10% 
resistor is also connected between these pins. In this 
mode, ATB is a clock frequency output. Other 
SSI 75T201's may use the same frequency reference 
by tying their ATB pins to the A TB of a crystal con­
nected device. XIN and XEN of the auxiliary devices 
must then be tied high and low respectively. Twenty­
five devices may run off a single crystal-connected 
SSI 75T201 as shown in Figure 2. 

---1D~ 
AU vp 

XIN yvy XOUT 

15 14 
XEN 

ATB SS175T201 16-

- 17 

XIN Connected to Vp 

15 
XEN 

SSI75T201 16 i---

~ 17 

I 
I 

Up to 25' Devices VNO 

FIGURE 2: Crystal Connections 
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Integrated 

DTMF Receiver 
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H/B28 

This pin selects the format of the digital output code. When HlB28 is tied high, the output is hexadecimal. When 
tied low, the output is binary coded 2-of-8. The table below describes the two output codes. 

Hexadecimal Blnan Coded 2-01-8 
Digit 08 04 02 01 Digit 08 04 02 01 

1 0 0 0 1 1 0 0 0 0 
2 0 0 1 0 2 0 0 0 1 

3 0 0 1 1 3 0 0 1 0 
4 0 1 0 0 4 0 1 0 0 
5 0 1 0 1 5 0 1 0 1 

6 0 1 1 0 6 0 1 1 0 
7 0 1 1 1 7 1 0 0 0 
8 1 0 0 0 8 1 0 0 1 
9 1 0 0 1 9 1 0 1 0 
0 1 0 1 0 0 1 1 0 1 . 1 0 1 1 . 1 1 0 0 
# 1 1 0 0 # 1 1 1 0 
A 1 1 0 1 A 0 0 1 1 
B 1 1 1 0 B 0 1 1 1 

C 1 1 1 1 C 1 0 1 1 

0 0 0 0 0 0 1 1 1 1 

TABLE 1: Output Codes 

IN1633 

When tied high, this pin inhibits detection of tone pairs 
containing the 1633 Hz component. For detection of all 
16 standard digits, IN1633 must be tied low. 

OUTPUTS 01, 02, 04, 08 and EN 

Outputs 01 , 02, 04, and 08 are CMOS push-pull when 
enabled (EN high) and open circuited (high imped­
ance) when disabled by pulling EN low. These digital 
outputs provide the code corresponding to the de­
tected digit in the format programmed by the H/B28 pin. 
The digital outputs become valid after a tone pair has 
been detected and they are then cleared when a valid 
pause is timed. 

4-3 

OVandCLROV 

OV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins 01, 02, 
04, and 08. OV remains high until a valid pause occurs 
or the CLROV is raised high, whichever comes first. 

INTERNAL BYPASS PINS, 51, 52 

Inorderforthe SSI75T201 OTMF Receivertofunction 
properly, these pins must be bypassed to VNA with 
0.01 J.1F ±20% capacitors. 

• 



SSI75T201 
Integrated 
DTMF Receiver 

POWER SUPPLY PINS, VP, VNA, VND 

The analog (VNA) and digital (VNO) supplies are brought 
out separately to enhance analog noise immunity on 
the chip. VNA and VNO should be connected externally 
as shown in Figure 3. 

6 
+ -..=- 12V 

SSI75T201 
-;:::- ± 10% 

13 4 

FIGURE 3: 12V System 

N/CPINS 

These pins have no internal connection and may be left 
floating. 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

COl 0 COIl Col 2 Col 3 

Row 0 [2] ~ G G 
Row 1 G G G ~ 
Row 2 [2] G G G 
Row 3 [J G G 0 
NOTE: COlumn 3 '- for epeelal appllcatione 
and '- not Il0l'IIII1,, ueecl in telephone dialing. 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

Low Group fo High Group f 0 

Row 0 = 697 Hz Column 0 = 1209 Hz 

Row 1 = 770 Hz Column 1 = 1336 Hz 

Row 2 =852 Hz Column 2 = 1477 Hz 

Row 3 =941 Hz Column 3 = 1633 Hz 

Operation above absolute maximum ratings may damage the device. All 551 75T201 unused inputs must be 
connected to Vp or VNO, as appropriate. 

PARAMETER RATING UNIT 

DC Supply Voltage - Vp Referenced to VNA, VNO +16V 

Operating Temperature -40 to +85°C Ambient 

Storage Temperature -65 to + 150°C 

Power Dissipation (25°C) 1W 

Input Voltage All Inputs except ANALOG IN (Vp+ 0.5V) to (VNO -0.5V) 

ANALOG IN Voltage (Vp + 0.5V) to (Vp - 22V) 

DC Current Into any Input ±1.0 rnA 

Lead Temperature Soldering, 10 sec. 300°C 
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ELECTRICAL CHARACTERISTICS 
(-40°C ~ Ta ~ +S5°C, VP - VND = Vp - VNA = 12V ± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Twist Tolerance Twist _ High Tone 
Low Tone 

60 Hz Tolerance 

Dial Tone Tolerance "precise" dial tone 

Talk Off M ITEL tape #CM 7290 

Digital Outputs "0" level, 750 ~ load 

(except XOUT) "1" level, 750 ~ load 

Digital Inputs "0" level 

(except H/B2S, XEN) "1" level 

Digital Inputs "0" level 

H/B2S, XEN "1" level 

Power Supply NOise •• ide band 

Supply Current Ta = 25°C 
Vp - VNA = Vp - VND = 12V±100/0 

Noise Tolerance M ITEL tape #CM 7290 

Input Impedance Vp ~ VIN ~ Vp - 22 

* dB referenced to lowest amplitude tone 
** VND + 0.3(Vp - VND) 
*** Vp - 0.3(Vp - VND} 

TIMING CHARACTERISTICS 
(-40°C ~ Ta ~ +S5°C, Vp - VND = Vp - VNA = 12V ± 10%) 

PARAMETER CONDITIONS 

tv Tone Detection Time 

tslh Data Overlap of DV CLRDV = VND, EN = Vp 
Rising Edge 

tp Pause Detection Time 

tdv Time between end of 
Tone and Fall of DV 

4-5 

MIN 

± (1.5+2 Hz) 

-24 

-S 

VND 

Vp-0.5 

VND 

*** 

VND 

Vp-1 

100 kOII5 pF 

MIN 

20 

7 

25 

40 

SSI75T201 
Integrated 

DTMF Receiver 

TYP MAX UNITS 

±2.3 ±3.0 %of fo 

+6 dBm ref. 
to 6000 

+4 dB 

2 Vrms 

0 dB* 

2 hits 

VND+0.5 V 

VP V 

** V 

Vp V 

VND+1 V 

Vp V 

25 mVp-p 

29 50 rnA 

-12 dB* 

TYP MAX UNITS 

25 40 ms 

J.ls 

32 40 ms 

45 50 ms 

I 



SSI75T201 
Integrated 
DTMF Receiver 

nMING CHARACTERlsncs (Continued) 

PARAMETER CONDITIONS 

tshl Data overlap of DV 
Falling Edge 

tphl Prop. Delay: Aise of CI = 300 pF 
CLADV to fall of DV Measured at 50% points 

Output Enable Time CI = 300 pF, AI = 10K 
Measured from 50% point 
of Aising Edge of EN to 
the 50% point of the data 
output with AI to 
opposite rail. 

Output Disable Time CI = 300 pF, AI = 1K, 
AV= 1V 
Measured from 50% point 
of Falling Edge of EN to 
time at which output has 
changed 1V with AI to 
opposite rail. 

Output 10-90% CI = 300 pF 
Transition Time 

MIN TYP MAX UNITS 

4 4.56 4.8 ms 

1 JlS 

1 JlS 

1 JlS 

1 JlS 

~~~ ~A~~~T_~I~+_T_O_~_B_U_R_S~T~I_~~~~~~_~_I~~~ro_N_E_B_~_S_T~~~~~_ 

01 , 02, 04, De I rI-
--~h-~~-~----+-~~F----~------~----

OV 

CLROV 

FIGURE 5: Timing Diagram 
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APPLICATION INFORMATION 

TELEPHONE LINE INTERFACE 

In applications that use the SSI 75T201 to decode 
DTMF signals from a phone line, a OM (Direct Access 
Arrangement) must be implemented. Equipment in­
tended for connection to the public telephone network 
must comply with and be registered in accordance with 
FCC Part 68. For PBX applications refer to EIA Stan­
dard RS-464. 

Some of the basic guidelines are: 

1) Maximum voltage and current ratings of the 
551 75T201 must not be exceeded; this calls for pro­
tectionfrom ringing voltage, if applicable, which ranges 
from 80 to 120 volts RMS over a 20 to 80Hz frequency 
range. 

2) The interface equipment must not breakdown with 
high-voltage transient tests (including a 2500 volt peak 
surge) as defined in the applicable document. 

3) Phone line termination must be less than 2000 DC 
and approximately 6000 AC (200-3200 Hz). 

4) Termination must be capable of sustaining phone 
line loop current (off-hook condition) which is typically 
18 to 120 mA DC. 

5) The phone line termination must be electrically 
balanced with respect to ground. 

SSI75T201 
Integrated 

DTMF Receiver 

6) Public phone line termination equipment must be 
registered in accordance to FCC Part 68 or connected 
through registered protection circuitry. Registration 
typically takes about six months. 

Figure 6 shows a simplified phone line interface using 
a 6000 1:1 line transformer. Transformers specially 
designed for phone line coupling are available from 
many transformer manufacturers. 

Figure 7 shows a more featured version of Figure 6. 
These added options include: 

1) A 150-volt surge protector to eliminate high voltage 
spikes. 

2) A Texas Instruments TCM1520A ring detector, 
optically isolated from the supervisory circuitry. 

3) Back-to-back Zener diodes to protect the DTMF 
(and optional multiplexer Op-Amp) from ringervoltage. 

4) Audio multiplexer which allows voice or other audio 
to be placed on the line (a recorded message, for 
example) and not interfere with incoming DTMF tone 
detection. 

An integrated voice circuit may also be implemented 
for line coupling, such as the Texas Instruments 
TCM1705A, however, this approach is typically more 
expensive than using a transformer as shown above. 

ONOFF HOOK RElAY 

TP--~--~--------~-----

TI _----I ANALOG P:JII INPUT 

RING 
1:1 

6000 

SS175T201 

FIGURE 6: Simplified Interface 

2.21<0 

,,,,,,,SOy 

'SOy 

ISOlATED OUTPUT 

FIGURE 7: Full Featured Interface 
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SSI75T201 
Integrated 
DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

01 

H/B28 

EN 

VNO 

IN1633 

Vp 

N/C 

N/C 

S1 

S2 

N/C 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T201 
22-Pin Plastic 01 P 

22 02 

2 21 04 

3 20 08 

4 19 CLROV 

5 18 OV 

6 17 ATB 

7 16 XEN 

8 15 XIN 

9 14 XOUT 

10 13 VNA 

11 12 ANALOG IN 

22·Pin DIP 

ORDER NO. PKG.MARK 

75T201 - IP 75T201 - IP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 4-8 1091- rev. 
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SSI 75T202/203 
5V Low-Power 

DTMF Receiver J cf~~~ 
'------------~---------------------------------------------

1 MIl 

October 1991 

DESCRIPTION FEATURES 

The SSI75T202 and 75T203 are complete Dual-Tone 
Multifrequency (DTMF) receivers detecting a se­
lectable group of 12 or 16 standard digits. No front-end 
pre-filtering is needed. The only extemally required 
components are an inexpensive 3.58-MHz television 
"colorburst" crystal (for frequency reference) and a 
bias resistor. Extremely high system density is made 
possible by using the clock output of a crystal-con­
nected SSI75T202 or75T203 receiver to drive the time 
bases of additional receivers. Both are monolithic 
integrated circuits fabricated with low-power, comple­
mentary symmetry MOS (CMOS) processing. They 
require only a single low tolerance voltage supply and 
are packaged in a standard 18-pin plastic DIP. 

(Continued) 

• 
• 
• 
• 
• 

• 
• 

• 
• 
• 
• 

Central office quality 
NO front-end band-splitting filters required 
Single, low-tolerance, S-volt supply 
Detects either 12 or 16 standard DTMF digits 
Uses Inexpensive 3.579545-MHz crystal for 

reference I 
Excellent speech immunity 
OUtput In either 4-blt hexadecimal code or binary· ~ 
coded 2-of-8 
US-pin DIP package for high system density 
Synchronous or handshake Interface 
Three-state outputs 
Early detect output (SSI 75T203 only) 

BLOCK DIAGRAM 

ANALOG 
IN 

ATB 0----------. 

CHIP CLOCKS 

r----~ CLROV 

OV 

,...------I-------Ll HEXIB28 

01 

02 

D4 

os 

~ ____________ ~-~--------------~----------~ EN 
Vp GNO IN1633 

1091 - rev. 4-9 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 75T202l203 
5V Low-Power 
DTMF Receiver 

DESCRIPTION (Continued) 

The SSI 75T202 and 75T203 employ state-of-the-art 
circuit technology to combine digital and analog func­
tions on the same CMOS chip using a standard digital 
semicondutor process. The analog input is pre-proc­
essed by 60-Hz reject and band splitting filters and then 
hard-limited to provide AGC. Eight bandpass filters 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. Outputs interface directly to 
standard CMOS circuitry, and are three-state enabled 
to facilitate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

HEXlB28 

The SSI 75T202 is designed to accept sinusoidal input 
wave forms but will operate satisfactorily with any input 
that has the correct fundamental frequency with har­
monics less then -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The SSI 75T202 and 75T203 contain an onboard 
inverter with sufficient gain to provide oscillation when 
connected to a low-cost television "colorburst" crystal. 
The crystal oscillator is enabled by tying XEN high. The 
crystal is connected between XIN and XOUT. A 1 MQ 
10% resistor is also connected between these pins. In 
this mode, ATB is a clock frequency output. Other SSI 
75T202's (or 75T203's) may use the same frequency 
reference by tying their ATB pins to the ATB of a crystal 
connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low respectively. 
Ten devices may run off a single crystal-connected SSI 
75T202 or 75T203 as shown in Figure 2. 

This pin selects the format of the digital output code. When HEXlB28 is tied high, the output is hexadecimal. When 
tied low, the output is binary coded 2-of-8. The table below describes the two output codes. 

Hexadecimal 
Digit 08 04 02 

1 0 0 0 
2 0 0 1 
3 0 0 1 
4 0 1 0 
5 0 1 0 
6 0 1 1 
7 0 1 1 
8 1 0 0 
9 1 0 0 
0 1 0 1 .. 1 0 1 
# 1 1 0 
A 1 1 0 
B 1 1 1 
C 1 1 1 
D 0 0 0 

01 Digit 
1 1 

0 2 
1 3 
0 4 
1 5 
0 6 
1 7 
0 8 
1 9 
0 0 
1 .. 
0 # 
1 A 
0 B 
1 C 
0 D 

TABLE 1: Output Codes 

4-10 

Binary Coded 2-of-8 
D8 D4 D2 01 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 1 0 0 
0 1 0 1 

0 1 1 0 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 

1 1 0 0 
1 1 1 0 
0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
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Vp 

VIN<VP VIN>VP 

Vp 

SSI 75T202l203 
5V Low-Power 

DTMF Receiver 

e<H'-.... --t~ 
Analog In I Q. 

• 01J1F 'Q: 

>1 r<H------ ~ o 
I 
I 
I 
I 
I 
I 
I 

Analog In I -
I 
I 
I 
I 
I 
I 
I 

GND 

FIGURE 1: Input COUpling 

XIN XOUT 

12 11 

ATB SSI75T202 

13 

XIN Connected to Vp 

12 

SSI75T202 

13 

Up to 10 Devices 

FIGURE 2: Crystal Connections 
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SSI 75T202l203 
5V Low-Power 
DTMF Receiver 

IN1633 

When tied high, this pin inhibits detection of tone pairs 
containing the 1633Hz component. For detection of all 
16 standard digits, IN1633 must be tied low. 

OUTPUTS D1, D2, D4, D8 and EN 

Outputs 01, 02, 04, 08 are CMOS push-pull when 
enabled (EN high) and open circuited (high imped­
ance) when disabled by pulling EN low. These digital 
outputs provide the code corresponding to the de­
tected digit in the format programmed by the HEXlB28 
pin. The digital outputs become valid after a tone pair 
has been detected and they are then cleared when a 
valid pause is timed. 

OVand ClROV 

OV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins 01, 02, 
04, and 08. OV remains high until a valid pause occurs 
or the ClROV is raised high, whichever is earlier. 

ED (SSI 75T203 only) 

The ED output goes high as soon as the SSI 75T203 
begins to detect a OTMF tone pair and falls when the 
75T203 begins to detect a pause. The 01, 02, 04, and 

DETECTION FREQUENCY 

Low Group 10 

Row 0 = 697 Hz 

Row 1 = 770 Hz 

Row 2 = 852 Hz 

Row 3 = 941 Hz 

4-12 

08 outputs are guaranteed to be valid when OV is high, 
but are not necessarily valid when ED is high. 

NIC PINS 

These pins have no internal connection and may be left 
floating. 

DTMF DIALING MATRIX 

See Figure 3. Please make note that column 3 is for 
special applications and is not normally used in tele­
phone dialing. 

ColO Col 1 Col 2 Col 3 

Row 0 G 0 0 0 
Row 1 G 0 G G 
Row 2 [2] 0 0 0 
Row 3 [J G 0 0 

FIGURE 3: OTMF Dialing Matrix 

High Group 10 

Column 0 = 1209 Hz 

Column 1 = 1336 Hz 

Column 2 = 1477 Hz 

Column 3 = 1633 Hz 
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SSI 75T202l203 
5V Low-Power 

DTMF Receiver 
,~I ________________________________________________________________________________ __ 
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II 

ABSOLUTE MAXIMUM RATINGS 
(Operation above absolute maxirrum ratings may damage the device. All 551 75T202l203 unused inputs must 
be connected to Vp or GND, as appropriate.) 

PARAMETER CONDITIONS 

DC Supply Voltage - Vp 

Operating Temperature 

Storage Temperature 

Power Dissipation (25°C) 

Input Voltage All inputs except ANALOG IN 

ANALOG IN Voltage 

DC Current into any Input 

Lead Temperature Soldering, 10 sec. 

ELECTRICAL CHARACTERISTICS 
(-40°C:s TA:S +85°C, Vp = 5V ± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Twist Tolerance Twist = High Tone 
Low Tone 

60-Hz Tolerance 

Dial Tone Tolerance "precise" dial tone 

Talk Off MITEL tape #eM 7290 

Digital Outputs "0" level, 400j.1A load 

(except XOUT) "1" level, 200j.1A load 

Digital Inputs "0" level 

"1" level 

Power Supply Noise wide band 

Supply Current TA = 25°C 

Noise Tolerance MITEL tape #eM 7290 

Input Impedance VP~VI~Vp-1 0 

• dB referenced to lowest amplitude tone 

4-13 

MIN 

±(1.5+2Hz) 

-32 

-10 

0 

Vp-0.5 

0 

O.7Vp 

100kOI115pF 

RATING 

+7V 

-40°C to +85°C Ambient 

-65°C to + 150°C 

65mW 

(Vp + .5V) to -.5V 

(Vp + .5V) to (Vp - 10V) 

±1.0mA 

300°C 

TYP MAX UNITS 

±2.3 ±3.5 %offo 

-2 dBm ref. 
to 6000 

+10 dB 

0.8 Vrms 

OdB dB· 

2 hits 

0.5 V 

VP V 

0.3Vp V 

Vp V 

10 mVp-p 

10 16 rnA 

-12 dB· 



SSI 75T202l203 
5V Low-Power 
DTMF Receiver 

SSI 75T202/203 TIMING 

PARAMETER 

tON Tone Time 

tOFF Pause Time 

to Detect Time 

tR Release Time 

tsu Data Setup Time 

tH Data Hold Time 

tel DV Clear Time 

tpw CLRDV Pulse Width 

tED ED Detect Time 

tER ED Release Time 

Output Enable Time 

Output Disable Time 

Output Rise Time 

Output Fall Time 

CONDITIONS 

for detection 

for rejection 

for detection 

for rejection 

CL = 50pF, RL = 1kn 

CL = 35pF, RL = soon 

CL = 50pF 

CL = 50pF 

4-14 

MIN NOM MAX UNITS 

40 - - ms 

- - 20 ms 

40 - - ms 

- - 20 ms 

25 - 46 ms 

35 - 50 ms 

7 - - J.1s 

4.2 - 5.0 ms 

- 160 250 ns 

200 - - ns 

7 - 22 ms 

2 - 18 ms 

- - 200 ns 

- - 200 ns 

- - 200 ns 

- 160 200 ns 
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SSI 75T202/203 TIMING (Continued) 

Analog 
Input 

01,02, 
04, 0 ..... 8_-t-_ ...... 

OV 

CLROV 

ED 

FIGURE 4: Timing Diagram 
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SSI 75T202l203 
5V Low-Power 
DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

01 

HEXIB28 

EN 

IN1633 

Vp 

N/C 

N/C 

XEN 11 

ANALOG IN 

18· Pin DIP 
SSI75T202 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T202 
18-pin Plastic DIP 

SSI75T203 
18-pin Plastic DIP 

02 

04 

08 

ClROV 

OV 

ATB 

XIN 

XOUT 

GND 

01 

HEXlB28 

EN 

IN1633 

Vp 

ED 

N/C 

XEN 

ANAlOOIN 

ORDER NO. 

75T202-IP 

75T203-IP 

11 

18· Pin DIP 
SSI75T203 

02 

04 

08 

ClRDV 

DV 

ATB 

XIN 

XOUT 

GND 

PKG.MARK 

75T202-IP 

75T203-IP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in speCifications at any time without notice. Aocordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 
4-16 1091 - rev. 
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DESCRIPTION 

The 551 75T204 is a complete Dual-Tone Multifre­
quency (DTMF) receiver that detects 16 standard 
digits. No front-end pre-filtering is needed. The only 
external components required are an inexpensive 
3.58-MHz television "colorburst" crystal for frequency 
reference and a bias resistor. An Alternate Time Base 
(ATB) is provided to permit operation of up to 10 551 
75T204's from a single crystal. The 551 75T204 
employs state-of-the-art "switched-capacitor" filter 
technology, resulting in approximately 40 poles of 
filtering, and digital circuitry on the same CM05 chip. 
The analog input signal is pre-processed by 60-Hz 
reject and band split filters and then zero-cross de­
tected to provide AGC. Eight bandpass filters detect 
the individual tones. Digital processing is used to 

(Continued) 

October 1991 

FEATURES 

• Intended for applications with less requirements 

than the SSI 75T202 

• 14-pin plastic DIP or 16-pin SO package for high 

system density 

• NO front-end band-splitting filters required 

• Single low-tolerance 5-volt supply 

• Detects all 16 standard DTMF digits. 

• Uses an inexpensive 3.579545-MHz crystal 

• Excellent speech immunity 

• Output in 4-bit hexadecimal code 

• Three-state outputs for microprocessor Interface 

BLOCK DIAGRAM 

ANALOG 
IN 

ATB 0-------------. 
XEN 0---------, 

vp GNO 

I 
! 
i 
i 
i 
L~~ ... _ ... _ .. _ .... _ .. __ ... _._ ... _ ... __ .. : 

CHIP CLOCKS 

4-17 

TIMING 
CIRCUITRY 

~-------~ov 

DATA STROBE 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

01 

02 

04 

08 

EN 



SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

DESCRIPTION (Continued) 

measure the tone and pause durations and to provide 
output timing and decoding. The outputs interface 
directly to standard CM05 circuitry and are three-state 
enabled to facilitate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. H is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

The 551 75T204 is designed to accept sinusoidal input 
wave forms but will operate satisfactorily with any input 
that has the correct fundamental frequency with har­
monics less then -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The 551 75T204 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "colorburst" crystal. The crystal 
oscillator is enabled by tying XEN high. The crystal is 
connected between XIN and XOUT. A 1 MQ 10% 
resistor is also connected between these pins. In this 
mode, ATB is a clock frequency output. Other 551 
75T204's (or 75T202's) may use the same frequency 
reference by tying their ATB pins to the ATB of a crystal 
connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low respectively. 
Ten devices may run off a single crystal-connected 551 
75T204 (or 75T202) as shown in Figure 2. 

OUTPUTS 01, 02, 04, 08 and EN 

Outputs 01, 02, 04, 08 are CM05 push-pull when 
enabled (EN high) and open circuited (high imped­
ance) when disabled by pulling EN low. These digital 
outputs provide the hexadecimal code corresponding 
to the detected digit. The digital outputs become valid 
after a tone pair has been detected (OV is high) and 
they are then cleared when a valid pause is timed. The 
hexadecimal codes are described in Table 1. 

4-18 

OV 

OV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins 01, 02, 
04, and 08. OV remains high until a valid pause 
occurs. 

N/CPINS 

These pins have no internal connection and may be left 
floating. 

Output Code 

Olglt 08 04 02 01 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 

0 1 0 1 0 

* 1 0 1 1 

# 1 1 0 0 

A 1 1 0 1 

B 1 1 1 0 

C 1 1 1 1 

0 0 0 0 0 

TABLE 1: Output Codes 



.J 
I 

Vp 

VIN<VP VIN>VP 

SSI75T204 
5V Low-Power 

Subscriber DTMF Receiver 

Vp 

~--------Analog In i Q l-
.o1~F a: 

>1 ~-------- ~ 
I 
I 
I 
I 
I 
I 
I 

GND 

Analog In I Q. 
I 
I 
I 
I 
I 
I 
I 

FIGURE 1: Input Coupling 

o 
XIN XOUT 

10 9 

ATB SS175T204 

11 

XIN Connected to Vp 

10 

SSl75T204 

11 

Up to 10 Devices 

FIGURE 2: Crystal Connections 
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SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

DTMF DIALING MATRIX 

See Figure 3. Please note that column 3 is for special applications and is not normally used in telephone dialing. 

Analog 
Input --'" 

01,02, 

ColO Col 1 Col 2 Col 3 

Row 0 [2J 0 0 0 
Row 1 0 0 0 0 
Row 2 [!] 0 0 0 
Row 3 [J G G 0 

FIGURE 3: DTMF Dialing Matrix 

04, 0_8_-1-_--' 

ov 

FIGURE 4: Timing Diagram 
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551 75T204 
5V Low-Power 

Subscriber DTMF Receiver 

~'-------------------------------------------------------------------------------------------------------------
I 

DETECTION FREQUENCY 

Low Group 10 High Group 10 

Row 0 = 697 Hz Column 0 = 1209 Hz 

Row 1 =nOHz Column 1 = 1336 Hz 

Row 2 =852 Hz Column 2 = 1477 Hz 

Row 3 =941 Hz Column 3 = 1633 Hz 

SSI 75T204 TIMING (Refer to Figure 4.) I 
PARAMETER CONDITIONS MIN NOM MAX UNITS 

tON Tone Time for detection 40 - - ms 

for rejection - - 20 ms 

tOFF Pause Time for detection 40 - - ms 

for rejection - - 20 ms 

tD Detect Time 2S - 46 ms 

tR Release Time 3S - SO ms 

tsu Data Setup Time 7 - - Jls 

tH Data Hold Time 4.2 - S.O ms 

Output Enable Time CL = SOpF. RL = 11<0 - - 200 ns 

Output Disable Time CL = 3SpF. RL = soon - - 200 ns 

Output Rise Time CL = SOpF - - 200 ns 

Output Fall Time CL = SOpF - - 200 ns 
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SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

APPLICATION INFORMATION 

The SSI 75T204 will tolerate total input RMS noise up 
to 12dB below the lowest amplitude tone. For most 
telephone applications, the combination of the high 
frequency attenuation of the telephone line and inter­
nal band-limiting make special circuitry at the input to 
the SSI 75T204 unnecessary. However, noise near 
the 56kHz internal sampling frequency will be aliased 
(folded back) into the audio spectrum, so if excessive 

NOISY 
SIGNAL 

2.4K±5% 

noise is present above 28kHz, the simple RC filter 
shown in Figure 5 may be employed to band limit the 
incoming signal. 

Noise will also be reduced by placing a grounded trace 
around the XIN and XOUT pins on the circuit board 
layout when using a crystal. It is important to note that 
XOUT is not intended to drive an additional device. XIN 
may be driven externally; in this case leave XOUT 
floating. 

ANALOG IN 
SSI75T204 

oOl llf±20%I 

FIGURE 5: RC Filter 
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ABSOLUTE MAXIMUM RATINGS 

551 75T204 
5V Low-Power 

Subscriber DTMF Receiver 

(Operation above absolute maximum ratings may damage the device. All SSI 75T204 unused inputs must be 
connected to Vp or GND, as appropriate.) 

PARAMETER CONDITIONS 

DC Supply Voltage - Vp 

Operating Temperature 

Storage Temperature 

Power Dissipation (25°C) 

Input Voltage All inputs except ANALOG IN 

ANALOG IN Voltage 

DC Current into any Input 

Lead Temperature Soldering, 10 sec. 

ELECTRICAL CHARACTERISTICS 
(-40°C ~ TA ~ +85°C, Vp = 5V ± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Twist Tolerance Twist- High Tone 
Low Tone 

60-Hz Tolerance 

Dial Tone Tolerance "preCise" dial tone 

Talk Off MITEL tape #CM 7290 

Digital Outputs "0" level, 400~ load 

(except XOUT) "1" level, 200~ load 

Digital Inputs "0" level 

"1" level 

Power Supply Noise wide band 

Supply Current TA = 25°C 

Noise Tolerance MITEL tape #CM 7290 

Input Impedance VP~VIN~Vp-10 

* dB referenced to lowest amplitude tone 
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MIN 

±(1.5+2Hz) 

-32 

-10 

0 

Vp-0.5 

0 

0.7Vp 

100KQII15pF 

RATING 

+7V 

-40°C to +85°C Ambient 

-65°C to + 150°C 

65mW 

(Vp + 0.5V) to -0.5V 

(Vp + .5V) to (Vp - 10V) 

±1.0mA 

300°C 

TYP MAX UNITS 

±2.3 ±3.5 %offo 

-2 dBm ref. 
to 6000 

+10 dB 

0.8 Vrms 

OdB dB* 

2 hits 

0.5 V 

Vp V 

0.3Vp V 

Vp V 

10 mVp-p 

10 16 rnA 

-12 dB* 

I 



SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

02 14 

01 13 

EN 3 12 
SSI75T204 

VP 11 

N/C 10 

XEN 9 

ANALOG IN 8 

14· Pin DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T204 
14-pin PDIP 

SSI75T204 
16-lead SOL 

04 

08 

OV 

ATB 

XIN 

XOUT 

GNO 

04 

01 08 

EN OV 

VP NlC 

NlC ATB 

NlC XIN 

XEN XOUT 

ANALOG IN GNO 

16· Lead SOL 

ORDER NO. PKG.MARK 

75T204-IP 75T204-IP 

75T204-IL 75T204-IL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and traclemarks or other rights 
of third parties resulting from its use. No license is granted uncler any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 4-24 1091 - rev. 



DESCRIPTION 

Silicon Systems' SSI 75T2089/2090/2091 are com­
plete Dual-Tone Multifrequency (DTMF) Transceivers 
that can both generate and detect all 16 DTMF tone­
pairs. These ICs integrate the performance-proven 
SSI 75T202 DTMF receiver with a DTMF generator 
circuit. 

The DTMF receiver electrical characteristics are iden­
tical to the standard SSI75T202 device characteristics. 
The DTMF generator provides performance similar to 
the Mostek MK5380, but with an improved (tighter) 
output amplitude range specification and with the addi­
tion of independent latch and reset controls. 

An additional feature of the SSI 75T2090/2091 is "im­
precise" call progress detector. The detector detects 
the presence of Signals in the 305-640 Hz band. 

(Continued) 

BLOCK DIAGRAM 

LIN 
(~lon1y) 

07 

D6 

D6 

D4 

meR 

RESET 

DIN 

1191 
Vp Vn 

SSI 75T2089/2090/2091 
DTMF Transceivers 

FEATURES November 1991 

• DTMF Generator and Receiver on one-chip 
• can progress detection (2090/2091 only) 
• Early detect output (2091 only) 
• DTMF Receiver exhibits excellent speech Immunity 
• Analog Input range from -32 to -2 dBm (ref 600 0) 
• Three-state outputs (4-blt hexadecimal) from DTMF 

Receiver 

• 
• 
• 

• 
• 

• 

AC coupled, Internally biased analog input 
Latched DTMF Generator Inputs 
DTMF output typo -8 dBm (Low Band) and -5.5 dBm 
(High Band) 
Easy interface for microprocessor dialing 
Uses Inexpensive 3.579545 MHz crystal for refer­
ence 

Low-power 5 volt CMOS 

DET 
(209W2091 only) 

DTMF 
OUT 

ED 
(2091 only) 

DV 

::>o--I---CDI 

::>o--I---CDO 

I 

4-25 
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for a static sensitive component. 



SSI 75T2089/2090/2091 
DTMF Transceivers 

DESCRIPTION (Continued) 

The 551 75T2091 also incorporates an early detect 
function which is useful in multi-channel radio scanning 
applications. The only external components necessary 
for the 551 75T2089/2090/2091 are a 3.58 MHz 
"colorburst" crystal with a parallel 1 MO resistor. This 
provides the time base for digital functions and 
switched-capacitor filters in the device. No external 
filtering is required. 

CIRCUIT OPERATION 

RECEIVER 

The DTMF Receiver in the SSI 75T2089/2090/2091 
detects the presence of a valid tone pair (indicating a 
single dialed digit) on a telephone line or other trans­
mission medium. The analog input is pre-processed by 
60 Hz reject and band-splitting filters, then hard-limited 
to provide Automatic Gain Control. Eight bandpass 
filters detect the individual tones. The digital post­
processor times the tone durations and provides the 
correctly coded digital outputs. The outputs will drive 
standard CMOS circuitry, and are three-state enabled 
to facilitate bus-oriented architectures. 

DIN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

Vp 

VINeVP 

>-01 ~ 
DIN I Q. 

I 
I 
I >1001<0 
I 
I 
I 

GND 

Vp 

VIN.VP 

.01J4F 1i 

>-H-~ ~ 
DIN I Q. 

I 
I 
I 
I 
I 

! 
GND 

FIGURE 1: Input Coupling 
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The IC is designed to accept sinusoidal input wave­
forms but will operate satisfactorily with any input that 
has the correct fundamental frequency with harmonics 
greater than -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The IC contains an onboard inverter with sufficient gain 
to provide oscillation when connected to a low-cost 
television "color-burst" crystal. The crystal is placed 
between XIN and XOUT in parallel with a 1 MO resistor, 
while XEN is tied high. 5ince the switched-capacitor­
filter time base is derived from the crystal OSCillator, the 
frequency accuracy of all portions of the IC depends on 
the time base tolerance. The 551 DTMF Receiver 
frequency response and timing is specified for a time 
base accuracy of at least ±0.005%. ATB is a clock 
output with the frequency of 1/8 of crystal. Other 
devices may use the same frequency reference by 
tying their A TB pins to the ATB of a crystal connected 
device. XIN and XEN ofthe auxiliary devices mustthen 
be tied high and low respectively, XOUT is left floating. 
XOUT is designed to drive a resonant circuit only and 
is not intended to drive additional devices. Ten devices 
may run off a single crystal-connected transceiver as 
shown in Figure 2. 

I 
I 

ATB 

ATB 

Up to 10· Devices 

XIN 

Vp 

XOUT 

XEN 
SS175T20XX 

XIN Connected to Vp 

XEN 
SS175T20XX 

FIGURE 2: Crystal Connections 



RECEIVER OUTPUTS AND THE fiE PIN 

Outputs DO, D1, D2, D3 are CMOS push-pull when 
enabled (DE low) and open-circuited (high impedance) 
when disabled (DE high). These digital outputs provide 
the hexadecimal code corresponding to the detected 
digit. Figure 3 shows that code. 

The digital outputs become valid and DV signals a 
detection after a valid tone pair has been sensed. The 
outputs and DV are cleared when a valid pause has 
been timed. 

Hexadecimal Code 

Digit In D7 D6 D5 D4 

Out D3 D2 D1 DO 
1 0 0 0 1 
2 0 0 1 0 

3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 

6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 

0 1 0 1 0 
* 1 0 1 1 

# 1 1 0 0 
A 1 1 0 1 

B 1 1 1 0 
C 1 1 1 1 
D 0 0 0 0 

FIGURE 3 

ED OUTPUT (75T2091 only) 

The ED output goes high as soon as the SSI 75T2091 
begins to detect a DTMF tone pair and falls when the 
SSI75T2091 begins to detect a pause. The D1 , D2, D4, 
and D8 outputs are guaranteed to be valid when DV is 
high, but are not necessarily valid when ED is high. 

4-27 

SSI 75T2089/2090/2091 
DTMF Transceivers 

GENERATOR 

The DTMF generator responds to a hexadecimal code 
input with a valid tone pair. Pins D4-D7 are the data 
inputs for the generator. A high to low transition on 
LATCH causes the hexadecimal code to be latched 
internally and generation of the appropriate DTM F tone 
pair to begin. The DTM F output is disabled by a high on 
RESET and will not resume until new data is latched in. 

DIGITAL INPUTS 

The D4, D5, D6, D7, LATCH, RESET inputs to the. 
DTMF generator may be interfaced to open-collector ~ 
TTL with a pull-up resistor or standard CMOS. These 
inputs follow the same hexadecimal code format as the 
DTMF receiver output. Figure 4 shows the code for 
each digit. The dialing matrix and detection frequency 
table below list the frequencies of the digits. 

Col 0 Col 1 Col 2 Col 3 

Row 0 ~ 0 0 0 
Row 1 G G G 0 
Row 2 [2] G G 0 
Row 3 [J G 0 0 
NOTE: Column 3 is for special applications 
and i. not normally used in telephone dialing. 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

LowGroupfo High Group fo 

Row 0 = 697Hz Column 0 = 1209Hz 

Row 1 = 770Hz Column 1 = 1336Hz 

Row 2 = 852Hz Column 2 = 1477Hz 

Row 3 = 941Hz Column 3 = 1633Hz 



SSI 75T2089/2090/2091 
DTMF Transceivers 

DTMFOUT 

The output amplitude characteristics listed in the 
specifications are given for a supply voltage of 5.0V. 
However, the output level is directly proportional to the 
supply, so variations in it will affect the DTMF output. A 
recommended line interface for this output is shown in 
Figure 5. 

CALL PROGRESS DETECTION (75T2090/2091) 

The 75T2090/2091 have a Call Progress Detector that 
consists of a bandpass filter and an energy detector for 
turning the on/off cadences into a microprocessor 
compatible signal. 

DET OUTPUT (75T2090/2091) 

The output is TTL compatible and will be of a frequency 
corresponding to the various candences of Call Prog­
ress signals such as: on 0.5 sec/off 0.5 sec for a busy 
tone, on 0.25 sec/off 0.25 sec for a reorder tone and on 
0.8-1.2 sec/off 2.7-3.3 sec for an audible ring tone. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

LIN INPUT (75T2090/2091) 

This analog input accepts the call progress signal and 
should be used in the same manner as the receiver 
input DIN. 

~~f ~ __ ---..1:1CTIP 

RING 

1000 

FIGURE 5: DTMF Output 

Operating above absolute maximum ratings may damage the device. 

PARAMETER RATING UNIT 

DC Supply Voltage (Vp - Vn) +7 V 

Voltage at any Pin (Vn = O) -0.3 to Vp + 0.3 V 

DIN Voltage Vp + 0.5 to Vp - 10 V 

Current through any Protection Device ±20 rnA 

Operating Temperature Range -40 to + 85 °C 

Storage Temperature -65 to 150 °C 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Supply Voltage 4.5 5.5 V 

Power Supply Noise (wide band) 10 mVpp 

Ambient Temperature -40 +85 °C 

Crystal Frequency -0.01 +0.01 % 
(F Nominal = 3.579545MHz) 

Crystal Shunt Resistor 0.8 1.2 MQ 

DTMF OUT Load Resistance 100 Q 

4-28 
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DIGITAL AND DC REQUIREMENTS 

551 75T2089/2090/2091 
DTMF Transceivers 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. The specifications do not apply to the following pins: LIN, DIN, XIN, 
XOUT, and DTMF OUT. Positive current is defined as entering the circuit. Vn = 0 unless otherwise stated. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current· 15 30 rnA 

Power Dissipation 225 mW 

Input Voltage High O.7Vp V 

Input Voltage Low 0.3Vp V 

Input Current High 10 JJA 
Input Current Low -10 JJA 
Output Voltage High loh = -0.2mA Vp-0.5 V 

Output Voltage Low 101 = +O.4mA Vn+0.5 V 

• with DTMF output disabled 

DTMF RECEIVER: Electrical Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Frequency Detect Bandwidth ±(1.S+2Hz) ±2.3 ±3.5 %Fo 

Amplitude for Detection Each Tone -32 -2 dBm/tone 

Twist Tolerance -10 +10 dB 

60Hz Tolerance 0.8 Vrms 

Dial Tone Tolerance Precise Dial Tone 0 dB· 

Speech Immunity MITEL Tape #CM7290 2 hits 

Noise Tolerance MITEL Tape #CM7290 -12 dB· 

Input Impedance 100 KQ 

• Referenced to lowest amplitude tone 

DTMF RECEIVER: Timing Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Tone Time for Detect 40 ms 

TON Tone Time for No Detect 20 ms 

TOFF Pause Time for Redetection 40 ms 

TOFF Pause Time for Bridging 20 ms 

TD1 Detect Time 25 46 ms 

TR1 Release Time 35 50 ms 
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SSI 75T2089/2090/2091 
DTMF Transceivers 

DTMF RECEIVER: Timing Characteristics (Continued) 

PARAMETER CONDITIONS 

TSU1 Data Set Up Time 

THD1 Data Hold Time 

TED ED Detect Time 75T2091 only 

BER ED Release Time 75T2091 only 

Output Enable Time 

Output Disable Time 

DTMF GENERATOR: Electrical Characteristics 

Frequency Accuracy 

Output Amplitude R1 - 1000 to Vn, Vp - Vn - S.OV 

Low Band 

High Band 

Output Distortion DC to 50 kHz 

DTMF GENERATOR: Timing Characteristics 

TSTART Start-Up Time 

TSU2 Data Set-Uo Time 

THD2 Data Hold Time 

TRP RESET Pulse Width 

TPW LATCH Pulse Width 

MIN NOM 

7 

4.2 

7 

2 

-1.0 

-9.2 

-6.6 

100 

50 

100 

100 

CALL PROGRESS DETECTOR: Electrical Characteristics (75T2090/2091 only) 

Amplitude for Detection 305 Hz-640 Hz -40 

Amplitude for No Detection 305 Hz-640 Hz 

f>2200 Hz, <160 Hz 

Detect Output Logic 0 

Logic 1 4.5 

"UN" Input Max. Voltage Voo-1C 

Input Impedance 500Hz 100 
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MAX UNIT 

J.LS 
5.0 ms 

22 ms 

18 ms 

200 ns 

200 ns 

+1.0 %Fo 

-7.2 dBm 

-4.6 dBm 

-20 dB 

2.5 us 

ns 

ns 

ns 

ns 

0 dBm 

-50 dBm 

-25 dBm 

.5 V 

V 

Voo V 

kO 
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SSI 75T2089/2090/2091 
DTMF Transceivers 

CALL PROGRESS DETECTOR: Electrical Characteristics (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Signal Time for Detect 40 ms 

TON Signal Time for No Detect 10 ms 

TOFF Interval Time for Detect 40 ms 

TOFF Interval Time for No Detect 20 ms 

TD2 Detect Time 40 ms 

TR2 Release Time 40 ms 

DN 

L DN 
DV 

DV 
DO. Dl. 02 III 

~I- ~I-
ED* .-J ..... 1 _....., L DO. Dl.D2,IX\ 

* 75T2091 only 

FIGURE 6: DTMF Decoder FIGURE 7: can progress Detector 
(75T2090/2091only) 

>l--­
I 

I---....;.;..;.~--+---- (SEENOTE)------t 

TRP 

--------~»------------------
NOTE: THE INDICATED TIME MAY BE AS SMALL AS 0 SEC •• MEANING THAT THE ~ AND RESET LINES MAY BE TIED TOGETHER. 

FIGURE 8: DTMF Generator 
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SSI 75T2089/2090/2091 
DTMF Transceivers 

PACKAGE PIN DESIGNATIONS 
(Top View) 

03 OV 

02 07 

01 os 
DO 05 

nt 04 

VP ~ 

XEN RST 

DIN OET* 

XOUT LIN· 

XIN OTMFOUT 

ATB VN 

• 75T2090 only 

75T2089/2090 
22-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T2089 

22-Pin Plastic DIP 

SSI75T2090 

22-Pin DIP 

SSI75T2091 

28-Pin Plastic DIP 

28-Pin PLCC 

02 03 

01 DV 

DO 07 

NlC D6 

DE 05 

VP 04 

ED LATCH 

XEN RST 

NlC NlC 

NlC NlC 

DIN DET 

XOUT LIN 

XIN DTtJlFOUT 

ATB VN 

75T2091 
28-Pln DIP 

ORDER NO. 

75T2089 -IP 

75T2090 -IP 

75T2091 -IP 

75T2091 -IH 

0 Q N C") > ...... to 
CI CI CI CI CI CI 

DE 

VP 24 

ED 23 

N/C 22 

N/C 21 

XEN 20 

N/C 19 

12 13 14 15 16 17 18 

z I- Z 00 Z I- Z 
15 ::> X l- S; ::> ::::i 

0 < 0 
X u. 

~ 
I-
CI 

75T2091 
28-Pin PLCC 

PKG.MARK 

75T2089 - IP 

75T2090 - IP 

75T2091 - IP 

75T2091 - IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1991 Silicon Systems, Inc. 4-32 
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SSI75T980 
Call Progress 
Tone Detector 

"I 
11 '------------------------------------------------------------------------

,I 

,i 

I 

I 

I 

I 

DESCRIPTION 

The SSI 75T980 Call Progress Tone Detector circuit 
allows automatic equipment to monitor tones in dial 
telephone systems that relate to the routing of calls. 
Such tones commonly include dial tones, circuits-busy 
tones, station-busy tones, audible ringing tones and 
others. By sensing signals in the range of 315 to 
640 Hz, the SSI 75T980 does not require the use of 
precision tones to function. This means that tones 
which vary with location or call destination can be 
detected regardless of their exact frequency. 

The low power CMOS switched capacitor filters used in 
the SSI75T980 derive their accuracy from a 3.58 MHz 
clock, which in turn may be derived from other devices 
in the system being designed. The SSI 75T980 is 
available in a plastic 8-pin DIP and 16-pin SO 
packages. 

BLOCK DIAGRAM 

XIN XOUT 

0792- rev. 

July 1992 

FEATURES 

• Detects tones throughout the telephone progress 
supervision band (315 to 640 Hz) 

• SensHlvHy to -38 dBm 

• Dynamic range over 36 dB 

• 40 ms minimum detect (50 ms to output) 

• Single supply CMOS (lOW power) 

• Supply range 4.5 to 5.5 VDC 

• Uses 3.58 MHz crystal or external clock 

• S-pln DIP and 16-pln SO packages 

• Second source of TeHone M-980 

ENABLE 

4-33 

PIN DIAGRAMS 

XIN 

XOUT 

ENABLE 

DETECT 

S-pln DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

I 



SSI75T980 
Call Progress 
Tone Detector 

PIN DESCRIPTION 

NAME 

SIGIN 

DETECT 

ENABLE 

VREF 

XIN, XOUT 

Voo 

Vss 

TYPE 

I 

0 

I 

0 

I 

-

-

OdBm 

SIGNAL 
LEVEL 

-38dBm 

-5OdBm 

DESCRIPTION 

Accepts analog input signal. See "Electrical Characteristics" for voltage 
levels, and ''Timing Characteristics" for timing. 

Call progress detect output. Goes to logic "1" when signal in 315-640 Hz 
band is sensed. See "Timing Characteristics." 

Application of logic "1" on this pin enables the output; logic "0" disables 
output. 

Supplies voltage at half Voo for voltage reference of on-Chip op amps. 

Crystal connections to on-chip oscillator circuit. 

Positive power supply connection 

Negative power supply connection 

MUST DETECT 
REGION 

190Hz 315Hz 640Hz 1025Hz 

FREQUENCY 

FIGURE 1: Detect and Reject Regions 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

551 75T980 
Call Progress 
Tone Detector 

(Operation above absolute maximum ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

DC Supply Voltage Voo-Vss 16.0V 

Input Voltage All inputs except SIGNAL IN (Voo + 0.5V) to (Vss - 0.5V) 

SIGNAL IN Voltage (Voo + 0.5V) to (Vss - 22V) 

Storage Temperature -65°C to 150°C 

Operating Temperature O°C to 70°C 

Lead Temperature Soldering, 5 sec. 260°C 

ELECTRICAL CHARACTERISTICS 
(Ta = 25°C, Voo - Vss = 4.5V to 5.5V, dBm is referenced to 6000) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current Voo-Vss =5V - 4 10 mA 

Signal level for detection 315-640 Hz -38 - 0 dBm 

Signal level for rejection 315-640 Hz - - -50 dBm 

f >1025 Hz, f <190 Hz - - 0 dBm 

DETECT output (lout - +1mA) Logic 0 - - 0.5 V 

Logic 1 4.5 - - V 

ENABLE, XIN Input (Iin-10J.!A) Logic 0 Vss - Vss+0.2 V 

Logic 1 Voo-O.2 - Vee V 

XIN duty cycle 40 - 60 % 

XIN, XOUT loading - - 10 pF 

VREF output Deviation -2 (Voo+Vss)/2 +2 % 

Resistance 3.25 - 6.75 kO 

SIGIN Input Maximum voltage Voo-10 - Vee V 

Impedance (500 Hz) 80 - - kO 
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SSI75T980 
Call Progress 
Tone Detector 

ELECTRICAL SPECIFICATIONS (continued) 

TIMING CHARACTERISTICS 
(Ta = 2Soc, Voo - Vss = 4.SV to S.SV) 

PARAMETER CONDITIONS 

tMC Signal duration for detection 31S-640 Hz 

Interval duration for detection Signal dropping from 
-38 dBm to -SO dBm (~) 

Signal dropping from 
o dBm to -SO dBm (t1) 

ta Tone dropout bridging 

FIGURE 2: Basic Timing 
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MIN MAX UNITS 

40 - ms 

- 40 ms 

- 90 ms 

- 20 ms 
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SIGIN 

'I 

DETECT 

PHONE 
.... LINE II. 

OM .... ... .. ,~ 

II. ,.. 
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I 
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FIGURE 3: Effect of Amplitude on Timing 

SS175T980 

SIGIN DETECT 

XIN 

3.58 MHz 

rD~' 
DiAlER IC 

.... 
~ 

4---
... DIGITS 

PHONE LINE 
AUDIO 

DIALER 

FIGURE 4: Applications Circuits 
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551 75T980 
Call Progress 
Tone Detector 

• 

I • 
t2 k-

SS175T980 

SIGIN DETECT 1---. 
XIN 

3.58 MHz 

D 
SSI 75T202J3/4 

DV 
ANALOG STROBE 

IN 

DATA 

DTMF RECEIVER 
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SSI75T980 
Call Progress 
Tone Detector 

PACKAGE PIN DESIGNATIONS 
(Top View) 

XIN 1 8 VDD 

XOUT 2 7 VREF 

ENABLE 3 6 VSS 

DETECT 4 5 SIGN 

SSI 75T980-CP 
8-PIN DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T980 8-pin Plastic DIP 

SSI 75T980 16-pin SO Package 

N/C 16 N/C 

XIN 2 15 VDD 

N/C 3 14 VREF 

XOUT 4 13 N/C 

EN 5 12 VSS 

N/C 6 11 N/C 

DET 7 10 SIGIN 

N/C 8 9 N/C 

SSI75T980C 
16-PIN SO 

ORDER NO. PKG.MARK 

75T980-CP 75T980-CP 

75T980-CL 75T980C 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No Hcense is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 4-38 0792 - rev. 
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551 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

---------------------------------------------------------------------------------------------

DESCRIPTION 
The SSI 78A093 is a 12x8 matrix-array crosspoint­
switching IC for telecom-switching and industrial con­
trol-routing applications. Standard integrated features 
include microprocessor-control inputs, line decoder, 
address latches, and 6 Vp-p analog-signal capability. 
The product is available with two different power supply 
configurations: The SSI 78A093A accepts power 
through the VSS and VDD pins; the SSI78A093B has 
an altered pin-out and offers a separate logic ground 
pin. Both versions offer excellent crosstalk immunity, 
low feedthrough (-95dB at 1 KHz), extra-high isolation 
between any two switches connected to XO channel, 
and less than 1% total distortion at 0 dBm. The XO 
channel is optimized for "ON HOLD" use by providing 
high isolation between switches connected to XO. The 
SSI 78A093 employs CMOS design technology for 
low-power operation. Power requirement for both the 
A and B versions of the SSI 78A093 is 5 to 16 volts. 
Both versions are packaged in a standard 40-pin 
plastic DIP or 44-pin PLCC. 

ADDRESS 

BLOCK DIAGRAM 

STROBE DATA RESET 

DECODER 

AND 

LATCHES 

8.12 

SWITCH 

NOTE: Please see last page for PLCC pinout. 

0790- rev. 4-39 
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FEATURES 
• 96 crosspoint switches in a 12x8 array 
• ~P-compatible control inputs 
• On-chip line demultiplexer 
• Low ON resistance: 28 ohms at VDD = 12V typical 
• 5 to 16-volt supply operating range 

• 6 vp-p analog signal capability • 
• Address latches on-chip ~ 

• Optimized performance on XO channel 
• Less than 1% total distortion at 0 dBm 
• -95 dB feedthrough at 1kHz 
• Extra-low crosstalk between any two switches 

connected to XO 

• 78A093B version offers separate logic ground 
for flexible system design 

• Low-power CMOS design 
• TTL or CMOS-compatible Inputs 
• 40-pln plastic DIP or 44-pin PLCC 

PIN DIAGRAM 

78A093A 78A093B 

• different pins relative to 78A093A 

CAUTION: Use handling procedures necessary 
for a static sensitive corTllOnent. 



SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

FUNCTIONAL DESCRIPTION 

A functional block diagram of the device is presented 
in Figure 1. The IC contains a 12x8 matrix of analog 
switches, each with a latch to maintain its on (closed) 
or off (open) state. Seven ADDRESS lines, AXO-AX3 
and AYO-A Y2, are provided to address anyone of the 
96 switches. The DATA line may be held high to turn 
the switch on, or low to turn it off. The state of the 
ADDRESS and DATA lines can be set concurrently or 
separately. Finally, a positive pulse to the STROBE 
line initiates the action determined by the ADDRESS 
and DATA lines. All 96 switches may be turned off by 
forcing the RESET line high. All control lines (AD­
DRESS, DATA, STROBE, and RESET) are level 
sensitive. 

The IC has two power supply configurations: the A­
version has VDD and VSS power supply pins; the B­
version has VDD, VSS and a GND pin. The GND pin 
is provided as a reference voltage for digital inputs. For 
proper operation, the positive supply must be at least 
4.5 volts above GND. 

The switches are designed to provide low resistance 
connections when turned on. Any Y switches connect­
ing to the XO channel are optimized to provide lower ON 
resistance. Furthermore, the XO channel switches, 
when turned on, provide maximized isolation between 
the Y channels when XO is grounded or connected to 
a low impedance source. 

STROBE DATA RESET 

AYO- AY2 

96 

AXO-AX3 

FIGURE: 1 
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SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

~~-----------------------------------------------
PIN DESCRIPTION 

NAME A-PIN # B-PIN # TYPE DESCRIPTION 
(DIP) (DIP) 

'I 

I 

POWER 

VDD 40 36 I Positive power supply. 

VSS 20 20 I Negative power supply. 

GND - 16 I Digital signal ground. 

• ADDRESS 

AXO-AX3 4,5,22,23 I X address lines. These 4 pins are used to select one of the 
12 rows of switches. Refer to the truth table in figure 2, for 
legal addresses. 

AYO-AY2 2,24,25 I Y address lines. These 3 pins are used to select one of the 
8 columns of switches. Refer to the truth table in figure 2, 
for legal addresses. 

CONTROL 

DATA 38 I This input determines if the selected switch will be turned 
on (closed) or off (opened). If the pin is held high, the 
selected switch will be closed. If the pin is held low, the 
switch will be opened. 

STROBE 18 I This pin enables whatever action is selected by the address 
and DATA pins. When the STROBE pin is held low, no 
switch openings or closing take place. When the STROBE 
pin is held high, the switch addressed by the select lines will 
be opened or closed (depending upon the state of the 
DATA pin). 

RESET 3 I Master Reset. This pin turns off (opens) all 96 switches. 
The states of the above control lines are irrelevant. This pin 
is active high. 

DATA 

XO-X11 8-13,28-33 1/0 Analog Input/Outputs. These pins are connected to the 
rows of the switch matrix. 

YO-Y7 1,15,17,19, 1/0 Analog Input/Outputs. These pins are connected to the 
21,35,37,39 columns of the switch matrix. 
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SSt 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to 
the device or affect device reliability. 

PARAMETER RATING UNIT 

VDD with respect to VSS -0.5 to 17.6 V 

GND (B-Version only) VSS -0.5 to VDD +0.5 V 

Storage Temperature -65 to 150 °C 

Control Signals GND -0.5 to VDD +0.5 V 

Analog Signals 7 Vpp 

Lead Temperature 300 °C 
(soldering, 10 seconds) 

Address 
Connections 

AXO AX' AX2 AX3 AYO AYl AY2 

0 0 0 0 0 0 0 XO - YO 
1 0 0 0 0 0 0 Xl - YO 
0 1 0 0 0 0 0 X2 - YO 
1 1 0 0 0 0 0 X3 - YO 
0 0 1 0 0 0 0 X4 - YO 
1 0 1 0 0 0 0 X5 - YO 
0 1 1 0 0 0 0 no connection 

i '-! 1 1 0 0 0 0 no connection 
~ 0 0 0 1 0 0 0 X6 - YO 
'iU 1 0 0 1 0 0 0 X7 - YO 
l5 0 1 0 1 0 0 0 X8 - YO 
c: 1 1 0 1 0 0 0 X9 - YO 
~ 0 0 1 1 0 0 0 Xl0 -YO 

~ r~ 0 1 1 0 0 0 Xll-YO 
1 1 1 0 0 0 no connection 

1 1 1 1 0 0 0 no connection 

+ 
0 0 ~ + ~ ~ ~-~ + + 

1 0 1 1 1 0 0 Xll- Yl 
0 0 0 ~ 0 1 0 1- +2 + + + + + t 1 0 1 1 0 1 Xll- Y2 
0 0 0 0 1 1 0 f-~ + + + + + + + 
1 0 1 1 1 1 0 Xll- Y3 
0 0 

+ 
0 0 0 1 f -t4 

t + + + t t 0 1 1 0 Xll- Y4 

~ 
0 

~ ~ 
1 

~ + ~-V + + 
1 0 1 1 1 1 Xll- Y5 
0 0 ~ ~ + 

1 1 XO - Y6 

+ + + + + + 
1 0 1 1 0 1 1 Xll- Y6 

+ 
0 0 0 1 1 

+ 
XO - Y7 

+ + + + + + + 
1 0 1 1 1 1 1 Xll- Y7 

FIGURE 2: Truth Table 
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SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

~----------------------------------------------
RECOMMENDED OPERATING CONDITIONS 
The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply when the device is operated outside these limits. 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

VDD with respect to VSS 4.5 16.0 V 

VDD with respect to GND 4.5 16.0 V 

GND with respect to VSS 0 5.5 V 

Analog Input Voltages VIN 6 Vpp 

Analog Currents 10 mA 

Ambient Temperature 0 85 °C 

D.C. CHARACTERISTICS 
TA = 25°C, VSS = OV, GND = 0, VDD = 13.2V, RL = 1K, CL = 50pF, UNLESS OTHERWISE NOTED. 
Positive current is defined as flowing into the device. 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

Supply Current IDD 14 20 mA 

CROSSPOINT 

XO channel 
ON resistance (XO-Yj) VIN ~ 6V 20 n 
RON other 

channels (Xi-Yi) VIN ~ 6V 28 45 n 
XO channel 

ON resistance var. (XO-Yj) 5 n 
dRON other 

channels (Xi-Yi) 15 25 n 
X capacitance CX (Switch off) 20 pF 

Y capacitance CY (Switch off) 30 pF 

CONTROL 

Input HIGH voltage VIH A-Version 2.0 V 
B-Version GND +2.0 V 

Input LOW voltage VIL A-Version 0.8 V 
B-Version GND +0.8 V 

Input leakage IL -0.1 0.1 J,JA 
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S51 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

DYNAMIC CHARACTERISTICS AND TIMING 

TA = 25°C, VDD = 13.2V, VSS = OV, GND = OV, RL = 1 K, CL = 50 pF, UNLESS OTHERWISE NOTED. 
Digital input rise and fall times are 5nS. Output times are defined as the time to rise or fall from 0% to 
10% of the full swing (see figure 3). 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

CROSSPOINT 

Propagation Delay 1 Vpp sine wave 
@ 10 kHz 18 30 ns 

Distortion 1 vpp sine wave 0.2 1.0 % 

Feedthrough 10 kHz, any 
switch off -90 -80 dB 

--
Yi to Yj isolation on XO channel Any two Y channels: 

Vi, Yj, XO-Yi, XO-Yj are on 
Xo grounded, Rin = 1 K -90 -60 dB 

1 kHz -97 
Crosstalk 1 Vp-p sine wave dB 

10 kHz -92 

CONTROL 

Delay: strobe to out TSl 60 160 ns 

Delay: address to out TAl 200 ns 

Delay: data to out TDl 180 ns 

Delay: reset to out TRl 100 180 ns 

Data setup time TSU 30 ns 

Address setup time TAS 30 ns 

Data hold time TH 30 ns 

Address hold time TAH 30 ns 

Strobe Pulse Width TST 50 ns 

Reset Pulse Width TRST 50 ns 

4-44 



SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

~-------------------------------------------------------------

.,1 

I 

I 

I 

I 

I 4 

TST 

·1 
/ "-STROBE ,Y 

~ I~~ ·1 TAH 

ADDRESS =x X x 
I~ I I~ I~A~ 

DATA 

=x I 
x x 

I.iD~1 
~ TRST ~ 

RESET 

1/ 10% 11,0% Ir~ 1-
ANALOG 
OUTPUT >< ><== !'~[ _SII} ?~F_-

FIGURE 3: Timing Diagram 

APPLICATIONS INFORMATION 

Although the SSI78A093 allows switching 96 possible 
signal paths, it is not limited to applications of only an 
8x12x1 configuration. Figure 4 shows a method of 
addressing 4 separate 78A093's. In this example, the 
RESET, DATA, and ADDRESS lines are connected in 
parallelforthefourdevices. The logic for lines A, Band 
STROBE go to a 2-line to 4-line decoder with the 
STROBE used to both enable and clock the data. This 
decode (or a wider one) could be easily implemented 
with a single programmable logic device. 

Figure 5 shows a case where both the X and V lines 
have been expanded. This may be useful for applica­
tions where several different source/destination paths 
need to be controlled by a single controller. The A and 
B lines are decoded to select the desired device. 

4-45 

In Figure 6, the V-lines of all devices are connected in 
parallel to allow an 8x48x1 switch configuration. The A 
and B inputs become in effect an extension of the X­
address line. This could also be used to make a 
32x12x1 matrix by tying the X-lines in parallel with the 
A and B inputs used as V -address lines. 

Figure 7 shows an application where switches in 2 
devices are connected at the same time in a 12x8x2 
matrix. This would be useful in applications requiring 
the switching of differential signals. 
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SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

RESET 0 

DATA 

AY 

AX 

A 

B 

STROBE o 

3/ 
I' 

4/ 
/ 

I 

3/ 
7 
4/ 
I' 
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3/ 
I' 

4/ 
/ 

.-----

3/ 
I' 

4/ 
7 

r--

~/ 
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4/ 
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- ____ J 

FIGURE 4 

4-46 

.---
STR 

D 
78A093 

AY 

AX 

~ 
~ 
STR 

D 
78A093 

AY 

AX 
L---

.-----
STR 

D 
78A093 

AY 

AX 

~ 
~ 
STR 

D 
78A093 

AY 

AX 
L---



SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

~---------------------------------------------------------------------------------------------­',I 

FIGURES 
XO-X11 :> AXO-AX11 

78A093 

Yo-Y7 > AYO-AY7 

STROBE 1 STR 

XO-X11 BXO-BX11 

78A093 

YO-Y7 > BYO-BY7 

STROBE 2 STR I 
0 TO OTHER 
0 SWITCHES 

FIGURE 6 
r--

XO-X11 AXO-AX11 

78A093 

YO-Y7 r---- YO-Y7 

'---

r--

Xo-X11 BXO-BX11 

78A093 U 
~'<--l 

0 TO OTHER 
0 SWITCHES 

FIGURE 7 
XO-X11 > AXO-AX11 

78A093 

YO-Y7 AYO-AY7 
- STR 

XO-X11 BXO-BX11 

78A093 

YO-Y7 BYO-BY7 

STROBE A STR 

0 
TO OTHER 

0 SWITCHES 
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RON 
(OHMS) 

~ 

6 

5 

14 

3 

2 

1 

0 

9 

7 

6 

/ 
/ 

I 
/ 

! 
/ 

V 
L 

/ 
/ 

XO CHANNEL: RON VS. VIN 

FIGURE 8: XO - Channel: RON vs. VIN 

10 VIN 
(VOLTS) 

Figure 8 is valid for all switches connected to the XO channel only. The graph describes the behavior of the 
switch resistance RON as a function of the analog signal voltage VIN. 

TEST CONDITIONS: VSS = OV 
VDD = 13.2V 
RL = 1kQ (Load Resistance) 
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~---------------------------------------------------------------------

RON 
(OHMS) 

5 

34 

33 

2 

1 

30 

29 

8 

7 

6 

5 

4 

3 

22 

1 

20 

9 

8 

7 

6 

5 

14 

3 

V 
.......... V 

I 
IL 

/ 
V 

/ 
I' 

/ 
// 

9 10 VIN 
(VOLTS) 

FIGURE 9: X1 • X11 Channel: RON vs. VIN 

Figure 9 is valid for all switches connected to X1 thru X11 channels. The graph describes the behavior of the 
switch resistance RON as a function of the analog signal voltage VIN. 

TEST CONDITIONS: VSS = OV 
VDD = 13.2V 
RL = 1kO (Load Resistance) 
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SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

44· Pin PLCC 
78A093A 

ORDERING INFORMATION 

PART DESCRIPTION 

5S1 78A093, Version A 
Plastic Dual-In-Line 
PLCC 

SSI 78A093, Version B 
Plastic Dual-In-Line 
PLCC 

Refer to the 551 Data Book for package dimensions. 
Please see Page 1 for PDIP pinout. 

ORDER NO. 

78A093A-CP 
78A093A-CH 

78A093B-CP 
78A093B-CH 

24 25 

~ 

44· Pin PLCC 
78A0938 

26 

~ 
< 

X2 

X3 

X4 

X5 

NC 

NC 
27 28 

>= 0 
< z 

* different pins relative to 78A093A 

PKG.MARK 

78A093A-CP 
78A093A-CH 

78A093B-CP 
78A093B-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 4-50 0790 - rev. 



DESCRIPTION 

The SSI78A207 is a single-chip, Multi-Frequency (MF) 
receiver that can detect all 15 tone-pairs, including ST 
and KP framing tones. This receiver is intended for use 
in equal access applications and thus meets both Bell 
and CCITT R1 central office register signalling specifi­
cations. 
The SSI 78A207 employs state-of-the-art switched 
capaCitor filters in CMOS technology. The receiver 
conSists of a bank of channel-separation bandpass 
filters followed by zero-crossing detectors and fre­
quency-measurement bandpass filters, an amplitude 
check circuit, a timer and decoder circuit, and a clock 
generator. The device does not attempt to identify 
strings of digits by the KP (key pulse) and ST (stop) 
tone pairs. 
No anti-alias filtering is needed if the input signal is 
band-limited to 26 KHz. The only external component 
required is an inexpensive television "color burst" 3.58 
MHz crystal. 
The outputs interface directly with standard CMOS or 
TTL circuitry and are three-state enabled to facilitate 
bus-oriented architecture. 

SSI78A207 
MFR1 Receiver 

July 1990 

FEATURES 

• Meets Bell and CCITT R1 specifications 

• 20-pln plastic DIP 

• Single low-tolerance 5V supply 

• Detects all 15 tone-pairs Including ST and KP 

• Long KP capability 

• Built-In amplitude discrimination 

• Excellent noise tolerance 

• Outputs in either "n of 6" or hexadecimal code 

• Three-state outputs, CMOS-compatible 
and TTL-compatible 

BLOCK DIAGRAM 

YOD AGND DGND 

0790 - rev. 
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SSI78A207 
MFR1 Receiver 

FUNCTIONAL DESCRIPTION 

YIN 

This pin accepts the analog input. It is internally biased 
to half the supply and is capacitively coupled to the 
channel separation filters. The input may be DC 
coupled as long as it does not exceed VOO or drop 
below GNO. Equivalent input circuit is shown below in 
Figure 1. 

CRYSTAL OSCILLATOR 

The SSI 78A207 contains an on-board inverter with 
sufficient gain to provide oscillation when connected to 
a low cost television "color-burst" crystal. The on-chip 
clock signals are generated from the oscillator. The 
crystal is connected between X1 and X2. 

XOUT is a 3.58 MHz square wave capable of driving 
other circuits as long as the capacitive load does not 
exceed 50 pF. Other devices driven by XOUT should 
use X1 as the input pin, while X2 should be left floating. 

LKP 

The KP timer control: When high, the KP detect time 
is increased. When low, the KP detect time is the same 
as for other tones. 

QUAL 

Enables tone pair qualification. When low, the thresh­
old detector outputs are passed to the data outputs 
(~O-OS} without validation in the format selected by the 
HEX pin. These outputs, plus strobes OVand DE, are 
updated once per 2.3 ms frame. Note that the strobes 
will cycle once per frame (even when the inputs are 
stable.) As always, data changes only when both 
strobes are low. 

cs=m 
This input clears both the OV and DE strobes, and is 
active low. After CSTR is released, the strobes will 
remain low until ~ new detect (or error) occurs. The 
output data is latched by CSTR and will not change 
while CSTR is low, even in the event that a new detect 
is qualified internally. (Note that improper use of CSTR 
may result in missed detects.) 

4-52 

EN 
The three-state enable control: When low, the ~O-OS 
outputs are in the low impedance state. In an interrupt 
oriented microprocessor interface, EN and CSTR will 
often be tied together to provide automatic reset of the 
strobes when the output data is enabled. 

STROBE PINS - DY AND DE 

Valid data is indicated on the OV strobe pin, and data 
errors are indicated on the DE strobe pin. Whenever a 
valid 2 of 6 code has been detected, the OV strobe 
rises. It remains high until the code goes away, or the 
CSTR line is activated. When an invalid code is 
detected, e.g., 1 of6,30f6, etc., the DE strobe remains 
high until all errors stop, a valid tone pair is detected, or 
the CSTR line is activated. Once cleared by CSTR, DE 
will not reactivate until a new invalid condition is de­
tected. The DE and OV strobes will never be high 
simultaneously. 

DATA OUTPUT MODES 

The digital output format may be either "n of 6" or 4-bit 
hexadecimal. 

For "hex" mode, the HEX pin is pulled high. Outputs DO 
to 03 provide a 4-bit code identifying one of the 15 valid 
tone combinations according to Table1. 

The outputs will be cleared to zero when no valid tone 
pair is present. 

For the "n of 6" mode, the HEX pin is pulled low, and 
each output represents one of the six frequencies as 
shown below: 

FREQUENCY 
700 
900 
1100 
1300 
1500 
1700 

OUTPUT PIN 
DO 
01 
02 
03 
04 
05 

The outputs will be cleared to zero when no valid tone 
is present. 



TABLE 1: 

Channels Tone Pair Freq. 

0-1 700,900 

0-2 700,1100 

1-2 900,1100 

0-3 700, 1300 

1-3 900, 1300 

2-3 1100,1300 

0-4 700, 1500 

1-4 900, 1500 

2-4 1100,1500 

3-4 1300, 1500 

2-5 1100,1700 

4-5 1500, 1700 

1-5 900, 1700 

3-5 1300, 1700 

0-5 700, 1700 

any other signal 

NOTE: In the hex mode, 04 = OE and 05 = OV. 

VDO 

VIN 

Name 03 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 1 

9 1 

0 1 

KP 1 

5T 1 

5T1 1 

5T2 1 

5T3 1 

0 

31<0 

02 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

SSI78A207 
MFR1 Receiver 

01 DO 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

VV'\.r--.---' V'V'v---o Voo 

FIGURE 1: VIN Equivalent Input Circuit 
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SSI78A207 
MFR1 Receiver 

TIMING SPECIFICATIONS 

PARAMETER 

Ton Tone Time. KP 
(lKP = VDD) 

Ton 

Ton Tone Time. KP 
(lKP= DGND) 

Ton 

Ton Tone Time. All Others 

Ton 

Tpse Pause Time 

Tbr 

Tsu Data Setup Time 

Th Data Hold Time 

Tskew Tone Skew Tolerance 

Tstr Minimum Strobe Pulse Width 

QUAL High 

QUAL low 

Tsep Minimum Strobe Separation 

QUAL High 

QUAL low 

Tr Rise Time DV. DE. DO-OS 
10-90% 

Tf Fall Time DV. DE. DO-OS 
10-90% 

Tw CSTRWidth 

Ten Data Enable Time 

Tdis Data Disable Time 

Trst Strobe Reset Time 

CONDITIONS MIN NOM MAX UNIT 

detect 55 ms 

reject 30 ms 

detect 30 ms 

reject 10 ms 

detect 30 ms 

reject 10 ms 

detect 20 ms 

reject 10 ms 

6 JlS 

7 JlS 

4 ms 

20 ms 

2 ms 

20 ms 

2 ms 

Cl = 20 pF tOO ns 
'-' .. 

Cl = 20 pF 100 ns 

50 ns 

Cl = 20 pF 100 ns 

100 ns 

Cl = 20 pF 100 ns 
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~----------T~--------~ 

TONE 1 

TONE 2 

00'05 

Tstr--=tI~ ~ Th 

OV (QUAL-1) ________ .....J 

OV (QUAL - 0) ------' 

OE(QUAL-O)-----------------------t-' 

FIGURE 2: SSI 78A207 Timing Diagram 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
(Operating above absolute maximum ratings may damage the device.) 

PARAMETER RATING UNIT 

DC Supply Voltage V DO +7 V 

Operating Temperature o to 70 (Ambient) °C 

Storage Temperature 65 to 150 °C 

Power Dissipation (25°C) 650 mW 
(Derate above TA=25°C @ 6.25 mWf'C) 

Input Voltage (Voo + 0.3V) to -0.3 V 

DC Current into any input ±10 mA 

Lead Temperature (Soldering, 10 sec.) 300 °C 
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SSI78A207 
MFR1 Receiver 

DC ELECTRICAL CHARACTERISTICS (O°C ~ TA ~ 70°C, VDD = 5V ± 10%) 

PARAMETER CONDITIONS MIN 

Idd Supply Current 

Vol Output Logic 0 

101 = 8 rnA 

101 = 1 rnA 

Voh Output Logic 1 

loh = -4 rnA VDD-1.0 

loh = -1 rnA VDD-O.S 

Vih Input Logic 1 2.0 

Voh I nput logic 0 

Zin Analog Input Impedance .:tOOK 
(Input between VDD and AGND) 30pF 

lin Digital Input Current -50 
(Input between VDD and DGND) 

AC CHARACTERISTICS (O°C s TA ~ 70°, VDD = 5V ± 10%) 

PARAMETER CONDITIONS MIN 

F Frequency for Detect ±(0.015 
Tolerance xFo + 5) 

A Amplitude for Detect each tone -25 

0.123 

AN Amplitude for no Detect 

TW Twist Tolerance TW= high tone -6 
low tone 

T3 Third MF Tone Reject Amp relative to highest -15 
amplitude tone 

N60 60 HZ Tolerance not more than one error 81 

in 2500 10-digit calls 0.777 

N180 180 HZ Tolerance same as above 68 

0.174 

Nn Noise Tolerance1 same as above 

NI Impulse Noise Tolerance2 same as above 

NOTES: 1. C-message weighted. Measured with respect to highest amplitude tone. 

2. With noise tape 201 per PUB 56201. Measured with respect to highest amplitude tone. 
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NOM MAX UNIT 

20 rnA 

0.5 V 

0.4 V 

V 

V 

V 

0.8 V 

Q 

50 J,JA 

NOM MAX UNIT 

Hz 

0 dBm 

2.191 vpp 

-35 dB 

0.039 vpp 

+6 dB 

dB 

dBrn 

Vpp 

dBrn 

Vpp 

-20 dB 

+12 dB 



PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

AGND 

VIN 

HEX 

QUAL 

LKP 

m 

VDD 

DO 

D1 

D2 

ORDERING INFORMATION 

PART DESCRIPTION 

551 78A2.07 20-Pin Plastic DIP 

20 XOUT 

2 19 X1 

3 18 X2 

4 17 ~ 

5 16 DGND 

6 15 DV 

7 14 DE 

8 13 D5 

9 12 D4 

10 11 D3 

20 - PIN DIP 

ORDER NO. 

78A207-CP 

SSI78A207 
MFR1 Receiver 

PKG.MARK 

78A207-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

0890- rev. 4-57 ©1989 Silicon Systems, Inc. 
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SSI78P233A 
OS-1 Line Interface Jtkn~1!!!!~ 

,~' ----------------------------------------
DESCRIPTION 

The SSI 78P233A DS-1 line Interface is a bipolar 
integrated circuit that provides the interface functions 
necessary to convert DS-1-level signals to TIL-level 
and conversely. The receiver section accepts alter­
nate-mark-inversion (AMI) encoded line data and pro­
vides separated and synchronized data and clock 
outputs. The transmitter section accepts data and 
clock and produces AMI pulses of appropriate shape 
for transmission. A loopback multiplexer is also pro­
vided that permits interchange of the Signals between 
the sections. 

The 78P233A requires a single 5V supply. It is avail­
able in a standard, 600-mil DIP package. 

BLOCK DIAGRAM 

]11-....--

0192 - rev. 5-1 

January 1992 

FEATURES 

Single-chip transmit and receive DS-1 Line 
Interface 
Unique clock recovery CirCUit, requires no 
crystals or tuned components 
Variable Jitter tolerance, adjustable with exter­
nal components 
Pulse-shape transmission conformant with 
AT&T Compatibility Bu lIetin 119 specifications 
Six different line equalization settings for 
pulse-shaping at the DSX-1 level 
Two alternate transmit settings for 6V-peak 
pulses 
Standard unipolar TTL-level clock & data ports 
for easy equipment interface 
L1ne-loopback and local-Ioopback control 
Loss-of-signal indication 
Bipolar violation detection 

BPV 
lSIG 

RXClK 

RXPOS 
RXNEG 

DfnI5" 
U5CA'CP 

TXPOS 
TXNEG 

ClKIN 

EOlO 
EOl1 
EOl2 

PIN DIAGRAM 

RFO vcc 
LSIG lF1 

RCPK lF2 

LlN+ lOUT-

LlN- TXGND 

RXGND lOUT+ 

lOCAlP EOL2 

RXPOS EOlO 

RXNEG EOL1 

RXClK TXNEG 

SPV LlNElP 

TXPOS ClKIN 

24-Pln DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI78P233A 
OS-1 Line Interface 

FUNCTIONAL DESCRIPTION 

The device consists of receiver and transmitter sec­
tions together with a "Ioopback" means which permits 
interchange of signals between the sections (See 
Figure 1). 

RECEIVER 

The receiver input is normally transformer-coupled to 
the source of encoded alternate polarity pulses. To 
provide a tracking threshold for amplitude-detecting 
these pulses, the signal is peak detected and a fixed 
percentage of the peak value is applied to the com­
parators which detect individual positive and negative 
pulses. An external R-C network is required to provide 
the proper storage of the peak reference value. Should 
the detected peak value fall below an acceptable level, 
the Loss of Signal (LSIG) output becomes active. This 
output may be used as a logical control signal or is able 
to drive a fault indicator LED directly. 

Outputs of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase-locked-oscillator loop which 
has an auxiliary frequency-sensitive acquisition loop 
which is active only when cycle-slipping occurs be­
tween the received signal rate and the internal oscilla­
tor. This system permits the loop to independently lock 
to the frequency and phase of the incoming data 
stream without the need for high-precision and/or ad­
justable oscillators or tuned circuits. Non-precision 
external components are required, however, to estab­
lish the oscillator center frequency and loop bandwidth. 

The phase-locked reference oscillator is employed to 
strobe the detected data into output latches and is also 
available as an output for externally synchronizing the 
data. 

Additional circuits are provided to detect received 
bipolar violations. These deviations from the alternate 
mark inversion format are detected when two or more 
successive pulses of the same polarity are received. A 
resultant violation output is in time coincidence with the 
violating received signal output. 

5-2 

TRANSMITTER 

The transmitter combines unipolar logical inputs with 
an input clock to provide positive and negative output 
pulses onto a transformer-coupled line. 

Internal equalizer networks are selected by combina­
tions of the three Equalizer Select inputs so that the 
waveform at the terminal end of various lengths of 
cable is as required. Note that the transmitter output 
pulse widths are determined by the input clock width, 
so that it must be carefully controlled to provide accept­
able outputs. 

The transmitter pulse selection logical function is ar­
ranged so that the simultaneous occurrence of both 
positive and negative transmit data inputs inhibits the 
output driver. Moreover, the driver has a current­
limiting feature which protects the circuit in the event of 
a shorted load or inadvertent shorting of an output to 
the supply voltage. 

LOOPBACK CONTROL SECTION 

The loopback control section is essentially a multi­
plexer which is capable of directing received data and 
clock to the transmitter section, or directing transmit 
input data and clock to the receiver outputs. This 
"looping" is controlled by two active low logic Signals, 
LlNELP and LOCALP, respectively. 

The bipolar violation output is held inactive when the 
circuits are in the Local Loopback mode. 



FIGURE 1: Functional Diagram 
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SSI78P233A 
OS-1 Line Interface 
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SSI78P233A 
OS-1 Line Interface 

PIN DESCRIPTION 

RECEIVER 

1/0 LABEL PIN NO. DESCRIPTION 

I LlN+. LlN- 4.5 Differential inputs. transformer-coupled from line. 

0 RXPOS 8 Unipolar receiver output. active as result of positive pulse 
at inputs. 

0 RXNEG 9 Unipolar receiver output. active as result of negative pulse 
at inputs. 

0 RXCLK 10 Clock pulses recovered from line data. 

0 LSIG 2 Loss-of-signal output indicating that input signal is less 
than threshold value. 

0 BPV 11 Bipolar violation output. active as a result of successive 
pulses at inputs of same polarity. 

TRANSMITTER 

I TXPOS 12 Unipolar transmitter data input. active high. 

I TXNEG 15 Unipolar transmitter data input. active high. 

I CLKIN 13 Transmitter clock input. Controls transmit pulse width. 
Transmit is active when low. 

0 LOUT+ 19 Output to transformer for positive data pulses. 

0 LOUT- 21 Output to transformer for negative data pulses. 

I EOLO 17 Line equalizer control signals. Selected according 
EOL1 16 to Table 1 for various cable lengths. 
EOL2 18 

LOOPBACK CONTROL 

I LlNELP 14 Low level causes receiver recovered data and clock to be 
connected to the transmitter. Data and clock continue to be 
present at receiver outputs. 

I LOCALP 7 Low level causes transmitter input data and clock to be 
connected to the receiver outputs. Input data continues to 
be transmitted. 
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PIN DESCRIPTION (continued) 

EXTERNAL COMPONENT CONNECTION 

1/0 LABEL PIN NO. 

I RFO 1 

- LF1 23 
LF2 22 

- RCPK 3 

POWER 

- Vee 24 

- RXGND 6 

- TXGND 20 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

DESCRIPTION 

SSI78P233A 
OS-1 Line Interface 

Resistor connected to Vee to provide basic center fre-
quencyof receiver phase locked loop oscillator. 

Resistor-capacitor loop filter network to RXGND to 
establish bandwidth of phase locked loop. 

Parallel resistor-capacitor network connected to RXGND 
to determine charge/discharge characteristics of peak de-
tector. 

Positive supply terminal for receiver circuits. 

Ground terminal for receiver circuits. 

Ground terminal for transmitter driver circuits. 

(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise noted. Operation above absolute maximum ratings 
may permanently damage the device.) 

PARAMETER RATING UNIT 

Vee, Supply Voltage -0.5 to +7.0 V 

Storage Temperature -65 to 130 °C 

Soldering Temperature (10 sec.) 260 °C 

Voltage Applied to Logic Inputs -0.3 to Vee +0.3 V 

Maximum Power Dissipation 800 mW 

Junction Operating Temperature o to +130 °C 

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 
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SSI78P233A 
OS-1 Line Interface 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Ta Ambient temperature 0 70 °C 

Vee Power supply voltage 4.75 5.25 V 

VIH High-level input voltage 2.0 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current LSIG pin only; -7 -13 rnA 
VO= 1.5V 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1 % tolerance 6.04 kO 

RLF Loop filter resistor 12.0 kn 

CLF1 Loop filter capacitor 0.022 ~F 

CLF2 Loop filter capacitor 430.0 pF 

RPK Peak-detector resistor 36.0 kn 

CPK Peak-detector capacitor 0.0015 0.015 0.15 ~F 

Transmit line transformer Refer to Table 3 --- ---

D. C. ELECTRICAL CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply current All outputs open 83 110 rnA 

IIH High-level input current VIH = 2.7V 20 ~ 

ilL Low-level input current VIL = O.4V -0.36 rnA 

VOH High-level output voltage IOH = -400 ~ 2.7 V 

VOL Low-level output voltage IOL=2.0 rnA 0.48 0.6 V 

IOL = 2.0 rnA, LSIG pin 0.4 V 

RIN Receiver input resistance 800 1000 1250 Q 
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SS178P2~3A 
OS-1 Line Interface 

DYNAMIC CHARACTERISTICS AND TIMING, TRANSMITTER 
(TA = O°C to 70°C, Vcc = 5V ± 5%, unless otherwise specified. Transmit pulse characteristics are ob­
tained using a line transformer which has the characteristics shown in Table 3. Refer to Figure 2.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition period 648 nsec 

TTC Transmit clock pulse width 324 nsec 

TTCNT Transmit clock negative 10 nsec 
transition time 

TTCPT Transmit clock positive 10 nsec 
transition time 

TTPDS Transmit data set-up time 15 nsec 
TTNDS 

TTPDH Transmit data hold time 0 nsec 
TTNDH 

TTPL Transmit positive line pulse width See Note 1 TTC-5 TTC+5 nsec 

TTNL Transmit negative line See Note 1 TTPL-5 TTPL+5 nsec 
pulse width 

POL Transmit line pulses power level See Note 2 

Transmit line pulses waveshape See Notes 2 & 3 

Note 1: Measured at transformer with minimum line equalization 

Note 2: Characteristics are in accordance with AT&T Compatibility Bulletin 119, Table 1 and Table 3 for line 
lengths and equalizer settings as shown in Table 1 of this document. 

Note 3: Characteristics are in accordance with Table 2 for equalizer settings shown therein. 

eLKIN 

TXPOS ____ ---J 

j;NOS 
TXNEG ________________ 17f 

r-TTPL
-, 

TRANSMIT _______ o_o:v_:--t--l + LINE OUTPUT __ 

~-----------~~-N~~ f 
VN LTTNL.J 

FIGURE 2: TransmH Waveforms 
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SSI78P233A 
OS-1 Line Interface 

DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified. External component values as specified in 
Recommended Operating Conditions; see Note 1. Refer to Figure 3.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage ±1.5 ±3.7 Vpk 

VLOS Loss-of -signal ±0.5 ±1.0 Vpk 
indicating voltage 

TLOS Loss-of-signal delay time Timed from removal O.7TPK 1.3TPK sec 
of input signal; 
See Note 2 

VDTH Receive data detection Relative to peak 65 75 % 
threshold amplitude 

TSTAB Receiver stabilization time After application 5 msec 
of input signal 

TRCF Receive clock period 648 nsec 

TRC Receive clock pulse width 314 324 334 nsec 

TRCPT Receive clock positive CL = 25 pF 5 10 nsec 
transition time 

rise time CL = 25 pF; 10% - 90% 35 50 nsec 

TRCNT Receive clock negative CL = 25 pF 3 10 nsec 
transition time 

fall time CL = 25 pF; 10% - 90% 10 15 nsec 

TROP Positive or negative 648 nsec 
TRDN receive data pulse width 

TRDPS Receive data set-up time 290 nsec 
TRDNS 

TRDPH Receive data hold time 290 nsec 
TRDNH 

TRBV Receive bipolar violation 648 nsec 
pulse width 

TRBVS Receive bipolar violation 290 nsec 
set-up time 

TRBVH Receive bipolar violation 290 nsec 
hold time 

Receive input jitter tolerance sine, 10 kHz ±100 nsec 
high frequency to 100 kHz 

Receive input jitter tolerance sine, 300 Hz or less ±4 ~ec 

low frequency 
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DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER (Continued) 

PARAMETER CONDITIONS 

KD Clock Recovery Phase (AII1's Data 
Detector Gain Pattern) 

KO Clock Recovery Phase 
Locked Oscillator Control Gain 

MIN 

66 

0.15 

SSI78P233A 
OS-1 Line Interface 

NOM MAX UNIT 

79 J,1AIRad 

0.20 Megradl 
sec. Volt 

Note 1: Input signal is transformer coupled, and in accordance with AT&T Compatibility Bulletin 119, 
Table 1, and Table 2 or Table 3; also, as attenuated by 0 to 655 feet of ABAM* cable. 

Note 2: TPK = RPK x CPK x In«VIN + 1.2V)/(VLOS + 1.2V)) 

* ABAM is the trade name for 22-gauge twisted-pair cable manufacture_d by AT&T. 

RXaJ< 

RXPOS -----
RXNEG -------------------------/ 

BPV ______ 1.F : ~ 
7l-TRBv-l'-

FIGURE 3: Receive Waveforms 

TABLE 1: Equalizer Settings for Standard DSX-Level (3V-Peak Nominal) Pulses Versus ABAM Cable 
Length 

CABLE LENGTH IN FEET EQUALIZER SETTING 

EQLO EQL1 EQL2 

Oto 50 0 0 0 

51 to 131 1 0 0 

131 to 262 0 1 0 

262 to 393 1 1 0 

393 to 524 0 0 1 

524 to 655 1 0 1 

Note: Output meets AT&T compatibility Bulletin 119, Figure 3, measured at the crossconnect. The only 
external transmit components required are a transformer as specified in Table 3 and proper line termina-
tion resistance. 
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SSI78P233A 
OS-1 Line Interface 

TABLE 2: Equalizer Settings for Non-DSX-Level (6V-Peak Nominal) Pulses 

PULSE CHARACTERISTICS EQUALIZER SETTING 

EQLO EQL1 EQL2 

Rectangular 6.0 ± O.6V pulse, 0 1 1 
10% to 40% trailing edge overshoot 

Rectangular 6.0 ± 0.6V pulse, 1 1 1 
less than 10% trailing edge overshoot 

Note: Output waveform at transformer secondary; terminated in 1000 load. 

TABLE 3: Transmit Line Transformer Characteristics 
(Transmit line transformer characteristics are as specified below or as in Tautron's specification for part 
#5924-8301, Rev. A, 10/3/89). 

CHARACTERISTIC SYMBOL MIN NOM MAX UNIT 

Turns ratio N 1CT:1 

Primary open circuit inductance Lp 1.25 mH 

Primary leakage inductance L1 2.0 J.1H 
Primary volt-time product ET 10 V-J..lSec 

Primary DC resistance Rp 1.0 n 
Secondary DC resistance Rs 1.0 n 
Effective primary C' 15 pF 
distributed capacitance 

TABLE 4: Recommended Transmit Line Transformers 

MANUFACTURER PART NO. 

AlE Magnetics 318-0765 

AT&T 2745 AG 

Pan-Mag (Tamura Corporation of America) PHT-019 

Pulse Engineering PE 64936 
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RECEIVE LINE 
INPUT (RE:....LF)_-...J 

RXClK 

RXPOS __ --J/ 

RXNEG _______________ / 

SSI78P233A 
OS·1 Line Interface 

,,~----

~_T_l~_t_g_~_I~_U~T~~~~~ __ ~~~_~ ___________________________________ ~______ II1II 
FIGURE 4: Line Loopback Waveforms 

ClKIN 

TXPOS / '" / ""-
TXNEG / '" RXClK 

RXPOS / '" / "-

RXNEG / '" TRANSMIT 
~ LINE OUTPUT 

FIGURE 5: Local Loopback Waveforms 
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551 78P233A 
05-1 Line Interface 

PACKAGE PIN DESIGNATIONS 
(Top View) 

ORDERING INFORMATION 

PART DESCRIPTION 

RFO 

lSIG 

RCPK 

LlN+ 

LlN­

RXGND 

~ 

RXPOS 

RXNEG 

RXCLK 

BPV 

TXPOS 

SSI 78P233A, DS-1 Line Interface - 24-Pin 

Standard Width Plastic DIP (600 mil) 

24-Pln DIP 

VCC 

lF1 

lF2 

lOUT­

TXGND 

LOUT+ 

EOL2 

EOLD 

EOL1 

TXNEG 

mIE[J5 

ClKIN 

ORDER NO. 

78P233A-CP 

PKG.MARK 

78P233A-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 5-12 0192 - rev. 
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DESCRIPTION 

The 551 78P234 PCM Interface Unit is a bipolar inte­
grated circuit which performs the functions of receiving 
and transmitting PCM signals in an Alternate-Mark­
Inversion (AMI) format. The receiver accepts AMI­
format line data and provides separated and synchro­
nized TTL-level data and clock outputs. High-density 
bipolar three-encoded (HDB3) signals are passed 
through the chip transparently. The transmitter accepts 
TTL-level data and clock, typically HDB3-encoded, 
and produces AM I-format pulses of the appropriate 
shape for transmission. A Ioopback multiplexer is also 
provided that permits interchange of the signals 
between the sections. The 551 78P234 requires a 
single 5V supply, and is available in both 20-pin DIP 
and small outline (50) packages. 

BLOCK DIAGRAM 

1091 - rev. 5-13 

SSI78P234 
2048 KBitls 

PCM Interface Unit 

October 1991 

FEATURES 

• Hlgh-perfonnance, low-cost solution for 2048 
KBltls PCM Interface applications 

• Both transmit and receive circuitry In a 
compact, 2D-pln package 

• Compliant wHh CCITT recommendations 
G.703 and G.823 

• Unique clock-recovery circuit, requires no 
crystals or tuned components 

• Standard unipolar TTL-level clock and data 
ports for easy equipment Interface 

• Llne-Ioopback and local-Ioopback control 

• Loss-of-slgnallndlcatlon 

• Available In SO or dual-in-line packages 

PIN DIAGRAM 

RFO VCC 
lSIG lSIG lF1 

RCPK lF2 
RXClK 

LlN+ lOUT-
RXPOS 

RXNEG 
LIN- TXGND 

RXGND lOUT+ 

tJN'EII5" RXPOS TXNEG 

~ RXNEG illlaJ5 

TXPOS RXClK ClKIN 

TXNEG [QCA[]5 TXPOS 
ClKIN 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

FUNCTIONAL DESCRIPTION 

The device consists of receiver and transmitter sec­
tions together with a "Ioopback" means which permits 
interchange of signals between the sections (see 
Figure 1). . 

RECEIVER 

The receiver input is normally transformer-coupled to 
the source of encoded alternate polarity pulses. To 
provide a tracking threshold for amplitude-detecting 
these pulses, the signal is peak detected' and a fixed 
percentage of the peak value is applied to the com­
parators which detect individual positive and negative 
pulses. An external R-C network is required to provide 
the proper storage of the peak reference value. Should 
the detected peak value fall below an acceptable level, 
the Loss of Signal (LSIG) output becomes active. This 
output may be used as a logical control signal or is able 
to drive a fault indicator LED directly. 

Outputs of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase-Iocked-oscillator loop which 
has an auxiliary frequency-sensitive acquisition loop 
which is active only when cycle-slipping occurs 

. between the received signal rate and the 'internal 
oscillator. This system permits the loop to indepen­
dently lock to the frequency and phase of the incoming 
data stream without the need for high-precision and/or 
adjustable oscillators or tuned circuits. Non-precision 
external components are required, however, to estab­
lish the oscillator centerfreq~ency and loop bandwidth. 

The phase-locked reference OSCillator is employed to 
strobe the detected data into output latches and is also 
available as an output for externally synchronizing the 
data. 

TRANSMITTER 

The· transmitter combines unipolar logical inputs with 
an input clock to provide positive and negative output 
pulses onto a transformer-coupled line. Note that the 
transmitter output pulse widths are determined by the 
input clock width, so that it must be carefully controlled 
to provide acceptable outputs. 

The transmitter pulse selection logical function is . 
arranged so that the simultaneous occurrence of both 
positive and negative transmit data inputs inhibits the 
output driver. Moreover, the driver has a current­
limiting feature which protects the circuit in the event of 
a shorted load or inadvertent shorting of an output to 
the supply voltage. 

LOOPBACK CONTROL SECTION 

The loopback control section is essentially a multi­
plexerwhich is capable of directing received data and 
clock to the transmitter section, or directing transmit 

. input data and clock to the receiver outputs. This 
"looping" is controlled by two active low logic Signals, 
LlNELP and LOCALP, respectively. 
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SSI78P234 
2048 KBitls 

PCM Interface Unit 

~~----------------------------------------------------------------------------------
I 

I 

FIGURE 1: SSI 78P234 Functional Diagram 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

PIN DESCRIPTION 

RECEIVER 

1/0 LABEL 

I LlN+. LlN-

0 RXPOS 

0 RXNEG 

0 RXCLK 

0 LSIG 

TRANSMITTER 

I TXPOS 

I TXNEG 

I CLKIN 

0 LOUT+ 

0 LOUT-

LOOPBACK CONTROL 

I LlNELP 

I LOCALP 

PIN NO. DESCRIPTION 

4.5 Differential inputs. transformer-coupled from line. 

7 Unipolar receiver output. active as result of positive pulse 
at inputs. 

8 Unipolar receiver output. active as result of negative pulse 
at inputs. 

9 Clock pulses recovered from line data. 

2 Loss-of-signal output indicating that input signal is less 
than threshold value. 

11 Unipolar transmitter data input. active high. 

14 Unipolar transmitter data input. active high. 

12 Transmitter clock input. Controls transmit pulse width. 
Transmit is active when low. 

15 Output to transformer for positive data pulses. 

17 Output to transformer for negative data pulses. 

13 Low level causes receiver recovered data and clock to be 
connected to the transmitter. Data and clock continue to be 
present at receiver outputs. 

10 Low level causes transmitter input data and clock to be 
connected to the receiver outputs. Input data continues to 
be transmitted. 
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PIN DESCRIPTION (Continued) 

EXTERNAL COMPONENT CONNECTION 

1/0 LABEL PIN NO. 

I RFO 1 

- LF1 19 
LF2 18 

- RCPK 3 

POWER 

- Vee 20 

- RXGND 6 

- TXGND 16 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

DESCRIPTION 

SSI78P234 
2048 KBitls 

PCM Interface Unit 

Resistor connected to Vee to provide basic center fre-
quency of receiver phase locked loop oscillator. 

Resistor-capacitor loop filter network to RXGND to 
establish bandwidth of phase locked loop. 

Parallel resistor-capacitor network connected to RXGND 
to determine charge/discharge characteristics of peak de-
tector. 

Positive supply terminal for receiver circuits. 

Ground terminal for receiver circuits. 

Ground terminal for transmitter driver circuits. 

(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise noted. Operation above absolute maximum ratings may 
permanently damage the device.) 

PARAMETER RATING 

Vee, Supply Voltage -0.5 to +7.0V 

Storage Temperature -65 to 130°C 

Soldering Temperature (10 sec.) 260°C 

Voltage Applied to Logic Inputs -0.5 to +7.0V 

Maximum Power Dissipation 600mW 

Junction Operating Temperature o to +130°C 

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS 

Ta Ambient temperature 

Vee Power supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current LSIG pin only; 
VO= 1.5V 

MIN 

0 

4.75 

2.0 

-7 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 

RLF Loop filter resistor 

CLF1 Loop filter capacitor 

CLF2 Loop filter capacitor 

RPK Peak-detector resistor 

CPK Peak-detector capacitor 0.0015 

Transmit line transformer Refer to Table 1 

D. C. ELECTRICAL CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified.) 

PARAMETER CONDITIONS MIN 

ICC Supply current All outputs open 

IIH High-level input current VIH = 2.7V 

ilL Low-level input current VIL= 0.4V 

VOH High-level output voltage IOH = -400 J.LA 2.7 

VOL Low-level output voltage IOL=4.0 rnA; 
IOL = 2.0 rnA, LSIG pin 

RIN Receiver input resistance 800 

5-18 

NOM MA'X UNIT 

70 °C 

5.25 V 

V 

0.8 V 

-13 rnA 

6.04 KO 

10 KO 

0.015 IlF 

200 pF 

36 KO 

0.015 0.15 IlF 

--- ---

NOM MAX UNIT 

100 rnA 

20 J.LA 

-0.36 rnA 

V 

0.4 V 

1250 0 
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DYNAMIC CHARACTERISTICS AND TIMING, TRANSMITTER 

SSI78P234 
2048 KBitls 

PCM Interface Unit 

(TA = O°C to 70°C. Vee = 5V ± 5%. unless otherwise specified. Transmit pulse characteristics are obtained 
using a line transformer which has the characteristics shown in Table 1 • and with the appropriate resistive load. 
Referto Figure 2.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition period 488 nsec 

TTC Transmit clock pulse width 244 nsec 

TTCNT Transmit clock negative 10 nsec 
transition time 

TTCPT Transmit clock positive 10 nsec 
transition time 

TTPDS Transmit data set-up time 15 nsec 
TTNDS : 

TTPDH Transmit data hold time 0 nsec 
TTNDH 

TTPL Transmit positive line pulse width Measured at trans- TTC-5 TTC+5 nsec 
former 

TTNL Transmit negative line TTPL-5 TTPL+5 nsec 
pulse width 

Transmit line pulses waveshape See Note 

Note: Characteristics are in accordance with Table 6 and Figure 15 of Rec. G.703. 

TXPOS -------' 

TXNEG ---------------------------------
r- lTPL

-, 

~Ng~UT _______ o._;~_=t_.J +L....-_______ ---, 

0.5:=+ f 
LlTNL-J 

FIGURE 2: Transmit Waveforms 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified. External component values as specified in 
Recommended Operating Conditions; see Note 1. Refer to Figure 3.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage ±1.2 ±3.9 Vpk 

VLOS Loss-of -signal ±0.5 ±1.0 Vpk 
indicating voltage 

TLOS Loss-of-signal delay time Timed from removal 0.7TPK 1.3 TPK sec 
of input signal; 
See Note 2 

VDTH Receive data detection Relative to peak 35 45 % 
threshold amplitude 

TSTAB Receiver stabilization time After application 5 msec 
of input signal 

TRCF Receive clock period 488 nsec 

TRC Receive clock pulse width 244 nsec 

TRCPT Receive clock positive CL = 15 pF 15 nsec 
transition time 

TRCNT Receive clock negative CL = 15 pF 10 nsec 
transition time 

TRDP Positive or negative 488 nsec 
TRDN receive data pulse width 

TRDPS Receive data set-up time 210 nsec 
TRDNS 

TRDPH Receive data hold time 210 nsec 
TRDNH 

Receive input jitter tolerance sine, 18 KHz ±100 nsec 
high frequency to 100 KHz 

Receive input jitter tolerance sine, 2.4 KHz ±750 nsec 
low frequency 

KD Clock Recovery Phase (AII1's Data 66 79 JJNRad 
Detector Gain Pattern) 

KO Clock Recovery Phase 0.40 0.55 Megradl 
Locked Oscillator Control Gain sec. Volt 

Note 1: Input signal is transformer coupled. In accordance with Paragraph 6.3 of Rec. G.703 and Table 
2 of Rec. G.823. 

Note 2: TPK = RPK x CPK x In((VIN + 1.2v)/(VLOS + 1.2v)) 
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RXCLK 

RXPOS ___ -' 

RXNEG -----------------------------

FIGURE 3: Receive Waveforms 

LINE TRANSFORMERS 

SSI78P234 
2048 KBitls 

PCM Interface Unit 

The SSI 78P234 is designed to connect to 750 coaxial or 1200 symmetrical pair cabling. The transmitter must 
meet output pulse characteristics as specified by the CCITT (Table 6 of Rec. G. 703) for each of these transmission 
media. It is important to choose a transformer that meets the specifications shown in Table 1 (below) to assure 
compliance with these requirements. 

CHARACTERISTIC SYMBOL MIN NOM MAX UNIT 

Tums ratio 750 coax N 2.53CT:1 

1200 twisted pair 2CT:1 

Primary open circuit inductance Lp 3 mH 

Primary leakage inductance L1 4.0 J.LH 

Primary volt-time product ET 5 V-~ec 

Primary DC resistance Rp 2.5 0 

Interwinding Capacitance Cw 25 pF 

TABLE 1: Transmit Line Transformer Characteristics 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

LINE TRANSFORMERS (Continued) 

750 Coax Connection 

Approximate turns ratios for connection to 750 coax are: 2.53 CT:1 for the transmitter and 1 :1.26 (no CT) for the 
receiver. Some recommended transformers are listed in Table 2. 

RCVIXMIT TURNS RATIO PART NUMBER MANUFACTURER 

XMIT 2.53CT:1 PE 64945 Pulse Engineering 

XMIT 2.66CT:1 11816 Schott Corporation 

RCV 1:1.26 PE 64938 Pulse Engineering 

TABLE 2: Recommended Line Transformers for 750 Coax Connection 

1200 Symmetrical Pair Connection 

Connection to 1200 symmetrical pair requires a 2CT:1 ratio for the transmitter and 1:1 (no CT) on the receiver. 
Some recommendations are listed below. 

RCVIXMIT TURNS RATIO PART NUMBER MANUFACTURER 

XMIT 2CT:1 1323 BH 
XMIT 2CT:1 G52J12C Pan-Mag 

XMIT 2CT:1 11815 Schott Corporation 

XMIT 1:1 :1 PE 64931 Pulse Engineering 

RCV 1 :1 PE 64935 Pulse Engineering 

RCV 1:1 :1 G52J111P Pan-Mag 

TABLE 3: Recommended Line Transformers for 1200 Symmetrical Pair Connection 
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2048 KBitls' 

PCM Interface Unit 
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FIGURE 4: Line Loopback Wavefonns 
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RXPOS ____ ---J 
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FIGURE 5: Local Loopback Waveforms 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

PACKAGE PIN DESIGNATIONS 
(Top View) 

RFO 

lSIG 

RCPK 

LlN+ 

LlN-

RXGND 

RXPOS 

RXNEG 

RXClK 

lOCAlP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI78P234 

20-Pin Plastic DIP 

20-Pin SO 

20 VCC 

2 19 lF1 

3 18 lF2 

4 17 lOUT-

5 16 TXGND 

6 15 lOUT+ 

7 14 TXNEG 

8 13 LlNElP 

9 12 ClKIN 

10 11 TXPOS 

2o-Pln DIP, SO 

ORDER NO. PACKAGE MARK 

78P234-CP 78P234-CP 

78P234-CL 78P234-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 5-24 1091 - rev. 



SSI78P236 
05-3 Line Interface 

i Jikn~1!!!!® 
~I--------------------------------------------------------------

DESCRIPTION 
The 551 78P236 is a line interface transceiver IC 
intended for DS-3 (44.736 Mbitls) applications. The 
receiver has a very wide dynamic range and is 
designed to accept B3ZS-encoded Alternate-Mark 
Inversion (AMI) inputs; it provides clock, positive data, 
negative data, and lOW-level signal detector logical 
outputs. The transmitter converts clock and data input 
signals into AMI pulses of the appropriate shape for 
transmission. A line buildout (LBO) equalizer may be 
selected to shape the outgoing pulses for shorter line 
lengths. The 551 78P236 requires a single 5-volt 
supply and is available in DIP and surface mount 
packages. 

FUNCTIONAL DESCRIPTION 
The 551 78P236 is a single chip line interface IC 
designed to work with 44.736 MbiVs DS-3 signals. The 
receiver recovers 44.736 MHz clock, positive data and 
negative data from an Alternate Mark Inversion (AMI) 
signal which has travelled a maximum of 450 feet from 
a DSX3 crosspoint over 750 coaxial cable (cable type 
WECO 728A, RG-59B or equivalent). The wide dynamic 
range of 551 78P236 allows for additional resistive 
attenuation. The input DS-3 signal should be B3ZS 
coded. (continued) 

BLOCK DIAGRAM 

1292 - rev. 5-25 

December 1992 
FEATURES 

• Single chip transmH and receive Interface for 
DS-3 (44.736 MbH/s) applications 

• Unique clock recovery Circuit, requires no 
crystals, tuned components or external clock 

• Selectable transmit line buildout (lBO) to 
accommodate shoner line lengths 

• Standard CMOS level unipolar POS and NEG 
data and ClK pons 

• Compliant wHh ANSI T1.102 -1987, 

• 
TR-TSY-000499 and CCITT G.703 

• low-level Input signal indication 

• Available In DIP or surface mount packages 

• -4Q°C to +85°C operating range 

• Pin-compatible with SSI78P2361 , 78P2362 and 
78P7200 

PIN DIAGRAM 

LlN+ NCD2 

NCR WWSlG 

LlN- DVCC 

NCR RPOS 

RFO RNEG 

RGND RCLK 

RVCC DGND 

TGND NCD1 

LOUT+ LF2 

NCT LF1 

LOUT- orsT2 

LBO TVCC 

0J5Tf TCLK 

TPOS TNEG 

28-Pln DIP 
CAUTION: Use handling procedures necessary 

for a static sensitive component. 



SSI78P236 
OS-3 Line Interface 

FUNCTIONAL DESCRIPTION (continued) 

The transmitter accepts CMOS level logical clock, 
positive data and negative data and converts them to 
the AMI signal to drive a 750 coaxial cable. 
Programmable internal Line Buildout (LBO) circuitry 
eliminates the need for extemal LBO networks. The 
shape of the transmitted signal through any cable 
length of 0 to 450 feet complies with the published 
templates of ANSI T.102-1987, CCITT G.703 and TA­
TSY -000499. The SSI78P236 is designed to work with 
a B3ZS coded signal. The B3ZS encoding and decoding 
functions are normally included in the OS-3 framer ICs 
or can easily be implemented in a PAL. 

RECEIVER 

The receiver input is normally transformer-coupled to 
the OS-3 signal. The inputs to the IC are internally 
referenced to AVCC so that when no transformer is 
used, a DC blocking capacitor of 0.01 ~F should be 
used to isolate these pins from the OS-3 signal. Since 
the input impedance of the SSI78P236 is high, the OS-
3 line must be terminated in 750. The input signal to the 
SSI 78P236 must be limited to a maximum of three 
consecutive zeros using a coding scheme such as 
B3ZS or H 0B3. 

The OS-3 Signal is input to a variable gain differential 
amplifier whose output is maintained at a constant 
voltage level regardless of the input voltage level. The 
gain of this amplifier is adjusted by detecting the peak 
of the signal and comparing it to a fixed reference. 

The output of the variable gain amplifier is compared to 
a threshold value which is a fixed percentage of the 
signal peak. In this way, even though the input signal 
amplitude may fall below the minimum value that can 
be regulated by the variable gain circuit, the proper 
detection threshold is maintained. 

Output of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase locked loop which has an 
auxiliary frequency-sensitive acquisition loop which is 
active only when cycle-slipping occurs between the 
received signal rate and the intemal oscillator. 

This system permits the loop to independently lock to 
the frequency and phase of the incoming data stream 
without the need for high preCision and/or adjustable 
oscillator or tuned circu its. The response characteristic 
for the phase locked loop is established by external 
filter components, ALF1, ALF2 and CLF1. The values 
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of these components are specified such that the 
bandwidth of the phase locked loop is greater than 
200 kHz. 

The jitter tolerance of the SSI 78P236 exceeds the 
requirements of TA-TSY -000499 for the category II of 
equipments. The jitter transfer function is maximally 
flat so the IC doesn' add any jitter to the system. 

Figure 2 shows the recovered clock (ACLK), positive 
data (APOS) and negative data (ANEG) signals timing. 
The data is valid on the rising edge of the clock. The 
minimum setup and hold times allow easy interface to 
all OS-3 framer circuits. These signals are CMOS-level 
outputs. 

Should the input signal fall below a minimum value, the 
LOWSIG pin goes active low. A time delay is provided 
before this output is active so the transient interruptions 
do not needlessly cause the indication. 

TRANSMITTER 

The transmitter accepts unipolar CMOS-level logical 
clock, positive data and negative data signals (TCLK, 
TPOS, TNEG) and generates high current drive pulses 
on the LOUT + and LOUT-pins. When properly 
connected to a center tapped transformer, an AMI 
pulse is generated which can drive a 750 coaxial cable 
(type WE728A or AG59B). 

Figure 3 shows the timing for the transmitter logic 
signals. The output pulse width is internally set and is 
not sensitive to input clock (TCLK) pulse width. 

When a recommended transformer is used, the 
transmitted pulse shape at the end of a 750 terminated 
cable of 0 to 450 feet will fit the template for OSX3 pulse 
published in ANSI T1.1 02-1987, BELLCOA E TA-TSY-
000499 and CCITT G.703 documents. 

The SSI78P236 incorporates a selectable Line Buildout 
(LBO) equalizer in the transmitter path. The LBO pin 
should be set HIGH if the cable is shorter than 225 feet. 
For longer cable lengths, the LBO pin should be set 
low. 

The OPT1 pin should be set HIGH for normal operation. 
Setting the OPT1 pin to LOW increases the transmitter 
power. 

The OPT2 pin should be set HIGH for normal operation. 
Setting the OPT2 pin to LOW disables the transmitter 
circuitry and reduces the power consumption of the IC 
by 125 mW. 
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SSI78P236 
OS-3 Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

LlN+, LlN- I Differential inputs, transformer-coupled from line. 

RPOS 0 Unipolar receiver output, active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output, active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input, active high. 
TNEG I Unipolar transmitter data input, active high. 
TCLK I Transmitter clock input, active high. 
LOUT+ 0 Output to transformer for positive data pulses. 
LOUT- 0 Output to transformer for n~ative data ~ulses. 
LBO I Line buildout control. Selected for shorter cable lengths. 
OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 

amplitude when low. 
OPT2 I Transmit option 2. Disables output driver and reduces output bias current 

when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor -capacitor loop filter network to establish bandwidth of phase locked 
loop. 

POWER 

TYec - 5V power supply for transmit circuits. 
RVec - 5V power supply for receive circuits. 
DVec - 5V power supply for receive logic circuits. 
TGND - Ground return for transmit circuits. 
RGND - Ground return for receive circuits. 
DGND - Ground return for receive logic circuits. 
NCR,NCT - No connect. These pins are not connected to the Chip. They should be tied 
NCD1 to the appropriate ground pin (see figure 1) to minimize pin-to-pin coupling 

capacitance. 
NCD2 - No connect. This pin is not connected for compatibility to 

SS178P7200. 
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ELECTRICAL SPECIFICATIONS 

551 78P236 
05-3 Line Interface 

(TA = -40°C to 85°C, Vec = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

ABSOULUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive 5.0V supply: TVee, RVec, DVec 6.0 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Ambient Operating Temperature, TA -40 to +85 °C 

Pin Ratings: 

LlN+, LlN-, TPOS, TNEG, TCLK, LOUT +, 
LOUT-, LBO, RFO, LF2, LF1, 
OPT1, OPT2 Pins -0.3 to Vcc +0.3 V 

Pin Ratings: 

RPOS, RNEG, RCLK, LOWSIG Pins -0.3 to Vcc +0.3 V 

or +12 rnA 

SUPPLY CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply Current Outputs Unloaded, 142 174 rnA 
normal operation, 
transmit and receive 
all 1 's pattem 

P Power Dissipation Outputs unloaded, 
TA = 85°C 0.93 W 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1% tolerance 5.23 kQ 

RLF1 Loop filter resistor 1% 20 kQ 

RLF2 Loop filter resistor 1% 100 kQ 

CLF1 Loop filter capacitor 5% 0.22 J.lF 

RTR Receive termination resistor 1% 75 Q 

cn Transmit termination capacitor 5% 20 pF 
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SSI78P236 
OS-3 Line Interface 

ELECTRICAL SPECIFICATIONS (Continued) 

DIGITAL INPUTS AND OUTPUTS 
(CMOS-compatible pins: LOWSIG, RPOS, RNEG, RCLK, TPOS, TNEG, TCLK, LBO, OPT1.) Currents flowing 
into the chip are positive. Current maximums are currents with the largest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL Input low voltage -0.3 1.5 V 

VIH Input high voltage 3.5 Vee +0.3 V 

ilL Input low current VIL = 1.5V -5.0 5.0 ~ 
IIH Input high current VIH = 3.5V -5.0 5.0 ~ 
VOL Output low voltage IOL = 0.1 mA 1.0 V 

VOH Output high voltage IOH = -0.1 mA 4.0 V 

OPT2 CHARACTERISTICS 

VIL Input low voltage IIL=0.4mA 
VIH Input high voltage 

RECEIVER 
All of the measurements for the receiver are made with the following conditions unless otherwise stated: 
1 . The input signal is transformer coupled as shown in Figure 1. 
2. RFO = 5.25 kn 
3. The circuit is connected as in Figure 1. 
4. The maximum cable length (type 728-A or RG-59B) to DSX-3 point is 450 ft. 

VIN Input signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 
RIN Input Resistance Input at chip's common 15 20 30 kn 

mode voltage 
VDTH Receive data detection Relative to peak 50 % 

threshold amplitude for 22.37 
MHz sinusoidal inJ21Jt 

VLOW Receive data low signal Relative to peak ±55 mV 
threshold amplitude for 22.37 

MHz sinusoidal input 
VLOWT Receive data low signal Relative to peak 1.5 J.1S 

delay amplitude for 22.37 
MHz sinusoidal input 

TRCF Receive clock period 22.35 ns 
TRC Receive clock pulse width 12.24 ns 
TRCPT Receive clock positive CL = 15 pF 4.5 6 ns 

transition time 

TReNT Receive clock negative CL = 15 pF 4.5 6 ns 
transition time 
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RECEIVER (continued) 

PARAMETER CONDITIONS 

TRDP Positive or negative 
TRDN receive data pulse width 

TRDPS Receive data set-up time 
TRDNS 

TRDPH Receive data hold time 
TRDNH 

Receive input jitter tolerance sine, 60kHz 
high frequency to 300 kHz 

Receive input jitter tolerance sine, 10 Hz to 2.3 kHz 
low frequency 

KD Clock Recovery Phase All 1 's data pattern 
Detector Gain KD = .418/RFO 

KO Clock Recovery Phase 
Locked Oscillator Gain 

TRANSMITTER 

MIN 

5 

5 

±3.35 
0.3 

SSI78P236 
OS-3 Line Interface 

NOM MAX UNIT 

22.35 ns 

11.18 13.7 ns 

11.18 13.7 ns 

ns 
( 

UIPP 

±55.88 ns 

5.0 UIPP 

72 80 88 J.LAIRad 

12 14.5 17 Mradl 
sec. -Volt 

All of the measurements for the transmitter are made with the following conditions unless otherwise 
stated: 
1. Transmit pulse characteristics are obtained using a line transformer which has the characteristics 

TBD. 
2. The circuit is connected as in Figure 1. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 22.35 ns 
period 

TTC Transmit clock pulse width 11.18 ns 

TTCNT Transmit clock negative 4.5 6 ns 
transition time 

TTCPT Transmit clock positive 4.5 6 ns 
transition time 

TTPDS Transmit data set-up time 3.5 11.18 ns 
TTNDS 

TTPDH Transmit data hold time 3.5 11.18 ns 
TTNDH 

TTPL Transmit positive line Measured at 10.62 11.18 12.0 ns 
pulse width transformer, LBO = Low 
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SSI78P236 
OS-3 Line Interface 

TRANSMITTER (continued) 

PARAMETER CONDITIONS MIN NOM MAX 

TTNL Transmit negative line Measured at 10.62 11.18 12.0 
pulse width transformer, LBO = Low 

Transmit line pulse See Note 
waveshape 

Note: Characteristics are in accordance with ANSI T1.102 - 1987, Table 5 and Figure 8. 

RECEIVEUNE 
INPUT (REF) 

RECCLOCK 

-----' 

REC POS OUT ___ ---" 

TRCF 

UNIT 

ns 

RECNEGOUT.----------------~ r TRDNS

.... TRDNH~ __ ~ ______ _ 

1~TRDN~l" 

TRANSMIT 
CLOCK IN 

TRANSMIT 
POSIN 

FIGURE 2: Receive Waveforms 

~~MlT ______________________ ~nNOO ~~~ __________ __ 

,TTPL, 
~~~~ ______ o_.~_:_=+~ +~ ________________ ~ 

0.5:--+ f 
l-TTNL-+I 

FIGURE 3: Transmit Waveforms 
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SSI78P236 
OS-3 Line Interface 

PACKAGE PIN DESIGNATIONS 
(Top View) 

I LlN+ NC02 C\I (.) 
a: Z a: + 0 (.) 

NCR ~ (.) (.) z (.) > z :::; z :::; z 0 

LIN- OVCC 

NCR RPOS RFO RPOS 
RFO RNEG 

RGND RNEG 
RGNO RCLK 

RVCC 23 RCLK 
Rvec OGNO 

TGND 22 DGND 
TGNO NC01 

LOUT+ LF2 LOUT+ 21 NCD1 

NeT LF1 NCT 20 LF2 

LOUT- om LOUT- 19 LF1 

LBO TVce 13 14 15 16 17 18 

<5m TCLK 
Q ~ 

U) (!) ~ (.) 

~ 0 W ...J (.) 
TPOS TNEG ...J a... z (.) > 

l- I- l- I-

28-Pln DIP 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

551 78P236, 05-3 Line Interface - 28-pin 

Standard Width Plastic DIP (600 mil) 78P236-IP 78P236-IP 

Surface Mount 28-pin PLCC 78P236-IH 78P236-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

1292 - rev. 5-33 
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DESCRIPTION 

The 551 78P2361 is a line interface transceiver Ie 
intended for 5T5-1 (51.84 Mbitls) applications. The 
receiver has a very wide dynamic range and is 
designed to accept B3Z5-encoded Alternate-Mark 
Inversion (AMI) inputs; it provides clock, positive data, 
negative data, and low-level signal detector logical 
outputs. The transmitter converts clock and data input 
signals into AMI pulses of the appropriate shape for 
transmission. A line buildout (LBO) equalizer may be 
selected to shape the outgoing pulses for shorter line 
lengths. The 551 78P2361 requires a single 5-volt 
supply and is available in DIP and surface mount 
packages. 

BLOCK DIAGRAM 

bll 
RGND 

bll 

1292 - rev. 5-35 

SSI78P2361 
STS-1 Line Interface 

December 1992 

FEATURES 

• 

• 

• 

• 

• 
• 

• 
• 

Single chip transmit and receive Interface for 
STS-1 (51.84 MbH/s) applications 

Unique clock recovery circuit, requires no 
crystals, tuned components or external clock 

Selectable transmit line bulldout (lBO) to 
accommodate shorter line lengths 

Standard CMOS level unipolar POS and NEG 
data and ClK ports 

low-level Input signal Indication 

Available In DIP or surface mount packages 

-4Q°C to +85°C operating range 

Pin-compatible with SSI 78P236 and 78P2362 

PIN DIAGRAM 

LlN+ NCD2 

NCA rnwsIG 

LlN- DVCC 

NCA APOS 

AFO RNEG 

AGND ACLK 

AVCC DGND 

TGND NCD1 

LOUT+ LF2 

NCT LF1 

LOUT- ~ 

LBO TYCC 

~ TCLK 

TPOS TNEG 

28-Pln DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI78P2361 
STS-1 Line Interface 

FUNCTIONAL DESCRIPTION 

The SSI 78P2361 is a single chip line interface IC 
designed to work with 51.84 MbitlsSTS-1 signals. The 
receiver recovers 51.84 MHz clock, positive data and 
negative data from an Alternate Mark Inversion (AMI) 
signal which has travelled a maximum of 450 feet from 
a crosspoint over 750 coaxial cable (cable type WECO 
728A, RG-59Borequivalent). The wide dynamic range 
of 78P2361 allows for additional resistive attenuation. 
The input STS-1 signal should be B3ZS coded. 

The transmitter accepts CMOS level logical clock, 
positive data and negative data and converts them to 
the AMI signal to drive a 750 coaxial cable. 
Programmable internal Line Buildout (LBO) circuitry 
eliminates the need for external LBO networks. The 
shape of the transmitted signal through any cable 
length of 0 to 450 feet will match a scaled OS-3 
template. The SSI 78P2361 is designed to work with a 
B3ZS coded signal. The B3ZS encoding and decoding 
functions are normally included in the STS-1 framer 
ICs or can easily be implemented in a PAL. 

RECEIVER 

The receiver input is normally transformer-coupled to 
the STS-1 signal. The inputs to the IC are internally 
referenced to RVCC so that when no transformer is 
used, a DC blocking capacitor of 0.01 J.LF should be 
used to isolate these pins from the STS-1 signal. Since 
the input impedance of the SSI 78P2361 is high, the 
STS-1 line must be terminated in 750. The input signal 
to the SSI 78P2361 must be limited to a maximum of 
two consecutive zeros using a coding scheme such as 
B3ZS. 

The STS-1 signal is input to a variable gain differential 
amplifier whose output is maintained at a constant 
voltage level regardless of the input voltage level. The 
gain of this amplifier is adjusted by detecting the peak 
of the signal and comparing it to a fixed reference. 

The output of the variable gain amplifier is compared to 
a threshold value which is a fixed percentage of the 
signal peak. In this way, even though the input signal 
amplitude may fall below the minimum value that can 
be regulated by the variable gain circuit, the proper 
detection threshold is maintained. 

Output of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase locked loop which has an 
auxiliary frequency-sensitive acquisition loop which is 
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active only when cycle-slipping occurs between the 
received Signal rate and the internal oscillator. 

This system permits the loop to independently lock to 
the frequency and phase of the incoming data stream 
without the need for high precision and/or adjustable 
oscillator or tuned circuits. 

The response characteristic for the phase locked loop 
is established by external filter components, RLF1, 
RLF2 and CLF1. The values of these components are 
specified such that the bandwidth of the phase locked 
loop is greater than 200 kHz. 

The jittertransferfunction ofthe 78P2361 should be set 
maximally flat so the IC doesn't add any jitter to the 
system. 

Figure 2 shows the recovered clock (RCLK), positive 
data (RPOS) and negative data (RNEG) signals timing. 
The data is valid on the rising edge of the clock. The 
minimum setup and hold times allow easy interface to 
many STS-1 framer circuits. These signals are CMOS­
level outputs. 

Should the input signal fall below a minimum value, the 
LOWSIG pin goes active low. A time delay is provided 
before this output is active so the transient interruptions 
do not needlessly cause the indication. 

TRANSMITTER 

The transmitter accepts unipolar CMOS level logical 
clock, positive data and negative data signals (TCLK, 
TPOS, TNEG) and generates high current drive pulses 
on the LOUT + and LOUT-pins. When properly 
connected to a center tapped transformer, an AMI 
pulse is generated which can drive a 750 coaxial cable 
(type WE728A or RG59B). 

Figure 3 shows the timing for the transmitter logic 
signals. The output pulse width is internally set and is 
not sensitive to input clock (TCLK) pulse width. 

The SSI 78P2361 incorporates a selectable Line 
Buildout (LBO) equalizer in the transmitter path. The 
LBO pin should be set HIGH if the cable is shorter than 
225 feet. For longer cable lengths, the LBO pin should 
be set LOW. 

The OPT1 pin should be set HIGH for normal operation. 
Setting the OPT1 pin to LOW increases the transmitter 
power. 

The OPT2 pin should be set HIGH for normal operation. 
Setting the OPT2 pin to LOW disables the transmitter 
circuity and reduces the power consumption of the IC 
by 125 mW. 
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SSI78P2361 
STS-1 Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

LlN+, LlN- I Differential inputs, transformer-coupled from line. 

RPOS 0 Unipolar receiver output, active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output, active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input. active high. 
TNEG I Unipolar transmitter data input. active high. 
TCLK I Transmitter clock input, active high. 
LOUT+ 0 Output to transformer for positive data pulses. 
LOUT- 0 Output to transformer for negative data pulses. 
LBO I Line buildout control. Selected for shorter cable lengths. 
OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 

amplitude when low. 
OPT2 I Transmit option 2. Disables output driver and reduces output bias current 

when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor-capacitor loop filter network to establish bandwidth of phase locked 
loop. 

POWER 

TVec - 5V power supply for transmit circuits. 
RVec ~ 5V power supply for receive circuits. 
DVec - 5V power supply for receive logic circuits. 
TGND - Ground return for transmit circuits. 
RGND - Ground return for receive circuits. 
DGND - Ground return for receive logic circuits. 
NCR, NCT - No connect. These pins are not connected to the Chip. They should be tied 
NCD1 to the appropriate ground pin (see figure 1) to minimize pin-to-pin coupling 

capacitance. 
NCD2 - No connect. This pin is not connected for compatibility to SSI 78P200. 
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SSI78P2361 
STS-1 Line Interface 

!~I ____________________________________________________________________________ ___ 

'I 

ELECTRICAL SPECIFICATIONS 
(TA = -40°C to 85°C, Vee = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

ABSOULUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive 5.0V supply: TVcc, RVee, DVee 6.0 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Ambient Operating Temperature, TA -40 to +85 °C 

Pin Ratings: 

LlN+, LlN-, TPOS, TNEG, TCLK, LOUT +, 
LOUT-, LBO, RFO, LF2, LF1, 
OPT1, OPT2 Pins -0.3 to Vee +0.3 V 

Pin Ratings: 

RPOS, RNEG, RCLK, LOWSIG Pins -0.3 to Vee +0.3 V 

or +12 mA 

SUPPLY CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply Current Outputs Unloaded, 142 174 mA 
normal operation, 
transmit and receive 
all 1's pattern 

P Power Dissipation Outputs unloaded, 
TA = 85°C 0.93 W 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1 % tolerance 4.53 kO 

RLF1 Loop filter resistor 1% 20 kO 

RLF2 Loop filter resistor 5% 100 kO 

ClF1 Loop filter capacitor 5% 0.22 J.1F 

RTR Receive termination resistor 1% 75 n 
crr Transmit termination capacitor 5% 20 pF 
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SSI78P2361 
STS-1 Line Interface 

ELECTRICAL SPECIFICATIONS (Continued) 

DIGITAL INPUTS AND OUTPUTS 
(CMOS-compatible pins: LOWSIG. RPOS. RNEG. RCLK. TPOS. TNEG. TCLK. LBO. OPT1.) Currents flowing 
into the chip are positive. Current maximums are currents with the largest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL Input low voltage -0.3 1.5 V 

VIH Input high voltage 3.5 Vee +0.3 V 
ilL Input low current VIL = 1.5V -5.0 5.0 ~ 
IIH Input high current VIH=3.5V -5.0 5.0 ~ 
VOL Output low voltage IOL = 0.1 rnA 1.0 V 

VOH Output high voltage IOH = -0.1 rnA 4.0 V 

QiS'f2 CHARACTERISTICS 

VIL I nput low voltage ilL = 0.4 rnA 
VIH Input high voltage 

RECEIVER 
All of the measurements for the receiver are made with the following conditions unless otherwise stated: 
1. The input signal is transformer coupled as shown in Figure 1. 
2. RFO = 4.53 kO 
3. The circuit is connected as in Figure 1. 
4. The maximum cable length (type 728-A or RG-59B) to DSX-3 point is 450 ft. 

VIN I nput signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 
RIN Input Resistance Input at chip's common 15 20 30 kQ 

mode voltage 
VDTH Receive data detection Relative to peak 50 % 

threshold amplitude for 25.92 
MHz sinusoidal inpUt 

VLOW Receive data low signal Relative to peak ±55 mV 
threshold amplitude for 25.92 

MHz sinusoidal input 
VLOWT Receive data low signal Relative to peak 1.5 J.LS 

delay amplitude for 22.37 
MHz sinusoidal input 

TRCF Receive clock period 19.29 ns 
TRC Receive clock pulse width 10.99 ns 
TRCPT Receive clock positive CL=15pF 4.5 6 ns 

transition time 
TRCNT Receive clock negative CL=15pF 4.5 6 ns 

transition time 
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RECEIVER (continued) 

PARAMETER CONDITIONS 

TRDP Positive or negative 
TRDN receive data pulse width 

TRDPS Receive data set-up time 
TRDNS 

TRDPH Receive data hold time 
TRDNH 

Receive input jitter tolerance sine, 60 kHz 
high frequency to 300 kHz 

Receive input jitter tolerance sine, 10 Hz to 2.3 kHz 
low frequency 

KD Clock Recovery Phase All 1 's data pattern 
Detector Gain KD = .418/RFO 

KO Clock Recovery Phase 
Locked Oscillator Gain 

TRANSMITTER 

SSI78P2361 
STS-1 Line Interface 

MIN NOM MAX UNIT 

19.29 ns 

5 9.65 11.82 ns 

5 9.65 11.82 ns 

±2.89 ns 
0.3 UIPP 

±48.22 ns 

5.0 UIPP 

83 92 101 J.lAIRad 

12 14.5 17 Mradl 
sec. -Volt 

All of the measurements for the transmitter are made with the following conditions unless otherwise 
stated: 
1. Transmit pulse characteristics are obtained using a line transformer which has the characteristics 

TBD. 
2. The circuit is connected as in Figure 1. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 19.29 ns 
period 

TTC Transmit clock pulse width 8.20 9.65 11.09 ns 

TTCNT Transmit clock negative 4.5 6 ns 
transition time 

TTCPT Transmit clock positive 4.5 6 ns 
transition time 

TTPDS Transmit data set-up time 3.5 9.65 ns 
TTNDS 

TTPDH Transmit data hold time 3.5 9.65 ns 
TTNDH 

TTPL Transmit positive line Measured at 9.65 ns 
pulse width transformer, LBO = Low 
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SSI78P2361 
STS-1 Line Interface 

TRANSMITTER (continued) 

PARAMETER CONDITIONS 

lTNL Transmit negative line Measured at 
pulse width transformer, LBO = Low 

Transmit line pulse See Note 
waveshape 

Note: The pulse template fits a scaled DSX-3 pulse template. 

FlECEIVEUNE 
INPUT (REF) 

RECCLOCK 

-----' 

FlEC POS OUT ___ ---/ 

TFlCF 

MIN NOM MAX UNIT 

9.65 ns 

RECNEGOUT'----------------~ ~TRDNS" TRDNH-~L~ ______ _ 
1'-TRDN-+T" 

TRANSMIT 
ClOCK IN 

TRANSMIT POSIN ____ -" 

FiGURE 2: Receive Waveforms 

~:_T ______________________________ ~~ nN~~~-----------
r-TTPl

, 

~ ______ o_.~_:_=+~ +~ ___________ ~ 
0.5:-+ f 

k-TTNL--+I 

FIGURE 3: Transmit Waveforms 
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SSI78P2361 
STS-1 Line Interface 

PACKAGE PIN DESIGNATIONS 
(Top View) 

I LlN+ NCD2 C\I (.) 
a: :Z a: + 0 ~ NCR mwsRJ (.) (.) z (.) 
z :J z :J Z 0 

LlN- DVCC 

NCR RPOS RFO RPOS 
RFO RNEG 

RGND RNEG 
RGND RCLI< 

RVCC 23 RCLK 
RVCC DGND 

TGND NCD1 T~ND 22 DGND 

LOUT+ LF2 LOUT+ 21 NCD1 

NCT LF1 NCT 20 LF2 

LOUT- ~ LOUT- 19 LF1 

LBO TVCC 13 14 15 16 17 18 

N"R TCLI< 
Q ~ 

en " ~ (.) 

~ 0 W ...J (.) 
TPOS TNEG ...J 0.. Z (.) 

~ l- I- I-

28-Pln DIP 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

SSI 78P2361, STS-1 Line Interface - 28-pin 

Standard Width Plastic DIP (600 mil) 78P2361-IP 78P2361-IP 

Surface Mount 28-pin PLCC 78P2361-IH 78P2361-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No lioense is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notioe. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

1292 - rev. 5-43 ©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 78P2362 is a line interface transceiver Ie 
intended for 34.368 Mbitls applications. The receiver 
has a very wide dynamic range and is designed to 
accept HDB3 encoded Alternate-Mark Inversion (AMI) 
inputs; it provides clock, positive data, negative data, 
and low-level signal detector logical outputs. The 
transmitter converts clock and data input signals into 
AMI pulses of the appropriate shape for transmission. 
The SSI78P2362 requires a single 5-volt supply and is 
available in DIP and surface mount packages. 

December 1992 

FEATURES 

• Single chip transmit and receive Interface for 
E3 (34.368 Mbltls) applications 

• Unique clock recovery circuit, requires no 
crystals, tuned components or external clock 

• Standard CMOS level unipolar POS and NEG 
data and ClK ports 

• COmpliant with CCITT recommendation G.703 
and G.823 

• low-level Input signal Indication 

• Available In DIP or surface mount packages 

• -4()OC to +&SoC operating range 

• Pln-compatlble with SSI 78P236 and 78P2361 

I 
-I ------------------------------------------------------------------------------------I 

I 

I 

1292- rev. 

BLOCK DIAGRAM 
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PIN DIAGRAM 

LlN+ NCD2 

NCR ~ 

llN- DVCC 

NCR RPOS 

RFO RNEG 

RGND RClK 

RVCC DGND 

TGND NCD1 

lOUT+ lF2 

NCT lF1 

lOUT- 0J5T2 

LBO TYCC 

1:)I5Tf TClK 

TPOS TNEG 

28-Pln DIP 

CAUTION: Use handling prooedures necessary 
for a static sensitive component. 



SSI78P2362 
34.368 Mbitls Line Interface 

FUNCTIONAL DESCRIPTION 

The SSI 78P2362 is a single chip line interface IC 
designed to work with 34.368 Mbitls E3 signals. The 
receiver recovers 34.368 MHz clock, positive data and 
negative data from an Alternate Mark Inversion (AMI) 
signal which has travelled a maximum of 450 feet from 
a crosspoint over 750 coaxial cable (cable type WECO 
728A, RG-59B or equivalent). The wide dynamic range 
of SSI 78P2362 allows for additional resistive 
attenuation. The input E3 signal must be HDB3 coded. 

The transmitter accepts CMOS level logical clock, 
positive data and negative data and converts them to 
the AMI signal to drive a 750 coaxial cable. The 
transmitted signal meets the requirements of the CCITT 
G.703 recommendations. The SS178P2362 is designed 
to work with HDB3 coded signal. The HDB3 encoding 
and decoding functions are normally included in the E3 
framer ICs or can easily be implemented in a PAL. 

RECEIVER 

The receiver input is normally transformer-coupled to 
the E3 signal. The inputs to the IC are internally 
referenced to RVCC so that when no transformer is 
used, a DC blocking capacitor of 0.01 J,LF should be 
used to isolate these pins from the E3 signal. Since the 
input impedance of the SSI78P2362 is high, the E31ine 
must be terminated in 750. The input signal to the 
SSI 78P2362 must be limited to a maximum of three 
consecutive zeros using a coding scheme such 
as HDB3. 

The E3 signal is input to a variable gain differential 
amplifier whose output is maintained at a constant 
voltage level regardless of the input voltage level. The 
gain of this amplifier is adjusted by detecting the peak 
of the Signal and comparing it to a fixed reference. 

The output of the variable gain amplifier is compared to 
a threshold value which is a fixed percentage of the 
signal peak. In this way, even though the input Signal 
amplitude may fall below the minimum value that can 
be regulated by the variable gain circuit, the proper 
detection threshold is maintained. 

Output of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase locked loop which has an 
auxiliary frequency-sensitive acquisition loop which is 
active only when cycle-slipping occurs between the 
received signal rate and the internal oscillator. 

5-46 

This system permits the loop to independently lock to 
the frequency and phase of the incoming data stream 
without the need for high precision and/or adjustable 
oscillator or tuned circuits. 

The response characteristic for the phase locked loop 
is established by external filter components, RLF1, 
RLF2 and CLF1. The values of these components are 
specified such that the bandwidth of the phase locked 
loop is greater than 200 kHz. 

The jitter tolerance of the SSI 78P236 meets the 
requirements of CCITT G.823 . The jittertransferfunction 
of the SSI 78P2362 should be maximally flat so the IC 
doesn't add any jitter to the system. 

Figure 2 shows the recovered clock (RCLK), positive 
data (RPOS) and negative data (RNEG) signals timing. 
The data is valid on the rising edge of the clock. The 
minimum setup and hold times allow easy interface to 
many E3 framer circuits. These signals are CMOS­
level outputs. 

Should the input signal fall below a minimum value, the 
[OWSIG pin goes active low. A time delay is provided 
before this output is active so the transient interruptions 
do not needlessly cause the indication. 

TRANSMITTER 

The transmitter accepts unipolar CMOS level logical 
clock, positive data and negative data signals (TCLK, 
TPOS, TNEG) and generates high current drive pulses 
on the LOUT + and LOUT-pins. When properly 
connected to a center tapped transformer, an AMI 
pulse is generated which can drive a 750 coaxial cable 
(type WE728A or RG59B). 

Figure 3 shows the timing for the transmitter logic 
signals. The output pulse width is internally set and is 
not sensitive to input clock (TCLK) pulse width. 

The LBO pin should be set LOW. The OPT1 pin should 
be set LOW. 

The OPT2 pin should be set HIGH for normal operation. 
Setting the OPT2 pin to LOW disables the transmitter 
circuity and reduces the power consumption of the IC 
by 125 mW. 



~ 
'" 

D~ ~RTR rY 2.l~~: 
.. r 

1:1 

1:2 

~ 

Note: NC pins should be tied to the ground pin 
indicated by the trailing letter. 

LOWSIG 

RLF2 

FIGURE 1: Functional Diagram 

• 

__ t~~._ 

w 
~ 

W 
en 
<» 
i: 
r::r 
~ 
fn 
r-_. en 
::len CD_ 

-~ 3.<» 
CD"tJ 
::'N 
CDc,) 
nen 
CDN 

j -



SSI78P2362 
34.368 Mbitls Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

L1N+, L1N- I Differential inputs, transformer-coupled from line. 

RPOS 0 Unipolar receiver output, active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output, active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input, active high. 
TNEG I Unipolar transmitter data input, active high. 
TCLK I Transmitter clock input, active high. 
LOUT+ 0 Output to transformer for positive data pulses. 
LOUT- 0 Ou~t to transformer for negative data ~ulses. 
LBO I Line buildout control. Attenuates output pulses. Should be tied low for 

normal CEPT E3 applications. 
OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 

amplitude. Should be tied low for normal CEPT E3 applications. 
OPT2 I Transmit option 2. Disables output driver and reduces output bias current 

when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor-capacitor loop filter network to establish bandwidth of phase locked 
loop. 

POWER 

TVec - 5V power supply for transmit circuits. 
RVec - 5V power supply for receive circuits. 
DVec - 5V power supply for receive logic circuits. 
TGND - Ground return for transmit circuits. 
RGND - Ground return for receive circuits. 
DGND - Ground return for receive logic circuits. 
NCR, NeT - No connect. These pins are not connected to the chip. They should be tied 
NCD1 - to the appropriate ground pin (see figure 1) to minimize pin-to-pin coupling 

capacitance. 
NCD2 - No connect. This pin is not connected. 
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ELECTRICAL SPECIFICATIONS 

SSI78P2362 
34.368 Mbit/s Line Interface 

(TA = -40°C to 85°C, Vec = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

ABSOULUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive 5.0V supply: TVcc, RVec, DVec 6.0 V 

Storage Temperature -65 to 150 °c 

Soldering Temperature (10 sec.) 260 °C 

Ambient Operating Temperature, TA -40 to +85 °c 

Pin Ratings: 

LlN+, LlN-, TPOS, TNEG, TCLK, LOUT +, 
LOUT-, LBO, RFO, LF2, LF1, 
OPT1, OPT2 Pins -0.3 to Vec +0.3 V 

Pin Ratings: 

RPOS, RNEG, RCLK, LOWSIG Pins -0.3 to Vec +0.3 V 

or +12 mA 

SUPPLY CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply Current Outputs Unloaded, 142 174 mA 
normal operation, 
transmit and receive 
all 1's pattern 

P Power Dissipation Outputs unloaded, 
TA = 85°C 0.93 W 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1% tolerance 6.81 kQ 

RLF1 Loop filter resistor 1% 20 kQ 

RLF2 Loop filter resistor 1% 100 kQ 

CLF1 Loop filter capacitor 5% 0.22 J.1F 

RTR Receive termination resistor 1% 75 0 

crr Transmit termination capacitor 5% 20 pF 
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SSI78P2362 
34.368 Mbitls Line Interface 

ELECTRICAL SPECIFICATIONS (Continued) 

DIGITAL INPUTS AND OUTPUTS 
(CMOS-compatible pins: LOWSIG, RPOS, RNEG, RCLK, TPOS, TNEG, TCLK, LBO, OPT1.) Currents flowing 
into the chip are positive. Current maximums are currents with the largest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL Input low voHage -0.3 1.5 V 

VIH Input high voltage 3.5 Vcc+0.3 V 

ilL Input low current VIL = 1.5V -5.0 5.0 J.IA 
IIH Input high current VIH =3.5V -5.0 5.0 J.IA 
VOL Output low voHage IOL = 0.1 mA 1.0 V 

VOH Output high voHage IOH = -0.1 mA 4.0 V 

(5i5'f2 CHARACTERISTICS 

VIL Input low voHage ilL = 0.4mA 
VIH Input high voltage 

RECEIVER 
All of the measurements for the receiver are made with the following conditions unless otherwise stated: 
1. The input signal is transformer coupled as shown in Figure 1. 
2. RFO = 6.81 kQ 
3. The circuit is connected as in Figure 1. 
4. The maximum cable length (type 728-A or RG-59B) to DSX-3 point is 450 ft. 

VIN Input signal voHage Input AC-Coupled ±0.045 ±1.20 Vpk 
RIN Input Resistance Input at chip'S common 15 20 30 kQ 

mode voHage 
VDTH Receive data detection Relative to peak 50 % 

threshold amplitude for 17.18 
MHz sinusoidal inout 

VLOW Receive data low signal Relative to peak ±55 mV 
threshold amplitude for 17.18 

MHz sinusoidal input 
VLOWT Receive data low signal Relative to peak 1.5 J.1S 

delay amplitude for 17.18 
MHz sinusoidal input 

TRCF Receive clock period 29.1 ns 
TRC Receive clock pulse width 16.58 ns 
TRCPT Receive clock positive CL = 15 pF 4.5 6 ns 

transition time 

TRCNT Receive clock negative CL = 15 pF 4.5 6 ns 
transition time 
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RECEIVER (continued) 

PARAMETER CONDITIONS 

TRDP Positive or negative 
TRDN receive data pulse width 

TRDPS Receive data set-up time 
TRDNS 

TRDPH Receive data hold time 
TRDNH 

Receive input jitter tolerance sine, 10 kHz 

SSI78P2362 
34.368 Mbit/s Line Interface 

MIN NOM MAX UNIT 

29.1 ns 

5 14.55 17.83 ns 

5 14.55 17.83 ns 

±2.18 ns 

high frequency to 800 kHz 0.1 UIPP 

Receive input jitter tolerance sine, 100 Hz to 1.0 kHz ±21.83 ns 

low frequency 10 UIPP 

KD Clock Recovery Phase All 1 's data pattern 56 62 68 J.lAIRad 
Detector Gain KD = .418/RFO 

KO Clock Recovery Phase 12 14.5 17 Mradl 
Locked Oscillator Gain sec. -Volt 

TRANSMITTER 
All of the measurements for the transmitter are made with the following conditions unless otherwise 
stated: 

1. Transmit pulse characteristics are obtained using a line transformer which has the characteristics 
TBD. 

2. The circuit is connected as in Figure 1. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 29.1 ns 
period 

TTC Transmit clock pulse width 12.36 14.55 16.73 ns 

TTCNT Transmit clock negative 4.5 6 ns 
transition time 

TTCPT Transmit clock positive 4.5 6 ns 
transition time 

TTPDS Transmit data set-up time 3.5 14.55 ns 
TTNDS 

TTPDH Transmit data hold time 3.5 14.55 ns 
TTNDH 

TTPL Transmit positive line Measured at OPT1 = Low 14.5 ns 
pulse width transformer, LBO = Low 
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SSI78P2362 
34.368 Mbit/s Line Interface 

TRANSMITTER (continued) 

PARAMETER CONDITIONS MIN 

TTNL Transmit negative line Measured at OPT1 = Low 
pulse width transformer, LBO = Low 

Transmit line pulse See Note 
waveshape 

Note: Characteristics are in accordance with CCITT recommendation G.703. 

RECEIVE LINE 
INPUT (REF) 

RECCLOCK 

-------' 

REC P~S OUT ____ -' 

TRCF 

TRDPS TADPH 

NOM MAX UNIT 

14.5 ns 

_
_____ +-___ T_AD_P_--+ ________ ~{~TADNS+~TADNH+} 

REC NEG OUT . .~--------

TRANSMIT 
CLOCK IN 

TRANSMIT 
POSIN 

TRANSMIT 
NEG IN 

-4-TADN~ 

FIGURE 2: Receive Waveforms 

_
__________________ ~fTINDS~ TINDHl~ __________ __ 

I_TIPL, 

TRANSMIT ________ O_.5~_:_-t__' + LINE OUTPUT __ 

~--------O-.5V-N-=t' f 
VN -

I_TINL_I 

FIGURE 3: Transmit Waveforms 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

LlN+ NCD2 

NCR ~ 

L1N- DVCC 

NCR RPOS 

RFO RNEG 

RGND RCLK 

RVCC DGND 

TGND NCD1 

LOUT+ LF2 

NCT LF1 

LOUT- ~ 

LBO TVCC 

C5J5T1 TCLK 

TPOS TNEG 

i 28-Pln DIP 

SSI78P2362 
34.368 Mbit/s Line Interface 

~ N () 
a: Z a: + 0 () 
() () z () > z ::i z ::i z 0 

4 3 2 
RFO RPOS 

RGND 24 RNEG 

RVCC 23 RCLK 

TGND 22 DGND 

LOUT+ 21 NCD1 

NCT 20 LF2 

LOUT- 19 LF1 
12 13 14 15 16 17 18 

g ~ 
(f) G ~ () 

~ 0 W J () 
J 0- Z () > 

l- t- l- I-

28-Pin PLCC 

I 
1-----------

ORDERING INFORMATION 

I 

1292 - rev. 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

SSI 78P2362, 34.368 Mbitls Line Interface - 28-pin 

Standard Width Plastic DIP (600 mil) 78P2362-IP 78P2362-IP 

Surface Mount 28-pin PLCC 78P2362-IH 78P2362-IH 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current 
information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 
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SSI78P300 
T1/E11ntegrated Short Haul Transceiver 

with Receive Jitter Attenuation Jtkn~~ 
1~· ____________________________________________ ___ 

DESCRIPTION 
The SSI78P300 is a fully integrated transceiver for both 
North American 1.544 MHz (T1). and European 2.048 
MHz (E1/CEPT) applications. Transmit pulse shapes 
(DSX-1 or E1/CEPT) are selectable for various line 
lengths and cable types. 

The SSI 78P300 provides receive jitter attenuation 
starting at 6 Hz, and is microprocessor controllable 
through a serial interface. 

The SSI 78P300 offers a variety of diagnostic features 
including transmit and receive monitoring. Clock inputs 
may be derived from an on-chip crystal oscillator or 
digital inputs. The SSI 78P300 uses an advanced 
double-poly. double-metal CMOS process and requires 
only a single 5-volt power supply. 

APPLICATIONS 
PCM 1 Voice Channel Banks 
Data Channel Bank 1 Concentrator 
T11 E1 multiplexer 
Digital Access and Cros&oJmect Systems (DACS) 
Computer to PBX interface (CPI & DMI) 
High speed data transmission lines 
Interfacing Customer Prerrises Equpment to a CSU 
Digital Loop Carrier (DLC) terminals 

November 1991 

FEATURES 

• COmpatible wHh most popular PCM framers 
Including the 2180A and 2181 

• Line driver, data recovery and clock recovery 
functions 

• Pin and functionally compatible wHh Crystal 
CS61574 

• Minimum receive signal of 500 mV 
• . Selectable slicer levels (CEPT/DSX-1) Improve 

SNR 

• Programmable transmit equalizer shapes 
pulses to meet DSX-1 pulse template from 0 to 
655ft 

• Local and remote loopback functions 

• TransmH Driver Perfonnance Monitor (DPM) 
output 

• ReceIve monHOl' with Loss of Signal (LOS) output 

• Receiver jHter tolerance 0.4 UI from 40 kHz to 
100kHz· 

• Microprocessor controllable 
• Receive jitter attenuation starting at 6 Hz 

• Available In 28 pin DIP or PLCC 

BLOCK DIAGRAM 

1191.- rev. 

MODE -------+--I~ 

HOST R7W 
IN EC1 
SOl EC2 

SDo EC3 
~ RLOOP 

SCLK LLOOP 
CLKE TAOS 

TPOS ~f-----I~ 
TNEG ~f-----I~ 

MCLK-I-----~ 

CONTROL 

EQUALIZER 

SYNCHRONIZER 

XTALlN-L---,~==:c:::=1 
XTALOUT ..... I----! 

RCLK ..... r---t.._-.-----1 

RPOS-4-I----! 
RNEG -4-1--_-1 

L~ ~~------I 

'-r------------H ... nIP 

r------~ ... TRING 

..... ~~RTlP 

..... .--+-- RRING 

14-~- MTIP 
MRING 

~M~+-----------------------------~ 
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SSI78P300 
T1/E11ntegrated Short 
Haul Transceiver with 
Receive Jitter Attenuation 

FUNCTIONAL DESCRIPTION 

The SSI 78P300 is a fully integrated PCM transceiver 
for both 1.544 MHz (DSX-1) and 2.048 MHz (CEPT) 
applications. This transceiver allows transmission of 
digital data over existing twisted-pair installations. 

The SS178P300 transceiver interfaces with two twisted­
pair lines (one twisted-pair for Uansmit, one twisted­
pair for receive) through standard pulse transformers 
and appropriate resistors. 

TRANSMITTER 

Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input 
synchronization is supplied by the transmit clock (TCLK). 
The transmitted pulse shape is determined by Equal­
izer Control signals EC1 through EC3 as shown in 
Table 1. Refer to Table 2 and Figure 1 for master and 
transmit clock timing characteristics. Shaped pulses 
are applied to the AM I line driver for transmission onto 
the line at TTIP and TRING. Equalizer Control signals 
may be hardwired in the Hardware mode, or input as 
part of the serial data stream (SOl) in the Host mode. 

Pulses can be shaped for either 1.544 or 2.048 MHz 
applications. 1.544 MHz pulses for DSX-1 applications 
can be programmed to match line lengths from 0 to 655 
feet of ABAM cable. The SSI 78P300 also matches 
FCC and ECSA specifications for CSU applications. 
2.048 MHz pulses can drive coaxial or shielded twisted­
pair lines using appropriate resistors in line with the 
output transformer. 

DRIVER PERFORMANCE MONITOR 

The transceiver incorporates a Driver Performance 
Monitor (DPM) in parallel with the TTIP and TRING at 
the output transformer. The DPM output level goes 
high upon detection of 63 consecutive zeros. It is reset 
when a one is detected on the transmit line, or when a 
reset command is received. 

LINE CODE 

The SSI78P300transmits data as a 50% AM I line code 
as shown in Figure 2. Power consumption is reduced 
by activating the AM I line driver only to transmit a mark. 
The output driver is disabled during transmission of a 
space. 
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RECEIVER 

The SSI78P300 receives AMI signals from one twisted­
pair line on each side of a center-grounded trans­
former. Positive pulses are received at RTIP and 
negative pulses are received at RRING. Recovered 
data is output at RPOS and RNEG, and the recovered 
clock is output at RCLK. Refer to Table 3 and Figure 3 
for SSI 78P300 receiver timing. 

The signal received at RPOS and RNEG is processed 
through the peak detector and data slicers. The peak 
detector samples the inputs and determines the maxi­
mum value of the received signal. A percentage of the 
peak value is provided to the data slicers as a threshold 
level to ensure optimum signal-to-noise ratio. 

For DSX-1 applications (determined by Equalizer Con­
trol inputs EC1 - EC3 '* 000) the threshold is set to 70% 
of the peak value. This threshold is maintained above 
65% for up to 15 successive zeros over the range of 
specified operating conditions. For CEPT applications 
(EC inputs = 000) the threshold is set to 50 %. 

The receiver is capable of accurately recovering sig­
nals with up to -13.6 dB of cable attenuation (from 2.4 
V), corresponding to a received signal level of approxi­
mately 500 mV (1500 feet of ABAM cable.) Regardless 
of received signal level, the peak detectors are held 
above a minimum level of .3 Vto provide immunityfrom 
impulsive noise. 

After processing through the data slicers, the received 
signal is routed to the data and clock recovery sections, 
and to the receive monitor. The receive monitor gener­
ates a Loss of Signal (LOS) output upon receipt of 175 
consecutive zeros (spaces). The receiver monitor loads 
a digital counter at the RCLK frequency. The count is 
incremented each time a zero is received, and reset to 
zero each time a one (mark) is received. Upon receipt 
of 175 consecutive zeros the LOS pin goes high, and 
the RCLK output is replaced with the MCLK. If MCLK 
is not supplied the RCLK output will be replaced with 
the centered crystal clock. 

The LOS pin will reset as soon as a one (mark) is 
detected. Recovered clock signals are supplied to the 
jitter attenuator and the data latch. The recovered data 
is passed to the elastic store where it is buffered and 
synchronized with the dejittered recovered clock 
(RCLK). 
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JITTER ATTENUATION 

Jitter attenuation of the SSI 78P300 clock and data 
outputs is provided by a Jitter Attenuation Loop (JAL) 
and an Elastic Store (ES). An external crystal oscillat­
ing at 4 times the bit rate provides clock stabilization. 
Refer to Table 4 for crystal specifications. The ES is a 
32 x 2-bit register. Recovered data is clocked into the 
ES with the recovered clock signal, and clocked out of 
the ES with the dejittered clock from the JAL. When the 
bit count in the ES is within two bits of overflowing or 
underflowing, the ES adjusts the output clock by 1/8 of 
a bit period. The ES produces an average delay of 16 
bits in the receive path. 

OPERATING MODES 
The SSI78P300 transceiver can be controlled through 
hard-wired pins (Hardware mode). This transceiver 
can also be commanded to operate in one of several 
diagnostic modes. 

The SSI 78P300 can be controlled by a microproces­
sorthrough a serial interface (Host mode). The mode 
of operation is set by the MODE pin logic level. 

HOST MODE OPERATION 

To allow a host microprocessor to access and control 
the SSI78P300 through the serial interface, MODE is 
set to 1. The serial interface (SDI/SDO) uses a 16-bit 
word consisting of an 8-bit Command! Address byte 
and an 8-bit Data byte. Figure 4 shows the serial 
interface data structure and timing. 

The Host mode provides a latched Interrupt output 
(INT) which is triggered by a change in the Loss of 
Signal (LOS) and/or Driver Performance Monitor (DPM) 
bits. The Interrupt is cleared when the interrupt condi­
tion no longer exists, and the host processor enables 
the respective bit in the serial input data byte. Host 
mode also allows control of the serial data and receive 
data output timing. The Clock Edge (CLKE) Signal 
determines when these outputs are valid, relative to 
the Serial Clock (SCLK) or RCLK as follows: 

CLKE OUTPUT CLOCK VAUDEDGE 
RPOS RCLK RISING 

LOW RNEG RCLK RISING 
SOO SCLK FALLING 

RPOS RCLK FALLING 
HIGH RNEG RCLK FALLING 

SOO SCLK RISING 
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The SSI78P300 serial port is addressed by setting bit 
A4 in the Address/Command byte, corresponding to 
address 16. The SSI 78P300 contains only a single 
output data register so no complex chip addressing 
scheme is required. The register is accessed by caus­
ing the Chip Select (CS) input to make a transition from 
high to low. Bit 1 of the serial Address/Command byte 
provides ReadIWritecontrolwhen the chip is accessed. 
A logic 1 indicates a read operation, and a logic 0 
indicates a write operation. Table 5 lists serial data 
output bit combinations for each status. Serial data I/O 
timing characteristics are shown in Table 6, and Fig­
ures 5 and 6. 

HARDWARE MODE OPERATION 

In Hardware mode the transceiver is accessed and 
controlled through individual pins. With the exception 5 
of the INT and CLKE functions, Hardware mode pro-
vides all the functions provided in the Host mode. In the 
Hardware mode RPOS and RNEG outputs are valid on 
the rising edge of RCLK. To operate in Hardware 
mode, MODE must be set to O. Equalizer Control 
signals (EC1 through EC3) are input on the Interrupt, 
Serial Data In and Serial Data Out pins. Diagnostic 
controlfor Remote Loopback (RLOOP), Local Loopback 
(LLOOP), and Transmit All Ones (TAOS) modes is 
provided through the individual pins used to control 
serial interface timing in the Host mode. 

RESET OPERATION 

Upon power up, the transceiver is held static until the 
power supply reaches approximately 3V. Upon cross­
ing this threshold, the device begins a 32 ms reset cycle 
to calibrate the transmit and receive delay lines and 
lock the Phase Lock Loop to the receive line. A refer­
ence clock is required to calibrate the delay lines. The 
transmitter reference is provided by TCLK. The crystal 
oscillator provides the receiver reference in the SSI 
78P300.lf the SSI78P300 crystal oscillator is grounded, 
MCLK is used as the receiver reference clock. 

The transceiver can also be reset from the Host or 
Hardware mode .In Host mode, reset is commanded by 
simultaneously writing RLOOP and LLOOP to the 
register. In Hardware mode, reset is commanded by 
holding RLOOP and LLOOP high simultaneously for 
200 ns. Reset is initiated on the falling edge of the reset 
request. In either mode, reset clears and sets all 
registers to 0 and centers the oscillator, then begins 
calibration. 
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DIAGNOSTIC MODE OPERATION In Local Loopback (LLOOP) mode, the receiver circu its 
are inhibited. The transmit data and clock inputs (TPOS, 
TNEG and TCLK) are looped back onto the receive 
data and clock outputs (RPOS, RNEG and RCLK.) The 
transmitter circuits are unaffected by the LLOOP com­
mand. The TPOS and TNEG inputs (or a stream of 1's 
if the TAOS command is active) will be transmitted 
normally. When used in this mode with a crystal, the 
transceiver can be used as a stand-alone jitter attenu­
ator. 

In Transmit A" Ones (TAOS) mode the TPOS and 
TNEG inputs to the transceiver are ignored. The trans­
ceiver transmits a continuous stream of 1 's when the 
TAOS mode is activated. TAOS can be commanded 
simultaneously with Local Loopback, but is inhibited 
during Remote loopback. 

In Remote Loopback (RLOOP) mode, the transmit 
data and clock inputs (TPOS, TNEG and TCLK) are 
ignored. The RPOS and RNEG outputs are looped 
back through the transmit circuits and output on TTIP 
and TRING at the RCLK frequency. Receiver circuits 
are unaffected by the RLOOP command and continue 
to output the RPOS, RNEG and RCLK signals received 
from the twisted-pair line. 

POWER REQUIREMENTS 

The SSI 78P300 is a low-power CMOS device. It 
operates from a single +5V power supply which can be 
connected externally to both the transmitter and re­
ceiver. However, the two inputs must be within ±.3V of 
each other, and decoupled to their respective grounds 
separately, as shown in Figure 7. Isolation between the 
transmit and receive circuits is provided internally. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

MCLK I Master Clock: A 1.544 or 2.048 MHz clock input used to generate internal 
clocks. Upon Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK not 
applied, this pin should be grounded. 

TCLK I Transmit Clock: Transmit clock input. TPOS and TNEG are sampled on the 
falling edge of TCLK. 

TPOS I Transmit Positive Data: Input for positive pulse to be transmitted on the twisted-
pair or coaxial cable. 

TNEG I Transmit Negative Data: Input for negative pulse to be transmitted on the 
twisted-pair or coaxial cable. 

MODE I Mode Select: Setting MODE to logic 1 puts the SSI78P300 in the Host mode. 
In the Host mode, the serial interface is used to control the SSI78P300 and 
determined its status. Setting MODE to logic 0 puts the SSI 78P300 in the 
Hardware (H/w) mode. In the Hardware mode the serial interface is disabled 
and hard-wired pins are used to control configuration and report status. 

RNEGIRPOS 0 Receive Negative Data/Receive Positive Data: Received data outputs. A 
signal on RNEG corresponds receipt of a negative pulse on RTIP and RRING. 
A signal on RPOS corresponds to receipt of a positive pulse on RTIP and 
RRING. RNEG and RPOS outputs are Non-Return-to-Zero (NRZ). In the Host 
Mode, CLKE determines the clock edge (RCLK) at which these outputs are 
stable and valid. In the Hardware mode both outputs are stable and valid on the 
rising edge or RCLK. 

RCLK 0 Recovered Clock: This is the clock recovered from the signal received at RTIP 
and RRING. 
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PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

XTAUN/ I/O CrystallnputiCrystal Output: An external crystal operating at four times the bit 
XTALOUT rate (6.176 MHz for DSX-1, 8.192 MHz for CEPT applications with an 18.7 pF 

load) is required to enable the jitter attenuation function of the SSI 78P300. 
These pins may also be used to disable the jitter attenuator by connecting the 
XT AUN pin to the positive supply through a resistor, and tying the XT ALOUT 
pin to ground. 

DPM 0 Driver Performance Monitor: DPM goes to a logic 1 when the transmit monitor 
loop (MTIP and MRING) does not detect a signal for 63 ±2 clock periods. DPM 
remains at logic 1 until a signal is detected. 

LOS 0 Loss Of Signal: LOS goes to a logic 1 when 175 consecutive spaces have been 
detected. LOS returns to a logic 0 when a mark is detected . 

TTIPITRING 0 Transmit TiplTransmit Ring: Differential Driver Outputs. These outputs are 
designed to drive a 25 n load. The transmitter will drive 100 n shielded twisted-
pair cable through a 2:1 step-up transformer without additional components. 
To drive 75 n coaxial cable, two 2.2 n resistors are required in series with the • transformer. 

. 1 

TGND - Transmit Ground: Ground return for the transmit drivers power supply TV+ . 

TV+ I Transmit Power Supply: +5 VDC power supply input for the transmit drivers. 
TV+ must not vary from RV+ by more than ±O.3V. 

MTIP/MRING I Monitor Tip/Monitor Ring: These pins are used to monitor the tip and ring 
transmit outputs. The transceiver can ~ connected to monitor its own output 
or the output of another SSI 78P300. 0 prevent false interrupts in the host 
mode H the monitor is not used, apply a clock signal to one of the monitor pins 
and tie the other monitor pin to approximately the clock's mod-level voltage. 
The monitor clock can range from 100 kHz to the TCLK frequency. 

RTIP/RRING I Receive Tip/Receive Ring: The AMI signal received from the line is applied at 
these pins. A center-tapped, center-grounded, 2:1 step-up transformer is 
required on these pins. Data and clock from the signal applied at these pins are 
recovered and output on the RPOS/RNEG, and RCLK pins. 

RV+ I Receive Power Supply: +5 VDC power supply for all circuits except the transmit 
drivers. (Transmit drivers are supplied by TV+.) 

RGND - Receive Ground: Ground return for power supply RV+. 

TNT 0 Interrupt (Host Mode): This SSI78P300 Host mode output goes low to flag the 
host processor when LOS or DPM go active. INT is an open-drain output and 
should be tied to power supply RV+ through a resistor. INT is reset by clearing 
the respective register bit (LOS and/or DPM.) 

EC1 I Equalizer Control 1 (H/W Mode): The signal applied at this pin in the SSI 
78P300 Hardware mode is used in conjunction with EC2 and EC3 inputs to 
determine shape and amplitude of AMI output transmit pulses. 
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PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

SOl I Serial Data In (Host Mode): The serial data input stream is applied to this pin 
when the SSI78P300 operates in the Host mode. SOl is sampled on the rising 
edge of SCLK. 

EC2 I Equalizer Control 2 (H/W Mode): The signal applied at this pin in the SSI 
78P300 Hardware mode is used in conjunction with EC1 and EC3 inputs to 
determine shape and amplitude of AMI output transmit pulses. 

SOO 0 Serial Data Out (Host Mode): The serial data from the on-chip register is output 
on this pin in the SSI 78P300 Host mode. If CLKE is high, SOO is valid on the 
rising edge of SCLK. If CLKE is low SOO is valid on the falling edge of SCLK. 
This pin goes to a high-impedance state when the serial port is being written 
to and when CS is high. 

EC3 I Equalizer Control 3 (HIW Mode): The signal applied at this pin in the SSI 
78P300 Hardware mode is used in conjunction with EC1 and EC2 inputs to 
determine shape and amplitude of AMI output transmit pulses. 

CS I Chip Select (Host Mode): This input is used to access the serial interface in the 
SSI78P300 Host mode. For each read or write operation, CS must remain low 
for duration of operation. 

RLOOP I Remote Loopback (H/W Mode): This input controls Ioopback functions in the 
SSI78P300 Hardware mode. Setting RLOOP to a logic 1 enables the Remote 
Loopback mode. Setting both RLOOP and LLOOP causes a Reset. 

SCLK I Serial Clock (Host Mode): This clock is used in the SSI 78P300 Host mode to 
write data to or read data from the serial interface registers. 

LLOOP I Local Loopback (H/W Mode): This input controls Ioopback functions in the SSI 
78P300 Hardware mode. Setting LLOOP to a logic 1 enables the Local 
Loopback Mode. 

CLKE I Clock Edge (Host Mode): Setting CLKE to logic 1 causes RPOS and RNEGto 
be valid on the falling edge of RCLK, and SOO to be valid on the rising edge 
of SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the rising edge 
of RCLK, and SOO is valid on the falling edge of SCLK. 

TAOS I Transmit All Ones (H/W Mode): When set to a logic 1, TAOS causes the SSI 
78P300 (Hardware mode) to transmit a continuous stream of marks at the 
TCLK frequency. Activating TAOS causes TPOS and TNEG inputs to be 
ignored. TAOS is inhibited during Remote Loopback. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

DC Supply (referenced to GND), AV+, TV+ 

SSI78P300 
T1/E11ntegrated Short 
Haul Transceiver with 

Receive Jitter Attenuation 
\~, 

RATING UNITS 

o to 6.0 V 

Input Voltage, Any Pin, VIN (see note 1) AGND-.03to AV+ +.03 V 

Input Current, Any Pin, lin (see note 2) -10 to 10 rnA 

Ambient Operating Temperature, TA -40 to 85 °C 

Storage Temperature, T STG -65 to 150 °C 

1 Excluding ATIP and AAING which must stay within -6V to AV+ + 0.3V. 
2 Transient currents of up to 100 rnA will not cuase SCA latch-up. TTIP, TAING, TV + and TGND can withstand 

a continuous current of 1 00 rnA. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

DC supply, AV+, TV+ (see note 1) 4.75 5.0 5.25 V 

Ambient Operating Temp., TA -40 25 85 °C 

Total Power Dissipation, Po 100% Ones Density & - 620 - mW 
(see note 2) Maximum Line Length 

@5.25V 

1 TV+ must not exceed AV+ by more than ±O.3V. 
2 Power dissipation while driving 250 load over operating temperature range. Includes device and load. 

Digital input levels are within 10% of the supply rails and digital outputs are driving a 50pF capacitive load. 

DIGITAL CHARACTERISTICS 
TA = -40° to 85°C, V+ = 5.0 V± 5%, GND = OV 

Vt-j High Level Input Voltage 
(pins 1-5, 10, 23-28) (see note 1, 2) 

2.0 - -

VL Low Level Input Voltage - - 0.8 
(pins 1-5, 10, 23-28) (see note 1, 2) 

VOH High Level Output Voltage lOUT = -400 ~ 2.4 - -
(pins 6-8, 11, 12, 23, 25) 
(see note 1, 2) 

VOL Low Level Output Voltage lOUT = 1.6 rnA - - 0.4 
(pins 6-8, 11, 12, 23, 25) 
(see note 1, 2) 

III Input Leakage Current 0 ±10 

13l Three -state Leakage Current 0 - ±10 
(pin 25) (see note 1) 

. . 
1 FunctIOnality of pins 23 and 25 depends on mode. See Host / Hardware Mode deSCriptions . 
2 Output drivers will output CMOS logic levels into CMOS loads. 
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ELECTRICAL SPECIFICATIONS (continued) 

ANALOG SPECIFICATIONS 
TA = -40° to 85°C. V+ = 5.0 V± 5%. GND = OV 

PARAMETER TEST CONDITIONS 

AMI Output Pulse Amplitudes DSX-1 Measured at the DSX 

CEPT Measured at Line Side 

Load Presented to Transmitter Output 

Jitted Added 10Hz-8kHz 
. by the Transmitter 8 kHz - 40 kHz 
(see note 1) 10 Hz - 40 kHz 

Broad Band 

Sensttivity Below DSX (OdB = 2.4V) 

Loss of Signal Threshold 

Data Decision Threshold DSX-1 

CEPT 

Allowable Consecutive Zeros Before LOS 

Input Jitter Tolerance 10kHz - 100kHz 

Jitter Attenuation Curve Corner Frequency 
(see note 2) 

1 Input signal to TCLK is jitter-free. 
2 Circutt attenuates jitter at 20 dB/decade above the comer frequency. 

TABLE 1 : Equalizer Control Inputs 

EC3 EC2 EC1 , LINE LENGTH CABLE LOSS 

0 1 1 0-133 ft ABAM 0.6dB 

1 0 0 133 - 266 ft ABAM 1.2dB 

1 0 1 266 - 399 ft ABAM 1.8dB 

1 1 0 399 - 533 ft ABAM 2.4 dB 

1 1 1 533 - 655 ft ABAM 3.0 dB 

0 0 0 cCln Recommendation G.703 

0 1 0 FCC Part 68. Option A 

0 1 1 . ECSAT1C1.2 
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MIN NOM MAX UNIT 

2.4 3.0 3.6 V 

2.7 3.0 3.3 V 

- 25 - .Q 

- - 0.01 UI 

- - 0.025 UI 

- - 0.025 UI 

- - 0.05 UI 

13.6 - - dB 

500 - - mV 

- 0.3 - V 

- 65 - Yopeak 

- 50 - Yopeak 

160 175 190 -
0.4 - - UI 

- 6 - Hz 

APPLICATION FREQUENCY 

DSX-1 1.544 MHz 

CEPT 2.048 MHz 

CSU 1.544 MHz 
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I TABLE 2: 78P300 Master Clock and Transmit Timing Characteristics 
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PARAMETER CONDITIONS MIN NOM 

Master clock frequency MCLK DSX-1 - 1.544 

MCLK CEPT - 2.048 

Master clock tolerance MCLKt - ±100 

Master clock duty cycle MCLKd 40 -
Crystal frequency fc DSX-1 - 6.176 

fc CEPT - 8.192 

Transmit clock frequency TCLK DSX-1 - 1.544 

TCLK CEPT - 2.048 

Transmit clock tolerance TCLKt - -
Transmit clock duty cycle TCLKd 10 -
TPOSffNEG to 
TCLK setup time 

TCLK to TPOSffNEG 
Hold time 

TCLK 

TPOS 
TNEG 

tsur 25 

tHT 25 

-; tSUT 1 tHT ii 
FIGURE 1: 78P300 Transmit Clock Timing Diagram 

1 0 
; BIT CELL I .. -. I 

niP 
I 

- .-
_ l..... 

I 

TRING 
l-. 

-I­
I 

-1-

- r-

-I 

FIGURE 2: SOOAl AMI Coding Diagram 

5-63 

-

-

MAX UNIT 

- MHz 

- MHz 

- ppm 

60 % 

- MHz 

- MHz 

- MHz 

- MHz 

±50 ppm 

90 0/0 

- ns I 
- ns 
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RCLK 

RPOS 
RNEG 

RPOS 
RNEG 

HOST MODE 
'1 CLKE.O. & 
,...-HlWMODE 

FIGURE 3: 78P300 Receive Clock Timing Diagram 

TABLE 3: 78P300 Receive Timing Characteristics 

PARAMETER CONDITIONS MIN NOM1 MAX UNIT 

Receive clock duty cycle RCLKd 40 - 60 % 
Receive clock pulse width tpw DSX-1 - 324 - ns 

tpw CEPT - 244 - ns 

RPOS/RNEG to RCLK tSUR DSX-1 - 274 - ns 

rising setup time tSUR CEPT - 194 - ns 

RCLK rising to RPOSI tHR DSX-1 - 274 - ns 

RNEG hold time tHR CEPT - 194 - ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 

TABLE 4: SS178P300 Crystal Specifications (External) 

PARAMETER T1 CEPT 

Frequency 6.176 MHz 8.192 MHz 

Frequency Stability ±20 ppm @ 25°C ±20 ppm @ 25°C 

±25 ppm from -40°C to + 85°C ± 25 ppm from -40°C to + 85°C 
(Ref 25°C reading) (Ref 25°C reading) 

Pullability CL= 11 pFto 18.7pF, CL = 11 pF to 18.7 pF, 
+L\F = 175 to 195 ppm +L\F = 95 to 115 ppm 

CL = 18.7 pF to 34 pF, CL = 18.7 pF to 34 pF, 
-L\F = 175 to 195 ppm -L\F = 95 to 115 ppm 

Effective series resistance 40n Maximum 30n Maximum 

Crystal cut AT AT 

Resonance Parallel Parallel 

Maximum drive level 2.0mW 2.0mW 

Mode of operation Fundamental Fundamental 

Crystal holder HC49 (R3W), Co = 7 pF Maximum HC49 (R3W), Co = 7 pF Maximum 
CM = 17 pF typical CM = 17 pF typical 
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~I~------------~I 
SCLK 

ADDRESS / COMMAND BYTE DATA INPUT / OUTPUT BYTE 

SDI/SDO [PM I AD I A1 I A2 T A+·I ASI AS r DO I 01 I 02 1 DO i .. I .. I 0+7 ] 

ADDRESS/ 
COMMAND 
BYTE 

INPUT 
DATA 
BYTE 

o 
AO 

RJW= 1: READ 
RiW = 0 : WRITE 

CLEARrERRUPTS 
---.... 

LOS OPM 
DO (LSB) 

o o 

EC1 EC2 

o o X 
AS 

x = DON'T CARE 

SET LOOPBA.XKS OR RESET 
,,--- ----.. 

EC3 REMOTE LOCAL TAOS 
07 (MSB) 

FIGURE 4: SSI78P300 Serial Interface Data Structure 

NOTE: Output Data 
Byte same as Input 
Data Byte shown at 
left, except for Bits 05 
through 07 shown in 
Table 6. 

TABLE 5: SSI 78P300 Serial Data Output Bits (See Figure 4) 

BIT 05 BIT 06 BIT 07 STATUS 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and 
Clear LOS occurred 
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SCLK 

SOl 

FIGU,RE 5: SSI 78P300 Serial Data Input Timing Diagram 

cs I , 
SCLK 

SOO 
CLKE = 1 

SOO 
CLKE =0 

FIGURE 6: SSI 78P300 Serial Data Output Timing Diagram 
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TABLE 6: SSI78P300 Serial 1/0 Timing Characteristics (See Figures 5 and 6) 

PARAMETER CONDITIONS MIN NOM' MAX UNIT 
Rise/Fall time - any digital output tRF Load 1.6 mA, 50 pF - - 100 ns 

501 to SCLK setup time toe 50 - - ns 

SCLK to 501 hold time tecH 50 - - ns 

SCLK low time tel 240 - - ns 

SCLK high time tcH 240 - - ns 

SCLK rise and fall time tR, tF - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time tCCH 50 - - ns 

CS inactive time tcwH 250 - - ns 

SCLK to 500 valid tcov - - 200 ns 

SCLK falling edge or CS rising tcoz - 100 - ns 
edge to 500 high Z 

, Typical flQUres are at 25°C and are for deSlng aid only; not guaranteed and not subject to production testing. 

APPLICATION INFORMATION 

SSI 78P300 1.544 MHz T1 INTERFACE 
APPLICATIONS 

Figure 7 is a typical 1.544 MHz T1 application. The 551 
78P300 is shown in the Host mode with the 2180A T1/ 
ESF Framer providing the digital interface with the host 
controller. Both devices are controlled through the 
serial interface. The power supply inputs are tied to a 
common bus with appropriate decoupling capacitors 
installed (1.0 J.LF on the transmit side, 68 J.LF and 0.1 J.LF 
on the receive side.) 
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SSI 78P300 2.048 MHz E1/CEPT INTERFACE 
APPLICATIONS 

Figure 8 is a typical 2.048 MHz E1/CEPT application. 
The SSI 78P300 is shown in Hardware mode with the 
2181 E1/CRC4 Framer. Resistors are installed in line 
with the transmit transformer for loading a 75 {} coaxial 
cable. The in-line resistors are not required for 
transmission on 100 {} shielded twisted-pair lines. As 
in the T1 application Figure 7, this configuration is 
illustrated with a crystal in place to enable the 551 
78P300 Jitter Attenuation Loop, and a single power 
supply bus. The hard-wired control lines for TAOS, 
LLOOP and RLOOP are individually contronable, and 
the LLOOP and RLOOP lines are also tied to a single 
control for the Reset function. 
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, I I 

2180A 
T1 ESF 

FRAMER 

~ TMSYNC TFSYNC ~ 
~ ~ TCLK h .... 

I---l 

L--[ SOO TPOS h 
I---l 

•. 1 SOl h 
-L.... TNEG I-.J 

I lRT SPS h 
L- I---l 

•. 1 SCLK RPOS t--l...... 
-L.... I---' 

RNEG h .... 
I---l-

RCLK t--l...... I---' 
I NOTEld 

TO HOST CONTROLLER 

I I' 

( 1.544 MHz CLOCK ) 

SSI78P300 
TRANSCEIVER 

..&£ MCLK CLKE 
h 
I---l 

-... r 
TCLK SCLK p-L.... 

... r TPOS ~ P--L.... Hv .~ h 

~ 
L.... TNEG SOO I---l 
r 

MODE SOl h 221<0 
L- I---' 

r RNEG lRT h 
L- I---' 
I 

RPOS 
h OV 

L.... RGND I---l ::;:0.1 j.Lf 
r RCLK RV+ h ~t.- -=-L-

I---l 6Jj.Lf 

~ XTALIN RRING 
h 
I---l 

~ RTIP p- 200q~ l 
XTALOUT C1 ~1:1:1 NOTE 2 

c: MRING p- ~~+-
DPM r- 2000 ~~E 

c: MTIP p- r LOS f-f- NON. L.. 

--C h POLfRIZED r--
TTIP TRING I---l nl1.544MHZ 1.J!'f" T1 LINE + 

rj= TGND TV+ p- ;( TRANSMIT 
1:2<---

V+ 

"*" 
1.~!'f" 

INOTEI11 THE 55178P300 IS COMPATiBlE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING DEVICES. INCLUDING THE 
LXP 2180A. LXP2181. DS2180A, MT8976. AND R8070. 

INOTEI21 WHEN THE 551 78P300 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK. 
RECEIVE TRANSFORMER SHOULD BE 1 : 2 : 2 TO BOOST THE INPUT SIGNAL 

FIGURE 7: Typical SSI 78P300 1.544 MHz T1 Application (Host Mode) 
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2.048 MHz CLOCK 

SSl78P300 
TRANSCEIVER 

MCLK 

TCLK 

TPOS 

TNEG 

MODE 

RNEG 

RPOS 

RCLK 

XTALIN 

XTALOUT 

DPM 

LOS 

TTIP 

TGND 

TAOS 

LLOOP 

RLOOP 
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EC2 

EC1 
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RV+ 

RRING 
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MRING 

MTIP 

TRING 
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1 :2 

..---~ I---------..... -..f---I V+ 

I NOTE I 1 1 

I NOTE I 21 

1.0,u= 

2.2 n RESISTORS REQUIRED ONLY FOR 75 n COAXIAL CABLE. 
NOT REQUIRED FOR TRANSMISSION ONTO 100 n CABLE. 

THE SS178P300 IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND 
SIGNALING DEVICES. INCLUDING THE LXP2181. 082181. MT8979. AND 
R8070. 

FIGURE 8: Typical SSI 78P300 2.048 MHz E1 Application (Hardware Mode) 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

a. 
en 0 a. MCLK 28 CLKEITAOS ~ 0 0 ...J 

~ 
...J 0 

TCLK 2 27 SCLKlLLOOP 0 en ~ ~ ...J 
~ a: w 0 ...J ...J ~ ...J 

~ Z a. 0 0 ...J 0 
TPOS 3 26 CSlRLOOP l- I- I- ~ 0 en 

TNEG 4 25 SDO/EC3 

MODE 5 24 SDVEC2 MODE • SDO/EC3 

RNEG TNT/ECl 
RNEG 24 SDI/EC2 

6 23 

RPOS 
RPOS 23 INT/ECl 

7 22 RGND 
RCLK 22 RGND 

RCLK 8 21 RV+ 
XTALIN 21 RV+ 

XTALIN 9 20 RRING 
XTALOUT 20 RRING 

XTALOUT 10 19 RTIP 
DPM 19 RTIP 

DPM 11 18 MRING 12 13 14 15 16 17 18 
LOS 12 17 MTIP 

en a. 0 
~ 

0 a. 0 
TTIP 13 16 TRING 0 ~ z z ~ z 

-' 0 a: a: 
TGND 

l- I- ~ 14 15 TV+ 

28-Pln DIP 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

551 78P300 28-Pin PLCC 78P300-IH 78P300-IH 

551 78P300 28-Pin DIP 78P300-IP 78P300-IP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents. patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 5-70 1191 - rev. 
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DESCRIPTION FEATURES 

The SSI 78P304A is a fully integrated low-power trans- • Low pOwer consumption (400 mW maximum) 
ceiver for both North American 1.544 MHz (T1), and 4()0,4 less than the SSI 78P300 
European 2.048 MHz (E1/CEPT) applicatiOns. It fea- • Constant low output Impedance transmitter 
tures a constant low output impedance transmitter al- regardless of data pattern 
lowing for high transmitter return loss in E 1 applications. • High transmit and receive retum loss Transmit pulse shapes (DSX-1 or E1/CEPT) are se-
lectable for various line lengths and cable types. • Meets or exceeds all Industry specifications 

The SSI 78P304A provides receive jitter attenuation Including CClTT G.703, ANSI T1.403· and ATT 

starting at 3 Hz, and is microprocessor controllable Pub 62411 
through a serial interface. • Compatible with most popular PCM framers 

The SS178P304A offers a variety of diagnostic features 
Including the 2180A (T1) and 2181/2181A (E1) 

including transmit and receive monitoring. The device • line driver, data recovery and clock recovery 
incorporates an on-Chip crystal OScillator, and also ac- functions 
cepts digital clock inputs. It uses an advanced double- • Minimum receive signal of 500 mV 
poly, (jouble-metal CMOS process and requires only a • Selectable slicer levels (CEPT/DSX-1) Improve 
single 5-volt power supply. SNR 

APPLICATIONS • Programmabletransmlt equalizer shapes pulses 
to meet DSX-1 pulse template from 0 to 655 ft 

• PCM I Voice Channel Banks • Local and remote Ioopback functions 
• Data Channel Bank I Concentrator Transmit I Receive perfonnance monitors with 
• T1 I E1 multiplexer DPM and LOS outputs 
• Digital Access and Cross-connect Systems (DACS) • Receiver Jitter tolerance 0.4 UI from 40 kHz to 
• Computer to PBX interface (CPI & OMI) 100kHz 

• High speed data transmission lines • Receive jitter attenuation starting at 3 Hz 
• Interfacing Customer Premises Equipment to a CSU • Microprocessor controllable 
• Digital Loop Carrier (DLC) terminals • Available In 28 pin DIP or PLCC 

FIGURE 1: BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The SSI 78P304A is a fully integrated PCM transceiver 
for both 1.544 MHz (DSX-1) and 2.048 MHz (E1) 
applications. It allows transmission of digital data over 
existing twisted-pair installations. The SSI 78P304A 
transceiver interfaces with two twisted-pair lines. one 
twisted-pair for transmit. one twisted-pair for receive. 

TRANSMITTER 
Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input 
synchronization is supplied by the transmit clock 
(TCLK). The transmitted pulse shape is determined by 
Equalizer Control signals EC1 through EC3 as shown 
in Table 1. Refer to Table 2 and Figure 2 for master and 
transmit clock timing characteristics. Shaped pulses are 
applied to the AMI line driver for transmission onto the 
line at TIIP and TRING. Equalizer Control signals may 
be hardwired in the Hardware mode. or input as part of 
the serial data stream (SOl) in the Host mode. 

Pulses can be shaped for either 1.544 or 2.048 MHz 
applications. 1.544 MHz pulses for OSX-1 applications 
can be programmed to match line lengths from 0 to 655 
feet of ABAM cable. The SSI 78P304A also matches 
FCC and ECSA specifications for CSU applications. A 
1 :1.15 transmit transformer is used for all 1.544 MHz 
systems. 

2.048 MHz pulses can drive coaxial or shielded twisted­
pair lines. For E1 systems. a 1:2 transmit transformer 
and series resistors are recommended. This design 
meets or exceeds all CCITI and European PTI speci­
fications for transmit and receive return loss. A 1:1 or . 
1 :1.26 transformer may be used without series resistqrs. 

DRIVER PERFORMANCE MONITOR 

The transceiver incorporates a Driver Performance 
Monitor (OPM) in parallel with TIIP and TRING at the 
output transformer. The DPM output goes high upon 
detection of 63 consecutive zeros. It is reset when a one 
is detected on the transmit line. or when a reset com­
mand is received. 

LINE CODE 

The SSI 78P304A transmits data as a 50% AMI line 
code as shown in Figure 3. The output driver maintains 
a constant low output impedance regardless of whether 
it is driving marks or spaces. 
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RECEIVER 
The SSI 78P304A receives the signal input from one 
twisted-pair line on each side of a center-grounded 
transformer. Positive pulses are received at RTIP and 
negative pulses are received at RRING. Recovered 
data is output at RPOS and RNEG, and the recovered 
clock is output at RCLK. Refer to Table 3 and Figure 4 
for SSI 78P304A receiver timing. 

The signal received at RPOS and RNEG is processed 
through the peak detector and data slicers. The peak 
detector samples the inputs and determines the maxi­
mum value of the received signal. A percentage of the 
peak value is provided to the data slicers as a threshold 
level to ensure optimum signal-to-noise ratio. For DSX-
1 applications (determined by Equalizer Control inputs 
EC 1 - EC3 * 000) the threshold is set to 70% of the peak 
value. This threshold is maintained above 65% for up to 
15 successive zeros over the range of specified operat­
ing conditions. For E1 applications (EC inputs = 000 or 
001) the threshold is 50%. 

The receiver is capable of accurately recovering signals 
with up to -13.6 dB of attenuation (from 2.4V) , corre­
sponding to a received signal level of approximately 500 
mY. Maximum line length is 1500 feet of ABAM cable 
(approximately 6 dB of attenuation). Regardless of 
received signal level, the peak detectors are held above 
a minimum level of .3V to provide immunity from 
impulsive noise. 

After processing through the data slicers. the received 
signal is routed to the data and clock recovery sections. 
and to the receive monitor. The receive monitor gener­
ates a Loss of Signal (LOS) output upon receipt of 175 
consecutive zeros (spaces). The receivermohitorloads 
a digital counter at the RCLK frequency. The count is 
incremented each time a zero is received, and reset to 
zero each time a one (mark) is received. Upon receipt 
of 175 consecutive zeros the LOS pin goes high. and a . 
smooth transition replaces the RCLK output with the 
MCLK. (If MCLK is not supplied the RCLK output will be 
replaced with the centered crystal clock.) The LOS pin 
is reset immediately upon receipt of a one. 

Recovered clock signals are supplied to the jitter attenu­
ator and the data latch. The recovered data is passed 
to the elastic store where it is buffered and synchronized 
with the dejittered recovered clock (RCLK). 
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JITTER ATTENUATION 
Jitter attenuation of the SSI 78P304A clock and data 
outputs is provided by a Jitter Attenuation Loop (JAL) 
and an Elastic Store (ES). An external crystal oscillating 
at 4 times the bit rate provides clock stabilization. Refer 
to Table 4 for crystal specifications. The ES is a 32 x 2-
bit register. Recovered data is clocked into the ES with 
the recovered clock signal, and clocked out of the ES 
with the dejittered clock from the JAL. When the bit 
count in the ES is within two bits of overflowing or 
underflowing, the ES adjusts the output clock by 1/8 of 
a bit period. The ES prodJces an average delay of 16 bls 
in the receive path. 

OPERATING MODES 
The SSI78P304A transceiver can be controlled through 
hard-wired pins (Hardware mode) or by a microproces­
sorthrough a serial interface (Host mode). The mode of 
operation is set by the MODE pin logic level. The SSI 
78P304A can also be commanded to operate in one of 
several diagnostic modes. 

HOST MODE OPERATION 
To allow a host microprocessor to access and control 
the SSI 78P304A through the serial interface, MODE is 
set to 1. The serial interface (SDI/SDO) uses a 16-bit 
word consisting of an 8-bit Command/Address byte and 
an 8-bit Data byte. Figure 5 shows the serial interface 
data structure and timing. 

The Host mode provides a latched Interrupt output (INT) 
which is triggered by a change in the Loss of Signal 
(LOS) and/or Driver Performance Monitor (DPM) bits. 
The Interrupt is cleared when the interrupt condition no 
longer exists, and the host processor enables the re­
spective bit in the serial input data byte. Host mode also 
allows control of the serial data and receive data output 
timing. The Clock Edge (CLKE) signal determines when 
these outputs are valid, relative to the Serial Clock 
(SCLK) or RCLK as follows: 

CLKE Output Clock Valid Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 
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The SSI78P304A serial port is addressed by setting bit 
A4 in the Address/Command byte, corresponding to 
address 16. The SSI 78P304A contains only a single 
output data register so no complex chip addressing 
scheme is required. The register is accessed by 
causing the Chip Select (CS) input to make a transition 
from high to low. Bit 1 of the serial Address/Command 
byte provides Read/Write control when the chip is 
accessed. A logic 1 indicates a read operation, and a 
logic 0 indicates a write operation. Table 6 lists serial 
data output bit combinations for each status. Serial 
data I/O timing characteristics are shown in Table 6, 
and Figures 6 and 7. 

HARDWARE MODE OPERATION 
In Hardware mode the transceiver is accessed and 
controlled through individual pins. With the exception of 
the INT and CLKE functions, Hardware mode provides 
all the functions provided in the Host mode. In the 
Hardware mode RPOS and RNEG outputs are valid on 
the rising edge of RCLK. To operate in Hardware mode, 
MODE must be set to O. Equalizer Control signals (EC1 
through EC3) are input on the Interrupt, Serial Data In 
and Serial Data Out pins. Diagnostic control for Remote 
Loopback (RLOOP), Local Loopback (LLOOP), and 
Transmit All Ones (TAOS) modes is provided through 
the individual pins used to control serial interface timing 
in the Host mode. 

RESET OPERATION 
Upon power up, the transceiver is held static until the 
power supply reaches approximately 3V. Upon cross­
ing this threshold, the device begins a 32 ms reset cycle 
to calibrate the transmit and receive delay lines and lock 
the Phase Lock Loop to the receive line. A reference 
clock is required to calibrate the delay lines. The trans­
mitter reference is provided by TCLK. The crystal oscil­
lator provides the receiver reference. If the 78P304A 
crystal oscillator is grounded, MCLK is used as the 
receiver reference clock. 

The transceiver can also be reset from the Host or 
Hardware mode. In Host mode, reset is commanded by 
simultaneously writing RLOOP and LLOOP to the reg­
ister. In Hardware mode, reset is commanded by 
holding RLOOP and LLOOP high simultaneously for 
200 ns. Reset is initiated on the falling edge of the reset 
request. In either mode, reset clears and sets all regis­
ters to 0 and centers the oscillator, then calibration 
begins. 
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DIAGNOSTIC MODE OPERATION TNEG and TClK) are looped back onto the receive data 
and clock outputs (RPOS, RNEG and RClK.) The 
transmitter circuits are unaffected by the llOOP com­
mand. The TPOS and TNEG inputs (or a stream of 1's 
if the TAOS command is active) will be transmitted 
normally. When used in this mode with a crystal, the 
transceiver can be used as a stand-alone jitter attenuator. 

In Transmit All Ones (TAOS) mode the TPOS and 
TNEG inputs to the transceiver are ignored. The trans­
ceiver transmits a continuous stream of 1 's when the 
TAOS mode is activated. TAOS can be commanded 
simultaneously with local loopback, but is inhibited 
during Remote loopback. 

In Remote loopback (RlOOP) mode, the transmit data 
and clock inputs (TPOS, TNEG and TCLK) are ignored. 
The RPOS and RNEG outputs are looped back through 
the transmit circuits and output on niP and TRING at 
the RClK frequency. Receiver circuits are unaffected 
by the RlOOP command and continue to output the 
RPOS, RNEG and RClK signals received from the 
twisted-pair line. 

POWER REQUIREMENTS 
The SSI 78P304A is a low-power CMOS device. It 
operates from a single +5 V power supply which can be 
connected extemally to both the transmitter and re­
ceiver. However, the two inputs must be within ± .3Vof 
each other, and decoupled to their respective grounds 
separately, as shown in Figure 8. Isolation between the 
transmit and receive circuits is provided internally. 

In localloopback (llOOP) mode, the receiver circuits 
are inhibited. The transmit data and clock inputs (TPOS, 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 
MClK I Master Clock: A 1.544 or 2.048 MHz clock input used to generate internal clocks. 

Upon loss of Signal (lOS), RClK is derived from MClK. If MClK is not applied, 
this pin should be grounded. 

TClK I Transmit Clock: Transmit clock input. TPOS and TNEG are sampled on the 
falling edge of TClK. 

TPOS I Transmit Positive Data: Input for positive pulse to be transmitted on the twisted-
pair or coaxial cable. 

TNEG I Transmit Negative Data: Input for negative pulse to be transmitted on the 
twisted-pair or coaxial cable. 

MODE I Mode Select: Setting MODE to logic 1 puts the SSI78P304A in the Host mode. 
In the Host mode, the serial interface is used to control the SSI 78Q904A and 
determine its status. 
Setting MODE to logic 0 puts the SSI78P304A in the Hardware (HIW) mode. In 
the Hardware mode the serial interface is disabled and hard-wired pins are used 
to control configuration and report status. 

RNEG/RPOS 0 Receive Negative/Positive Data: Received data outputs. A signal on RNEG 
corresponds to receipt of a negative pulse on RTIP and RRING. A signal on 
RPOS corresponds to receipt of a positive pulse on RTIP and RRING. RNEG 
and RPOS outputs are Non-Return-to-Zero (NRZ). In the Host mode, ClKE 
determines the clock edge at which these outputs are stable and valid. In the 
Hardware mode both outputs are stable and valid on the rising edge of RClK. 

RClK 0 Recovered Clock: This is the clock recovered from the signal received at RTIP 
andRRING. 
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PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

XT AUN I XT ALOUT I Crystal Input I Crystal Output: An external crystal operating at four times the bit 
rate (6.176 MHz for DSX-1, 8.192 MHz for E1 applications with an 18.7 pF load) 
is required to enable the jitter attenuation function of the SSt 78P304A. These 
pins may ~Iso be used to disable the jitter attenuator by connecting the XT ALiN 
pin to the positive supply through a resistor, and tying the XT ALOUT pin to 
ground. 

DPM 0 Driver Performance Monitor: DPM goes to a logic 1 when the transmit monitor 
loop (MTIP and MRING) does not detect a signal for 63 ±2 clock periods. DPM 
remains at logic 1 until a signal is detected. 

LOS 0 Loss of Signal: LOS goes to a logic 1 when 175 consecutive spaces have been 
detected. LOS returns to a logic 0 when a mark is received . 

TIIP I TIRING 0 Transmit Tip I Transmit Ring: Differential Driver Outputs. These low impedance 
outputs achieve maximum power savings through a 1 :1.15 transformer (T1). or 
a 1:1 or 1 :1.26 transformer (E1) without additional components. To provide 
higher return loss for E1 systems. resistors may be used in series with a 1:2 
transformer (use 150 resistors for 1200 terminations. and 9.30 resistors for 
750 terminations.) 

TGND - Transmit Ground: Ground return for the transmit drivers power supply TV+. 

TV+ I Transmit Power Supply: +5 VDC power supply input forthe transmit drivers. TV + 
must not vary from RV+ by more than ±0.3V. 

MTIP/MRING I Monitor Tip I Monitor Ring: These pins are used to monitor the tip and ring 
transmit outputs. The transceiver can be connected to monitor its own output or 
the output of another 78P304A on the board. To prevent false interrupts in the 
host mode if the monitor is not used. apply a clock signal to one of the monitor 
pins and tie the other monitor pin to approximately the clock's mid-level voltage. 
The monitor clock can range from 100kHz to the TCLK frequency. 

RTIP I RRING 0 Receive Tip I Receive Ring: The AMI signal received from the line is applied at 
these pins. A center-tapped. center-grounded, 2:1 step-up transformer is 
required on these pins. Data and clock from the signal applied at these pins are 
recovered and output on the RPOS/RNEG. and RCLK pins. 

RV+ I Received Power Supply: +5 VDC power supply for all circuits except the 
transmit drivers. (Transmit drivers are supplied by TV+.) 

RGND - Receive Ground: Ground return for pOwer supply RV+. 

INT 0 Interrupt (Host Mode): This SSI78P304A Host mode output goes low to flag the 
host processor when LOS or DPM go active. INT is an open-drain output and 
should be tied to power supply RV+ through a resistor. INT is reset by clearing 
the respective register bit (LOS and/or DPM.) 

EC1 I Equalizer Control 1 (HIW Mode): The signal applied at this pin in the SSI 
78P304A Hardware mode is used in conjunction with EC2 and EC3 inputs to 
determine shape and amplitude of AMI output transmit pulses. 
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PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

SOl I Serial Data In (Host Mode): The serial data input stream is applied to this pin 
when the SSI78P304A operates in the Host mode. SOl is sampled on the rising 
edge of SClK. 

EC2 I Equalizer Control 2 (HIW Mode): The signal applied at this pin in the SSI 
78P304A Hardware mode is used in conjunction with EC1 and EC3 inputs to 
determine shape and amplitude of AMI output transmit pulses. 

SOO 0 Serial Data Out (Host Mode): The serial data from the on-chip register is output 
on this pin in the SS178P304A Host mode. "ClKE is high, SOO is valid on the 
rising edge of SClK. If CLKE is low SOO is valid on the falling edge of SCLK. 
This pin goes to a high-impedance state when the serial port is being written to 
and when CS is high. 

EC3 I Equalizer Control 3 (HIW Mode): The signal applied at this pin in the SSI 
78P304A Hardware mode is used in conjunction with EC1 and EC2 inputs to 
determine shape and amplitude of AMI output transmit pulses. 

CS I Chip Select (Host Mode): This input is used to access the serial interface in the 
SSI78P304A Host mode. For each read or write operation, CS must remain low 
for the duration of operation. 

RLOOP I Remote Loopback (H/W Mode): This input controls Ioopback functions in the 
SS178P304A Hardware mode. Setting RLOOP to a logic 1 enables the Remote 
Loopback mode. Setting both RLOOP and LLOOP causes a Reset. 

SCLK I Serial Clock (Host Mode): This clock is used in the SSI78P304A Host mode 
to write data to or read data from the serial interface registers. 

LLOOP I Localloopback (H/W Mode): This input controls Ioopback functions in the SSI 
78P304A Hardware mode. Setting LLOOP to a logic 1 enables the Local 
Loopback Mode. 

CLKE I Clock Edge (Host Mode): Setting CLKEto logic 1 causes RPOS and RNEGto 
be valid on the falling edge of RCLK, and SOO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the rising edge 
of RCLK, and SOO is valid on the falling edge of SCLK. 

TAOS I Transmit All Ones (H/W Mode): When set to a logic 1, TAOS causes the SSI 
78P304A (Hardware mode) to transmit a continuous stream of marks at the 
TCLK frequency. Activating TAOS causes TPOS and TNEG inputs to be 
ignored. TAOS is inhibited during Remote Loopback. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. Normal operation not guaranteed at these 
extremes. 

PARAMETER RATING UNIT 
DC supply (referenced to GND) RY+, TV+ -0 to 6.0 V 
Input voltage, any pin (see note 1) VIN RGND -.03 to RV+ + 0.3 V 
Input current, any pin (see note 2) liN -10 to +10 mA 

Ambient operating temperature TA -40 to 85 °c 
Storage temperature TSTG -65 to 150 °C 

1 Excluding RTIP and RRING which must stay within -6V to RV+ + 0.3V., 
2 Transient currents of up to 100 rnA will not cause SCR latch-up. TTIP, TRING, TV+ and TGNDcanwithstand 
a continuous current of 100 mAo 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER SYMBOL MIN NOM MAX UNIT 

DC supply (see note 1) RV+, TV+ 4.75 5.0 5.25 V 

Arrtient Operating TeJll)erature TA -40 25 85 °c 
Total power dissipation Po 100% ones density & max - - 400 mW 
(see note 2) line length @ 5.25V 

1 TV + must not exceed RV + by more than ± .3 V. 
2 Power dissipation while driving 250 load over operating temperature range. Includes device and load. 

Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load. 

DIGITAL CHARACTERISTICS (TA = -400 to 85 oC, V+ = 5.0V ±5%, GND = OV) 

PARAMETER CONDITIONS MIN NOM MAX 

High level input voltage VIH 2.0 - -
(see notes 1 & 2) 

Low level input voltage Vll - - 0.8 
(see notes 1 & 2) 

High level output voltage VOH lOUT = -400 J.lA 2.4 - -
(see notes 1 & 2) 

Low level output voltage VOL lOUT = 1.6 mA - - 0.4 
(see notes 1 & 2) 

Input leakage current III 0 - ±10 
(see note 3) 

Three-state 
leakage current (see rote 2) 13l 0 - ±10 

1 Functionality of pins 23 and 25 depends on mode. See Host I Hardware Mode descriptions. 
2 Output drivers will output CMOS logic levels into CMOS loads. 
3 Except MTIP and MRING ILL = ± 50 J.lA. 
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Low-Power T1/E1 Integrated Short Haul 
Transceiver with Receiver Jitter Attenuation 

ELECTRICAL SPECIFICATIONS (continued) 

ANALOG SPECIFICATIONS (TA = -40 to 85°C. V+ = 5.0V ±5%. GND = OV) 

PARAMETER TEST CONDITIONS MIN NOM MAX 

AMI Output DSX-1 measured at the DSX 2.4 3.0 3.6 

Pulse Amplitudes CEPT measured at line side 2.7 3.0 3.3 

Load presented to transmitter output - ) 75 -
Jitter added by 10 Hz -8kHz - - 0.01 

the transmitter 8kHz-40kHz - - 0.025 

(see note 1) 10Hz-40kHz - - 0.025 

Broad Band - - 0.05 

Sensitivity below DSX (0 dB = 2.4V) 13.6 - -
500 - -

Loss of Signal threshold - 0.3 -
Data decision DSX-1 - 65 -
threshold CEPT - 50 -
Allowable consecutive 160 175 190 

zeros before LOS 

Input jitter 10 kHz -100 kHz 0.4 - -
tolerance 

Jitter attenuation - 3 -
curve corner frequency (see note 2) 

Minimum Return Loss Transmit Receive 

(see notes 3 & 4) Min Typ Min Typ 

51 kHz - 102 kHz 8 30 12 30 

102 kHz - 2.048 MHz 14 30 18 30 

2.048 MHz - 3.072 MHz 10 25 14 30 

1 Input signal to TCLK is jitter-free. 
2 Circuit attenuates jitter at 20 dB/decade above the comer frequency. 

UNIT 

V 

V 

n 
UI 

UI 

UI 

UI 

dB 

mV 

V 

%peak 

%peak 

-

UI 

Hz 

dB 

dB 

dB 

3 In accordance with CCITT G.703/RC6367A return loss specifications (CEPT). when wired as shown in 
Figure 9. 

4 Guaranteed by design. 
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TABLE 1: Equalizer Control Inputs for Transmitter 

EC3 EC2 EC1 Line Length1 cable LoSSZ 
0 1 1 0-133 ft ABAM 0.6 dB 
1 0 0 133 - 266 ft ABAM 1.2dB 
1 0 1 266 - 399 ft ABAM 1.8dB 
1 1 0 399 - 533 ft ABAM 2.4 dB 
1 1 1 533 - 655 ft ABAM 3.0 dB 

0 0 0 CCITT Recommendation G.703 
0 0 1 

0 1 0 FCC Part 68, Option A 

0 1 1 ECSA T1C1.2 

1 Line length from transceiver to DSX-1 cross-connect point. 
2 Maximum cable loss at 772 kHz. 
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Application Frequency 

DSX-1 1.544 MHz 

E1 - Coax (75 0) 2.048 MHz 
E1 - Twisted-pair (120 Q) 

CSU 1.544 MHz 
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TClK 

TPOS 
TNEG 

tSUT 
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tHT 

Figure 2: 551 78P304A Transmit Clock TIming 

TTIP 

TRING 

. , , BITCEU 
, ..... 41------1 .... , , 

o 

L- ___ -'- __ _ 

, 
-+­, 
....L 

, , 

-' , 
-'-
-'-, 

, -,- ~---;-

Figure 3: 50% AMI Coding 

TABLE 2: 551 78P304A Master Clock and Transmit Timing Characteristics (See Figure 2) 

Parameter Sym Min Typl Max 

Master clock frequency DSX-1 MClK - 1.544 -
E1 MCLK - 2.048 -

Master clock tolerance MCLKt - ±100 -
Master clock duty cycle MCLKd 40 - 60 

Crystal frequency DSX-1 fc - 6.176 -
E1 fc - 8.192 -

Transmit clock frequency DSX-1 TClK - 1.544 -
E1 TCLK - 2.048 -

Transmit clock tolerance TClKt - - ±50 

Transmit clock duty cycle TCLKd 40 - 60 

TPOSITNEG to TClK setup time tsUT 25 - -
TCLK to TPOS/TNEG Hold time tHT 25 - -

Units 

MHz 

MHz 

ppm 

% 

MHz 

MHz 

MHz 

MHz 

ppm 

% 

ns 

ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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RPOS 
RNEG 

RPOS 
RNEG __ II ___ ~ 

HOST MODE 
'I CLKE .. O. & 
r-HlWMODE 

FIGURE 4: SSI 78P304A Receive Clock nmlng 

TABLE 3: SSI78P304A Receive nmlng Characteristics (See Figure 4) 

Parameter Sym Min Typ1 Max Units 

Receive clock duty cycle RCLKd 40 - 60 % 

Receive clock pulse width DSX-1 tpw - 324 - ns 

CEPT tpw - 244 - ns 

RPOS I RNEG to RCLK DSX-1 tSUR - 274 - ns 

rising setup time CEPT tSUR - 194 - ns 

RCLK rising to RPOS I DSX-1 tHR - 274 - ns 

RN EG hold time CEPT tHR - 194 - ns 

1 Typical figures are at 250C and are for design aid only; not guaranteed and not subject to production testing. 

TABLE 4: SSI 78P304A Crystal Specifications (External) 

Parameter T1 E1 

Frequency 6.176 MHz 8.192 MHz 

Frequency Stability ±20 ppm @ 25° C ±20 ppm @ 25° C 

± 25 ppm from -40° C to + 85° C ± 25 ppm from -40° C to + 85° C 
(Ref 25° C reading) (Ref 25° C reading) 

Pullability CL=11 pFto18.7pF, +dF=175t0195ppm CL=11 pFto18.7pF, +~=95t0115ppm 

CL= 18.7 pFto 34 pF, -dF = 175 to 195 ppm CL=18.7pFto34pF, -~=95to115ppm 

Effective series resistance 400. Maximum 300. Maximum 

Crystal cut AT AT 

Resonance Parallel Parallel 

Maximum drive level 2.0mW 2.0mW 

Mode of operation Fundamental Fundamental 
.. 

Crystal holder HC49 (R3W), Co = 7 pF maximum HC49 (R3W), Co = 7 pF maximum 
CM = 17 pF typical CM = 17 pF typical 
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~I~--------------~I 
SCll( 

ADDRESS I COMMAND BYTE DATA INPUT I OUTPUT BYTE 

SOil soo r MY 1 AD 1 AI 1 A2 I A3 1 M 1 ASI AS r DO 1 01 1 02 1 03 I 04 1 05 I 06 I 07 ) 

~?ri I RiW I ~ I ' 

INPUT 
DATA 
BYTE 

MY.1 : READ 
RiW.o; WRITE 

CLEAR INTERRUPTS 

X.DON'TCARE 

SET LOOPBACKS OR RESET 
NOTE: Output Data 

f-----.---+----,----,-----f---.---+----, Byte same as Input 
Data Byte shown at 
left, except for B~s 05 
through 07 shown in 

'----_--'-_--l..._--'-_--L_---I. __ ..1...-_-'--_---' Table 9 above. 

FIGURE 5: SSI78P304A Serial Interface Data Structure 

TABLE 5: SSI 78P304A Serial Data Output Bits (See Figure 5) 

Bit 05 Bit 06 Bit 07 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 
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FIGURE 6: SSI 78P304A Serial Data Input Timing Diagram I 
r-------------. 

SCLK 

SDO 
CLKE-O~_-, 

Figure 7: SSI 78P304A Serial Data Output Timing Diagram 
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TABLE 6: SSI78P304A Serial 1/0 Timing Characteristics (See Figures 6 and 7) 

Parameter Sym Min Typ1 Max Units Test Conditions 

Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 rnA, 50pF 

SOl to SClK setup time toe 50 - - ns 

SClK to SOl hold time tCDH 50 - - ns 

SCLK low time tCl 240 - - ns 

SClK high time tCH 240 - - ns 

SCLK rise and fall time tR, tF - - 50 ns 

CS to SCLK setup time tcc 50 - - ns 

SCLK to CS hold time tCCH 50 - - ns 

CS inactive time tCWH 250 - - ns 

SCLK to SOO valid tCDv - - 200 ns 

SCLK falling edge or CS rising tCDZ - 100 - ns 
edge to SOO high Z 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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APPLICATION INFORMATION TABLE 7: E1/CEPT Output Combinations 

1.544 MHz T1 INTERFACE APPLICATIONS 
Figure 8 is a typical 1.544 MHz T1 application. The SSI 
78P304A is shown in the Host mode with the 2180A T11 
ESF Framer providing the digital interface with the host 
controller. Both devices are controlled through the serial 
interface. The power supply inputs are tied to a common 
bus with appropriate decoupling capacitors installed 
(1.0 ~ on the transmit side, 68 ~ and 0.1 ~ on the 
receive side.) 

EC 

001 
001 
000 
000 

TO HOST CONTROLLER 

78P304A 

7S 0 Coax 

1:1, At = 100 
1:2, At = 14.30 
1:1, At = 0 0 
1 :2, At = 9.37 0 

2180A 
T1 ESF 

FRAMER 
TRANSCEIVER 

MCLK CLKE 

TCLK SCLK 

TPOS Os 

TNEG soo 

MODE SOl 

RNEG iN'f 

RPOS RGND 

RCLK RCLK RV+ 

XTALIN RRING 

XTALOUT RTIP 

DPM MRING 

LOS MTiP 

TTIP TRING 

TGND TV+ 
OV 

1.01'1' 

1200TWP 

1:1, At = 0 0 
1:2, At = 150 
1 :1.26, At = 0 0 
1:2, At = 8.70 

+ 

1: 1.15 

v+ 

INOTEI1 ( THE SSI78P304A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING DEVICES, INCLUDING THE 
LXP2180A, LXP2181 , DS2180A, MT8976, AND R8070. 

FIGURE 8: Typical SSI78P304A 1.544 MHz T1 Application (Host Mode) 
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2.048 MHZ E1/CEPT INTERFACE APPUCATIONS 
Figure 9 is a 2.048 MHz E1/CEPT coax application 
using EC code 000 and 15 0 At resistors in line with the 
transmit transformer to provide high return loss. When 
high return loss is not a critical factor, a 1:1 or 1 :1.26 
transformer without in-line resistors provides maximum 
power savings. Table 7 lists transformer ratios and Rt 
values with associated 2.048 MHz EC codes for both 
750 coax and 1200 TWP. The 851 78P304A is shown 

in Hardware mode with the 2181A E1/CRC4 Framer. 
The hard-wired control lines for TAOS, LLOOP and 
RLOOP are individually controllable, and the LLOOP 
and RLOOP lines are also tied to a single control for the 
Reset function. As in the T1 application Figure 8, this 
configuration is iUustrated with a crystal in place to 
enable the 851 78P304A Jitter Attenuation Loop, and a 
single power supply bus. 

LXP2181A 
El/CRC4 
FRAMER 

78P304A 
2.048 MHz CLOCK 

~ 
TClK 

TPOS 

TNEG 

RNEG 

RPOS 

RClK 

I NOTE 11 I The 78P304A is compatible 
with a wide variety of framing 
and signaling devices. 
including the LXP2181A, 
DS2181A. MT8979. AND 
R8070. 

I NOTE 1 21 Various transformer 
ratios and associated 
Rt values are listed in 
Table 8. 

TRANSCEIVER 

Melt< TAOS 

TClK llOOP 

TPOS RlOOP 

TNEG EC3 

MODE EC2 

RNEG ECl 

RPOS RGND 

RClK RV+ 

XTAUN RRING 

XTAlOUT RTIP 

DPM MRING 

lOS MTIP 

TTIP TRING 

TGND TV+ 

v+ 
1.0"," 

FIGURE 9: SSI78P304A 2.048 MHz E1 Application (Hardware Mode) 
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PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedures necessary 

(Top View) for a static sensitive component. 

D-
C/) 0 D-

MCLK 28 CLKEITAOS ~ 0 0 ....I 

~ 
....I 0 

TCLK 2 27 SCLKlLLOOP C) C/) ~ ~ ~ ....I 

UJ 0 ....I ....I ~ ....I a: 
z D- O 0 ....I 0 I~ TPOS 3 26 CSlRLOOP .... .... .... ::iE 0 C/) 

TNEG 4 25 SDO/EC3 

MODE 
MODE SDO/EC3 

5 24 SDVEC2 

TNi/EC1 
RNEG 24 SDI/EC2 

RNEG 6 23 
RPOS 23 INT/EC1 

RPOS 7 22 RGND 
RCLK 22 RGND 

RCLK 8 21 RV+ 
XTALIN 21 RV+ 

XTALIN 9 20 RRING 
XTALOUT 20 RRING 

XTALOUT 10 19 RTIP 
DPM 19 RTIP 

DPM 11 18 MRING 12 13 14 15 16 17 18 

LOS 12 17 MTIP 
C/) D- O 

~ 
0 D- C) 

TTIP 13 16 TRING 0 j: z z !i z 
....I C) a: a: .... I- ~ 

TGND 14 15 TV+ 

28-Pln DIP 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

551 78P304A 28-Pin DIP 78P304A-IP 78P304A-IP 

551 78P304A 28-Pin PLCC 78P304A-IH 78P304A-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

I 
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with Receive Equalizer 

~ '-------------------------------------------------------------------------
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DESCRIPTION 

The SSI 78P7200 is a line interface transceiver Ie 
intended for DS-3 (44.736 Mbitls) applications. The 
receiver has a very wide dynamic range and is 
designed to accept B3ZS-encoded Alternate-Mark 
Inversion (AMI) inputs; it provides clock, positive data, 
negative data, and low-level signal detector logical 
outputs. An on-chip equalizer improves the 
intersyrnbol interference tolerance on the receive path. 
The transmitter converts clock and data input signals 
into AMI pulses of the appropriate shape for 
transmission. A line buildout (LBO) equalizer may be 
selected to shape the outgoing pulses for shorter line 
lengths. The SSI 78P7200 requires a single 5 volt 
supply and is available in DIP and surface mount 
packages. 

BLOCK DIAGRAM 

1292 - rev. 5-89 

December 1992 
FEATURES 

• 

• 
• 

• 

• 

• 
• 
• 
• 

Single chip transmit and receive Interface for 
DS-3 (44.736 Mblt/s) applications 

On-chip ~ecelve Equalizer 

Unique clock recovery Circuit, requires no 
crystals, tuned components or external clock 

Selectable transmit line bulldout (LBO) to 
accommodate shorter line lengths 

Compliant with ANSI T1.102 -1987, 
TR-TSY-000499 and CCITT G.703 

Low-level Input signal Indication 

Available In DIP or surface mount packages 

-40°C to +85°C operating range 

Pin-compatible with SS178P236, 78P2361 and 
78P2362 

..I.. CLF1 
-:;;;;:-

PIN DIAGRAM 

lIN+ CPO 

NCR [QWSlG 

lIN- OVCC 

NCR RPOS 

RFO RNEG 

RGNO RCLK 

RVCC DGNO 

TGNO NCO 

LOUT+ LF2 

NCT LF1 

LOUT- QI5T2 

LBO TYCC 

(5PTf TCLK 

TPOS TNEG 

28-Pln DIP 

CAUTION: Use handling procedures necessary 
for a s1atic sensitive component. 
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SSI78P7200 
OS-3 Line Interface 
with Receive Equalizer 

FUNCTIONAL DESCRIPTION 

The SSI 78P7200 is a single chip line interface IC 
designed to work with 44.736 MbiVs 0~-3 signals. The 
receiver recovers 44.736 MHz clock, positive data and 
negative data from an Alternate Mark Inversion (AMI) 
signal which has travelled a maximum of 450 feet from 
a OSX3 crosspoint over 75Q coaxial cable (cable type 
WECO 728A, RG-59B or equivalent). The wide dynamic 
range of SSI 78P7200 allows for additional resistive 
attenuation. The input OS-3 signal should be B3ZS 
coded. 

The transmitter accepts CMOS level logical clock, 
positive data and negative data and converts them to 
the AMI signal to drive a 75Q coaxial cable. 
Programmable internal Line Buildout (LBO) circuitry 
eliminates the need for external LBO networks. The 
shape of the transmitted signal through any cable 
length of 0 to 450 feet complies with the published 
templates of ANSI T.102-1987, CCITT G.703 and 
TR-TSY-000499. The SSI 78P7200 is designed to 
work with a B3ZS coded signal. The B3ZS encoding 
and decoding functions are normally included in the 
OS-3 framer ICs or can easily be implemented in a 
PAL. 

RECEIVER 

The receiver input is normally transformer-coupled to 
the OS-3 signal. The inputs to the IC are internally 
referenced to RVCC so that when no transformer is 
used,a DC blocking capacitor of 0.01 flF should be 
used to iSQlate these pins from the OS-3 signal. Since 
the input impedance of the SSI 78P7200 is high, the 
OS-3 line must be terminated in 75Q. The input signal 
to the SSI 78P7200 must be limited to a maximum of 
two consecutive zeros using a coding scheme such as 
B3ZS. 

The OS-3 signal first enters a fixed equalizer which is 
designed to overcome the intersymbol interference 
caused by long cable lengths. The Signal is then input 
to a variable gain differential amplifier whose output is 
maintained at a constant voltage level regardless of the 
input voltage level. The gain of this amplifier is adjusted 
by detecting the peak of the signal and comparing it to 
a fixed reference. 

5-90 

The output of the variable gain amplifier is compared to 
a threshold value which is a fixed percentage of the 
signal peak. In this way, even though the input signal 
amplitude may fall below the minimum value that can 
be regulated by the variable gain circuit, the proper 
detection threshold is maintained. 

Output of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase locked loop which has an 
auxiliary frequency-sensitive acquisition loop which is 
active only when cycle-slipping occurs between the 
received signal rate and the intemal oscillator. 

This system permits the loop to independently lock to 
the frequency and phase of the incoming data stream 
without the need for high precision and/or adjustable 
oscillator or tuned circuits. 

The response characteristic for the phase locked loop 
is established by external filter components, RLF1, 
RLF2 and CLF1. The values of these components are 
specified such that the bandwidth of the phase locked 
loop is greater than 200 kHz. 

The jitter tolerance of the SSI 78P7200 exceeds the 
requirements of TR-TSY-000499 for the category II of 
equipments. The jitter transfer function is maximally 
flat so the IC doesn't add any jitter to the system. 

Figure 2 shows the recovered clock (RCLK), positive 
data (RPOS) and negative data (RNEG) signals timing. 
The data is valid on the rising edge of the clock. The 
minimum setup and hold times allow easy interface to 
all OS-3 framer circuits. These signals are CMOS-level 
outputs. 

Should the input signal fall below a minimum value, the 
LOWSIG pin goes active low. A time delay is provided 
before this output is active so the transient interruptions 
do not needlessly cause the indication. 
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I 
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TRANSMITTER 

The transmitter accepts unipolar CMOS level logical 
clock, positive data and negative data signals (TCLK, 
TPOS, TNEG) and generates high rurrent drive pulses 
on the LOUT + and LOUT-pins. When properly 
connected to a center tapped transformer, an AMI 
pulse is generated which can drive a 750 coaxial cable 
(type WE728A or RG59B). 

Figure 3 shows the timing for the transmitter logic 
signals. The output pulse width is internally set and is 
not sensitive to input clock (TCLK) pulse width. 

When a recommended transformer is used, the 
transmitted pulse shape at the end of a 750 terminated 
cable of 0 to 450 feet will fit the template for DSX3 pulse 
published in ANSI T1.102-1987, BELLCORE 
TR-TSY-000499 and CCITI G.703 documents. 

The SSI 78P7200 incorporates a selectable Line 
Buildout (LBO) equalizer in the transmitter path. The 
LBO pin should be set HIGH if the cable is shorter than 
225 feet. For longer cable lengths, the LBO pin should 
be set LOW. 

The OPT1 pin should be set HIGH for normal operation. 
Setting the OPT1 pin to LOW increases the transmitter 
power. 

The OPT2 pin should be set HIGH for normal operation. 
Setting the OPT2 pin to LOW disables the transmitter 
circuity and reduces the power consumption of the IC 
by 125 mW. 
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FIGURE 1 : Functional Diagram 
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PIN DESCRIPTION 

RECEIVER 

NAME TYPE 

L1N+, L1N- I 

RPOS 0 

RNEG 0 

RCLK 0 

LOWSIG 0 

TRANSMITTER 

TPOS I 
TNEG I 
TCLK I 
LOUT+ 0 
LOUT- 0 
LBO I 
OPT1 I 

OPT2 I 

DESCRIPTION 

SSI78P7200 
08-3 Line Interface 

with Receive Equalizer 

Differential inputs, transformer-coupled from line. 

Unipolar receiver output, active as resuR of positive pulse at inputs. 

Unipolar receiver output, active as resuR of negative pulse at inputs. 

Clock pulses recovered from line data. 

Low signal logic output indicating that input signal is less than threshold 
value. 

Unipolar transmitter data input, active high. 
Unipolar transmitter data input, active high. 
Transmitter clock input, active high. 
Output to transformer for positive data pulses. 
Output to transformer for negative data pulses. 
Line bUildout control. Selected for shorter cable lengths. 
Transmit option 1. Selects faster output pulse transition time and higher 
amplitude when low. 
Transmit option 2. Disables output driver and reduces output bias current 
when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor-capacitor loop fiRer network to establish bandwidth of phase locked 
loop. 

CPO - Capacitor to RVec that is connected to peak detector node to reduce signal-
dependent ripple on that node. 

POWER 

TVec - 5V power supply for transmit circuits. 
RVec - 5V power supply for receive circuits. 
DVcc - 5V power supply for receive logic circuits. 
TGND - Ground retum for transmit circuits. 
RGND - Ground retum for receive circuits. 
DGND - Ground retum for receive logic circuits. 
NC - ~ connect. These pins are not connected to the Chip. They should be tied 

to the appropriate ground pin (see figure 1) to minimize pin-to-pin coupling 
capacitance. 
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SSI78P7200 
OS-3 Line Interface 
with Receive Equalizer 

ELECTRICAL SPECIFICATIONS 
(TA = -40°C to 85°C, Vcc = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

ABSOUlUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive 5.0V supply: TVcc, RVcc, DVcc 6.0 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °c 

Ambient Operating Temperature, TA -40 to +85 °c 

Pin Ratings: 

LlN+, LlN-, TPOS, TNEG, TCLK, LOUT +, 
LOUT-, LBO, RFO, LF2, lF1, 
OPT1, OPT2 Pins -0.3 to Vcc +0.3 V 

Pin Ratings: 

RPOS, RNEG, RClK, lOWSIG Pins -0.3 to Vcc +0.3 V 

or +12 mA 

SUPPL Y CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply Current Outputs Unloaded, 150 182 mA 
normal operation, 
transmit and receive 

I all 1's pattern 

P Power Dissipation Outputs unloaded, 
TA = 85°C 0.93 W 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO loop center frequency resistor 1 % tolerance 5.25 k.Q 

RlF1 loop filter resistor 1% 6.04 k.Q 

RlF2 loop filter resistor 1% 100 k.Q 

ClF1 loop filter capacitor 5% 0.22 IlF 

RTR Receive termination resistor 1% 75 n 
cn Transmit termination capaCitor 5% 20 pF 

Rn Transmit termination resistor 1% 301 .Q 

CPD Peak detector capacitor 5% 0.022 IlF 
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SSI78P7200 
DS-3 Line Interface 

with Receive Equalizer 

j~' ---------------------------------------------------II 

ELECTRICAL SPECIFICATIONS (Continued) 

DIGITAL INPUTS AND OUTPUTS 
(CMOS-compatible pins: LOWSIG, RPOS, RNEG, RCLK, TPOS, TNEG, TCLK, LBO, OPT1.) Currents flowing 
into the chip are positive. Current maximums are currents with the largest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL Input low voltage -0.3 1.5 V 
VIH Input high voltage 3.5 Vee +0.3 V 
ilL Input low current VIL = 1.5V -5.0 5.0 ~ 
IIH Input high current VIH =3.5V -5.0 5.0 ~ 
VOL Output low voltage IOL = 0.1 rnA 1.0 V 

VOH Output high voltage IOH = -0.1 rnA 4.0 V 

rnsT2 CHARACTERISTICS 5 
VIL Input low voltage ilL = 0.4 rnA 

t--=----=--------t-------t--t-----t-------f----------t 
VIH Input high voltage 

RECEIVER 
All of the measurements for the receiver are made with the following conditions unless otherwise stated: 
1. The input signal is transformer coupled as shown in Figure 1. 
2. RFO = 5.25 kO 
3. The circuit is connected as in Figure 1. 
4. The maximum cable length (type 728-A or RG-59B) to DSX-3 point is 450 ft. 

VIN Input signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 
RIN Input Resistance Input at chip's common 15 20 30 kO 

mode voltage 
VDTH Receive data detection Relative to peak 50 % 

threshold amplitude for 22.37 
MHz sinusoidal input 

VLOW Receive data tow signal Relative to peak ±55 mV 
threshold amplitude for 22.37 

MHz sinusoidal input 
VLOWT Receive data low signal Relative to peak 500 fJS 

delay amplitude for 22.37 
MHz sinusoidal input 

TRCF Receive clock period 22.35 ns 

TRC Receive clock pulse width 12.24 ns 
TRCPT Receive clock positive CL=15pF 4.5 6 ns 

transition time 
TRCNT Receive clock negative CL=15pF 4.5 6 ns 

transition time 

5-95 



SSI78P7200 
OS-3 Line Interface 
with Receive Equalizer 

RECEIVER (continued) 

PARAMETER 

TRDP Positive or negative 
TRDN receive data pulse width 

TRDPS Receive data set-up time 
TRDNS 

TRDPH Receive data hold time 
TRDNH 

Receive input jitter tolerance 

high frequency 

Receive input jitter tolerance 

low frequency 

KD Clock Recovery Phase 
Detector Gain 

KO Clock Recovery Phase 
Locked Oscillator Gain 

TRANSMITTER 

CONDITIONS 

sine, 60 kHz 

to 300 kHz 

sine, 10 Hz to 2.3 kHz 

All 1 's data pattern 
KD = .418/RFO 

MIN NOM MAX UNIT 

22.35 ns 

5 11.18 13.7 ns 

5 11.18 13.7 ns 

±3.35 ns 

0.3 UIPP 

±55.88 ns 

5.0 UIPP 

72 80 88 JJAlRad 

12 14.5 17 Mradl 
sec. -Volt 

All of the measurements for the transmitter are made with the following conditions unless otherwise 
stated: 

1. Transmit pulse characteristics are obtained using a line transformer which has the characteristics 
TBD. 

2. The circuit is connected as in Figure 1. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 22.35 ns 
period 

TTC Transmit clock pulse width 11.18 ns 

TTCNT Transmit clock negative 4.5 6 ns 
transition time 

TTCPT Transmit clock positive 4.5 6 ns 
transition time 

TTPDS Transmit data set-up time 3.5 11.18 ns 
TTNDS 

TTPDH Transmit data hold time 3.5 11.18 ns 
TTNDH 

TTPL Transmit positive line Measured at 10.62 11.18 12.0 ns 
pulse width transformer, LBO = Low 
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II 
TRANSMITTER (continued) 

PARAMETER CONDITIONS 

TINL Transmit negative line Measured at 
pulse width transformer, LBO = Low 

Transmit line pulse See Note 
waveshape 

SSI78P7200 
OS-3 Line Interface 

with Receive Equalizer 

MIN NOM MAX UNIT 

10.62 11.18 12.0 ns 

Note: Characteristics are in accordance with ANSI T1.102 - 1987, Table 5 and Figure 8. 

RECEIVEUNE 
INPUT (REF) 

RECCLOCK 

-----' 

REC POS OUT ___ -.../ 

TRCF 

_____________________ {+TRONS... TRONHJ ... ~ ______ _ 
AEC NEG OUT .-

'--TAON~ 

TRANSMIT 
CLOCK IN 

TRANSMIT 
POS IN ___ ---./ 

FIGURE 2: Receive Waveforms 

=~MlT ------------------'f~- n.~1~-------­
I_TTPL, 

~g~ ________ 0_.5~_:_=+~ +~ ________ ~ 
0.5:--+ f 

l-TTNL~I 

FIGURE 3: Transmit Waveforms 
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SSI78P7200 
DS-3 Line Interface 
with Receive Equalizer 

PACKAGE PIN DESIGNATIONS 
(Top View) 

LlN+ CPO I 0 a: Z a: + 0 0 
NCR t:OWSRJ 0 0 z a.. > z :::::i z :::::i 0 0 

LlN- OVCC 

NCR RPOS RFO RPOS 
RFO RNEG 

RGND RNEG 
RGNO RCLK 

RVCC 23 RCLK 
RVCC DGNO 

TGNO NCO TGND 22 DGND 

LOUT+ LF2 LOUT+ 21 NCO 

NCT LF1 NCT 20 LF2 

LOUT- C5PT2 LOUT- 19 LF1 

LBO TVCC 12 13 14 15 16 17 18 

(5J5Tf TCLK 
Q ~ ~ 

G ~ 0 

~ TPOS TNEG w ...J 0 
...J a.. z ~ > 

t- t- t-

28-Pln DIP 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NUMBER PACKAGE MARK 

SS178P7200, DS-3 Line Interface - 28-pin 

Standard Width Plastic DIP (600 mil) 78P7200-IP 78P7200-IP 

Surface Mount 28-pin PlCC 78P7200-IH 78P7200-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in speCifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

©1990 Silicon Systems, Inc. 5-98 1292- rev. 
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SSI78Q902 

Ethernet Twisted-Pair Media 
Attachment Unit 

.' -----------------------------------------------------------------

DO 
DO 

P 
N 

DIP 
DIN 

LI 
MD 
MD 

u 

1 
CIP 
CIN 
SQE 
ClK I 

ClKO 

-

-

DESCRIPTION 

The SSI 780902 twisted-pair Media Attachment Unit 
(TP-MAU) is designed to allow Ethernet connections to 
use the existing twisted-pair wiring plant through an 
Ethernet Attachment Unit Interface (AUI). The SSI 
780902 provides the electrical interface between the 
AUI and the twisted-pair wire. 

SSI 780902 functions include level-shifted data pass­
through from one transmission media to another, col­
lision detection, Signal Ouality Error (SOE) testing and 
automatic correction of polarity reversal on the twisted 
pair input. It also includes LED drivers for transmit, 
receive, jabber, collision, reversed polarity detect and 
link functions. 

The SSI 780902 is an advanced CMOS device and 
requires only a single 5-volt power supply. 

APPLICATIONS 

• Computerlworkstation interface boards 

• LAN repeater 

• Extemal1 OBase-T converter 

BLOCK DIAGRAM 

".1 AUI TXMIT I PULSE .. 
.. RECEIVER I SHAPING 

J J 1 
WATCHDOG I I LOOP BACK POLARITY I:::-

TIMER DETECT 

J J • 1 AUI RCVR I TP ... 
DRIVER RECEIVER' 

.. J LINK 
SQUELCH l:=-

I MODE I INTEGRITY 
·1 SELECT 

1 COLLISION 1-- COLLISION 
DRIVER, DETECTOR 

LED .. DRIVER 

.. ~ SQETEST 

.. OSC 

1292 - rev. 6-1 

December 1992 

FEATURES 

• 

• 
• 
• 
• 
• 
• 
• 

• 

• 
• 

.. 

... 

.. 

.. 

.. 

Meets or exceeds IEEE 802.3 standards for AUI 
and 108ase-T Interface 

Direct Interface to AUI and RJ45 connectors 

Automatic AUI/RJ45 selection 

Internal predlstortlon generation 

Internal common mode voltage generation 

Jabber function 

Selectable link test, SQE test disable 

Twisted-pair receive polarity reverse detection 
and selectable polarity correction 

LED driver for transmit, receive, jabber, 
collision, link and reversed polarity indicators 
or for flashing status Indicator 

Single +5V supply, CMOS technology 

Available In 28-pin DIP or PLCC 

TPOP 
TPON 

PRC 

TPIP 
TPIN 

lEDP/S 
lEDJ 
lEDT 
lEDR 
lEDC 
lEDl 

PIN DIAGRAM 

DON LEDC 

LEOR 

LEDJ LEOT 

LEOP/S 

PRC TPOP 

GN02 

CLKI VCC2 

GN01 TPON 

VCC1 

ClP RBIAS 

MOO MD1 

DIN SQE 

DIP TPIP 

LI TPIN 

28-Pln DIP 

CAUTION: Use handling procedures neoessary 
for a static sensi1ive component. 
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SSI78Q902 
Ethernet Twisted-Pair Media 
Attachment Unit 

FUNCTIONAL DESCRIPTION 

The S51 780902 Media Attachment Unit (MAU) inter­
faces the Attachment Unit Interface (AUI) to the 
unshielded twisted pair cables, transferring data in 
both directions between the two. The AUI side of the 
interface comprises three circuits: Data Output (DO), 
Data Input (DI) and Collision Interface (CI). The twisted 
pair network side of the interface comprises two cir­
cuits: Twisted Pair Input (TPI) and Twisted Pair Output 
(TPO). In addition to the five basic circuits, the SSI 
780902 contains an internal crystal oscillator, sepa­
rate power and ground pins for analog and digital 
circuits, various logic controls and six LED drivers for 
status indications. 

Functions are defined from the AUI side of the inter­
face. The SSI 780902 Transmit function refers to data 
transmitted by the Data Terminal Equipment (DTE) 
through the AUI and MAU to the twisted pair network. 
The SSI 780902 Receive function refers to data re­
ceived by the DTE through the MAU and AUI from the 
twisted pair network. In addition to basic transmit and 
receive functions, the SSI 780902 performs all re­
quired MAU functions defined by the IEEE 802.3 
1 OBase-T specification such as collision detection, link 
integrity testing, Signal Ouality Error (SOE), jabber 
control and loopback. 

TRANSMIT FUNCTION 

The SS1780902 transfers Manchester encoded data 
from the AUI port of the DTE (the DO circuit) to the 
twisted pair network (the TPO circuit). The output 
signal on TPON and TPOP is pre-distorted to meet the 
10 Base-T jitter template, and filtered to meet FCC 
requirements. The output waveform (after the transmit 
filter) is shown in Figure 1 .If the differential inputs at the 
DO circuit fall below 75% of the threshold level for 8 bit 
times (typical), the SSI 780902 transmit function will 
enter the idle state. During idle periods, the SSI 
780902 transmits link integrity test pulses on the TPO 
circuit. 

RECEIVE FUNCTION 

The SSI 780902 receive function traQsfers serial data 
from the twisted pair network (the TPI circuit) to the 
DTE (overthe DI circuit ofthe AUI). An internal squelch 
function discriminates noise from link test pulses and 
valid data streams. Only valid data streams activate the 
receive function. If the differential inputs at the TPI 
circuit fall below 75% of the threshold level 
(unsquelched) for 8 bit times (typical), the SSI 780902 
receive function will enter the idle state. The TPI 
threshold can be reduced by approximately 3 dB to 
allow for longer loops in low-noise environments. The 
reduced threshold is selected when MD1 = 0 and 
MDO = 1. 

DIFFERENTIAL INPUT MODE 

In the differential input mode, the transmit interface 
consists of TXP and TXN, PE, PDC, and the Transmit 
Enable input (TEN). Transmission starts when PE is 
high and TEN is low, and ends when either PE or TEN 
goes inactive. Predistortion control is provided by the 
PDC input. 

POLARITY REVERSE FUNCTION 

The SSI 780902 polarity reverse function uses both 
link pulses and end-of-frame data to determine polarity 
of the received signal. A reversed polarity condition is 
detected when eight opposite receive link pulses are 
detected without receipt of a link pulse with the ex­
pected polarity. Reversed polarity is also detected if 
four frames are received with a reversed start-of-idle. 
Whenever polarity is reversed, these two counters are 
reset to zero. If the SS1780902 enters the link fail state 
and no data or link pulses are received within 96 to 
128 ms, the polarity is reset to the default non-flipped 
condition. (If Link Integrity is disabled, polarity detec­
tion is based only on received data pulses.) 

~ n [\ Q 
V V V U 

FIGURE 1: 78Q902 TPO Output Waveform 
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COLLISION DETECTION FUNCTION 

The collision detection function operates on the twisted 
pair side of the interface. A collision is defined as the 
simultaneous presence of valid signals on both the TPI 
circuit and the TPO circuit. The 551 780902 reports 
collisions to the AUI by sending a 10 MHz signal over 
the CI circuit. The collision report signal is output no 
more than 9 bit times (BT) after the chip detects a 
collision. If the TPI Circuit becomes active while there is 
activity on the TPO circuit, the TPI data is passed to the 
OTE overthe 01 circuit, disabling the loopback. Figure 
2 is a state diagram of the 551 780902 collision 
detection function (referto IEEE 802.31 OBase-T speci­
fication). 

LOOPBACK FUNCTION 

The 551 780902 loopback function operates in con­
junction with the transmit function. Oata transmitted by 
the OTE is internally looped backwithinthe 551780902 
from the 00 pins to the 01 pins and returned to the OTE. 
The loopback function is disabled when a data collision 
occurs, clearing the 01 circuitforthe TPI data. Loopback 
is also disabled during link fail and jabber states. 

00= Active * 

SSI78Q902 
Ethernet Twisted-Pair Media 

Attachment Unit 

SQE TEST FUNCTION 

Figure 3 is a state diagram of the SOE Test function. 
The SOE test function is enabled when the SOE pin is 
tied high. When enabled, the SOE test sequence is 
transmitted to the controller after every successful 
transmission on the 10Base-T network. When a suc­
cessful transmission is completed, the 551 780902 
transmits the SOE Signal to the AUI over the CI circuit 
for 10 BT ± 5 BT. The SOE function can be disabled for 
hub applications by tying the SOE pin to ground. 

JABBER CONTROL FUNCTION 

Figure 4 is a state diagram of the 551 780902 Jabber 
control function. The 551 78Q902 on-chip watchdog 
timer prevents the OTE from locking into a continous 
transmit mode. When a transmission exceeds the time 
limit, the Watchdog timer disables the transmit and 
loopback functions, and sends the SOE signal to the 
OTE over the CI circuit. Once the 551 780902 is in the 
jabber state, the 00 circuit must remain idle for a period 
of 491 to 525 ms before it will exit the jabber state. 

TPI = Idle * IDLE 
XMIT = Enabled TPI = Active 

OUTPUT 
TPO= DO 
01=00 

DO = Active * 
1...--.----.-....1 TPI = Active * 

XMIT = Enabled ,-------, 

00= Active * 
TPI = Active * 
XMIT = Enabled 

INPUT 
01 =TPI 

L..--___ ~ COLLISION ~-------' 

DO = Idle + 
XMIT = Disabled 

00= Active * 
TPI = Idle 

00= Idle 

FIGURE 2: ColliSion Detection Function 
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SSI78Q902 
Ethernet Twisted-Pair Media 
Attachment Unit 

LINK INTEGRITY TEST FUNCTION 

Figure 5 is a state diagram of the SSI 780902 Link 
Integrity Test Function. The Link Integrity Test is used 
to determine the status of the receive side twisted pair 
cable. The link integrity test is enabled when the LI pin 
is tied high. When enabled, the receiver recognizes link 
integrity pulses which are transmitted in the absence of 
receive traffic. If no serial data stream or link integrity 
pulses are detected within 50 - 150 ms, the chip enters 
a link fail state and disables the transmit and loopback 
functions. The SSI 780902 ignores any link integrity 
pulse with intervals less than 2 - 7 ms. The SSI780902 
will remain in the link fail state until it detects either a 
serial data packet or two or more link integrity pulses. 

t Power On , 
OUTPUT IDLE 

~ DO = Active 

OUTPUT DETECTED 

~ 00= Idle 

SOE WAIT TEST 

Stare SOE_ Test_ Waie Timer 

... t SOE Test W 
XMIT = Disable XMrr = Enabl 

SQE TEST 

Start SOE Test Timer 
- CI =-SOE-

SOE Test Timer Done I 

aiC Timer_Done. 
e 

FIGURE 3: SQE Test Function 
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TEST MODE 

The SSI 780902 Test mode is selected when a 2 to 
2.5 MHz clock is input on the MDO mode select pin. 
Test mode sets the internal counter chains to run at 
1024 times their normal speed. The maximum transmit 
time, unjab time, Link Integrity timing and LED timing 
are reduced by a factor of 1024. During test operation, 
10M Hz and 20 M Hz signals are output 0 n the P RC and 
SQE pins, respectively. When Test mode is selected, 
the SQE function cannot be disabled. In Test mode the 
PRC function can be disabled by the LI pin. Jabber can 
be disabled by setting MD1 = O. 

o 

• 
Power n , 

NO OUTPUT 

, DO= Active 

NONJABBER OUTPUT 

Start_XMIT _Max_Timer 

... DO= Idlel * DO = Active' ... XMIT_Max_Timer_D one 

JAB ~ 

XMIT = Disable 
LPBK = Disable 

CI = SQE 

• DO= Idle 

UNJABWAIT 

Start_ Unjab_ Timer 
XMIT = Disable 
LPBK = Disable 

CI =SQE 

I I 
Unjab Timer Done DO = Active' 

Unjab_ Timer_NoLDone 

FIGURE 4: Jabber Control Function 



Power On 

• IDLE TEST 

Start Link Loss Timer 
Start_Unk_ TesCMln_ Timer 

SSI78Q902 
Ethernet Twisted-Pair Media 

Attachment Unit 

TPI = Active + 
(Link_TesCRcvd = True 

I * Unk_TescMin_Timer_Done) Link_Loss_Timer_Done '--__________ ---1 
*TPI = Idle 
* Unk_ TesCRcvd = False , 

LINK TEST FAIL RESET 

Link_Count = 0 
XMIT = Disable 
RCVR = Disable 
LPBK = Disable 

TPI = Active Link_ TesCRcvd = False 
• TPI = Idle 

TPI = Active 

LINK TEST FAIL WAIT 

XMIT = Disable 
RCVR = Disable 
LPBK = Disable 

Link_Count = Link_Count + 1 

TPI = Active I , , 
Link_ TesCRcvd = Idle 
* TPI = Idle 

LINK TEST FAIL 

Start_Unk_ TesCMin_ Timer 
Start_Link_ Test_Max_ Timer 

XMIT = Disable 
RCVR = Disable 
LPBK = Disable 

+ Unk_Count = LC_Max I 
" 1 , 

LINK TEST FAIL EXTEND 

XMIT = Disable 
RCVR = Disable 
LPBK = Disable 

"'"-________ ---11 TPI = Idle * 

DO = Idle 

Link_ TesCMin_ Timer_Done 
* Unk_TesCRcvd = True 

(TPI = Idle * Unk_ TesCMax_ Timer_Done) + 
(Unk_ TesCMin_ Timer _NoCDone 
* Unk_TesCRcvd = True) 

FIGURE 5: Link Integrity Test Function 
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SSI78Q902 
Ethernet Twisted-Pair Media 
Attachment Unit 

TABLE 1: Mode Select Options 

MD1 MDO MODE 

0 0 8ase-T compliant MAU 

0 1 Reduced squelch level 

1 0 Half current AUI driver 

1 1 DO, DI & CI ports disabled 

1 Clock Test mode, jabber on 

0 Clock Test mode, jabber disabled 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

DON/DOP I Data Out Negative/Data Out Positive: Differential input pair connected to the 
AUI transceiver DO circuit 

LEDJ I/O Jabber LED Driver: Open drain driver for the Jabber indicator LED. Output 
goes active 1 when watchdog timer begins jab, and stays active until end of the 
unjab wait period (491 - 525 ms). When tied to ground, causes LEDP/S to act 
as a multi-function blinking status indicator. 

LEDL 0 Link LED Driver: Open drain driver for the Link indicator LED. Output is active 
except during Link Fail or when Link Integrity Test is disabled. 

PRC I/O Polarity Reverse Correction: The SSI780902 automatically corrects reversed 
polarity at TPI when PRC is tied high. In Test mode, this pin is a 10 MHz output. 

CLKO/CLKI - Crystal Oscillator: The SSI 78Q902 requires either a 20 MHz crystal (or 
ceramic resonator) connected across these pins, or a 20 MHz clock applied at 
CLKI. 

GND1 - Ground #1. 

CIN/CIP 0 Collision Negative/Collision Positive: Differential driver output pair tied to the 
collision presence pair of the Ethernet transceiver AUI cable. The collision 
presence signal is a 10 MHz square wave. This output is activated when a 
collision is detected on the network, during self-test by the SOE sequence, or 
afterthe watchdog timer has expired to indicate the transmit wire pair has been 
disabled. 

MDO I Mode Select 0: Selects operating modes in conjunction with MD1. See Table 
1 above for mode select options. 

DIN/DIP 0 Data In Negative/Data In Positive: Differential driver pair connected to the AUI 
transceiver DI circuit. 

1 LED drivers pull low when active. 

6-6 



+1 

II 

I 

SSI78Q902 
Ethernet Twisted-Pair Media 

Attachment Unit 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

LI I Link Integrity Test Enable: Link integrity testing is enabled when this pin is tied 
high. With link test enabled, the SSI 780902 sends the link integrity signal in 
the absence of transmit traffic. It also recognizes received link test pulses, 
indicating the receive wire pair is present in the absence of transmit traffic. 

TPINITPIP I Twisted Pair Receive Inputs: Differential receive inputs from the twisted pair 
input filter. 

SQE I/O Signal Quality Error Test Enable: SQE is enabled when this pin is tie high. 
When enabled, the SSI78Q902 sends the signal quality error test sequence 
to the CI of the AUI cable after every successful transmission to the media. In 
Test mode, SQE becomes a 20 MHz output. 

MD1 I Mode Select 1: Selects operating modes in conjunction with MOO, (see Table 
1). MD1 clock input between 2.0 and 2.5 MHz enables Test mode. 

RBIAS - Resistor Bias Control: Bias control pin for the operating circuit. Bias set from 
external resistor to ground. External resistor value = 12.4 kQ (±1%). 

VCC1 I Power Supply 1 : +5V power supply. 

TPON/TPOP 0 Twisted Pair Transmit Outputs: Transmit drivers to the twisted-pair output filter. 
The output is Manchester encoded and pre-distorted to meet the 1 OBase-T 
template. 

VCC2 I Power Supply 2: +5V power supply. 

GND2 - Ground #2. 

LED PIS 0 Polarity/Status LED Driver: Open drain LED driver. In normal mode, 
LEDP/S is active when reversed polarity is detected. If LEDJ is tied to ground, 
the output LEDP/S indicates multiple status conditions as shown in Figure 6. 
On solid = Normal, 1 Blink = Link Down, 2 Blinks = Jabber, 5 Blinks = Polarity 
Reversed 

LEDT 0 Transmit LED Driver: Open drain driverforthe Transmit indicator LED. Output 
is active during transmit. 

LEDR 0 Receive LED Driver: Open drain driver for the Receive indicator LED. Output 
is active during receive. 

LEDC 0 Collision LED Driver: Open drain driverforthe Collision indicator LED. Output 
is active when a collision occurs. 
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SSI78Q902 
Ethernet Twisted-Pair Media 
Attachment Unit 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Supply Voltage, Vee 

Operating Temperature, Top 

RATING 

-0.3 to 6 

o to +70 

Storage Temperature, TST -65 to +150 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN 

Supply Voltage1
, Vee 4.75 

Operating Temperature, Top 0 

1Maximum voltage differential between VCC1 and VCC2 must not exceed 0.3V. 

SWITCHING CHARACTERISTICS (Ta = 0 to 70°C, Vee = 5V ±5%) 

PARAMETER CONDITIONS MIN 
Jabber Timing 

Maximum transmit time 2 98.5 

Unjabtime 2 491 

Time from Jabber to 0 
CSO on CIP/CIN3 

Link Integrity Timing 

Time link loss 2 65 

Time between Link 9 
Integrity Pulses 2 

Interval for valid receive 4.1 
Link Integrity Pulses 2 

Collision Timing 

Simultaneous TPlfTPO to CSO 0 
state on CIN/CIP 

DO loopback to TPI on 013 300 

CSO state delay after TPIIDO idle3 -

CSO high pulse width 40 

CSO low pulse width 40 

CSO frequency -

UNIT 

V 

°C 

°C 

NOM MAX UNIT 

5.0 5.25 V 

- 70 °C 

NOM1 MAX UNIT 

- 131 ms 

- 525 ms 

- 900 ns 

- 66 ms 

- 11 ms 

- 65 ms 

- 900 ns 

- 900 ns 

- 900 ns 

- 60 ns 

- 60 ns 

10 - MHz 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production 
testing. 

2 Switching times reduced by a factor of 1024 during Test mode. 
3 Parameter is guaranteed by design; not subject to production testing. 
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Attachment Unit 

~~--------------------
SWITCHING CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ±5%) (continued) 

PARAMETER CONDITIONS MIN NOM1 MAX UNIT 

SQETlming 

SOE signal duration 500 - 1500 ns 

Delay after last positive transition 0.6 - 1.6 J.1S 
of DO 

LED Timing 

LEDC, LEDT, LEDR on time2 100 - - ms 

LEDP/S on time2 (See Figure 6) - 164 - ms 

LEDP/S period 2 (See Figure 6) - 328 - ms 

General 

Receive start-up delay 0 - 500 ns 

Transmit start-up delay 0 - 200 ns 

Loopback start-up delay 0 - 500 ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production 
testing. 

2 Switching times reduced by a factor of 1024 during Test mode. 

1/0 ELECTRICAL CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ±5%) 

PARAMETER CONDITIONS MIN NOM1 MAX UNIT 

Input low vOltage2 VIL - - 0.8 V 

Input high voltage2 VIH 2.0 - - V 

Output low voltage VOL RLOAD = 2 kQ - - 0.13 V 
(Open drain LED Driver3) 

Supply current Icc line Idle - 60 69.3 rnA 

(Vcc1 = Vcc2 = 5.25V) line Active, - 125 140 rnA 
transmitting all ones 

Input leakage current4 ILL Input between VCC and GND - ±1 ±10 IlA 
Tristate leakage ITS Output between VCC - ±1 ±10 IlA 
current and GND 

1 Typical figures are at 25°C and are for desing aid only; not guaranteed and not subject to production 
testing. 

2 MDO, MD1, SOE, PRC and II pins. MD1 clock (test mode) must be CMOS level input. 
3 LED Drivers can sink up to 10 rnA of drive current. 
4 Not including TPIN, TPIP, DOP or DON. 
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Ethernet Twisted-Pair Media 
Attachment Unit 

Link Fail 

Jabber 

Polarity 
Reverse 

1.968 s 

NOTE: LEDP/S status indications are shown in order of priority, i.e., Link Fail indication 
supersedes Jabber indication which supersedes Polarity Reverse (when PRC = 1). Reversed 
polarity conditions supersede Link Fail conditions when PRC = 0 (Polarity Correction 
Disabled). At the LEDL indicator, reversed polarity condition reported as Link Fail when 
PRC = O. This allows the user to distinguish between actual link failure and apparent link 
failure due to polarity reversal. 

FIGURE 6: LEDP/S Status Indication Timing 

AUI ELECTRICAL CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ±5%) 

PARAMETER CONDITIONS MIN NOM1 MAX 

Input low current ilL - - -700 

Input high current hH - - 500 

Differential output voltage Voo ±550 - ±1200 

. Differential squelch Vos - 220 -
threshold 

Receive input impedance Rz Between DOP and DON - 20 -

UNIT 

JJA 
JJA 
mA 

mV 

kn 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production 
testing. ' 
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Attachment Unit 

TRANSMIT CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ±5%) 

PARAMETER CONDITIONS MIN NOM1 MAX UNIT 

Transmit output impedance ZOUT - 5 - 0 

Peak differential output Voo load = 2000 at TPOP ±4.5 - ±5.2 V 
voltage and TPON 

Transmit timing jitter addition2 After Tx filter, 0 line length - - ±8 ns 

Transmit timing jitter addition2 After Tx filter, line model as - - ±3.5 ns 
shown in IEEE 802.3 
standard for 1 OBase-T 

RECEIVE CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ±5%) 

Receive input impedance ZIN Between TPIP/TPIN - 20 - kO 

Differential squelch Vos - 420 - mV 
threshold 

Reduced squelch VOSR - 300 - mV 
threshold 

Receive timing jitte~ - - 1.5 ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production 
testing. 

2 Parameter is guaranteed by design; not subject to production testing. 

APPLICATION INFORMATION 

EXTERNAL MAU 

Figure 7 shows the SSI 780902 in a typical external 
MAU application, interfacing between an AUI and the 
RJ45 connectors of the twisted pair network. A 20 MHz 
crystal (or ceramic resonator) connected across ClKI 
and CLKO provides the required clock signal. Trans­
mit and receive filters are required in the TPO and TPI 
circuits. Details of the transmit and receive filters are 
shown in Figures 8 and 9, respectively. (Differential 
filters are also recommended.) 

INTERNAL MAU 

Figure 10 shows an internal MAU application which 
takes advantage of the SSI 780902's unique AUII 
10Base-T switching feature to select either the D­
connector (AUI) or the RJ45 connector (10Base-T). 
No termination resistors are used on the SSI 780902 
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side of the AUI interface to prevent impedance mis­
match with the drop cable. The half current drive mode 
is used to maintain the same voltage levels in the 
absence oftermination resistors. This application uses 
capacitive coupling instead of transformer coupling. 
MD1 is tied high so MDO functions as the mode control 
switch. 

When MDO is low, the half current drive mode is 
selected. When MDO is high, the SSI 780902 is 
effectively removed from the circu it. The 902 AU I ports 
(DO, DI and CI) are disabled isolating the SSI780902 
from the AUI. The SSI 780902 DI and CI ports go to 
a high impedance state and the DO port is ignored. 

To implement an auto-select function, lEDL can be 
tied to MDO. This activatesthe902/AUI interface when 
the TP link is active (data or link integrity pulses) and 
disables it when the link is inactive. 

I 
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~ 
C1 

ClKI 

AUI 

DOP 
780 

ClKO 

TPOP 

TPON 
DON RJ45 

Twisted Pair 

To/From 
To/From 

TPIP Network DIP 
Data 780 N 

Terminal 0 TPIN 

Equipment DIN 0) 

0 lEDJ 
CIP ex) lEDC 

780 I'- lEDT CIN 
LEDR 

lEDl 

+5~ VCC1 

VCC2 
RBIAS 

PRC 12.4kn±1% 

MOO 
SQE 

MD1 LI 
GND1 

GND2 
0.1 F 

1.0 F Tantalum 

.&. Typically, resistors on the AUI side of the transformer are already present in the terminal. 
If termination resistors are present in the terminal, the shaded resistors are not required . 

.& A 20 MHz (±1%) crystal or ceramic resonator may be used at ClKI/CLKO . 

.£ Suitable integrated filter/transformers include TDK Corporation HIM 3000, Pulse Engineering 
PE65421, FilMag 78Z1120B and Valor PT3877. 

FIGURE 7: SSI 78Q902 External MAU Application Diagram 
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1 

I 
.1 

T I I T T T 

FIGURE 8: Transmit Filter Diagram FIGURE 9: Receive Filter Diagram 

To/From 
Controller 

D-Connector 

ENCODER! 
D Q 
- C1 C2 -

DECODER 
CLKI CLKO 

8023 
TPOP 8391 DOP 

7991 7an 
TPON 

DON 

TPIP 
DIP 

7an N TPIN 
DIN 0 

0) 

0 LEDJ +5V 

CIP CO 
LEDC 7an r--

CIN LEDT 

LEDR 
PRC 

VCC1 LEDL 

VCC2 
LEDP 

LI 
RBIAS 

SQE I 12.4kO±1% 

GND1 
Activate MD1 

MAU MOO 
GND2 

& I 
I 1IJ.FTan1alum 

I 
I O.11J.F 

~ ______________ J 

& Connect LEDL to MOO to implement auto-select feature. 

FIGURE 10: SSI78Q9021nternai MAU Application Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

DON LEDC 

DOP LEDR 

LEDJ LEDT 

LEDL LEDP/S 

PRC TPOP 

CLKO GND2 

ClKI VCC2 

GND1 TPON 

CIN VCC1 

CIP RBIAS 

MOO MD1 

DIN SQE 

DIP TPIP 

LI TPIN 

28-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

551 780902 28-Pin DIP 

551 780902 28-Pin PLCC 

.., 
0 w 
...J 

lEOl 

PRC 

CLKO 

ClKI 

GN01 

CIN 

CIP 

12 

8 
~ 

ORDER NO. 

780902-CP 
780902-CH 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

(!2 
n. z 0 a: ..... n. 

0 0 0 0 
8 0 w w w W 

0 ...J ...J ...J ...J 

27 
TPOP 

GN02 

23 VCC2 

TPON 

21 VCCl 

RBIAS 

MOl 

13 14 15 16 17 18 

z n. :::J z n. w 
is is a:: a:: 0 

..... ..... CJ) 

28-Pln PLCC 

PKG.MARK 

780902-CP 
780902-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 6-14 1292 - rev. 
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DESCRIPTION 

The 551 7808330 and 551 7808330A are line 
transceivers for IEEE 802.3 coaxial cable applications. 
The 5S1 7808330 is compliant with thin cable 
(10Base2) requirements and compatible with thick 
cable (10Base5) operation. The 551 7808330A is 
tested to be compliant with both 1 OBase2 and 10Base5 
requirements. 

These transceivers provide the interface between the 
single-ended coaxial cable signals and the 
Manchester-encoded differential logic signals. 
Primary functional blocks include the receiver, 
transmitter, collision detection and jabber timer. These 
ICs may be used in either internal or external MAU 
environments. 

The 551 7808330/8330A design is optimized for low 
power consumption. Typical supply current while 
transmitting is 96 rnA, and only 56 rnA when not 
transmitting. The low power consumption coupled with 
20-pin PLCC or 54-lead TOFP packaging make this 
product ideal for portable computer applications. 

SSI 78Q833O CONNECTION DIAGRAM 

78n DIFFERENTIAL ~ VCC1 
IMPEDANCE 

-r+--+-....:;;2CJ ~ CI+ 

COLLiSIONU I 
SIGNAL 
TODTE 

,-+--+-....;;.3CJ CI--
-r+--+-...:.4.n 01+ 

DTE 

GND 

T 

VCC2 Or 2=O __ ~--. 

VEE3 D .... .;...:..19_---ih 

VCOlr 18. 
100pF 

27kn 

O.5pF 

16b~ I-<~~ 

FEATURES 
January 1993 

• SSI 78Q8330 compliant with 10Base2 and 
compatible with 10BaseS requirements 

• SSI 78Q8330A compliant with both 10Base2 
and 1088se5 requirements 

• Innovative design minimizes power consumption • 
Ideal for portable computer applications 

• Integrated jabber timer function 

• Minimal external component count 

• For Internal or external MAU applications 

• Available In 2O-pln PLCC, DIP, or 64-lead TQFP 

PIN DIAGRAM 

0 C\I 53 
.L + 

~ ~ w 
0 (3 > 

3 2 1 20 19 
VCOl 

17 N/C 

RXT 

15 NlC 

14 TEST 
9 10 11 12 13 

g ~ i I- W 
W ~ W 
> > > DATAl~ 

_'+--f-....;;.50 DI-
AXT 

80.6kn 
TERMINATED 

~ COLADJ 

7~ 

...---.-....:;;8-a DOt 

DATA FR00 78n 
DTE 

,-----+-....:;;9-a 00-

~~VEE2 

0193 - rev. 
J 

-9V 

NlC( ~15 

TEST [ ~14 

VEE1 ~ 
13 

I 

TXT 
12 

VSIAS 
11 

COAX CABLE 
2 50 IMPEDANCE 

O.2214f 
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2o-pln PLCC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 78Q8330/8330A 
Ethernet Coaxial Transceiver 

FUNCTIONAL DESCRIPTION 

The SSI 7808330/8330A IEEE-802.3/Ethernetl 
Cheapernet Transceiver consists of four sections: 1) 
Transmit - receives signals from DTE and sends it to 
the coaxial medium, 2) Receive - obtains data from 
medium and sends it to DTE, 3) Collision Detect -
indicates to DTE any collision on the medium, and 4) 
Jabber - guards medium from DTE transmissions that 
are excessive in length. 

TRANSMITTER 

The S51 7808330/8330A receives differential signals 
from the DTE over the AUI interface. 

Differential data is received through a squelch network 
that rejects signals with pulse widths less than 7 ns, or 
with levels more positive than -175 mV peak. Signals 
with pulse widths wider than 50 ns and levels more 
negative than -275 mV peak from the DTE are 
guaranteed to be enabled. This minimizes false starts 
due to noise and ensures no valid packets are missed. 

The coax driver provides the driving capability to ensure 
adequate signal level at the end of the maximu m length 
network segment (500m 10Base5, 185m 10Base2) 
under the worst-case number of connections (100 
nodes 1 OBase5, 30 nodes 1 OBase2). The required rise 
and fall times of data transmitted on the network are 
maintained by the driver. The driver's output is 
connected to the medium through external isolating 
diodes. To safeguard network integrity, the driver is 
disabled whenever power falls below the minimum 
operation voHage. 

During transmission, the jabber controller monitors the 
duration that the transmit driver is active and disables 
the driver if the jabber time is exceeded. This prevents 
network tie-up due to a "jabbering" transmitter. Once 
disabled, the driver remains disabled for an additional 
310-500 ms after the DO± pair is idle. During the 
disable time, the 10 MHz internal oscillator Signal is 
sent on the CI± pair to the DTE. 

When SOETST is tied to VEE, the IC generates a 
COllision Detect message at the end of every 
transmission. This Signal is a self-test indication to the 
DTE that the Medium Attachment Unit (MAU) collision 
pair is operational. 
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RECEIVE AND CARRIER DETECT 

Received signals are acquired from the coax tap through 
a high-impedance resistive divider. A high input­
impedance (low capacitance, high bandwidth) DC­
coupled input amplifier in the chip receives the signal. 
The received signal is internally AC coupled and then 
sliced. The carrier detector compares received signals 
to a reference. Signals meeting carrier squelch criteria 
are passed to the differential line driver within five bit 
times from the start of packet. 

Received data is transmitted from the DI± pair through 
an isolation transformer of the AUI interface. Following 
the last transition in a packet, the DI± pair is held high 
for two bit times and then decreases to the idle level 
within eighty bit times. 

COLLISION DETECT 

The SSI 7808330/8330A detects collisions if two or 
more stations are transmitting on the network. 

The average DC level of received signals is compared 
against the collision threshold reference. If the level is 
more negative than the reference, an enable Signal is 
generated to the CI± pair. 

The collision oscillator is a 10 MHz oscillator which 
drives the differential CI± pair to the DTE through an 
isolation transformer. This signal is gated to the CI± 
pair whenever there is a collision, a Collision Detect 
test is in progress, or the jabber controller is activated. 

The CI± output meets the drive requirements for the 
AUI interface. The output stays high for two bit times at 
the end of the packet, decreasing to the idle level within 
eighty bit times. 

JABBER FUNCTION 

The jabber timer monitors the activity on the DO± pair 
and senses TXT fauHs. It inhibits transmission if the 
coax driver is active for longer than the jabber time (20-
35 ms). A 10 MHz internal oscillator signal is enabled 
on the CI± pairforthe fauH duration afterthe jabbertime 
is exceeded. 

After the fauH is removed, the jabber timer counts the 
unjab time of 310-500 ms before it enables the driver. 
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1 SQETEST 

A Signal Quality Error (SOE) test will occur at the end 
of every transmission if the SOETST pin is tied to VEE. 
An SOE test signal is a 10 MHz signal gated to the CI± 
pair. The SQE test ensures that the twisted pair assigned 
for collision notification to the DTE is intact and 

SSI 78Q8330/8330A 
Ethernet Coaxial Transceiver 

operational. The SQE test starts eight bit times afterthe 
last transition of the transmitted signal and lasts for a 
duration of eight bit times. 

The SOE test can be disabled by connecting the 
SOETST pin to GND. 

GND 

TERMINATED 
COAX CABLE 
250 
EOUIVALENT 
IMPEDANCE 

I 

FIGURE 1 : Functional Diagram 
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SSI 78Q8330/8330A 
Ethernet Coaxial Transceiver 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VCC1, VCC2 - Positive supply to chip. Tied to external ground. 

VEE1, VEE2, - Negative supply to chip. Tied to external -9 volts. 
VEE3 

TXT 0 Open collector output current data to coax cable. 

DO+, DO- I Differential input data from DTE. 

RXT I Input data from coax cable. 

VCOl I Collision threshold reference. 

DI+,DI- 0 Differential output data to DTE. 

CI+, CI- 0 Differential output collision detect signal to DTE. 

SQETST I Pin to activate collision detect test circuit. 

VB lAS - External bypass pin for internally generated voltage bias. 

TEST I Pin for placing chip in test mode. 

COLADJ I Pin tied to VEE sets proper 1 OBASE5 collision threshold detect level. Pin left 
open sets proper 1 OBASE2 collision threshold detect level. 

ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 8.1V < VCC-VEE < 9.9V and 0 °c < T(ambient) < +70 °C. Currents flowing into 
the chip are positive. Current maximums are currents with the highest absolute value. Unless otherwise 
specified, test configuration is as shown in Figure 1. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply Voltage; Vcc -0.5 to +12 V 
(Relative to VEE Pins) 

VB lAS Pin -40mA to +40 mA 

All other Pins VEE - 0.3V to VCC + 0.3V 

Storage Temperature -65 to 150°C 

Soldering (Reflow or Dip) 260°C for 10 sec 

POWER SUPPLY CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VCC Supply Current Includes current from 
VCC1, VCC2, TXT pins 

Transmitter active 96 121 mA 

Transmitter inactive 56 74 rnA 
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.;-1 ____________________________________________________________________________ __ 

.., 
TTL COMPATIBLE INPUTS: SQETST Pin 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Low Voltage Vii VEE-0.3 VEE+0.8 V 

Input High Voltage Vih VEE+2.0 VCC+0.3 V 
or pin open 

Input Low Current Vii = VEE + 0.4 V +0.05 -0.4 rnA 

Input High Current Vih = VEE + 2.4 V 100 ~ 

TRANSMITTER TO COAX 

Input Capacitance CTXT f = 10 MHz 
TXT Pin Transmitter inactive 

8.1< VCC - VEE < 9.9V 9.5 pF 

o < VCC - VEE < 8.1 V 11.0 pF 

Input ReSistance RTXT V(TXT) = VCC - 4V, 1000 kn 
TXT Pin Transmitter inactive 

Differential Input ZOO f = 10 MHz 1.6 5.6 kQ 
Impedance 
00+ to 00- Pins 

00+/- Common Ricm 00+ tied to 00- 1.5 2.8 kQ 
Mode Input I 
Resistance 

00+/- Common Vicm 00+/- open VEE+3.0 VEE+5.0 V 
Mode OUtput Voltage 

DO+/-Input lidl & VEE < V(DO+/-) <VCC, -5 7 rnA 
Current lidh 00+ tied to 00-

Output Leakage IBTXT Transmitter Inactive -0.5 +5.0 ~ 
Current on TXT Pin 

TXT Output High VH 25 Q TXT pin to VCC VCC- VCC V 
Voltage .425 

TXT Output Low VL 25 n TXT pin to VCC VCC- VCC- V 
Voltage 2.200 1.625 

TXT Differential VTXTHL VTXTHL = VH-VL, 1.400 2.200 V 
Output Voltage 25 Q TXT pin to VCC 

TXT Average VTXTOFF VTXTOFF = (VH+ VL)/2 VCC VCC VCC V 
OUtput Voltage 25 Q TXT pin to VCC -1.125 -1.00 -.925 

Differential Input VIDC V(DO+)-V(DO-) 175 225 275 mVp 
Squelch Threshold 

TXT Output Current tTXTR, f = 5 and 10 MHz 20 30 ns 
Rise/Fall Time tTXTF 
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ELECTRICAL SPECIFICATIONS 

TRANSMITTER TO COAX (continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Difference In Driver tTDRF /tTXTR - tTXTF/ 0.5 2 ns 
Rise vs. Fall Times f = 5 and 10 MHz 

Transmitter Turn tTON f= 10 MHz 2 Bits 
On Delay 1 Bit = 100 ns 

DO+/- Input tPWSON 105 ns 
Pulse Width to 
Stay On 

DO+/- Input tPWOFF 200 ns 
Pulse Width to 
Tum Off 

Transmit Static tTSDR, f = 10 MHz 36 50 ns 
Delay tTSDF 

Transmit Output tTSKEW tTSKEW =tTSDR - tTSDF -2.0 +2.0 ns 
Current Data f = 5 and 10 MHz 

Jabber Control Time tJCT 20 30 35 ms 

Jabber Reset Time tJRT 0.31 0.42 0.50 s 
Jabber Recovery tJREC Minimum gap between 1.0 JlS 
Time transmitted packets to 

prevent jabber activation 

TXT Output Current f = 10 MHz, on specified board with 
Pulse Harmonic 47 pF capaCitor between TXT and GND 
Content f2,f3HA 2nd, 3rd, Harmonics -20 dB 

f4, f5HA 4th, 5th Harmonics -30 dB 

f6,f7HA 6th, 7th Harmonics -40 dB 

f8HA All Higher Harmonics -50 dB 

RECEIVER FROM COAX 

Input Capacitance CRXT 
RXT Pin 20-pin PLCC 1.3 1.85 pF 

Input Resistance RRXT V(RXT) = VCC - 1.5V 120 kO 
RXT Pin 

Input Bias Current IBRXT -1.5 +20 ~ 
RXT Pin 

Receiver Carrier VCAT1 VCAT1 = VCC - V(RXTL), 400 800 mVp 
Sense Threshold f = 5 MHz, V(RXTH) = vee 
(measured at coax) 
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RECEIVER FROM COAX (continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Receiver Hysteresis VCAT2 VCAT2 = [V(RXTH)- V(RXTL))/2 100 mVp 
(measured at coax) f = 5 MHz, 

[V(RXTH)+ V(RXTL)]/2 = vee -1V 

Receiver Turn-Off tROFF 200 1000 ns 
Holding Time 

Receiver Static tRSDR, f = 10 MHz 20 50 ns 
Delay tRSDF 

Receiver Tum-On tRON f = 10 MHz 2 5 Bits 
Delay 1 Bit = 100 ns 

VLA T > VCC-SOO mV 

Receiver Output tRSKEW tRSKEW = tRSDR -tRSDF -2 2 ns 
Data Symmetry f = 5 and 1 0 MHz, after first 2 ~ 

from the input beginning packet 

COLLISION DETECT CIRCUIT 

With SOETST set high the collision detect output is enabled when a collision is detected on the coax and for • 
jabber timeout. With SOETST set low the collision detect output is also enabled at the end of every transmission • 
to the coax. 

Collision Sense VCOT COLADJ pin to VEE VCC VCC V 
Threshold (for 10BASE5) -1.492 -1.529 

COlADJ pin open VCC VCC V 
(for 10BASE2) -1.404 -1.581 

Collision Output tCON 500 900 ns 
Tum-On Delay 

Collision Reset tCOFF 2000 ns 
Time 

Collision Output fCl fCl= 1/(Tcl + Tch) 7808330A 8.5 11.5 MHz 

Frequency 7808330 8.5 12.5 MHz 

Collision Output tCOl tCOl=~ 40 SO % 
Duty Cycle tch+tcl 

Collision Detect Test tSTD 0.5 1.5 J.1S 
Delay Time 

Collision Detect Test tSTl 1 Bit = 100ns 5 8 15 Bits 
length 

Collision Detect Test tHlD 200 1000 ns 
Holding Time 
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ELECTRICAL SPECIFICATIONS 

01+/- AND CI+/- OUTPUT DRIVERS 

PARAMETER CONDITIONS 

Differential VODC V(CI+) - V(CI-), 
Output Voltage V(DI+) - V(DI-), 

RI = 780 
CI+/- Common Vcmt1 Output active or idle, 
Mode Output Voltage VB lAS = (VCC + VEE)/2 ± 5% 
DI+/- Common Vcmt2 Output active or idle 
Mode Output 
Voltage 

DI+/- or CI+/- Vodi Output active 
Differential Output 
Voltage Imbalance 

DI+/- or CI+/- Vod Off Output idle 
Differential Output 
Idle Voltage 

DI+/- or CI+/- tRR 20-80%, RI = 78 
Rise Time 

DI+/- or CI+/- tRF 80-20%, RI = 78 
Fall Time 

TEST MODE 

MIN 

±550 

VB lAS 
-1.7 

VCC-1.7 

-20 

The following test modes are entered by setting the voltage of the TEST pin: 

1. Normal mode 

2. tJRT and tJCT reduced by factor of 32 

3. Activate transmitter and receiver, deactivate jabber and collision detect 

TEST Pin Mode 1 
Voltage 

Mode 2 VEE+2.5 

Mode 3 VEE 
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NOM MAX UNIT 

±850 mVp 

VB lAS V 
- 0.5 

VCC-0.5 V 

±5 ±20 mV 

+20 mV 

5 ns 

5 ns 

Pin 
Open 

VEE+3.5 V 

VEE+O.2 V 



V(OO+) - V(DO-) 

COAX TAP 
VOLTAGE 

(TRANSMIT) 

551 78Q8330/8330A 
Ethernet Coaxial Transceiver 

t----~_=__=_-_-_-..... -+F--'-iLj---r-lI--+-Lj-+c=J-+LJ--+-----'-- OV 

tTSDR -+I ~ j4-tPWOF~ 

OV 

FIGURE 2: Transmit Function 

COAX TAP 
VOLTAGE 

(RECEIVE) 
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V (01+) - V (01-) 

V (00+) - V (00-) 

COAX TAP 
VOLTAGE 

(TRANSMIT) 

----~----_H~--_4+-----~--+-~--rr--+-----+'-OV 

FIGURE 3: Receive Function 

~---------------------------OV 

r--------------------------------OV 

V~~-V~I-) ----------------------------+-------~.~~ 

tHLD 

FIGURE 4: SQE Test 
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v (00+) - V (~O-) ~----------------------w 

COAX TAP lIUlJUlflflflflr-------4L=--------------------- OV VOLTAGE 

(TRANSMIT) I tJRT ·1 
V (CI+) - v (CI-) ---f---------.., -------OV 

-I I-tHLD 

FIGURE 5: Jabber Function 

FIGURE 6: CI± Parameters 

COAX TAP OV 
VOLTAGE \ /VCOT 

t~ON1 ~ 
V (CI+) - V (CI-) OV 

FIGURE 7: Collision Detect Timing 
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J 
PACKAGE PIN DESIGNATIONS 
(Top View) 

VCC1 20 VCC2 

CI+ 2 19 VEE3 

CI- 3 18 VCOl 

01+ 4 17 N/C 

DI- S 16 RXT 

COLADJ 6 15 N/C 

SO'ETST 7 14 TEST 

00+ 8 13 VEE1 

00- 9 12 TXT 

VEE2 10 11 VBIAS 

2o-Pln DIP 

~ 
t\I 

~ ~ ~ <3 ~ .± Q Q ~ ~ ~ o z z 

NIC 

NIC 

NIC 

01+ 4 

NIC 5 

01-

NIC 

COLADJ 

NIC 9 

NIC 10 

~ 11 

NIC 12 

NIC 13 

IX>+ 14 

NIC 15 

(") 
w Q 
~ z 

SSI 78Q8330/8330A 
Ethernet Coaxial Transceiver 

U C\I C') 

.1 + 0 w 
0 0 w 

0 (3 > > > 

18 VCOl 

17 N/C 

16 RXT 

SQETST 7 15 N/C 

14 TEST 
9 10 11 12 13 

d C\I 
~ ~ ill w 

0 w iii I- W 
> > > 

2o-Pin PLCC 

~ ~ 

NIC 

47 NIC 

46 VCOl 

45 NIC 

44 NIC 

43 NIC 

42 RXT 

41 NIC 

40 NIC 

39 NIC 

38 NIC 

37 TEST 

36 NIC 

35 NIC 

34 NIC 

NIC 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
33 NIC 

~ Q Q 8 Q t\I Q C/J Q !;( Q Q W Q Q Q w $ z z z w z 
CD 

z .... z z w z z z 
> > > 

64-Lead TQFP 
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ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SS17808330 

20-Pin Plastic DIP 78Q8330-CP 7808330-CP 

20-Pin PLCC 7808330-CH 7808330-CH 

64-Lead TOFP 7808330-CGT 7808330-CGT 

SSI 7808330A 

20-Pin Plastic DIP 7808330A-CP 7808330A-CP 

20-Pin PLCC 7808330A-CH 7808330A-CH 

64-Lead TOFP 7808330A-CGT 7808330A-CGT 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Aoc:ordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 

©1991 SiHcon Systems, Inc. 6-26 0193- rev. 



i 

4 
JiPr£n~$ 

SSI78Q8360 
Ethernet Controller! 

ENDEC Combo 

liaUllnmll·mll 
December 1992 

DESCRIPTION FEATURES 

The 551 7808360 is a combination Media Access 
Controller (MAC) and 10 Mbitls Manchester encoderl 
decoder (ENDEC) with Attachment Unit Interface 
(AUI) for IEEE 802.3 applications. It is connected to the 
transmission medium through the AUI with a 
transceiver circuit such as the 551 7808330 Ethernet 
Coax Transceiver or the 780902 10BaseT 
Transceiver. Connection to the host is accomplished 
via external bus decoding logic. 

An intelligent Buffer Manager is controlled by the host 
read, host write, receive and transmit pointers, and the 
8360 manages the pointers internally without any host 
intervention. The 8360 interleaves access to the buffer 
memory so that accesses from the host and from the 
network media seem to operate concurrently. 

The 8360 has a sophisticated power management 
capability with three different operating modes 
allowing the user to maximize power savings. Interface 
with the host can be accomplished in several different 
ways: memory mapping, I/O mapping, programmable 
DMA or a combination of these. Big and little endian 
byte orderings make for simple bus interface to all 
standard microprocessors. The 7808360 is packaged 
in a 1 OO-pin OFP or TOFP and uses a single 5V supply. 

SRAM 
INTERFACE 

t- --

• 
• 

• 

• 

• 

• 
• 

HOST 
INTER· 
FACE 

BUFFER 
MANAGER DATA LINK 

CONTROLLER 

SYSTEM 
BUS 

POWER 
MANAGEMENT 

SSI78Q8360 

IEEE 802.3 and Ethernet 2.0 compliant 

Power management options Include: 
- Intelligent power mode automatically shuts 

off unused circuitry 
- Standby mode reduces power while not in 

operation 
- Full power-down mode offers maximum 

power savings 
Advanced Buffer Manager architecture: 
- Automatic management of all pointers 
- Allows "simultaneous" access to data In 

buffer memory by both the network and host 
- High-speed received packet Skip 
Configurable Buffer Memory for design 
flexibility: 
- Two-bank transmit buffer in 2, 4, 8, or 16 Kbyte 

sizes 
- Ring-structure receive buffer from 4 to 62 Kbytes 
Software-conflgurable system bus structure: 
- Compatible with major microprocessors 
- 8- or 16-bit wide data path 
- Supports single and programmable burst 

DMA, 1/0 and Interrupt operations 

Three different loopback modes 
Multicast address filtering via 64-element hash 
table 

MANCHESTER 
ENCODER! 
DECODER 

: P~~~E~~~:R :: .. 

...-..... i COAX: SSI7808330 ijl ..... - ...... ~ 
: 10 BASE T: SSI 780902:: 

~::::::::::::::::::::::::::~:::::::::::::::::::::::::~::::::j~ 

ATTACHMENT 
UNIT 

INTERFACE 
(AUI) 

TRANSMISSION 
MEDIUM 

FIGURE 1: System Diagram 
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FUNCTIONAL DESCRIPTION 

The 7808360 consists of five major blocks: 

• Buffer Manager (and SRAM Interface) 

• Data Link Controller 

• Host Interface 

• Manchester ENDEC 

• Power Management 

A block diagram of the 7808360 is shown in Figure 2. 

BUFFER MANAGER 

The Buffer Manager manages all accesses to the 
buffer memory through the SRAM interface. The buffer 
memory is connected directly to the Data Link Controller 
(DLC), thus eliminating the need for a local 
microprocessor. The Buffer Manager also keeps track 
of all buffer memory pointers automatically, simplifying 
the software driver task. Together with intelligent 
arbitration, this makes the 8360 a high performance 
LAN controller. 

The buffer memory is divided into two portions: transmit 
memory portion and receive memory portion. The 
transmit memory portion can be partitioned into 2K, 4K, 
8K or 16 Kbyte buffer sizes. There is only one transmit 
bank if a 2 KB transmit buffer size is selected. If the 
transmit buffer size is greater than 2 KB, then the 
transmit buffer is configured into two banks of equal 
size. With the two bank configuration, one transmit 
bank may be tied up during transmission but the host 
can still continue to load data packets into the second 
transmit bank to be transmitted later. The receive 
buffer has a ring architecture which can be configured 
from 4K to 62 KB depending on the buffer memory 
configuration which has a range of 8K to 64 KB. 

A central arbitrator inside the Buffer Manager prioritizes 
and services requests for access to the buffer memory 
from 4 sources: the Transmitter, the Receiver, Host 
Read and Host Write. If necessary, the 8360 will assert 
a 'not ready' handshake to the host while servicing the 
Transmitter and/or Receiver. The 8360 arbitration 
mechanism provides packet management by 
interleaving packet data accesses to the buffer memory 
such that the operation appears to be simultaneous. 

For instance, in the situation where 2 transmit banks 
are configured, the host can load the first transmit bank 
and initiate a transmission. While the first transmit bank 
is being transmitted, the host can continue to load 
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packets in the second transmit bank. At this stage, the 
8360 can potentially be receiving data from the medium 
and loading it into the receive buffer (if the 8360 is in a 
loop back mode or if self-reception occurs). 

DATA LINK CONTROLLER 

The Data Link Controller (DLC) implements the ISO/ 
ANSI/IEEE 8802-3 CSMAlCD protocol. It consists of a 
Transmitter, a Receiver and C RC logic (which is shared 
by both transmit and receive operations). Automatic 
generation and stripping of the 64-bit preamble and the 
32-bit CRC code are provided on-chip. 

HOST INTERFACE 

The Host Interface (HIF) provides connection to the 
host system. It consists of the various registers, DMA 
circuits and ready logic. Both word and byte interfaces 
are supported as well as big endian and little endian 
data ordering. Host access to the buffer memory is 
through BMR8 (and BMR9). Reading from BMR8 will 
read a byte or word from the receive buffer and writing 
to BM R8 will write a byte or word to the transmit buffer. 
The ready logic is capable of delaying host access to 
the buffer memory with a time-out mechanism. Both 
single and burst OMA transfer modes are supported. 

MANCHESTER ENDEC 

This block implements Manchester encoding and 
decoding. Serial NRZ data from the DLC is converted 
to Manchester encoded data and sent to TOP and TDN 
outputs through the Attachment Unit Interface (AUI) 
driver. The decoder section performs three functions 
on the data received at ROP and RDN: clock recovery, 
carrier detection and Manchester decoding. The 
recovered receive clock will be low at the end of 
reception and during idle to save power. Jitter of up to 
20 nsec can be tolerated by the decoder. Collisions 
detected at the transceiver are presented as a 10 MHz 
signal at CDP and CDN and are then converted to a 
logic level signal and passed to the DLC. 
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POWER MANAGEMENT 

One very useful and important feature that the 8360 
offers is intelligent power management. It supports 
three different power saving modes: Intelligent, Standby, 
and Full Shutdown. All modes are configurable through 
registers. In the Intelligent mode, clocks are active only 
when they are needed. For example, when not 
transmitting, the clock supplied to the transmitter circuit 

HD(O:15) 

SRAM INTERFACE 
HA(O:3) 

HWORD 

"A"im" 

lID INTERNAL 
DATA BUS 

WI{ 

~ 
BUFFER MANAGER 

~ 

DMREO 

EOP 

NT 

READY 

RDYSEL 

RESET 

RRST 

CB 

in the DLe block is not active while host read from 
buffer memory may be active. In Standby mode, the 
oscillator clock is disconnected from the· rest of the 
circuits, so that only the oscillator circuits draw power. 
Full Shutdown turns off the oscillator, resulting in 
maximum power savings. Note that this mode is not 
available when using an external clock source. 

EXTERNAl. ENDEC I/O 

RXDATA 
RXfTX 
DATA 

REXT 

TOP 

TON 
SERIAL 

TXDATA 
RDP 

ENCODER' RON 

DATALN< DECODER 
CONTROU.ER &AUI CDP 

CONTROL 
CON 

CK20 

asci 

FIGURE 2: 78Q8360 Block Diagram 
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PIN ASSIGNMENT TABLE -100-Pin QFP 

PIN# PIN NAME TYPE PIN# PIN NAME TYPE 

1 HD11 108U 26 DMREQ 016 

2 HD10 108U 27 DMACK I 

3 VDD P 28 VDD P 

4 GND P 29 RD I 

5 HD9 108U 30 WR I 

6 HD8 108U 31 RESET 11 

7 CS I 32 RDO 104U 

8 BHE I 33 RD1 104U 

9 HWORD 04 34 RD2 104U 

10 HAO I 35 RD3 104U 

11 HA1 I 36 RD4 104U 

12 HA2 I 37 RD5 104U 

13 HA3 I 38 RD6 104U 

14 READY 04 39 RD7 104U 

15 GND P 40 GND P 

16 HDO 108 41 RD8 104U 

17 HD1 108 42 RD9 104U 

18 HD2 108 43 RD10 104U 

19 HD3 108 44 RD11 104U 

20 HD4 108 45 RD12 104U 

21 HD5 108 46 RD13 104U 

22 HD6 108 47 RD14 104U 

23 HD7 108 48 RD15 104U 

24 EOP I 49 OE 04 

25 INT 04 50 WE 04 

Legend: 
I: Input (TIL level) 
On: Output with IOL = n mA 
IOn: Input (TIL level) and Output with IOL = n mA 
IOnU: IOn with "controlled" internal pull-up resistor 
AI: Analog Input 
AO: Analog Output 
P: Power 

PIN# PIN NAME TYPE PIN# PIN NAME TYPE 

51 RCSO 04 76 OSCI 12 

52 RCS1 04 77 OSCO 0 2 

53 VDD P 78 AVDD P 

54 RAO 04 79 AGND P 

55 RA1 04 80 TXC 104U 

56 RA2 04 81 RDN AI 

57 RA3 04 82 RDP AI 

58 RA4 04 83 CDN AI 

59 RA5 04 84 CDP AI 

60 RA6 04 85 VDD P 

61 RA7 04 86 LOOP 104U 

62 RA8 04 87 REXT -3 

63 RA9 04 88 RXC 104U 

64 RA10 04 89 CK20 02 

65 GND P 90 GND P 

66 RA11 04 91 RXD 104U 

67 RA12 04 92 COL 104U 

68 RA13 04 93 CRS 104U 

69 RA14 04 94 RDYSEL I 

70 RA15 04 95 CB 04 

71 TXE 104U 96 RRST 04 

72 TXD 104U 97 HD15 108U 

73 GND P 98 HD14 108U 

74 TDN AO 99 HD13 108U 

75 TDP AO 100 HD12 108U 

Notes: 
[1] RESET has a Schmitt trigger and a pull-down resistor. 
[2] OSCI and OSCO have CMOS level. 
[3] REXT is connected to a resistor and then to analog ground. 
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PIN ASSIGNMENT TABLE - 100-Pin TQFP 

PIN. PIN NAME TYPE PIN. PIN NAME 

1 GND P 26 RD 

2 HOO 108U 27 WR 

3 HDS 108U 28 RESET 

4 CS I 29 RDO 

5 BHE I 30 RD1 

6 HWORD 04 31 RD2 

7 HAO I 32 RD3 

8 HA1 I 33 RD4 

9 HA2 I 34 RD5 

10 HA3 I 35 RD6 

11 READY 04 36 RD7 

12 GND P 37 GND 

13 HDO 108 38 RDS 

14 HD1 108 39 ROO 

15 HD2 108 40 RD10 

16 HD3 108 41 RD11 

17 HD4 108 42 RD12 

18 HD5 108 43 RD13 

19 HD6 108 44 RD14 

20 HD7 108 45 RD15 

21 EOP I 46 OE 

22 INT 04 47 WE 

23 DMREQ 016 48 RCSO 

24 DMACK I 49 RCS1 

25 VDD P 50 VDD 

Legend: 
I: Input (ffi level) 
On: Output with 10L = n rnA 
IOn: Input (TIL level) and Output wHh 10L = n rnA 
10nU: IOn wHh "oontrolled" internal pull-up resistor 
AI: Analog Input 
AO: Analog Output 
P: Power 

TYPE 

I 

I 

11 

104U 

104U 

104U 

I04U 

104U 

104U 

104U 

104U 

P 

104U 

104U 

104U 

104U 

104U 

I04U 

104U 

104U 

04 

04 

04 

04 

P 

PIN. PIN NAME TYPE PIN. PIN NAME TYPE 

51 RAO 04 76 AGND P 

52 RA1 04 77 TXC 104U 

53 RA2 04 78 RON AI 

54 RA3 04 79 RDP AI 

55 RA4 04 80 CDN AI 

56 RAS 04 81 COP AI 

57 RA6 04 82 VDO P 

58 RA7 04 83 LOOP I04U 

59 RAe 04 84 REXT -3 

60 RA9 04 85 RXC 104U 

61 RA10 04 86 CK20 02 

62 GND P 87 GND P 

63 RA11 04 88 RXD 104U 

64 RA12 04 89 COL 104U 

65 RA13 04 90 CRS 104U 

66 RA14 04 91 RDYSEL I 

67 RA15 04 92 CB 04 

68 TXE 104U 93 RRST 04 

69 TXD 104U 94 H015 108U 

70 GND P 95 H014 108U 

71 TDN AO 96 HD13 108U 

72 TDP AO 97 HD12 108U 

73 OSCI 12 98 HD11 108U 

74 OS CO 0 2 99 HD10 108U 

75 AVDD P 100 VDD P 

Notes: 
[1] RESET has a Schmitt trigger and a pull-down resistor. 
[2] OSCI and OSCO have CMOS level. 
[3] REXT is oonnected to a resistor and then to analog ground. 
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PIN DESCRIPTION 

HOST BUS INTERFACE 

NAME TYPE 

RESET I 

READY 0 

RDYSEL I 

WR I 

RD I 

CS I 

BHE I 

INT 0 

EOP I 

DMREQ 0 

DESCRIPTION 

HARDWARE RESET. Active high. A minimum pulse length of 200 ns is 
required. This pin resets the 8360's internal pOinters and registers to their 
appropriate states. NB: the 8360 must be reset after power on before usage. 

READY. This output is asserted to indicate to the host that the 8360 is ready 
to complete the requested read or write operation. It will also be used if the 
device is unable to respond to read or write requests within 2.4 J..LS. In these 
situations, the 8360 will also assert INT and the host read error status bit 
(DLCR1 <6» or host write error status bit (DLCRO <0». The polarity of the 
READY pin is determined by RDYSEL. 

READY POLARITY SELECT. Control input to select the polarity of the READY 
pin. When RDYSEL is a '1', READY will be active high. If RDYSEL is a '0', 
READY will be an active low signal. 

WRITE. The WR pin is an active low input that enables a write operation from 
the host to the 8360's internal registers as selected by the host address inputs 
HA[0:3]. 

READ. The RD pin is an active low input that enables a read operation by the 
host from the 8360's internal registers as selected by the host address inputs 
HA[0:3]. 

CHIP SELECT. An active low input signal as the chip select for the 8360. 

BYTE HIGH ENABLE. This is an active low byte/word control pin used only 
when the 8360 is configured for word transfer by HBYTE bit (DLCR6 <5». 
Combinations of BHE and HAO are used to select word, upper byte only or 
lower byte only transfers. 

HBYTE BHE HAO FUNCTION 

0 0 0 Word transfer 

0 0 1 Byte transfer on high bus HD[8:15]. 

0 1 0 Byte transfer on low bus HD[0:7). 

0 1 1 Reserved 

1 X X Byte transfer (HD[0:7]) 

INTERRUPT. This active low signal is asserted when the 8360 requires the 
intervention of the Host in the situations as depicted in DLCRO&1. The INT 
signal is masked by writing a '0' to the interrupt enable register. 

END OF PROCESS. Asserted at the end of a DMA transfer by the Host DMA 
controller. Further DMA requests (DMREQ) will be discontinued after EOP is 
asserted. Polarity can be selected via register bit (DLCR7 <1». 

DMA REQUEST. The 8360 issues a DMREQ to the Host DMA controller to 
initiate a write to its transmit buffer or a read from its receive buffer. 
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PIN DEseRI PTION (continued) 

NAME TYPE DESCRIPTION 

DMACK I DMA ACKNOWLEDGE. An active low signal issued by the Host DMA 
controller when it is ready to perform data transfers between the Host and the 
8360's buffer memory via BMR8. 

HA[0:3] I HOST ADDRESS. Selects the set of internal registers to be accessible by the 
8360 for read or write operations. 

HD[0:15] I/O HOST DATA BUS. A bi-directional, tri-state bus for data, command and status 
transfers between the Host and the 8360 with the direction being controlled by 
RD and WR. The combinations of HBYTE, BHE and HAO control the portion 
of the bus that is being utilized. HA[0:3] and RBNK <0:1> (DLCR7 <2:3» 
select the set of internal registers for access. 

HWORD 0 HOST WORD CONFIGURATION. This pin is the complement of the register 
bit HBYTE (DLCR6 <5». If HBYTE is a '0', the Host interface is configured for 
word transfers. If HBYTE is a"1', the Host interface is configured for byte 
transfers on the lower bus, HD[0:7). 

BUFFER MEMORY INTERFACE 

RCSO, RCS1 0 RAM CHIP SELECT. RCSO and RCS1 are active low chip select lines for the 
SRAM with RCSO as the least significant byte. 

OE 0 RAM OUTPUT ENABLE. Active low. This is the output enable asserted by the 
8360 during buffer memory read cycles for the SRAM. 

WE 0 RAM WRITE ENABLE. Active low. This is the write enable asserted by the 
8360 during buffer memory write cycles for the SRAM. 

RD[0:15] I/O RAM OAT A BUS. This is the data bus between the 8360 and the buffer 
memory. It can be configured for byte or word transfer depending on register 
bit RBYTE (DLCR6 <4» RAM BYTE. For word transfers, the ordering of 
the most and least significant byte is defined by the register bit, INTLMOT 
(DLCR7 <0». 

RA[0:15] 0 RAM ADDRESS BUS. Addresses up to 64 KByte of SRAM buffer memory. 

NETWORK INTERFACE 

TON, TOP 0 TRANSMIT DATA NEGATIVE and POSITIVE. Differential outputs to the 
transceiver for transmission. 

RDN,RDP I RECEIVE DATA NEGATIVE and POSITIVE. Manchester differential inputs 
from the transceiver for reception. 

CON, COP I COLLISION DETECT NEGATIVE and POSITIVE. When the transceiver 
detects a collision on the media, these differential inputs are driven by a 10 
MHz signal. 

REXT - EXTERNAL RESISTOR. External biasing resistor for the Attachment Unit 
Interface (AUI). 
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EXTERNAL ENCODERIDECODER INTERFACE 

The following eight pins are provided for connection to an external encoderldecoder in the optional mode of 
using an external encoderldecoder with the 7808360. They are also used as monitor pins for test purposes. 
In normal network interface applications these pins are not used and are pulled-up internally. Optional modes 
of configuration are determined by the EEDCNTL <1 :0> register bits DLCR7<7:6>. 

CONTROLLER-ENCODER/DECODER INTERFACE 

NAME TYPE DESCRIPTION 

TXD I/O TRANSMIT DATA. Normally not used. (Non-Return to Zero) NRZ transmit 
serial data. 

TXC 1/0 TRANSM IT CLOCK. Normally not used. A synchronous 10 MHz clock with the 
serially transmitted data, TXD. 

TXE I/O TRANSMIT ENABLE. Normally not used. Enable for transmission. 

COL I/O COLLISION. Normally not used. Active high collision signal. 

LOOP 1/0 LOOP BACK. Normally not used. ENDEC loop back test signal. 

RXD 1/0 RECEIVE DATA. Normally not used. NRZ serial receive data. 

RXC 1/0 RECEIVE CLOCK. Normally not used. A synchronous 10 MHz recovered 
clock with the serially received data, RXD. 

CRS 1/0 CARRIER SENSE. Normally not used. When asserted high, it signifies that a 
carrier is active in the media. 

ENCODERIDECODER PIN INPUTIOUTPUT TABLE 

EEDCNTL <1 :0> MODE TXD I TXC I TXE I LOOP I RXD I RXC I CRS I COL 

00 Normal On-chip internal ENDEC is used with the 8360 

7808360 ZU I zu I zu I zu I zu I zu I zu I ZU 

01 7808360 On-chip internal ENDEC is used with the 8360 

Monitor 0 1 0 I 0 I 0 I 0 I 0 I 0 I 0 

10 External External ENDEC is used with the 8360, internal ENDEC is off 

ENDEC 0 I I I 0 I 0 I I I I I I I I 

11 ENDEC On-chip internal ENDEC is used only, the 8360 controller is off 

Test I I 0 I I I I I 0 I 0 I 0 I 0 

ZU: High impedance with internal pull-up 
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PIN DESCRIPTION (continued) 

DEVICE POWER 

NAME TYPE DESCRIPTION 

VDD P POWER SUPPL Y. A +5V DC (±5%) supply is required. 

GND P SYSTEM GROUND. 

AVDD P ANALOG VDD. The analog VDD pin required by the internal encoder/decoder 
is to be connected to a different VDD path from the digital VDD. A +5V DC 
(±5%) supply is required. 

AGND P ANALOG GROUND. The analog ground required by the internal encoder/ 
decoder is to be connected to a separate GND path from the digital GND. 

CRYSTAL OSCILLATOR 

OSCI I OSCILLATOR IN. Connection for one side of the 20 MHz crystal or an input 
for an external 20 MHz clock source. 

OS CO 0 OSCILLATOR OUT. Connection for other side of the 20 MHz crystal. Left 
unconnected if an external clock is used. 

MISCELLANEOUS 

CB 0 CONTROL BIT. A complement of the internal register bit, DLCR4 <2>, which 
is used to activate any external hardware. 

RRST 0 REMOTE RESET. This pin follows the RMTRST register bit (DLCR1 <4». 
The RMTRST bit is '1' only if a packet with the pattern 0900H in the Type Field 
is detected and ENA_RMTRST (DLCR5 <2» is activated. This feature can be 
used by the nodes on the network to remotely-control external hardware. 

CK20 0 20 MHz CLOCK: A 20 M Hz free-running buffered clock output provided by the 
crystal oscillator circuit. 
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CONTROL AND STATUS REGISTERS 

The registers in the 8360 can be divided into 5 groups: 
the Data Link Control Registers (DLCRO-7), Node ID 
registers (IDR8-13), Time Domain Reflectometry 
Registers (TDR14-15), Hash Table Registers (HTR8-
15) and Buffer Memory Registers (BMR8-15). 

The Data Link Control Registers contain the transmit 
and receive status information, interrupt enable, 8360 
setup and software reset bit (DLCR6<7». They are 
accessed through direct register addresses xxxOH 
through xxx7H. The Ethernet Node ID is stored in lOR 
8-15. The TDR 14-15 registers are used to provide the 
count value of the number of bits transmitted for each 
packet. This value can indicate whether a packet has 
completed its transmission or has encountered a 
collision. Both the Node ID and the Time Domain 
Reflectometry Registers can be accessed through 
direct register addresses xxx8H through xxxFH. 

RBNK<1:0> HA3 HA2 HA1 HAO 

XX 0 0 0 0 

XX 0 0 0 1 

XX 0 0 1 0 

XX 0 0 1 1 

XX 0 1 0 0 

XX 0 1 0 1 

XX 0 1 1 0 

XX 0 1 1 1 

00 1 0 0 0 

00 1 0 0 1 

00 1 0 1 0 

00 1 0 1 1 

00 1 1 0 0 

00 1 1 0 1 

The Hash Table Registers (HTR8-15) provide a means 
for filtering incoming multicast packets. Any packet 
that does not match the hash table coding will be 
rejected. The HTR8-15 can be accessed by the bank­
switching addresses RBNK<1 :0> (DLCR7 <3:2». 

The final group of the registers belongs to the Buffer 
Memory Registers (BMR8-15). The tasks performed 
by these registers include transferring of packets 
between the host and the 8360 (via BMR8-9), collision 
control, DMA operations and activation of the transmit 
operation. A summary table of the registers and their 
addresses are tabulated below: 

ADDRESS DESCRIPTION 

DLCRO Transmit Status 

DLCR1 Receive Status 

DLCR2 Transmit Interrupt Mask 

DLCR3 Receive Interrupt Mask 

DLCR4 Transmit Mode 

DLCR5 Receive Mode 

DLCR6 Conf~uration 1 

DLCR7 Configuration 2 

IDR8 NODE ID 0 

IDR9 NODE ID 1 

IDR 10 NODE ID 2 

IDR11 NODE ID3 

IDR12 NODE ID4 

IDR13 NODE ID5 

00 1 1 1 0 TDR14 TOR 0 (LSB) 

00 1 1 1 1 TDR15 TDR 1 (MSB) 
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CONTROL AND STATUS REGISTERS (continued) 

RBNK<1:0> HA3 HA2 HA1 HAO ADDRESS 

01 1 0 0 0 HTR8 

01 1 0 0 1 HTR9 

01 1 0 1 0 HTR10 

01 1 0 1 1 HTR11 

01 1 1 0 0 HTR12 

01 1 1 0 1 HTR13 

01 1 1 1 0 HTR14 

01 1 1 1 1 HTR15 

10 1 0 0 0 BMR8 

10 1 0 0 1 BMR9 

10 1 0 1 0 BMR10 

10 1 0 1 1 BMR11 

10 1 1 0 0 BMR12 

10 1 1 0 1 BMR13 

10 1 1 1 0 BMR14 

10 1 1 1 1 BMR15 

11 X X X X -

SSI78Q8360 
Ethernet Controller/ 

ENDEC Combo 

DESCRIPTION 

Hash Table 0 

Hash Table 1 

Hash Table 2 

Hash Table 3 

Hash Table 4 

Hash Table 5 

Hash Table 6 

Hash Table 7 

Buffer Memory 110 Port 

Buffer Memory lID Port (word mode) 

Transmit Start + Packet Count 

16 Collisions Control 

DMA Enable 

DMA Burst 

Skip Packet 

Reserved 

RESERVED 

Note: All registers are both word and byte accessible. In word mode, register bytes are paired up. IDR and HTR 
can only be accessed when ENADLC (DLCR 6<7» is a '1'. In byte mode, only BMR8 will be used. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation beyond the maximum ratings may damage the device. 

PARAMETER 

Supply voltage, Voo 

Input voltage, V1N 
Output voltage, VOUT 

Storage temperature, T STG 

Lead temperature (max 10 sec soldering), TL 

DC CHARACTERISTICS 
(TA = O°C to +70°C, Voo = 5V ± 5%) 

PARAMETER CONDITIONS 

Low level input voltage V1L TTL inputs 

OSCI pin 

RESET pin 

High level input voltage V1H TTL inputs 

OSCI pin 

RESET pin 

Low level output voltage VOL Rated IOL 

IOL = 20 JJA 
High level output voltage VOH Rated IOH 

IOH = -20 JJA 
Low level output current (1) 

(pin types On, IOn and 10nU) 
IOL VOL = O.4V 

High level output current (1) 

(pin types On, IOn and 10nU) 
IOH VOH = 2.4V 

Leakage current (input/output) IL 

Supply current (2) 100 Fully active 

Idle 

Power down supply 
current (2) IpWRON Osc. on 

Osc. off 

RATING 

-0.5 to 6.0V 

-0.5 to Voo + 0.5V 

-0.5 to Voo + 0.5V 

-55 to 150°C 

250°C max 

MIN NOM MAX UNIT 

0 0.8 V 

0 1.4 V 

0 1.2 V 

2.0 Vnn V 

3.2 Voo V 

1.8 Voo V 

0 0.4 V 

0 0.1 V 

2.4 Voo V 

Voo - 0.1 Voo V 

n rnA 

-n rnA 

-10 10 JJA 
50 rnA 

25 rnA 

5 rnA 

1 rnA 

Note: (1) "n" refers to the rated output current and takes the value of 2, 4, 8, 16 depending on the pins. 
(2) Inputs at VCC or GND. Fully active means 3 "simultaneous" operations: transmitting, receiving and 

either host write or read. 
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ELECTRICAL SPECIFICATIONS (continued) 

AUI CHARACTERISITICS 
(TA = 0 to 70 oC, VDD = SV ±S%) 
Input refers to RDP, Nand CDP, N. Output refers to TDP, N. 

PARAMETER CONDITIONS 

AC Common Mode Output Voltage 
VACCM 

DC Common Mode Output Voltage 
VOCCM 

Differential Peak Output Voltage REXT = 20 kn 
Vop RT = 780. 

Output Current lop REXT = 20 kn 

Input Squelch Threshold Voltage 
VSQ 

Open Circuit Input Bias Voltage 

VBIAS 

CAPACITANCE 

Input pin capacitance CIN 
Output pin capacitance COUT 
1/0 pin capacitance CIO 

6-39 

MIN 

3.0 

0.7 

9 

-140 

2.S 

NOM MAX UNIT 

±40 rnV 

4.0 Voo- V 
O.S 

0.9 1.1 V 

11 13 rnA 

-190 -260 rnV 

3.S Voo- V 

O.S 

I 10 pF 

10 pF 

10 pF 
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HA[0:3) 

READY 
(a) 

READY 
(b) 

READY 
(c) 

READY 
(d) 

HDfO:15j 
(from 8360 

-
~t1~ 

~ 

~ 

\ 
.. 

-\ 
~ 

04--

~ 8 

\ 

I 

~t2~ 

j 

t3 ~ 

t5 --. 

~t7~ 

t6~ 

(logic high) 

~t9~ 

~t11~ .. t 13 .. 
~ 

+-t12--. 

t 10 

FIGURE 3: Read Cycle 
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HA[O:3] 

~t1---
~ 

.. 
I READY 

(a) _\ 
~' 

READY 
(b) 

t3 

t5 .. 

, 
1\ 

~t6~ 
READY 

(c) 

READY 
(d) 

HD[0:15) 
(to 8360) 

~ 8 

tlO 

FIGURE 4: Write Cycle 
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.~( ------------------------------------------------------------------------------1 TABLE 2: Write Cycle 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

cs low to WR low; 
HA[O :3] valid to WR low t1 0 ns 

WR high to CS high; 
WR high to HA[0:3] invalid t2 0 ns 

WR low pulse width t3 30 ns 

WR low to READY low t4 (a) 0 35 ns 

WR low to READY high (1) t5 (a) 400 ns 

WR low to READY low (1) t6 (b) 0 400 ns 

WR high to READY high t7 (b) 25 n's 

WR low to READY low t8 (d) 0 25 ns 

WR high to READY high t9 (d) 0 25 ns 

HD[0:15] valid to WR high 
(data setup) t10 15 ns 

WR high to HD[0:15] invalid 
(data hold) t11 10 ns 

Note: (1) Maximum of 400 ns may occur if system makes contiguous system read cycles at less than 100 
ns intervals, and both the transmitter and receiver are active on "Ioopback" reception (if the 
transmitter and receiver are idle, the max value becomes 250 ns). 2.4 J.1S max for host write error. 

(a) For Buffer Memory Port when port is busy and RDYSEL = 1. 
(b) For Buffer Memory Port when port is busy and RDYSEL = o. 
(c) For register or port is not busy and RDYSEL = 1. 
(d) For register or port is not busy and RDYSEL = o. 
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DMREQ 

DMACK -----------,. 

RD or WR ------------. 

EOP------------------~ 

FIGURE 5: Single-Cycle DMA Timing 

TABLE 3: Single-Cycle DMA Timing 

PARAMETER CONDITIONS 

DMACK low to DMREQ low t1 

DMACK high to DMREQ high t2 

DMACK low to RD or WR low t3 

RD or WR high to DMACK high t4 

RD or WR low to EOP low ts 

EOP high to DMACK high t6 

EOP low pulse width t7 

MIN NOM 

0 

0 

0 

0 

0 

0 

10 

Note: (1) An asserted EOP terminates any further DMREQ after DMACK returns high. 

MAX UNIT 

20 ns 

20 ns 

ns 

ns 

ns 

ns 

ns 

(2) The DMA cycle uses DMACK as the chip select. DMACK overrides CS and HA[0:3] if they are both 
asserted at the same time, forcing selection of the Buffer Memory Port as in a DMA cycle. 

(3) For READY timing and HD[0:15] timing, see Figure 3, t4-t13, and Figure 4, t4-t11 . 
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~~: ------------------­
I 

---~----------~fr---~I 
DMREQ~ 

DMAeK----~\~ __________ ~~------+_------------~1 
1m' or vm ------\ ______ -.J 

FIGURE 6: Burst DMA Timing 

TABLE 4: Burst DMA Timing 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

RD or WR low to DMREO low t1 30 ns 

RD or WR high to DMACK high t2 0 ns 

Note: (1) OM R EO goes low during the next-to-Iasttransfer ofthe burst. DMACK should not go high until after 6 
the RD or WR pulse of the last transfer cycle goes high 

(2) The DMA cycle uses DMACK as the chip select. DMACK overrides CS and HA[0:3] if they are both 
asserted at the same time, forcing selection of the Buffer Memory Port as in a DMA cycle. 

(3) For READY timing and HD[0:15] timing, see Figure 3, t
4
-t13, and Figure 4, t

4
-t11 . 
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DMREQ~ 

DMACK ~'_ _______ -'I 

RD or WR -----,. 

}--____ ---J/ 

~---1~ BURST INTERRUPTED 

FIGURE 7: Burst DMA Interrupted by DMACK 
Note: Burst can be interrupted by DMACk high-going pulse during the burst. Burst will resume when DMACK returns low. 

DMREQ ------II 

DMACK----------~\'_ ________ ~~--~-------JI 

RD or WR --------------,.\~ __ _J 

EOP-------------------~ 

FIGURE 8: Burst DMA Terminated by EOP 

TABLE 5: Burst DMA Terminated by EOP 

PARAMETER CONDITIONS MIN 

EOP low to DMREQ low t1 4 

EOP high to DMACK high t2 3 

RD or WR low to EOP low t3 0 

t2 

NOM MAX UNIT 

28 ns 

ns 

ns 

Note: EOP can be asserted during any transfer of the burst to terminate the process following that transfer. 
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"1-
1 

-------------------------

1 

FIGURE 9: RESET Timing 

TABLE 6: RESET Timing 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

RESET pulse width t1 200 ns 

RESET low to first CS low t2 300 ns 

Note: Before enabling transmit and receive functions (ENADLC), wait 1 0 ~ after reset pulse for internal 
calibration of DPLL. 

CS, / 
WR~ 

~ t 1 

RD 

FIGURE 10: Skip Packet Timing 

TABLE 7: Skip Packet Timing 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Writing Skip Packet high to 
next Buffer Memory Port read t1 200 ns 

6-47 

I 



SSI78Q8360 
Ethernet Controller! 
ENDECCombo 

LOOP 

CB 

J 

~ 

~t1~ 

W 
JI\. 

t2 f4-
\ 
J~ 

-

13i 
TXE ____________________ :'~:=====~~~~_t_4=========~:~{----------

FIGURE 11: LOOP, CB and INTTlming 

TABLE 8: LOOP, CB and INTTlming 

PARAMETER CONDITIONS 

Loopback Control (LOOP) delay t1 

CBdelay t2 

INT signal clearing delay t3 

Transmit enable delay after Network free and 8360 idle 
setting TXST high t4 

Note: TXST is BMR10<7> 
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MIN NOM MAX UNIT 

5 30 ns 

5 30 ns 

7 40 ns 
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I 

! 

.. t1 .. 
RA[O:1S] \1/ \1/ 

/1\ Jr-. ... t2 .. t4~ -
~t3 

/ \ V 
'- -' - ts .. ~ t6 ... .. 

/ \ 
r-. 

~t9 t7 ~t8~ 
RD[O:1S] ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ««««( »»») 

FIGURE 12: SRAM Read Timing 

TABLE 9: SRAM Read Timing 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Read cycle t1 RAMSP = 1 95 ns 

RAMSP = 0 145 ns 

Address access time t2 RAMSP = 1 80 ns 

RAMSP = 0 130 ns 

Address valid to RCSO, 1 low t3 0 5 ns 

RCSO ,1 high to address invalid t4 0 ns 

Chip select access time t5 RAMSP = 1 80 ns 

RAMSP = 0 130 ns 

OE high to RCSO ,1 high t6 0 2 ns 

Output enable access time t7 50 ns 

Data hold time t8 0 ns 

Address valid to OE low t9 30 ns 

Note: Use SRAM w~h address access time of 80 ns or less for RAMSP = 1 and 130 ns or less for RAMSP = O. RAMSP 
is DLCR6 <6>. 
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"""-

RA[O:15] 
, 

""" 
~t2 

/ 
04-t'6 

/ 
-

RD[O:15] \\\\\\\\\\\\\\\\\\\ 
L/LJILlllllllllll11 

t1 

t3 

t4 

t7 

tlO 

FIGURE 13: SRAM Write Timing 

TABLE 10: SRAM Write Timing 

PARAMETER CONDITIONS 

Write Cycle t1 RAMSP = 1 
RAMSP= 0 

Address Valid to RCSO,110w t2 
Address Valid to WE high t3 RAMSP = 1 

RAMSP = 0 

RCSO ,1 - low to WE high t4 RAMSP = 1 
RAMSP=O 

RCSO ,1 high to Address Invalid ts 

RCSO ,1 low to WE low t6 
WE Pulse Width t7 RAMSP = 1 

RAMSP = 0 

WE high to RCSO ,1 high t8 
WE high to Address Invalid t9 
Data Setup Time t10 
Data Hold Time t11 

.. 
, 
J 

~ ~ 5 • 
J .. ~ ta 

J 
t9 

.. 
\\\\\\ 
111111 

~t11~ 

MIN NOM MAX UNIT 

95 ns 
145 ns 

0 5 ns 

70 ns 
120 ns 

70 ns 
120 ns 

0 ns 

0 ns 

70 ns 
120 ns 

0 ns 

20 ns 

40 ns 

20 ns 

Note: Use SRAM wfth address access time of 80 ns or less for RAMSP = 1 and 130 ns or less for RAMSP = O. RAMSP 
is DLCR6<6>. 
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INT ----------------------------------------(IF IT IS ENABLED) 

FIGURE 14: Transmit Timing 

FIGURE 15: Transmit Timing 

/ if J5 }-TXE START 

I'" PREAMBLE --I I'" t9 

TXD ~)lJu-u---i JAM 

e Jf '\ ~ COL -55 
t 10 

~j 
~ 

TNT 
(IF IT IS ENABLED) 

FIGURE 16: Transmit Timing 
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FIGURE 17: Transmit Timing 

TABLE 11: Transmit Timing: Figure 14·17 (for external Encoder/Decoder mode) 

PARAMETER CONDITIONS MIN NOM 

Transmit clock high width t1 45 50 

Transmit clock low width t2 45 50 

TXE high to TXC high t3 65 -
Transmit data setup t4 55 -

Transmit data hold ts 5 -

TXC high to TXE low t6 - -
Transmit interrupt low to 
transmit enable low t7 - 1 

Minimum collision length ts 200 -
Jam period (1) tg - 32 

Transmit interrupt from collision t10 - -
Collision at data field 
to first jam bit t11 - -

Note: (1) The 32 jam bits consists of all zeroes. 
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MAX UNIT 

55 ns 

55 ns 

- ns 

- ns 

- ns 

35 ns 

- TXC cycles 

- ns 

- TXC cycles 

5 TXCcycles 

5 TXC cycles 



~ , 

! 

TXC 

TXE 

TXO 

(Voo) 
TOP 

(Voo) 
TON 

TOP/N 

FIGURE 18: Transmit Start Timing 
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TXC 

TXE ---------+--..... , 

TXO 

TOP -----,. 

TON ___ ---J 

TOPIN -------.. 
(If Last Bit = 0) 

TDP/N -------, 

(lflastB;t=') \'---______ /U 

FIGURE 19: Transmit End Timing 

TABLE 12: Transmit Start and End Timing: Figure 18-19 (for Encoder/Decoder Test mode) 

PARAMETER CONDITIONS MIN NOM MAX 

TXC cycle time t1 99.99 100 100.01 

TXC high width t2 40 50 60 

TXC low width t3 40 50 60 

TXD, TXE setup time to TXC t4 - 30 -
TXD, TXE hold time from TXC t5 - 20 -

TDP/N encode time t6 - 90 -

TDP,N fall/rise time t7 20% to 80%, REXT = 20 kQ, - 2 -

RT = 78Q 

TDP/N line 
voltage transition ta - - 8 

TDP/N end-of-packet 
delimiter t9 200 - -
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(Vee) 

(Veo) 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

JlS 

ns 
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TXC 

TXE 

TXD 

CRS 

FIGURE 20: Loopback Timing 

TABLE 13: Loopback Timing (for Encoder/Decoder test mode) 

PARAMETER CONDITIONS 

Loop receiving data 
purge time t1 

Wait time from CRS low 
toTXE high t2 

Data through time t3 

Loop receiving data 
accept time t4 
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MIN NOM MAX UNIT 

- 180 - ns 

9.6 - - J.1S 

- 190 - ns 

- 30 - ns 
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CDP/N 

COL 

FIGURE 21: Collision Timing 

TABLE 14: Collision Timing (for Encoder/Decoder Test mode) 

PARAMETER CONDITIONS 

COL on delay time t1 

COL off delay time t2 

RXC 

CRS 

RXD 

(IF IT IS NOT MASKED) 

FIGURE 22: Receive Timing 
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MIN NOM MAX UNIT 

- 40 50 ns 

- 270 300 ns 
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TABLE 15: Receive Timing (for external Encoder/Decoder mode) 

PARAMETER CONDITIONS 

Receive clock high width t1 

Receive clock low width t2 

Receive data and 
carrier sense setup 13 
Receive data and carrier 
sense hold t4 

Number of RXe cycles 
after last bit t5 

Receive carrier sense 
drop after last bit t6 

Last bit of packet t7 Good packet 
received to interrupt Bad packet 

Unsque\ch 

RDP/N 

CRS 

RXC 

RXD 

FIGURE 23: Receive Start Timing 
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MIN NOM MAX UNIT 

40 ns 

40 ns 

20 ns 

20 ns 

1 RXCcycIes 

7 RXCcycIes 

8 RXCcycIes 
2 RXCcycIes 
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RDP/N 

CRS 

RXC 

RXD 

~------------------
f.4------11 o-----...-J 

FIGURE 24: Receive End Timing 

TABLE 16: Receive Timing: Figure 23·24 (for Encoder/Decoder Test mode) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

CRS on delay time t1 - 150 220 ns 

RXC delay time t2 - 170 - ns 

RXC low time t3 35 50 - ns 

RXC high time t4 35 50 - ns 

RXD setup time to RXC t5 40 50 - ns 

RXD hold time from RXC t6 40 50 - ns 

CRS off delay time t7 - 220 - ns 

CRS high hold time ta - 50 - ns 

CRS low setup time t9 - 50 - ns 

Number of RXC cycles 
after last bit t10 5 5 5 cycles 
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J TesIPoint~I.4~ - VIH = 2.0V 
- - VIL=O.8V 

RDP,N AND CDP,N 
INPUT WAVEFORM 

--v ~- VIH=4.0V 
--.1\ Test Point - 3.5~ - VIL = 3.0V 
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TDP/N OUTPUT LOAD 

TDP G 
78Q 

TDN 
REXT 

TTL OUTPUT WAVEFORM 

J Test Point = 1.4~ - VOH = 2.4V 
- - VOL = O.4V 

TDP,N OUTPUT WAVEFORM 

~ ~ - VOH=4.3V 
--=:JK!estPoint-4.0V=t!'C::::.. - VOL = 3.7V 

FIGURE 25: Test Conditions 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GND 
§~~~~~~~~m~m~~~~~~~~~~~~~ 

HD9 

HD8 

cs 
~ 

HWORD 

HAO 

HAl 

HA2 

HA3 

READY 

GND 

HDO 

HDl 

HD2 

HD3 

HD4 

HD5 

HD6 

HD7 

EOP 
iliiT 

DMREQ 

15M7iC1< 
VDD 

:e~reg:g;;;~::l;:l;lIl~~l!ll/l~;tc;:j~~~~~~~fil 

~I~ ~ 0 ~ N ~ ~ ~ ~ ~ 0 ~ m 0 ~ N ~ ~ ~ ~ IWIO I~ ° ~~woooo ooozoooooooo ~ooooo 
~~~~~~~~~~~~~~~~~~ ~~> 
~ 

100-Lead TQFP 
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75 AVDD 

74 OSCO 

73 OSCI 

72 TOP 

71 TON 

70 GND 

69 TXD 

68 TXE 

67 RA15 

66 RA14 

65 RA13 

64 RA12 

63 RAll 

62 GND 

61 RA10 

60 RA9 

59 RA8 

58 RA7 

57 RA6 

56 RAS 

55 RM 

54 RA3 

53 RA2 

52 RAl 

51 RAO 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

HOll 

H010 

VOD 
GNO 
H09 
H08 
~ 

lIRE' 
HWORO 

HAO 
HAl 
HA2 
HA3 

READY 
GNO 
HOO 
HOI 

H02 

H03 
HD4 

H05 
H06 

H07 

EOP 
TRr 

OMREQ 
~ 

VOO 
m 

WR 

ORDERING INFORMATION 

PART DESCRIPTION 

38 
79 
78 

• n 
76 
75 

74 

73 

72 
10 71 
11 70 

12 69 

13 68 

14 67 

15 66 
16 65 
17 64 
18 63 

19 62 
20 61 
21 60 

22 59 
23 58 
24 57 

25 56 
26 55 
27 54 
28 53 

: O~ 
~~~~~~~~~~~t~t~~~&t~ 

100-Lead QFP 

ORDER NUMBER 

SSI 7808360 - Ethernet Controller! 

ENDECCombo 100-pin OFP 7808360-CG 

100-pin TOFP 7808360-CGT 
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TXC 
AGNO 
AVOO 
oseo 
asCI 
TOP 
TON 
GNO 
TXO 
TXE 
RA15 

RA14 

RA13 

RA12 

RAil 

GNO 
RAl0 

RA9 

RA8 
RA7 
RA6 

RA5 
RA4 

RA3 

RA2 
RAI 

RAO 
VOO 
~ 
~ 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

PACKAGE MARK 

7808360-CG 

7808360-CGT 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 
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is current before placing orders. 
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DESCRIPTION 

The SS17808370 is a highly integrated Ethernet IC for 
use in PCMCIA (Personal Computer Memory Card 
International Association) applications. It contains a 
Media Access Controller (MAC), a 10 Mbitls 
Manchester encoder/decoder (ENDEC), a 10BaseT 
transceiver, a memory-card bus interface (PCMCIA), 
and an Attachment Unit Interface (AUI). This level of 
integration allows the user to implement a PCMCIA 
card for 1 OBase Tusing only the SSI7808370, external 
SRAM, and some passive components. The internal 
bus interface circuit allows connection to a PCMCIA 
2.0 bus without other external components. The SSI 
7808370 connects to twisted-pair media via line 
transformers through the on-chip transceiver circuit. 
Connection to other media such as coaxial cable is 
made through the AUI port to an external transceiver, 
such as the SSI 7808330 Ethernet Coax Transceiver. 

The SSI 7808370 has a sophisticated power 
management capability with three different operating 
modes allowing the user to maximize power savings, 
making it ideal for use in PCMCIA applications. During 
normal operation, the IC monitors its own actions and 
shuts down the circuits that are not being used, 
resulting in the lowest possible operating power. It also 
has a standby mode which leaves only the oscillator 
running, and a full shutdown mode which also turns off 
the oscillator. 

An intelligent Buffer Manager is controlled by the host 
read, host write, receive and transmit pointers, and the 
SSI 7808370 manages the pointers intemally without 
any host intervention. The device interleaves access to 
the buffer memory so that accesses from the host and 
from the network media seem to operate concurrently. 
Interface with the host can be accomplished by 
memory mapping or I/O mapping. Big and little endian 
byte orderings make for simple bus interface to all 
standard microprocessors. 

The SSI 7808370 is available in both a 100-lead OFP 
and thin OFP (TOFP) packages, and uses a single 5V 
supply. 
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FEATURES 

• 

• 

• 
• 

• 

• 

Single-chip solution for 10BaseT/PCMCIA 
designs 
Integrated 10BaseT transceiver: 
- Programmable/automatic selection of 

twisted pair (RJ45) or AUI port 
- Receive polarity detection/correction on 

twisted-pair Inputs 
Manchester Encoder/Decoder circuit 

AUI port for connection to 10Base2/5 
transceiver or AUI cable 

Integrated bus Interface compliant with 
PCMCIA 2.0 specification 
Protocol Contoller compliant with IEEE 802.3 
and Ethernet 2.0 

• Advanced Buffer Manager architecture: 
- Automatic management of all pointers 
- Allows "simultaneous" access to data In 

buffer memory by both the network and host 
- High-speed received packet skip 

• Conflgurable Buffer Memory for design 
flexibility: 
- Two-bank transmit buffer in 2, 4, 8, or 16 Kbyte 

sizes 
- Rlng-structure receive buffer from 4 to 30 Kbytes 

• Software-conflgurable system bus structure: 
- Compatible with major microprocessors 
- 8- or 16-bH wide data path communications 

with hosts 

• Power management options Include: 
- Intelligent power mode automatically shuts 

off unused circuitry 
- Standby mode reduces power while not in 

operation 
- Full power-down mode offers maximum 

power savings 
• Three different loopback modes 

• 

• 

Multicast address filtering via 64-element hash 
table 
Available in 10D-lead QFP and TQFP 

I 
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FIGURE 1: System Diagram 
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DESCRIPTION 

The SSI 32F8001/8002 Programmable Electronic 
Filters provide an electronically controlled Iow-pass 
filter with a separate differentiated Iow-pass output. A 
seven-pole, low-pass filter is provided along with a 
single-pole, single-zero differentiator. Both outputs 
have matched delays. The delay matching is 
unaffected by any amount of programmed equalization 
or bandwidth. This programability combined with low 
group delay variation make the SSI 32F8001/8002 
ideal for use in constant density recording applications. 
Pulse slimming equalization is accomplished by a two­
pole, low-pass with a two-pole, high-pass feed 
forward section to provide complimentary real axis 
zeros. A variable attenuator is used to program the 
zero locations. 

The SSI 32F8001 programmable equalization and 
bandwidth characteristics can be controlled by 
external DACs. Fixed characteristics are easily 
accomplished with three external reSistors, in addition 
equalization can be switched in or out by a logic signal. 

The SSI 32F8002 is identical to the SSI 32F8001, 
except for the cutoff frequency range, which is 6 to 18 
MHz in the SSI 32F8002. 

The SSI32F8001/8002 require only a +5V supply and 
are available in 16-pin SON and SOL packages. 

VIN+ 

VIN-

VBP 

IFP 

VFP 

FBST 

1292- rev. 

BLOCK DIAGRAM 
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FEATURES 

• Ideal for multi-rate systems applications 

• Programmable filter cutoff frequency (/c = 9 
to 27 MHz, 32F8001 ; Ic = 6 to 18 MHz, 32F8002) 

• Programmable pulse slimming equalization 
(0 to 13 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter Input and outputs 

• ±100k cutoff frequency accuracy 

• ±2% maximum group delay variation from 
0.2 Ic to Ic here, 

9 MHz ~ Ic ~ 27 MHz SSI 32F8001 

6 MHz ~ Ic ~ 18 MHz SSI 32F8002 

• Total harmoniC distonion less than 1.5% 

• No external filter components required 

• +5V only operatlon 

• 16-pln SON and SOL package 

• Pin compatible with SSI 32F8011 

PIN DIAGRAM 

VO_DIFF+ 
VO_DIFF-

VPTAT 

PWRON 

VO_NORM- 2 

VO_NORM+ 3 

VO_DIFF+ 

VO_DlFF­

PWRON 

VPTAT 

NlC 

IFP 

VFP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

I 



SSI 32F8001/8002 
Low-Power Programmable 
Electron ic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32FS001/S002 are high performance 
programmable electronic filters. They feature a 7 -pole 
O.Oso equiripple linear phase filter with matched normal 
and differentiated outputs. 

CUTOFF FREQUENCY PROGRAMMING 

The SSI32FS001 programmable electronic filter can 
be set to a filter cutoff frequency from 9 to 27 MHz with 
no boost (6 to 1S MHz for the SSI32FS002). 

Cutoff frequency programming can be established 
using either a current source fed into pin IFP whose 
output current is proportional to the SSI32FS001/S002 
output reference voltage VPT AT, or by means of an 
external resistor tied from the output voltage reference 
pin VPT AT to pin VFP. The former method is optimized 
using the SSI 32D4661 Time Base Generator, since 
the current source into pin I FP is available at the DAC 
F output of the SS132D4661. Furthermore, the voltage 
reference input is supplied to pin VR3 of the 
SSI32D4661 bythereferencevoltagefromtheVPTAT 
pin of the SS132FS001/S002. This reference voltage is 
internally generated by a band-gap circuit in conjunction 
with a temperature varying reference to create a voltage 
which is proportional to absolute temperature. 

The VPT AT voltage will compensate for internal 
temperature variation of the Ic and boost circuits. 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value « 10 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 

Ic (ideal, in MHz) 

(32FS001) = 4S.0· IFP = 4S.0· IVFp· 1.SNPTAT 

(32FS002) = 30.0 ·IFP = 30.0· IVFp· 1.SNPTAT 

where IFP and IVFP are in rnA, 0.2 < IFP < 0.6 rnA, and 
VPTAT is in volts. Ta = 2SoC. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

If the SSI32FS001/S002 cutoff frequency is set using 
voltage VPT AT to bias up a resistor tied to pin VFP, the 
cutoff frequency is related to the resistor value by the 
following formulas. 
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Ic (ideal, in MHz) 

(32FS001) = 4S.0· IFP = 4S.0 • 1.S/(3 • Rx) 

(32FS002) = 30.0 • IFP = 30.0 • 1.S/(3 • Rx) 

Rx in kO 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original-3 dB point. For example, when 
12 dB boost is applied, the magnitude response peaks 
up 9 dB above the DC gain. 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this feature. 
Applying an external voltage to pin VBP which is 
proportional to reference output voltage VPTAT 
(provided by the VPT AT pin) will set the amount of 
boost. A fixed amount of boost can be set by an 
external resistor divider network connected from pin 
VBP to pins VPTAT and GND. No boost is applied if pin 
FBST, frequency boost enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 loglo[3.46(VBPNPTAT)+1], 
where 0 < VBP < VPTAT. 

POWER ON 1 OFF 

The SSI32FS001/S002 support a power down mode 
for minimal idle mode power dissipation. When PWRON 
is pulled up to logic 1, the device is in normal operation 
mode. When PWRON is pulled down to logic 0, or left 
open, the device is in the power down mode. 
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PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VIN+, VIN- I Differential Signal Inputs. The input signals must be AC coupled to these pins. 

VO_NORM+, 0 Differential Normal Outputs. The output signals must be AC coupled. 
VO_NORM-

VO_DIFF+, 0 Differential Differentiated Outputs. For minimum time skew, these outputs 
VO DIFF- should be AC coupled. 

IFP I Frequency Program Input. The filter cutoff frequency fc, is set by an external 
current I FP, injected into this pin. I FP must be proportional to voltage VPT A T. 
This current can be set with an external current generator such as a DAC. VFP 
should be left open when using this pin. 

VFP I Frequency Program Input. The filter cutoff frequency can be set by program-
ming a current through a resistor from VPTAT to this pin. IFP should be left 
open when using this pin. 

VBP I Frequency Boost Program Input. The high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage 
VPTAT. A fixed amount of boost can be set by an external resistor divider 
network connected from VBP to VPTAT and GND. No boost is applied if the 
FBST pin is grounded, or at logic low. 

FBST I Frequency Boost. A high logic level or open enables the frequency boost 
circuitry. A low input disables this function. 

PWRON I Power On. A high logic level enables the Chip. A low level or open pin puts the 
chip in a low power state. 

VPTAT 0 PTAT Reference Voltage. This pin outputs a reference voltage which is 
proportional to absolute temperature (PTAT). VBP, VFP or IFP must be 
referenced to this pin for proper operation. 

VCC 0 +5 Volt Supply. 

GND I Ground 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS 

Storage Temperature -65 °C to +150 °C 

Junction Operating Temperature, Tj +130°C 

Supply Voltage, VCC -0.5Vto 7V 

Voltage Applied to Inputs -0.5Vto VCC 
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SSI 32F8001/8002 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS 

Supply voltage. VCC 4.50V < VCC < 5.50V 

Ambient Temperature o °c < Ta < 70°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

Power Supply Characteristics 

Power Supply Current ICC PWRONsO.SV 0.1 

Power Supply Current ICC PWRON~2.0V 46 

Power Dissipation PO PWRON ~ 2.0V. VCC = S.OV 230 

PWRON ~ 2.0V. VCC = 5.5V 275 

PWRONsO.SV 0.5 

DC Characteristics 

High Level Input Voltage VIH TTL input 2.0 

Low Level Input Voltage VIL 

High Level Input Current IIH VIH = 2.7V 

Low Level Input Current ilL VIL = 0.4V 

Filter Characteristics 

Filter Cutoff Frequency *fe 32FS001 Ie = 45 MHz (IVFP) 9.0 
*(f -3dB) rnA 

IVFP = 0.2 to 0.6 JJA. Ta = 25v °c 

32FS002 Ie 30 m~HZ (IVFP) 6 

Filter fe Accuracy FCA fe = max. -10 

VO_NORM Diff Gain AO F = 0.67 fe. FB = 0 dB O.S 

VO_DIFF Diff Gain AD F = 0.67 fe. FB = 0 dB 0.S5AO 

Frequency Boost at Ie FB VBP=VPTAT fe= max. 11.5 13.0 

fe = min. 11.0 12.5 

Frequency Boost Accuracy FBA VBPNPTAT = 0.5255 fe = max. -1 

VBPNPTAT = 1.0 fe=max. -1.5 
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MAX UNIT 

0.5 mA 

60 mA 

300 mW 

330 mW 

2.5 mW 

V 

O.S V 

20 JJA 
-1.5 mA 

27.0 MHz 

1S MHz 

+10 % 

1.20 VN 

1.1SAO VN 

14.5 dB 

14.0 dB 

+1 dB 

+1.5 dB 
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Filter Characteristics (continued) 

PARAMETER 

Group Delay Variation TGDO 
Without Boost 

TGDB 

Filter Input Dynamic Range VIF 

CONDITIONS 

fe = max., VBP 
VPTAT=O 

32F8001 

F = 0.2 fe to fe 32F8002 

fe= min., VBP 32F8001 
VPTAT=O 32F8002 

F = 0.2 fe to fe 
fe = 9 MHz - 27 MHz (32F8001) 

fe = 6 MHz - 18 MHz (32F8002) 

F = 0.2 fe to fe VBP = 0 
VPTAT 

fe = 9 MHz - 27 MHz, VBP 
VPTAT=O 

F= fet01.75fe 32F8001 

fe = 6 MHz - 18 MHz, VBP 
VPTAT=O 

F = fe to 1.75 fe 32F8002 

fe = max, VBP = VPTAT 

32F8001 

F = 0.2 fe to fe 32F8002 

fe = min., VBP = VPTAT 32F8001 

F = 0.2 to fe 32F8002 

fe = 9 MHz - 27 MHz (32F8001) 

fe=6MHz-18MHz (32F8002) 

F = 0.2 fe to fe, VBP = VPTAT 

Ie = 9 MHz - 27 MHz, VBP = VPTAT 

F = fe to 1.75 fe 32F8001 

Ie = 6 MHz to 18 MHz, VBP = VPTAT 

F = fe to 1.75 fe 32F8002 

THD = 1 % max, F = 0.67 fe, VBP = OV 
(1000 pF across Rx) 

THO = 1.5% max, F = 0.67 fe, VBP = OV, 
Normal output (1000 pF aeross Rx) 

THO = 2.0% max, F = 0.67 fe, VBP = OV, 
Differentiated output 
(1000 pF across Rx) 
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MIN NOM MAX UNIT 

-500 +500 ps 

-750 +750 ps 

-1.5 +1.5 ns 

-2.25 +2.25 ns 

-2 +2 % 

-4 +4 % 

-3 +3 % 

-500 +500 ps 

-750 +750 

-1.5 +1.5 ns 

-2.25 +2.25 ns 

-2 +2 % 

-4 +4 % 

-3 +3 % 

1.0 Vpp 

1.5 Vpp 

1.5 Vpp 



SSI32F8001/8002 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

Filter Characteristics (continued) 

PARAMETER CONDITIONS 

Filter Output Dynamic Range VOF THO = 1% max, F = 0.67 Ie 
RLOAD ~ 1kn (1000 pF across Rx) 

Filter Diff Input Resistance RIN 

Filter Input Capacitance CIN 

Output Noise Voltage EOUT BW = 100 MHz, Rs = son 
Differentiated Output Ie = max, VBP = OV 32F8001 

32F8002 

Output Noise Voltage EOUT BW = 100 MHz, Rs = son 
Normal Output Ie = max, VBP = OV 32F8001 

32F8002 

Output Noise Voltage EOUT BW = 100 MHz, Rs = son 
Differentiated Output Ie = max, VBP = VPTAT 32F8001 

32F8002 

Output Noise Voltage EOUT BW = 100 MHz, Rs = son 
Normal Output Ie = max, VBP = VPTAT 32F8001 

32F8002 

Filter Output Sink Current 10-

Filter Output Source Current 10+ 

Filter Output Resistance RO 10+ = 1.0 rnA 
(Single ended) 

Filter Control Characteristics 

Reference Voltage VPTAT 1j = 25°C 

PTAT Voltage Input VFP 

Programming Current IVFP TA=25°C 
Range 

Programming Current VVBP 
Range 

Voltage at pin IFP V1FP IVFP=OmA 
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MIN NOM MAX UNIT 

1.0 Vpp 

3.0 kn 

7 pF 

3.6 mVRms 

3.3 

2.3 mVRms 

2.0 

5.8 mVRms 

5.0 

2.9 mVRms 

2.5 

1.0 rnA 

2.0 rnA 

60 Q 

1.8 V 

213 VPTAT V 

0.2 0.6 rnA 

0 VPTAT V 

213VPTAT V 
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FIGURE 3: 32F8001 Group Delay Response with Ie = 27 MHz 
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i 
N/C 

VO_NORM­
VO_NORM+ 
VCC (+5V) 

VIN­
VIN+ 
VBP 

FBST 

VPTAT = 1.8V (25°C) 

VVFP = 2/3 (VPT AT) 

IVFP range: 0.2 rnA to 0.6 rnA @25°C 

(9 to 27 MHz no boost 32F8001) 

(6 to 18 MHz no boost 32F8002) 

SSI32F8001/8002 
Low-Power Programmable 

Electron ic Filter 

VO_DIFF+ 
VO_DIFF­
PWR_ON 

NlC 
IFP 
VFP---....... 
GND 

Rx 

RBP1 

Fixed frequency programming is accomplished as shown in the drawing above. 

In this case IVFP (programming current) is equivalent to VPTAT .~ 
3 Rx 

i.e., Ic = 27 MHz then 

IVFP = 0.6 rnA@25 °C Rx = 1 KO 

Fixed boost programming is also accomplished as shown above. In this case 
VVBP is set by a voltage divider, where VVBP is a fraction of VPTAT. 

i.e., boost = 9 dB then, 

VBPNPTAT = 0.5255 9 dB = 20 log [3.46 (0.5255) + 1] 

~ 1 
R (VPTAT) 1.107 

BP1 ---1 
VBP 

Cx = 1000 pF - Cx is needed for lower THO at lower Ic. 

FIGURE 4: 32F8001/8002 Applications Setup 
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SSI 32F8001/8002 
Low-Power Programmable 
Electronic Filter 

1.31703 2.95139 5.37034 
INPUT 

8 2 + 8 1.54203 + 2.95139 8 2+81.14558 + 5.37034 

8 2 + 8 1.68495 + 1.31703 

Normalized for roc = (2n) Ie = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Ie 
Denormalize the frequency by substituting S ..... (Sl2n/e) 
Eq for Ie = 27 MHz. S = S I [(2n)(27 x 1oe)] 

FIGURE 5: 32F8001/8002 Normalized Block Diagram 

TABLE 1: 32F8001/8002 Frequency Boost Calculations 

Assuming 13 dB boost for Boost K 
VBP 

Boost ---
VBP = VPTAT VPTAT 

1 dB 0.16 0.035 6dB 
VBP _ (10(FB/20))_1 2dB 0.34 0.075 7dB 

VPTAT 3.46 3dB 0.54 0.119 8dB 
4dB 0.77 0.169 9dB 
5dB 1.03 0.225 10 dB 

11 dB 
12 dB 
13 dB 

VBP 
Boost 

VBP 
VPTAT VPTAT 

0.1 2.581 dB 0.6 
or, 0.2 4.568 dB 0.7 

boost in dB=20109[ 3.46( VBP )+1] 
0.3 6.184 dB 0.8 

VPTAT 0.4 7.546 dB 0.9 
0.5 8.723 dB 1.0 
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K 
VBP ---

VPTAT 

1.31 0.288 
1.63 0.358 
1.99 0.437 
2.40 0.526 
2.85 0.625 
3.36 0.737 
3.43 0.862 
4.57 1.00 

Boost 

9.760 dB 
10.686 dB 
11.522 dB 
12.285 dB 
13 dB 
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SSI 32F8001/8002 
Low-Power Programmable 

Electronic Filter 

TABLE 2: calculations 

Typical change in 1-3 dB point with boost 

Boost (dB) Galn@fc (dB) Galn@ peak (dB) fpeaklfC f-3dBlfc 

0 -3 0.00 no peak 1.00 

1 -2 0.00 no peak 1.21 

2 -1 0.00 no peak 1.51 

3 0 0.15 0.70 1.80 

4 1 0.99 1.05 2.04 

5 2 2.15 1.23 2.20 

6 3 3.41 1.33 2.33 

7 4 4.68 1.38 2.43 

8 5 5.94 1.43 2.51 

9 6 7.18 1.46 2.59 

10 7 8.40 1.48 2.66 

11 8 9.59 1.51 2.73 

12 9 10.77 1.51 2.80 

13 10 11.92 1.53 2.87 

Notes: 1. Ic is the original programmed cutoff frequency with no boost 

2. 1-3 dB is the new -3 dB value with boost implemented 

3. Ipeak is the frequency where the amplitude reaches its maximum 
value with boost implemented 

i.e., Ic = 9 MHz when boost = 0 dB 

if boost is programmed to 5 dB then f-3 dB = 19.8 MHz 

lpeak = 11.07 MHz 
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SSI 32F8001/8002 
Low-Power Programmable 
Electron ic Filter 

PACKAGE PIN DESIGNATIONS 
(Top View) 

N/C VO_DIFF+ 

VO_NORM- VO_DIFF-

VO_NORM+ PWRON 

VCC VPTAT 

VIN- N/C 

VIN+ IFP 

VBP VFP 

FBST GND 

32F8001 18002 
16-pln SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI32F8001 16-Lead SON (150 mil) 

16-Lead SOL (300 mil) 

SSI32F8002 16-Lead SON (150 mil) 

16-Lead SOL (300 mil) 

THERMAL CHARACTERISTICS: 9ja 

16-lead SON (150 mil) 105°CIW 

16-lead SOL (300 mil) 100°CIW 

ORDERING NUMBER PACKAGE MARK 

32F8001-CN 32F8001-CN 

32F8001-CL 32F8001-CL 

32F8002-CN 32F8002-CN 

32F8002-CL 32F8002-CL 

Advance Information; Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the ·reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

©1992 Silicon Systems, Inc. 7-12 1292 - rev. 
Protected by the following patents: (5,063,309) (710,512) (823,067) 
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VIN+ 
VIN-

VBP 

IFP 

VFP 

FBST 

DESCRIPTION 
The SSI 32F8011/8012 Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low-pass output. 
A seven-pole, Bessel-type, low-pass filter is provided 
along with a single-pole, single-zero differentiator. Both 
outputs have matched delays. The delay matching is 
unaffected by any amount of programmed high fre­
quency peaking (boost) or bandwidth. This program­
mability, combined with low group delay variation makes 
the SSI 32F8011/8012 ideal for use in many applica­
tions. Double differentiation high frequency boost is 
accomplished by a two-pole, low-pass with a two­
pole, high-pass feed forward section to provide comple­
mentary real axis zeros. A variable attenuator is used 
to program the zero locations, which controls the 
amou nt of boost. 

The SSI32F8011 /8012 programmable boost and band­
width characteristics can be controlled by external 
DACs or DACs provided in the SSI 32D4661 Time 
Base Generator. Fixed characteristics are easily ac­
complished with three external resistors, in addition 
boost can be switched in or out by a logic signal. 

The SSI32F8011 /8012 requires only a +5V supply and 
is available in 16-pin SON and SOL packages. 

BLOCK DIAGRAM 

1292 - rev. 7-13 

December 1992 

FEATURES 

• 

• 

• 

• 

• 
• 

• 
• 
• 

Ideal for: 

- constant density recording applications 
- cellular telephone applications 

- radio 
- data acquisition 
-LAN 

Programmable filter cutoff frequency 
(SSI 32F8011 Ic = 5 to 13 MHz) 
(SSI 32F8012 Ic = 6 to 15 MHz) 

Programmable high frequency peaking 
(0 to 9 dB boost at the filter cutoff frequency) 

Matched normal and differentiated low-pass 
outputs 

Differential filter input and outputs 

±0.75 ns group delay variation from 
0.2 Ic to Ic = 13 MHz 

Total harmonic distortion less than 1% 

+5V only operation 

16-pin SON, and SOL packages 

VO_NORM+ 
VO_NORM-

VO_DIFF+ 
VO_DIFF-

VR 

PWRON 

PIN DIAGRAM 

GND1 VO_DIFF+ 

VO_NORM- VO_DIFF-

VO_NORM+ PWRON 

VCC1 VR 

VIN- VCC2 

VIN+ IFP 

VBP VFP 

FBST GND2 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SS132FS011/S012 
Programmable 
Electronic Filter 

_________________________________________ 'f' 

FUNCTIONAL DESCRIPTION 

The SS132F8011/8012, a high performance program­
mable electronic filter, provides a low pass Bessel-type 
seven pole filter with matched normal and differenti­
ated outputs. The device has been optimized for usage 
with several Silicon Systems products, including the 
SSI32D4661 Time Base Generator, the SSI32P54x 
family of Pulse Detectors, and the SSI 32P4720 
Combo chip (Data Separator and Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The programmable electronic filter can be set to a filter 
cutoff frequency from 5 to 13 MHz (with no boost) for SSI 
32F8011 and 6 to 15 MHz for SSI 32F8012. 

Cutoff frequency programming can be established us­
ing either a current source fed into pin I FP whose output 
current is proportional to the SSI 32F8011 18012 output 
reference voltage VR, or by means of an external 
resistor tied from the output voltage reference pin VR to 
pin VFP. The former method is optimized using the SSI 
32D4661 Time Base Generator, since the current source 
into pin IFP is available at the DAC F output of the 
32D4661. Furthermore, the voltage reference input is 
supplied to pin VR3 of the 32D4661 by the reference 
voltage VR from the VR pin of the 32F8011/8012. This 
reference voltage is an internally generated bandgap 
reference, which typically varies less than 1% over 
supply voltage and temperature variation. 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value « 1 0 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 

SSI32F8011 
Fc (ideal, in MHz) = 16.25-IFP = 16.25-IVFP-2.2IVR 

SSI32F8012 
Fc (ideal, in MHz) = 18.75-IFP = 18.75-IVFP-2.2IVR 
where IFP and IVFP are in rnA, 0.31 <IFP<0.8 rnA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 
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If the 32F8011/8012 cutoff frequency is set using volt­
age VR to bias up a resistor tied to pin VFP, the cutoff 
frequency is related to the resistor value by the following 
formulas. 

SSI32F8011 
Fc (ideal, in MHz) = 16.25-IFP = 16.25-2.2/(3-Rx) 

SSI32F8012 
Fc (ideal, in MHz) = 18.75-IFP = 18.75-2.2/(3-Rx) 
where Rx is in kn, 0.917<Rx<2.366 kn. 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the output signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 1091 0[1.884(VBPIVR)+ 1], where 
O<VBP<VR. 



551 32F8011/8012 
Programmable 

Electronic Filter 
I '------------------------------------------------------------------------------------1 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
VO_NORM-

VO_DIFF+, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF- outputs should be AC coupled to the pulse detector. 

IFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VA. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 

VFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistorfrom VR to this pin. IFP should be left open when using this pin. 

VBP FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportional to voltage VR. A fixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 

PWRON POWER ON. A high logic level or open circuit enables the chip. A low level puts the chip 
in a low power state. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

VCC1, VCC2 +5 VOLT SUPPLY. 

GND1, GND2 GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 °C 

Junction Operating Temperature, Tj +130 °C 

Supply Voltage, VCC1, VCC2 -0.5 to 7 V 

Voltage Applied to Inputs -0.5 to VCC + 0.5 V 

IFP, VFP Inputs Maximum Current· ~1.2 mA 

• Exceeding this current may cause frequency programming lockup. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC1, VCC2 4.5 < VCC1 ,2 < 5.50 V 

Ambient Temperature 0< Ta < 70 °C 
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SSI32F8011/8012 
Programmable 
Electronic Filter 

------------------------------------------------------------------------________ ~7: t I ~ 

ELECTRICAL CHARACTERISTICS 

Power Supply Characteristics (Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

ICC Power Supply Current PWRON~O.BV VBP = VR 14 17 mA 

VBP = OV 12 15 mA 

ICC Power Supply Current PWRON~2.0V 67 BO mA 

DC Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VIH High Level Input Voltage TTL input 2.0 VCC+O.3 V 

VIL Low Level Input Voltage -0.3 O.B V 

IIH High Level Input Current VIH = 2.7V 20 J.1A 
ilL Low Level Input Current VIL = O.4V -1.5 mA 

Filter Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

FCA Filter fc Accuracy using VFP pin I 32FB011 11.7 14.3 MHz 
Rx = 0.917 kn 132FB012 13.5 16.5 MHz 

AO VO_NORM Diff Gain F = 0.67 fc, FB = 0 dB O.B 1.20 VIV 

AD VO_DIFF Diff Gain F = 0.67 fc, FB = 0 dB O.BAO 1.0AO VIV 

FBA Frequency Boost Accuracy VBP = VR @ fC = 5 MHz B.5 9.5 10.5 dB 

TGDO Group Delay Variation fc = Max fc, VBP = OV -0.75 +0.75 ns 
Without Boost* F = 0.2 fc to fc 

TGDB Group Delay Variation fc = Max fc, VBP = VR -0.75 +0.75 ns 
With Boost* F = 0.2 fc to fc 

VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 fc 1.5 Vpp 
(no boost) 

VOF Filter Output Dynamic Range THD = 1% max, F = 0.67 fc 1.5 Vpp 

RIN Filter Diff Input Resistance 3.0 3.B kn 

CIN Filter Diff Input Capacitance" 2.5 7 pF 

EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50n, 5.5 6.B mVRms 
Differentiated Output Ifp = O.B mA, VBP = O.OV 

EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50n 2.75 3.6 mVRms 
NormarOutput Ifp = 0.8 rnA, VBP = O.OV 

EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50n 6.0 B.1 mVRms 
Differentiated Output Ifp = O.B mA, VBP = VR 

EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50n 3.25 4.4 mVRms 
Normal Output Ifp = O.B mA, VBP = VR 

* Not directly testable in production, design characteristic. 
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Electronic Filter 
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ELECTRICAL CHARACTERISTICS (continued) 

Filter Characteristics (continued) 

PARAMETER CONDITIONS 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

MIN NOM MAX UNITS 

1.0 rnA 

2.0 rnA 

RO Filter Output Resistance Source Current (10+) = 1 rnA 60 n 
Single ended 

Filter Control Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VR Reference Voltage Output 2.0 2.40 V 

IVR Reference Output 2.0 rnA 
Source Current 

32FS011/S012 

GND1 16 VO_DIFF+ 

VO_NORM- 2 15 VO_DIFF-

VO_NORM+ 3 14 PWR_ON 

VCC1 (+5V) 4 13 VR 

VIN- 5 12 VCC2 (+5V) 
Rx 

VIN+ 6 11 IFP 

VBP 7 10 VFP 

FBST 8 9 GND2 

RSP2 RSPl 

FIGURE 1: 32F8011/8012 Applications Setup, 16-Pin SO or DIP 

VR = 2.2V 

VFP = 0.667 VR 

IVfp = 0.33VR/Rx 

IVfp range: 0.31 rnA to O.B rnA 
(5 MHz to 13 MHz for SSI 32FB011) 
(6 MHz to 15 MHz for S81 32FB012) 

VFP is used when programming current is set with a resistor from VA. When VFP is used IFP must be left 
open. 
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SSI32F8011/8012 
Programmable 
Electronic Filter 

IN+ 

IN-

BYP 

AGe 

RD 
To DalaSync 

LEVEL HYS 

FIGURE 2: Applications Setup, Constant Density Recording 
32FS011/S012, 32P54X, 3204661 

IOF = DACF output current 

IOF = (0.98F-VR)/127Rx 

Rx = (0.98F-VR)/12710F 

Rx = current reference setting 
resistor 

VR = Voltage Reference = 2.2V 

F = DAC setting: 0-127 

Full scale, F = 127 

For range of Max Ic then IFP = 0.8 rnA 

Therefore, for Max programming current 
range to 0.8 rnA: 

Rx = (0.98)(2.2/0.8) = 2.7 kQ 

Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left 
open. 
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FIGURE 4: 32F8011/8012 Normal Low Pass 
Output Response (VO_NORM) 

a) Ie = 5 MHz No Boost 
b) Ie = 5 MHz Max Boost 
e) Ie = 10 MHz No Boost 
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a) Ie = 5 MHz (Ref = 80 ns) 
b) Ie = 10 MHz (Ref = 45 ns) 
e) Ie = 15 MHz (Ref = 35 ns) 

a) Ie = 5 MHz (Ref = 80 ns) 
b) Ie = 10 MHz (Ref = 45 ns) 
e) Ie = 15 MHz (Ref = 35 ns) 
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a) Ie = 5 MHz (Ref = 80 ns) 
b) Ie = 10 MHz (Ref = 45 ns) 
e) Ie = 15 MHz (Ref = 35 ns) 

a) Ie = 5 MHz (Ref = 80 ns) 
b) Ie = 10 MHz (Ref = 45 ns) 
e) Ie = 15 MHz (Ref = 35 ns) 
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+2.94933 
INPUT S'+ 3.22597S + 2.94933 

S' + 3.22597S + 2.94933 

3.32507 4.20534 
S' + 2. 75939S + 3.32507 S' + 1.82081 S + 4.20534 

Normalized for roc = (21t) Ie = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Ie 
Denormalize the frequency by substituting S ~ (S/21t/e) 
Eq for Ie = 13 MHz, S = S / [(21t)(13·1 0 6)] = S 18.16814 7 

FIGURE 12: 32F8011/8012 Normalized Block Diagram 

TABLE 1: 32F8011/8012 Frequency Boost Calculations 

Assuming 9.2 dB boost for VBP = VR Boost K VBPNR Boost 
1 dB 0.36 0.065 6dB 

VBP :: (10(FB/20»)_1 2dB 0.76 0.137 7dB 

VA - 1.884 3dB 1.22 0.219 8dB 
4dB 1.73 0.310 9dB 
5dB 2.30 0.413 

or, VBPNR Boost VBPNR 

boost in dB == 20 log [1.884 (V::) + 1] 
0.1 1.499 dB 0.6 
0.2 2.777 dB 0.7 
0.3 3.891 dB 0.8 
0.4 4.879 dB 0.9 
0.5 5.765 dB 1.0 

TABLE 2: Calculations 

Typical change in 1-3 dB point Boost (dB) Gain @ Ie (dB) Gain @ peak (dB) 
with boost 0 -3 0.00 

1 -2 0.00 
2 -1 0.00 
3 0 0.15 
4 1 1.00 
5 2 2.12 
6 3 3.35 
7 4 4.56 
8 5 5.82 
9 6 7.04 

Notes: 1. Ie is the original programmed cutoff frequency with no boost 
2. 1-3 dB is the new -3 dB value with boost implemented 
3. fpeak is the frequency where the magnitude peaks with boost implemented 

i.e., Ie = 13 MHz when boost = 0 dB 
if boost is programmed to 5 dB then f-3 dB = 27.69 MHz, fpeak = 16.12 MHz 
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K VBPNR 
2.94 0.528 
3.65 0.658 
4.46 0.802 
5.36 0.965 

Boost 

6.569 dB 
7.305 dB 
7.984 dB 
8.613 dB 
9.200 dB 

fpeakl/e f-3dB/le 

no peak 1.00 
no peak 1.20 
no peak 1.47 

0.62 1.74 
1.08 1.96 
1.24 2.13 
1.24 2.28 
1.39 2.42 
1.39 2.54 
1.39 2.66 
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PIN DIAGRAM 
(Top View) 

GND1 

VO_NORM-

VO_NORM+ 

VCC1 

VIN-

VIN+ 

VBP 

FBST 

VO_DIFF+ 

VO_DIFF-

PWRON 

VR 

VCC2 

IFP 

VFP 

GND2 

16-pin SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI32F8011 

16-lead SON (150 mil) 

16-lead SOL (300 mil) 

SSI32F8012 

16-lead SON (150 mil) 

16-lead SOL (300 mil) 

Thermal Characteristics: 9jA 

16-lead SON (150 mil) 1050 C/W 

16-lead SOL (300 mil) 1000 C/W 

I ORDER NO. I PKG.MARK 

I 32F8011-CN I 32F8011-CN 

I 32F8011-CL I 32F8011-CL 

I 32F8012-CN I 32F8012-CN 

I 32F8012-CL I 32F8012-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

I 

1292 - rev. 
7-23 ©1989 Silicon Systems, Inc. 

Patent Nos. (497,863) (500,778) (516,717) 
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O' Electronic Filter 
(iJiam~-'" Low-Power Programmable 

A TDK Group Company 
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DESCRIPTION 

The SSI 32F8020Al8022A Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low-pass output. A 
seven-pole, .050 Equiripple-type linear phase, Iow­
pass filter is provided along with a Single-pole, single­
zero differentiator. Both outputs have matched delays. 
The delay matching is unaffected by any amount of 
programmed equalization or bandwidth. The SSI 
32F8021/8023 does not have differentiated outputs. 
This programability combined with low group delay 
variation makes the SSI 32F8020Al8022A18021 18023 
ideal for use in constant density recording applications. 
Double differentiation pulse slimming equalization is 
accomplished by a two-pole, low-pass with a two­
pole, high-pass feed forward section to provide 
complimentary real axis zeros. A variable attenuator is 
used to program the zero locations. 

The SSI 32F8020Al8022A programmable equaliza­
tion and bandwidth characteristics can be controlled by 
external DACs or DACs provided in the SSI 3204661 

January 1993 

FEATURES 

• Ideal for constant density recording 
applications 

• Programmable filter cutoff frequency (/c = 1.5 
toS MHz) 

• Programmable pulse slimming equalization 
(0 to 9 dB boost at the filter cutoff frequency) 

• Matched nonnal and differentiated low-pass 
outputs (SSI 32F8020A/S022A) 

• Differential filter Input and outputs 

• ±10% cutoff frequency accuracy 
• ±2% maximum group delay variation from 

1.5- S MHz 
• Total harmonic distortion less than 1 % 

• No external filter components required 

• +5V only operation 
• 16-pln SON and SOL package 

~ _______________________________ (ro_n_tin_U_~_) _________________________________ 1 
BLOCK DIAGRAM PIN DIAGRAM 

VIN+ 

VIN-

VBP 

FBSTIU 

IFVIFC 

IFO 

0193 - rev. 
Patent Pending 

VO_NORM+ 

VO_NORM-

VO_DIFF+lNC 

VO_DIFF-INC 

VR 

RX 

PWRON 
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N/C VO_DIFF+/NC 

VO_NORM- 2 VO_DIFF-/NC 

VO_NORM+ 3 PWRON 

VR 

RX 

IFO 

IFIIIFC 

• Pin S FBST - SSI 32FS020AlS021 
LZ - SSI 32FS022A1S023 

• Pin 10 IFI - SSI 32FS020AlS022A 
, IFe - SSI32FS021/S023 

• Pin 15 & 16 = VO DIFF - SSI32FS020AlS022A 
N/C- SSI 32FS021/S023 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32F8020Al8022A1S021/S023 
Low-Power Programmable 
Electronic Filter 

DESCRIPTION (continued) 

SSI3204661 time base generator. Fixedcharacteristics 
are easily accomplished with three external resistors. 
External DACs are required for the SS132FS021/S023 
to program the cutoff frequency. For the SSI32FS020Al 
S021 , equalization can be switched in or out by a logic 
signal.The input impedance of the SSI 32FS020Al 
S023 can be clamped low for fast recovery from input 
overload. 

The S81 32FS020AlS022A1S021/S023 require only a 
+5V supply and are available in 16-Lead SON and SOL 
packages. 

FUNCTIONAL DESCRIPTION 

The SSI 32FS020AlS022A1S021/S023 is a high 
performance programmable electronic filter. It features 
a 7-pole 0.05° phase equiripple filter with matched 
normal and differentiated outputs. The device has 
been optimized for usage with several Silicon Systems 
products, including the SSI 32D4661 Time Base 
Generator, the SSI 32P54Xfamily pulse detectors, and 
the S81 32P4720 combo chip (Data Separator and 
Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, fc, of the SSI32FS020AlS022A 
is defined as the -3dB filter bandwidth with no magnitude 
equalization applied, and is programmable from 1.5 
MHztoS MHz. 

The cutoff frequency is programmable with 3 pins: RX, 
IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 

IFO= 0.75 atT =27°C 
RX 

IFI should be made proportional to IFO for temperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as follows: 

IFI 1.25 
fc(MHz)=Sx IFO x Rx(kO) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then 
reduces to: 1. 25 

fc(MHz)=Sx Rx(kO) 
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For programmable cutoff frequency, an external current 
DAC can be used. The IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to IFO. The DACF in the 
SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current from its 
reference to full scale output is used, a 5-kQ RX is 
used. The fc is then given as follows: 

fc(MHz)=Sx F -1~~de 

where F Code is the decimal code equivalent to the 
7-bit digital input for the DACF. The cutoff frequency 
programming for the S81 32FS021/S023 is shown in 
Figure 3. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original-3 dB point. For example, when 
9 dB boost is applied, the magnitude response peaks 
up 6 dB above the DC gain. 

The magnitude equalization is programmable with two 
pins: VR and VBP. The VA is a bandgap reference 
voltage, 2.2V typically. The voltage at the VBP pin 
determines the amount of high frequency boost. The 
boost function is as follows: 

VBP 
Boost(dB)=2010glO[1.SS4( VR )+1] 

For a fixed boost setting, a resistor divider between VA 
to ground can be used with the divided voltage at the 
VBP pin. For programmable equalization, an external 
voltage DAC can be used. VR should be the reference 
voltage to the DAC. The DAC output voltage is then 
proportional to VA. The DACS in the SSI 32D4661 is 
designed to control the magnitude equalization of 
Silicon Systems programmable filters. When DACS is 
used, the boost relation then reduces to: 

S Code 
Boost{dB)=2010glO[1.S84( 127 )+1] 

where S Code is the decimal code equivalent to the 
7-bit digita, input for the DACS. 

Forthe SS132FS020AlS021, the equalization function 
can be disabled when FBST is pulled to logic O. Forthe 
SSI32FS022A1S023, the VBP pin should be grounded 
to achieve 0 dB boost. 
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551 32F8020A/8022A18021/8023 
Low-Power Programmable 

Electron ic Filter 

LOW INPUT IMPEDANCE (SSI 32F8022A18023 only) 

When the LZ is at logic 1 or left open, the SS132F8022A1 
8023 input is at high impedance state. When the LZ is 
pulled to logic 0, the SSI 32F8022A18023 input is 
clamped to a low impedance state, 200 n typical. 

POWER ON/OFF 

The SS132F8020Al8022A18021/8023 support a power 
down mode for minimal idle dissipation. When PWRON 
is pulled up to logic 1 , the device is in normal operation 
mode. When PWRON is pulled down to logic 0, or left 
open, the device is in the power down mode. 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. 
VO_NORM-

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. 
VO_DIFF-

RX PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pin. 

IFO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 

IFI FREQUENCY PROGRAM INPUT. The filter cutoff frequency fc, is set by an external 
current IFI, injected into this pin. IFI must be proportional to current IFO. This current 
can be set with an external current generator such as a DAC, referenced to IFO. 

VBP FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by 
an external voltage applied to this pin. VBP must be proportional to voltage VR. A fixed 
amount of boost can be set by an external resistor divider network connected from VBP 
to VR and GND. No boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
(32F8020Al8021 ) circuitry. No boost is applied if the FBST pin is grounded, or at logic low. 

LZ LOW IMPEDANCE MODE. With a low logic level, the analog input impedance is 
(32F8022A 18023) switched low for fast recovery from input overload. With a high logic level or left open, the 

input is at high impedance state. 

PWRON POWER ON. A high logic level circuit enables the Chip. A low level puts the chip in a low 
power state. A low or open circuit disables the Chip. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

VCC +5 VOLT SUPPL Y. 

GND GROUND 
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SSI 32F8020Al8022A18021/8023 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, vee 

Voltage Applied to Inputs 

Maximum Power Dissipation, Ie = 8 MHz, Vee = 5.5V 

RECOMMENDED OPERATING CONDITIONS 

RATING 

-65 to +150 °e 

+130 oe 

-0.5 to 7V 

-0.5 to veev 

226mW 

Supply voltage, vee 4.50 < vee < 5.50V 

Ambient Temperature 0< Ta < 70 °e 

Power Supply Characteristics 

PARAMETER CONDITIONS MIN NOM 

lee Power Supply eurrent PWRONSO.8V 

PWRON~ 2.2V 26 
SSI 32F8021/8023 

PWRON~2.2V 35 
SSI 32F8020Al8022A 

PD Power Dissipation PWRONsO.8V 

PWRON ~ 2.2V, vee = 5V 130 
SSI32F8021/8023 

PWRON ~ 2.2V, vee = 5.5V 143 
SSI 32F8021/8023 

PWRON ~ 2.2V, vee = 5V 175 
SSI 32F8020Al8022A 

PWRON ~ 2.2V, vee = 5.5V 193 
SSI 32F8020Al8022A 
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MAX UNIT 

0.5 mA 

32 mA 

41 mA 

3 mW 

160 mW 

176 mW 

205 mW 

226 mW 



DC Characteristics 

PARAMETER 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

IIH High Level Input Current 

ilL Low Level Input Current 

VICM VIN± Input 
Common Mode Voltage 

VOCM VO_NORM± Output 
Common Mode Voltage 

VOFFVO_NORM± Output Offset 

Filter Characteristics 

fe Filter Cutoff Frequency 

FCA Filter fe Accuracy 

AO VO_NORM Diff Gain 

AD VO_DIFF Diff Gain 
(32 FS020AlS022A) 

FB Frequency Boost at fe 

FBA Frequency Boost Accuracy 

TGDO Group Delay Variation 
Without Boost 

TGDB Group Delay Variation 
With Boost 

VIF Filter Input Dynamic Range 

551 32F8020A/8022A/8021/8023 
Low-Power Programmable 

Electron ic Filter 

CONDITIONS MIN NOM MAX UNIT 

TIL input 2.0 V 

O.S V 

VIH = 2.7V 20 JJA 
VIL = O.4V -1.5 rnA 

(VCC (VCC V 
-1.6) -1.6) 
-0.25 +0.25 

1.B 3.S V 

VIN± open -0.15 +0.25 V 

Rx = 5kn 1.5 S.O MHz 
IFI 

fe (MHz) = S - 4-IFO 

(32FB020AlS022A) 
IFC 

fe (MHz) =B---
4-IFO 

(32FS021/S023) 

fe (nominal) = S MHz -10 +10 % 

F = 0.67 fe, FB = 0 dB O.S 0.9 1.0 VN 

F = 0.67 fe, FB = 0 dB O.SAO 1.2AO VN 

FB(db)=20 log [1.884(V::)+1] 
9.2 dB 

VBP=VR 

FB (ideal) = 9.0 dB -1 +1 dB 

fe = S MHz, VBP = OV -1.3 +1.3 ns 
F = 0.2 fe to 1.75 fe 

fe = 1.5 MHz - S MHz -2 +2 0/0 

F = 0.2 fe to 1.75 fe, VBP = ov 
fe = S MHz, VBP = VR -1.3 +1.3 ns 
F = 0.2 feto 1.75 fe 

fe = 1.5 MHz - S MHz -2 +2 % 
F = 0.2 fe to 1.75 fe, VBP = VR 

THD = 1% max, F = 0.67 fe 1.0 Vpp 
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SSI 32F8020AlS022A1S021/S023 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

Filter Characteristics (continued) 

PARAMETER CONDITIONS 

VOF Filter Output Dynamic Range THO = 1% max, F = 0.67 Ie 
VIF Filter Input Dynamic Range THO = 1.5%, F = 0.67 Ie 
VOF Filter Output Dynamic Range THO = 1.5%, F = 0.67 Ie 
VIF Filter Input Dynamic Range THO = 3% max, F = 0.67 Ie 
VOF Filter Output Dynamic Range THO = 3% max, F = 0.67 Ie 
RIN Filter Diff Input Resistance 32 FS020AlS021 

32FS022A1S023 LZ = 1 or open 

32FS022A1S023 LZ = 0 

CIN Filter Input Capacitance 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 500 
Differentiated Output Ie = S MHz, VBP = O.OV 

(32FS020AlS022A) 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 500 
Normal Output Ie = S MHz, VBP = O.OV 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 500 
Differentiated Output Ie = S MHz, VBP = VR 

(32 FS020AlS020A) 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 500 
Normal Output Ie = S MHz, VBP = VR 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

RO Filter Output Resistance 10+ = 1.0 mA 
(Single ended) 

Filter Control Characteristics 

VR Reference Voltage 

VBP Frequency Boost Control VR = 2.2V 
Voltage Range FBOOST = 0 to 9.2 dB 

VRX PTAT Reference Current TA = 25°C 
Set Output Voltage IRX = 0 - 0.6 rnA 

Rx > 1.25 kQ 

IFO PTAT Reference Current, TA = 25°C 
Output Current Range 1.25 kQ < Rx < 6.S kQ 

IFO = VRx/Rx 
VRX=750 mV 

RIFO IFO Output Impedance 

VIFO IFO Voltage Compliance 
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MIN NOM MAX UNIT 

1.0 Vpp 

1.5 Vpp 

1.5 Vpp 

2.0 Vpp 

2.0 Vpp 

3.0 4.0 kO 

200 400 0 

7 pF 

6.3 7.5 mVRms 

2.7 4.0 mVRms 

9.4 11.0 mVRms 

3.7 4.5 mVRms 

1.0 mA 

2.0 rnA 

60 0 

2.0 2.40 V 

0 2.2 V 

750 mV 

0.11 0.6 mA 

50 kO 

0 Vee -1 V 
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SSI 32F8020Al8022A18021/8023 
Low-Power Programmable 

Electronic Filter 

1----------------------------------------------------------
Filter Control Characteristics 

PARAMETER CONDITIONS MIN NOM 

IFI PTAT Programming TA = 25°C, VRX = 750 mV 0.11 
Current Range 32F8020Al8022A 

RIFI IFllnput Impedance 32F8020Al8022A 1.0 

VIFI IFI Voltage Compliance 32F8020Al8022A 0.5 

IFC PT AT Programming TA = 25°C, VRX = 750 mV 0.11 
Current Range 32F8021 18023 

TPWRPower On Recovery Time DC voltages within 

TBST 

TFBW 

20 mV of final values 

Boost Change Recovery DC voltages within 
20 mV of final values 

( 

Bandwidth Change Recovery DC,> voltages within 
20 mV of final values 

VR =2.2V 

N/C 
VO_NORM­

VO_NORM+ 

VCC (+5V) 

VIN­

VIN+ 
r--r--VBP 

VAX = 750 mV @25DC 

IFO = VRXlRx 

32F8020Al22A 

IFI range: 0.11 mA to 0.60 mA @25OC 

(1.5 to 8 MHz NO BOOST) 

RX~FO 
Rx 

IFI 

GND = RSPl 

Fixed frequency programming is accomplished as shown in the drawing above. In this case IFI 
(programming current) is equivalent to IFO (reference current). Programming current is then set 
by VRX/Rx. 

where: Ic = 8.0 MHz then 

IFI = IFO = 0.60 mA @25 DC 

Rx = 750 mV/O.60 mA = 1.25 kn 

FIGURE 1: 32F8020Al8022A Applications Setup 
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MAX UNIT 

0.6 mA 

2.5 kg 

2.5 V 

0.6 mA 

300 ns 

300 ns 

300 ns 
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SSI 32F8020Al8022A18021/8023 
Low-Power Programmable 
Electronic Filter 

IN+ 

IN-

OVP 

VR = 2.2V 

VAX = 750 mV @25°C 

IFO = VAX/Rx 

IFI range: 0.11 rnA to 0.60 mA@25°C 

(1.5 to 8 MHz NO BOOST) 

RD 
To Data Sync 

In this case the IFI (programming current) is scaled from IFO (reference 
current) through OACF on the 3204661. OACF has a current gain of 4; 
therefore, the reference current should be set to 25% of the maximum desired 
IFI (programming current). 

where: Ic (max) = 8.0 MHZ then 

IFI (max) = 0.60 rnA @25°C 

IFO (max) = 0.15 rnA 

therefore Rx = 750 mVlO.15 rnA = 5 k.Q 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8020A/8022A, 32P54X, 32D4661 
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FOUT 
To Data Sync 

To Data Sync 
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I Electronic Filter 
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IFO IFC 

r---------------------, 

Ax 

Ax 

VRX = 750 mV @25°C 

IRX = IFO 

EXTERNAL DEVICES 

IFC programming range: 0.11 rnA to 0.60 rnA @25°C 
(1.5 to S.O MHz: No Boost) 

I 
I 

The IFC (programming current) is scaled from IFO (reference current) by the 
set-up shown above. Assuming the DAC ament gain = 4.0, then programming 
is accomplished as follows: 

MAX programming current required: IFC = 0.6 rnA (/c = S.O MHz) @25°C 

IFO = IFC/S = 0.075 rnA (MAX) @25°C 

IRX = IFO 

IRX = 750mV/Rx @25°C 

Rx =5 kn 

FIGURE 3: 32F8021/8023 Frequency Programming 
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SSI 32FS020AlS022A1S021/S023 
Low-Power Programmable 
Electronic Filter 

1.31703 
INPUT 

8 2+ 8 1.68495 + 1.31703 

S2+ S 1.68495 + 1.31703 

2.95139 5.37034 

8 2 + 8 1.54203 + 2.95139 8 2+ 8 1.14558 + 5.37034 

Normalized for roc = (2n) Ie = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Ie 
Denormalize the frequency by substituting S -)0 (Sl2.nle) 
Eq for Ie = s.o MHz, S = S / [(2n)(S x 10°)] 

DIFFONLYON 
32F802OAI8022A 

FIGURE 4: 32F8020Al8022A18021/8023 Normalized Block Diagram 

TABLE 1: 32F8020Al8022A Frequency Boost Calculations 

Assuming 9.2 dB boost for VBP = VR Boost VBPNR K 

1 dB 0.065 0.16 

2dB 0.137 0.34 

3dB 0.219 0.54 

(1 0(FB/20) )-1 4dB 0.310 0.77 

VBP_ 5dB 0.413 1.03 
VR 1.884 6dB 0.528 1.31 

7dB 0.658 1.63 

8dB 0.802 1.99 

9dB 0.965 2.40 

or, VBPNR Boost 

0.1 1.499 dB 

0.2 2.777 dB 

0.3 3.891 dB 

boost in dB == 20 log [1.884 (~:) + 1] 
0.4 4.879 dB 

0.5 5.765 dB 

0.6 6.569 dB 

0.7 7.305 dB 

0.8 7.984 dB 

0.9 8.613 dB 

1.0 9.200 dB 
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Low-Power Programmable 

Electronic Filter 

TABLE 2: calculations 
Typical change in f-3 dB point and frequency peak with boost. 

Boost (dB) Galn@fc (dB) Galn@peak (dB) fpeaklfc f-3dB/fc 

0 -3 0.00 no peak 1.00 

1 -2 0.00 no peak 1.21 

2 -1 0.00 no peak 1.51 

3 0 0.15 0.70 1.80 

4 1 0.99 1.05 2.04 

5 2 2.15 1.23 2.20 

6 3 3.41 1.33 2.33 

7 4 4.68 1.38 2.43 

8 5 5.94 1.43 2.51 

9 6 7.18 1.46 2.59 

NOTES: 1. fc is the original programmed cutoff frequency with no boost. 

2. f-3 dB is the new -3 dB value with boost implemented. 

3. fpeak is the frequency where the magnitude peaks when boost is 
implemented. 

i.e., fc = 8 MHz when boost = 0 dB if boost is programmed to 5 dB then 

f-3 dB = 17.6 MHz 

fpeak = 9.84 MHz 
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SSI 32FS020AlS022A1S021/S023 
Low-Power Programmable 
Electronic Filter 

PACKAGE PIN DESIGNATIONS 
(Top View) 

N/C VO_NORM-

VO_NORM- VO_NORM+ 

VO_NORM+ PWRON 

VCC VR 

VIN- RX 

VIN+ IFO 

VBP IFI 

LZ FBST GND 
(8022A) (8020A) 

32F8020A/8022A 
16-Lead SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32F8020A 16-Lead SON 

16-Lead SOL 

SSI 32F8022A 16-Lead SON 

16-Lead SOL 

SSI32F8021 16-Lead SON 

16-Lead SOL 

SSI32F8023 16-Lead SON 

16-Lead SOL 

THERMAL CHARACTERISTICS: Gja 

16-Lead SOL (150 mil) 1050 CIW 

20-Lead SOV (300 mil) 1000 CIW 

NlC NlC 

VO_NORM- NlC 

VO_NORM+ PWRON 

VCC VR 

VIN- RX 

VIN+ IFO 

VBP IFI 

LZ FBST GND 
(8023) (8021) 

32F8021/8023 
16-Lead SON, SOL 

ORDER NUMBER PACKAGE MARK 

32F8020A-CN 32F8020A-CN 

32F8020A-CL 32F8020A-CL 

32F8022A-CN 32F8022A-CN 

32F8022A-CL 32F8022A-CL 

32F8021-CN 32F8021-CN 

32F8021-CL 32F8021-CL 

32F8023-CN 32F8023-CN 

32F8023-CL 32F8023-CL 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 7-36 0193- rev. 
Patent Pending - (497,863), (SOO, n8) 
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VIN+ 
VIN-

VBP 

IFP 

VFP 

FBST 

DESCRIPTION 
The SSI32F8030 Programmable Electronic Filter pro­
vides an electronically controlled Iow-pass filter with a 
separate differentiated low-pass output. A seven­
pole, 0.050 Equiripple-type linear phase, Iow-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro­
grammed high frequency peaking (boost) or band­
width. This programability, combined with low group 
delay variation makes the SSI32F8030 ideal for use in 
many applications. Double differentiation high fre­
quency boost is accomplished by a two-pole, low­
pass with a two-pole, high-pass feed forward section 
to provide complementary real axis zeros. A variable 
attenuator is used to program the zero locations, which 
controls the amount of boost. 

The SSI32F8030 programmable boost and bandwidth 
characteristics can be controlled by external DACs or 
DACs provided in the SSI 32D4661 Time Base Gen­
erator. Fixed characteristics are easily accomplished 
with three external resistors. In addition, boost can be 
switched in or out by a logic signal. 

The SSI 32F8030 requires only a +5V supply and is 
available in 16-Lead SON, and SOL packages. 

BLOCK DIAGRAM 

0692 - rev. 7-37 

SSI32F8030 
Programmable 

Electron ic Filter 

June 1992 

FEATURES 

• Ideal for: 
- constant density recording applications 
- magnetic tape recording 

• prog ram mabie filter cutoff frequency 
<fc = 250 kHz to 2.5 MHz) 

• Programmable high frequency peaking 
(0 to 9 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter input and outputs 

• ±3.00f0 group delay variation from 
0.2 fC to 1.75 fc, 0.25 MHz ~ fC ~ 2.5 MHz 

• Total harmoniC distortion less than 1% 

• +5V only operation 

• 16-Lead SON, and SOL packages 

• 5 mW idle mode 

PIN DIAGRAM 

VO_NORM+ 
VO_NORM-

VO_DIFF+ 
VO_DIFF-

VR 

PWRON 

GND1 VO_DIFF+ 

VO_NORM- 2 VO_DIFF-

VO_NORM+ 3 PWRON 

VCC1 VR 

VCC2 

IFP 

VFP 

GND2 

CAUTION: Use handling procedures necessary 
for a static sensitive component 
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SSI32F8030 
Programmable 
Electron ic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32F8030, a high performance programmable 
electronic filter, provides a low pass O.Oso Equiripple­
type linear phase seven pole filter with matched normal 
and differentiated outputs. The device has been opti­
mized for usage with several Silicon Systems prod­
ucts, including the SSI32D4661 Time Base Generator, 
the SSI32PS4x family of Pulse Detectors, and the SSI 
32P4720 Combo device (Data Separator and Pulse 
Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The SSI 32F8030 programmable electronic filter can 
be set to a filter cutoff frequency from 2S0 kHz to 2.S 
MHz (with no boost). 

Cutoff frequency programming can be established 
using either a current source fed into the I FP pin, whose 
output current is proportional to the SSI 32F8030 
output reference voltage VR, or by means of an exter­
nal resistor tied from the output voltage reference pin 
VR to pin VFP. The former method is optimized using 
the SSI 32D4661 Time Base Generator, since the 
current source into pin IFP is available at the DAC F 
output of the 32D4661. Furthermore, the voltage 
reference input is supplied to pin VR3 of the 32D4661 
by the reference voltage VR from the VR pin of the 
32F8030. This reference voltage is an internally gen­
erated bandgap reference, which typically varies less 
than 1 % over voltage supply and temperature varia­
tion. (Forthe calculations below IVFP = current into IFP 
QI VFP pins). 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value « 10kHz), is 
related to the current IVFP injected into pin IFP by the 
formula 

Fc (ideal, in MHz) = 3.12S·IFP = 3.12S·IVFP·2.2IVR, 
where IFP and IVFP are in rnA, 0.08<IFP<0.8 rnA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

If the 32F8030 cutoff frequency is set using voltage VR 
to bias up a resistor tied to pin VFP, the cutoff frequency 
is related to the resistor value by the formula 

Fc (ideal, in MHz) = 3.12S·IFP = 3.12S·2.2/(3·Rx) 
where Rx is in k.Q, & 0.917 k.Q <Rx<9.17 k.Q. 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 
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SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the output signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 

FB (ideal, in dB) = 20 1091 OP.884(VBPIVR)+ 1], where 
O<VBP<VR. 



SSI32F8030 
Programmable 

Electronic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
VO_NORM-

VO_DIFF+, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF- outputs should be AC coupled to the pulse detector. 

IFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VR. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 

VFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. I FP should be left open when using this pin. 

VBP FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportional to voltage VA. A fixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logiC low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 

PWRON POWER ON. A high logic level enables the Chip. A low level puts the chip in a low power 
state. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

VCC1, VCC2 +5 VOL T SUPPL Y. 

GND1, GND2 GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
o bo 'peratlon a ve maxImum ratIngs may d h d . amage t e eVlce. 

PARAMETER RATING 

Storage Temperature -65 to + 150°C 

Junction Operating Temperature, Tj +130°C 

Supply Voltage, VCC1, VCC2 -0.5 to 7V 

Voltage Applied to Inputs -0.5 to VCC + 0.5V 

IFP, VFP Inputs Maximum Current ~1.2 rnA 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING 

Supply voltage, VCC1, VCC2 4.5 < VCC1 ,2 < 5.50V 

Ambient Temperature 0< Ta < 70°C 
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ELECTRICAL SPECIFICATIONS 

Power Supply Characteristics 
Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS 

ICC Power Supply Current PWRONS:;0.8V 

ICC Power Supply Current PWRON~2.0V 

PD Power Dissipation PWRON~2.0V 

PD Power Dissipation PWRON s:; 0.8V 

DC Characteristics 

VIH High Level Input Voltage TTL input 

VIL Low Level Input Voltage 

IIH High Level Input Current VIH;:; 2.7V 

ilL Low Level Input Current VIL;:; 0.4V 

Filter Characteristics 
Ie ;:; 1.25 MHz unless otherwise stated 

FCA Filter fC Accuracy using IFP pin: IFP;:; 0.4 rnA or 
using VFP pin: Rx ;:; 1.84 kQ 

AO VO_NORM Diff Gain F ;:; 0.67 fe, FB = 0 dB 

AD VO_DIFF Diff Gain F = 0.67 fe, FB = 0 dB 

FBA Frequency Boost Accuracy VBP = VR 

TGDO Group Delay Variation 0.25 MHz s:; fC s:; 2.5 MHz 
Without Boost* F = 0.2 Ie to 1.75 Ie 

TGDB Group Delay Variation 0.25 MHz s:; Ie s:; 2.5 MHz 
With Boost* VBP = VR, F = 0.2 Ie to 1.75 Ie 

VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 Ie 
(no boost, 1000 pF capacitor across Rx) 

VOF Filter Normal Output THD;:; 1% max, F = 0.67 Ie 
Dynamic Range VBP = 0 (1000 pF capacitor across Rx) 

VOF Filter Normal Output THD = 1% max, F = 0.67 Ie 
Dynamic Range VBP = VR (1000 pF capacitor across Rx) 

VOF Filter Differentiated Output THO = 1% max, F = 0.67 Ie 
Dynamic Range VBP = 0 (1000 pF capacitor across Rx) 

VOF Filter Differentiated Output THD = 1% max, F = 0.67 Ie 
Dynamic Range VBP = VR (1000 pF capacitor across Rx) 
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MIN NOM MAX UNIT 

0.5 rnA 

28 42 rnA 

140 231 mW 

3 mW 

2.0 VCC+0.3 V 

-0.3 0.8 V 

20 JJA 
-1.5 rnA 

1.125 1.375 MHz 

0.8 1.20 VN 

0.9AO 1.1AO VN 

8.0 9.2 10.4 dB 

-3 +3 % 

-3 +3 % 

1.0 Vpp 

1.0 Vpp 

1.0 Vpp 

1.0 Vpp 

1.0 Vpp 
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Electronic Filter 
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Filter Characteristics (continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

RIN Filter Diff Input Resistance 3.0 4.0 5.0 kO 

CIN Filter Diff Input Capacitance· 3.0 pF 

EOUT Output Noise Voltage" BW = 100 MHz, Rs = 500, 2.7 3.2 mVRms 
Differentiated Output lip = 0.8 rnA, VBP = O.OV 

EOUT Output Noise Voltage" BW = 100 MHz, Rs = 500 1.6 2.0 mVRms 
Normal Output lip = 0.8 rnA, VBP = O.OV 

EOUT Output Noise Voltage" BW = 100 MHz, Rs = 500 3.1 3.8 mVRms 
Differentiated Output lip = 0.8 rnA, VBP = VR 

EOUT Output Noise Voltage" BW = 100 MHz, Rs = 500 1.8 2.2 mVRms 
Normal Output lip = 0.8 rnA, VBP = VR 

EOUT Output Noise Voltage" BW = 10 MHz, Rs = 500, 1.8 2.1 mVRms 
Differentiated Output lip = 0.08 rnA, VBP = O.OV 

EOUT Output Noise Voltage· BW = 10 MHz, Rs = 500 1.0 1.2 mVRms 
Normal Output lip = 0.08 rnA, VBP = O.OV 

EOUT Output Noise Voltage· BW = 10 MHz, Rs = 500 2.0 2.5 mVRms 
Differentiated Output lip = 0.08 rnA, VBP = VR 

EOUT Output Noise Voltage· BW = 10 MHz, Rs = 500 1.1 1.5 mVRms 
Normal Output lip = 0.08 rnA, VBP = VR 

10- Filter Output Sink Current 1.0 rnA 

10+ Filter Output Source Current 2.0 rnA 

RO Filter Output Resistance·· Sinking 1 rnA from pin 70 0 I 
.. Not directly testable in production, design characteristic . 
... Single ended 

Filter Control Characteristics 

VR Reference Voltage Output 2.0 2.40 V 

IVR Reference Output 2.0 rnA 
Source Current 
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1 ifp = 80 ~A (Ie = 250 kHz) r--
2 ifp = 224 ~A (Ie = 700 kHz) 
3 ifp = 368 ~A (Ie = 1.15 MHz) r-
4 ifp = 512 ~A (Ie = 1.6 MHz) 
5 ifp = 656 ~A (Ie = 2.05 MHz) r-
6 ifp = 800 ~A (Ie = 2.5 MHz) 
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100k 200k 300k 400k 500k 700k 1meg 2meg 3meg 4meg 5meg 

Frequency (Hz) 

FIGURE 1: Typical Normal/Differentiated Output Group Delay Response 

32F8030 

GN01 16 VO_OIFF+ 

VO_NORM- 2 15 VO_OIFF-

VO_NORM+ 3 14 PWR_ON 

VCC1 (+5V) 4 13 

VIN- 5 12 

VIN+ 
Rx 

6 11 IFP 

VBP 7 10 VFP 

FBST 8 9 GN02 
RBP1 

FIGURE 1: 32F8030 Applications Setup 16-Pin SO 

VR = 2.2V IVfp = .33VR/Rx 

VFP = .667 VR 

ex = 1000 pF needed for THO at low Ic 

IVfp range: 0.08 mA to 0.8 mA 
(0.25 MHz to 2.5 MHz) 

VFP is used when programming current is set with a resistor from VR. 
When VFP is used IFP must be left open. 
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IN. 

IN-

evp 

INPUT 

F = DAC setting: 0-127 

Full scale, F = 127 

FOUT 
To Data Sync 

OACI 
To Data Sync 

To Data Sync 

IOF = DACF output current 

IOF = (0.98FoVR)/127Rx 

Rx = (O.98FoVR)/12710F 

Rx = current reference setting resistor 

VR = Voltage Reference = 2.2V 

For range of Max Ic = 2.5 MHz then IFP = 0.8 rnA 

Therefore, for Max programming current range to 0.8 rnA: 

Rx = (0.98)(2.210.8) = 2.7 kn 

Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left open. 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8030, 32P54X, 32D4661 

+1.31703 

8'+ 8 1.68495+ 1.31703 

-K8' 

8'+ 81.68495 + 1.31703 

2.95139 5.37034 

8'+ 8 1.54203 + 2.95139 8'. 8 1.14558 + 5.37034 

Normalized for roc = (21t) Ie = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Ie 
Denormalize the frequency by substituting S ~ (S/21t/e) 
Eq for Ie = 2.5 MHz, S = S / [(21t) (2.5.10 6

)] = S / (1.57080 • 10 7
) 

FIGURE 3: 32F8030 Normalized Block Diagram 
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TABLE 1: 32F8030 Frequency Boost Calculations 

Assuming 9.2 dB boost for Boost K 
VBP = VR 

1 dB 0.16 

VBP _ (1 O(FBI2O) )-1 2dB 0.34 
3dB 0.54 

VR 1.884 4dB 0.77 
5dB 1.03 

or, VBPNR 

boost in dB=20109[1.884(V::)+1] 
0.1 
0.2 
0.3 
0.4 
0.5 

TABLE 2: Calculations 

VBPNR Boost K 

0.065 6dB 1.31 
0.137 7dB 1.63 
0.219 8dB 1.99 
0.310 9dB 2.40 
0.413 

Boost VBPNR 

1.499 dB 0.6 
2.777 dB 0.7 
3.891 dB 0.8 
4.879 dB 0.9 
5.765 dB 1.0 

Typical change in Boost (dB) Gain @ fc(dB) Gain @ peak(dB) fpeak/fc 
1-3 dB point 
with boost 0 -3 0.00 no peak 

1 -2 0.00 no peak 
2 -1 0.00 no peak 
3 0 0.15 0.70 
4 1 0.99 1.05 
5 2 2.15 1.23 
6 3 3.41 1.33 
7 4 4.68 1.38 
8 5 5.94 1.43 
9 6 7.18 1.46 

Notes: 1. Ic is the original programmed cutoff frequency with no boost 
2. j-3 dB is the new -3 dB value with boost implemented 
3. jpeak is the frequency where the magnitude peaks with boost implemented 

Le., jc = 2.5 MHz when boost = 0 dB 
if boost is programmed to 5 dB then f-3 dB = 5.5 MHz 

Ipeak = 3.075 MHz 
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VBPNR 

0.288 
0.358 
0.437 
0.526 

Boost 

6.569 dB 
7.305 dB 
7.984 dB 
8.613 dB 
9.200 dB 

f·3 dB/fc 

1.00 
1.21 
1.51 
1.80 
2.04 
2.20 
2.33 
2.43 
2.51 
2.59 



PACKAGE PIN DESIGNATIONS 
(Top View) 

GND1 VO_DIFF+ 

VO_NORM- VO_DIFF-

VO_NORM+ PWRON 

VCC1 VR 

VIN- VCC2 

VIN+ IFP 

VBP VFP 

FBST GND2 

16-Lead SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

16-lead SON (150 mil) 

16-lead SOL (300 mil) 

SSI32F8030 
Programmable 

Electron ic Filter 

Thennal Characteristics: 9jA 

16-lead SON (150 mil) 1050 CIW 

16-Jead SOL (300 mil) 1000 CIW 

ORDER NUMBER PACKAGE MARK 

32F8030-CN 32F8030-CN 

32F8030-CL 32F8030-CN 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

0692- rev. 7-45 ©1991 Silicon Systems, Inc. 
Patent Pending 
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SSI 32F81 01/8102/8103/8104 
Low-Power Programmable Filter 

DESCRIPTION 
The 32F810X is a high performance,low power, digi­
tally programmable low-pass filter for applications re­
quiring variable-frequency filtering. The device con­
sists of three functional blocks: [1] a 7th-order 0.05° 
Equiripple Low-Pass filter, [21 two DACs for controlling 
the filter cutoff frequency and high-frequency peaking 
(boost), and [31 a Serial Port for programming the Ic 
and Boost DACs. The device is offered in four fre­
quency options: the 32F81 01, 9-27 MHz; 32F81 02, 6-
18 MHz; 32F81 03, 4-12 MHz; & 32F81 04, 3-9 MHz. 

Cutoff frequency and boost are controlled by the two 
on-Chip 7 -bit DACs, which are programmed via the 3-
line serial interface. Boost is programmable from 0 to 
13 dB nominally, and is implemented using two sym­
metrical, real-axis zeroes. Both boost and Ic control 
do not affect the flat group delay response. 

The 32F81 XX device is ideal for variable data rate and 
variable frequency shaping applications. It requires 
only a +5V supply and has an Idle mode for minimal 

lead SON, and 20-Lead SOV packages. 

1'!'~Mi§~'IiIII'['l" 
FEATURES 

• Programmable cutoff frequency: 
32F8101 - 9 to 27 MHz 
32F8102 - 6 to 18 MHz 
32F8103 - 4 to 12 MHz 
32F8104 - 3 to 9 MHz 

January 1993 

• Programmable boost/equalization of 0 to 13 dB 

• Matched normal and differentiated outputs 

• ± 10010 Ic accuracy 

• ± 2% maximum group delay variation 

• Less than 1% total harmoniC distortion 

• Low-Z Input switch controlled by LOWZ pin 

• No external filter components required 

power dissipation. The SSI32F81 OX is available in 16- I 
~-------

YeA AONO YeO DONO 

0193 

BLOCK DIAGRAM PIN DIAGRAM 

SDEN SOl SCLK 
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16-Lead SON 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32F81 01/81 02181 03/81 04 
Low-Power Programmable Filter 

FUNCTIONAL DESCRIPTION 

The 8S132F810X programmable filter consists of an 
electronically controlled low-pass filter with a separate 
differentiated low-pass output. A seven-pole, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro­
grammed equalization or bandwidth. Programmable 
bandwidth and boost/equalization is provided by inter­
nal7 -bit control DACs. High-frequency boost equaliza­
tion is accomplished by a two-pole, low-pass with a 
two-pole, high-pass feed forward section to provide 
complimentary real axis zeros. A variable attenuator is 
used to program the zero locations. 

The filter implements a 0.05 degree equiripple linear 
phase response. The normalized transfer functions 
(i.e., Wc = 21tfc = 1) are: 

VnormNi = [(-Ks2 + 17.98016)/D(s)) x An 
and 

VdifflVi = (Vnorm/Vi) x (s/0.86133) x Ad 

Where D (s)= 
(82+1.68495s+1.31703)(82+1.54203 s+2.95139) 
(82+1 .4558s+5.37034)(s+0.86133), 

An and Ad are adjusted for a gain of 2 at fs=(2/3)fc. 

Filter Operation 

Normally AC coupled differential signals are applied to 
the FIP/FIN inputs of the filter, although DC coupling 
can be implemented. To improve settling time of the 
coupling capacitors, the FIP/FIN inputs are placed into 
a Low-Z state when the LOWZ pin is brought high. The 
programmable bandwidth and boost/equalization fea­
tures are controlled by internal DACs and the registers 
programmed through the serial port. The current refer­
ence for both DACs is set using a single 12.1 kQ 
external resistor connected from pin RX to ground. The 
voltage at pin RX is proportional to absolute tempera­
ture (PTAT), hence the currentfor the DACs is a PTAT 
reference current. 

Bandwidth Control: The programmable bandwidth is 
set by the filter cutoff DAC. This DAC has two separate 
7-bit registers that can program the DAC value as 
follows: 

Ie = 0.2126 x DACF (MHz) for the 32F8101 
Ie = 0.1417 x DACF (MHz) for the 32F8102 
Ie = 0.09449 x DACF (MHz) for the 32F81 03 
Ie = 0.07087 x DACF (MHz) for the 32F81 04 
where DACF = Cutoff Frequency Control Register 
value (decimal) 

The filter cutoff set by the internal DAC is the unboosted 
3 dB frequency. When boost/equalization is added, the 
actual 3 dB point will move out. Table 1 provides 
information on boost versus 3dB frequency. 

TABLE 1: 3dB Cutoff Frequency Versus Boost Magnitude 

BOOST (dB) Ie (3 dB) BOOST (dB) Ie (3 dB) 

0 1.00 7 2.41 
1 1.22 8 2.53 
2 1.47 9 2.65 
3 1.74 10 2.73 
4 1.95 11 2.81 
5 2.13 12 2.88 
6 2.28 13 2.96 
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Boost/Equalization COntrol 

The programmable equalization is also controlled by 
an internal OAC. The 7 -bit Filter Boost Control Register 
(FBCR) determines the amount of equalization that will 
be added to the 3 dB cutoff frequency, as follows: 

Boost = 20 log [(0.0273 x FBCR) + 1] (dB) 

For example, with the OAC set for maximum output 
(FBCR = 7Fhex or 127) there will be 13 dB of boost 
added at the 3 dB frequency. This will result in +10 dB 
of signal boost above the 0 dB baseline. 

SERIAL INTERFACE OPERATION 

The serial interface is a CMOS bi-directional port for 
reading and writing programming data fromlto the inter­
nal registers of the 32F81 OX. For data transfers SDEN 
is brought high, serial data is presented at the SOAT A 
pin, and a serial clock is applied to the SCLK pin. 

SDE~ 

After the SOEN goes high, the first 16 pulses applied to 
the SCLK pin will shift the data presented atthe SDATA 
pin into an internal shift register on the rising edge of 
each clock. An internal counter prevents more than 16 
bits from being shifted into the register. The data in the 
shift register is latched when SOEN goes low. If less 
than 16 clock pulses are provided before SDEN goes 
low, the data transfer is aborted. 

All transfers are shifted into the serial port LSB first. The 
flrst byte of the transfer is address and instruction 
information. The LSB of this byte is the RlW bit which 
determines if the transfer is a read (1) or a write (0). The 
remaining seven bits determine the internal register to 
be accessed. The second byte contains the program­
ming data. At initial power-up, the contents of the 
internal registers will be in an unknown state and they 
must be programmed prior to operation. During power 
down modes, the serial port remains active and regis­
ter programming data is retained. 

L 
SDAT~ >-< ~ ADDRESS, a-BIT DATAS-BIT >--

SCLK 

FIGURE 1: Serial Port Data Transfer Fonnat 
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SSI 32F81 01/81 02181 03/8104 
Low-Power Programmable Filter 

PIN DESCRIPTION 

POWER SUPPLY PINS 

NAME TYPE 

VCA -
VCD -
AGND -
DGND -

INPUT PINS 

VIN+. VIN-

OUTPUT PINS 

VO_DIFF+. 0 
VO_DIFF-

VO_NORM+. 0 
VO_NORM-

DACOUT 0 

RX -

SERIAL PORT PINS 

SDEN 1/0 

SDI 1/0 

SCLK 1/0 

DESCRIPTION 

Filter analog power supply pin 

Serial port power supply pin 

Filter analog ground pin 

Serial port digital ground pin 

FILTER SIGNAL INPUTS: The AGC output signals must be AC coupled into 
these pins. 

DIFFERENTIAL DIFFERENTIATED OUTPUTS: Filter differentated 
outputs. These outputs are normally AC coupled. 

DIFFERENTIAL NORMAL OUTPUTS: Filter normal low pass output signals. 
These outputs are normally AC coupled. 

DAC VOLTAGE TEST POINT: This test point monitors the outputs of the 
internal DACs. The source DAC is selected by programming the two MSBs 
of the WSCR register. 

REFERENCE RESISTOR INPUT: An external 12.1 kn. 1% resistor is 
connected from this pin to ground to establish a precise PTA T (proportional 
to absolute temperature) reference current for the filter. 

SERIAL DATA ENABLE: Serial enable CMOS compatible input. A high 
level TIL input enables the serial port. 

SERIAL DATA: Serial data CMOS compatible input. NRZ programming 
data for the internal registers is applied to this input. 

SERIAL CLOCK: Serial clock CMOS compatible input. The clock applied 
to this pin is synchronized with the data applied to SDATA. 
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0193 

PACKAGE PIN DESIGNATIONS 
(Top View) 

16-Lead SON 

THERMAL CHARACTERISTICS: 9ja 

16-lead SON 1000 e/W 
20-lead SOY 

2Q-Lead SOY 

Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications are 
based on design goals, subject to change and are not guaranteed. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32F8120 is a continuous time, low pass fitter 
with programmable bandwidth and high frequency 
boost. The low pass filter is a 2 zero /7 pole 0.05° phase 
equiripple type, featuring excellent group delay char­
acteristics. It features 1.5 - 8 MHz programmable 
bandwidth and 0-1 0 dB programmable boost. Both 
functions are controlled by 7-bit command words, 
which are input via a 3-line serial interface. 

BLOCK DIAGRAM 

VCA AGNO VCO DGNO SOEN SOl SCLK 

1292 - rev. 7-53 

December 1992 

FEATURES 

• Programmable filter cutoff frequency (Ie =1.5 
to 8 MHz) with no external components 

• Programmable pulse slimming equalization 
(0 to 10 dB boost at the filter cutoff frequency) 

• ± 10% cutoff frequency accuracy 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter Inputs and outputs 

• Device idle mode 

• +5V only operation 

• No external filter components required 

• Supports constant density recording 

VO_NORM+ 

VO_NORM· 

VO_DlFF+ 

VO_OIFF-

VFP 

VBP 

AX 

PIN DIAGRAM 

DGND VO_DIFF+ 

VO_NORM- VO_DIFF-

VO_NORM+ RX 

VCA SCLK 

VIN- VCD 

VIN+ SDEN 

VBP SDI 

VFP AGND 

CAUTION: Use handling procedures necessary 
for a static sensitive oomponent. 



SSI32F8120 
Low-Power Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

CUTOFF FREQUENCY PROGRAMMING 

jc is determined by the equation: 

jc (MHz) = 0.061321 (F _Code) + 0.212264 

1.5 MHz ~ jc ~ 8 MHz 

21 ~ F _ Code ~ 127 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The SSI 32F8120 programmable electronic filter can 
be set to a filter cutoff frequency from 1.5t08 MHz. The 
cutoff frequency can be set by using the serial port 
through pins SOl, SOEN, and SCLK. SOl is the serial 
data input for an 8-bit control shift register, SOEN is the 
control register enable, and SCLK is the control regis­
terclock. The data packet is transmitted MSB (07) first. 
The first fou r bits are the register address, the last four 
are the data bits. Registers largerthan four bits must be 
loaded with two 8-bit data packets. See Table 1. 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. By controlling the V-OAC output, the boost can be 
determined. The amount of boost at the cutoff fre­
quency is related to the V-OAC output by the following 
formula: 

S Code 
[Ouput of V- OAC = VBP = VREF x 127 ] 

BOOST (dB) = 20·log [0.01703 (S_Code) +1]. 

TABLE 1 

ADDRESS BITS USAGE 

07 06 05 04 03 

X 0 0 0 S-MSB REGISTER X 

X 0 0 1 S-LSB REGISTER S3 

X 0 1 0 F-MSB REGISTER X 

X 0 1 1 F-LSB REGISTER F3 

X 1 1 1 P REGISTER X 

X = Oon't Care 
S = 7-bit Boost (Slimming) Control 
F = 7-bit Frequency (Bandwidth) Control 
P = Power Oown Control; PO = 1 for power up; PO = 0 for power down 

clocks data M I I 
r- TC~ 

SCLK 

~ SOENsetup 
I I wrt SCLK falls 

I 

SDEN J I

I 

SOl holds 
SOl setup T3 1 T 4 wrt SCLK tails 
wrt SCLK falls I- I I 

I I 

SDI 

FIGURE 1: Serial Port Timing Diagram 
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DATA BITS 

02 01 

S6 S5 

S2 S1 

F6 F5 

F2 F1 

X X 

T2A 
SOEN hold L.W SOEN falls 
wrt SCLK falls I I T2BI ~= to SCLK 

load data ~"-----
into register 

00 

S4 

SO 

F4 

FO 

PO 
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SSI32F8120 
Low-Power Programmable 

Electronic Filter 
1, ______________________________________________________________________________________________________ _ 

~ 
PIN DESCRIPTIONS 

NAME TYPE DESCRIPTION 

VIN+, VIN- I DIFFERENTIAL FIL TER INPUTS. The input signals must be AC coupled to 
these pins. 

VO_NORM+, 0 DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC 
VO_NORM- coupled to the pulse detector. 

VO_DIFF+ 0 DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum pulse pairing, 
VO_DIFF- these outputs should be AC coupled to the pulse detector. 

SDEN I SERIAL DATA ENABLE. A logic HIGH level allows SERIAL CLOCK to clock 
data into the control register via the SERIAL DATA input. A logic LOW level 
latches the register data and issues the information to the appropriate circuitry. 

SCLK I SERIAL CLOCK. Negative edge triggered clock input for serial register. 

SDI I SERIAL DATA INPUT. 

RX - REFERENCE CURRENT SET. With an external resistor (Rx = 5 kQ±1%) to 
ground, this pin gives a voltage proportional to the absolute temperature, 
setting the range for VFP. 

VCA I ANALOG +5 VOLT SUPPLY. 

VCD I DIGITAL +5 VOLT SUPPLY. 

AGND I ANALOG GROUND. 

DGND I DIGITAL GROUND. 

VBP 0 BOOST PROGRAMMING VOLTAGE. Output of V-DAC which programs the 
boost. 

VFP 0 CUTOFF FREQUENCY PROGRAMMING VOLTAGE. Output of I-DACwhich 
programs the cutoff frequency.* 

* A minimum load resistance of 150 kQ should be used to avoid affecting the total minimum on-chip resistance 
of 1.35 kQ. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCC 

Voltage Applied to Inputs· 

Maximum Power Dissipation, Ie = 8 MHz, Vee = 5.5V 

T1 Lead Temperature (1/16" from case for 10 seconds) 

RATING 

-65 to +150 °C 

+130°C 

-0.5 to 7V 

-0.5 to VCC V 

0.5W 

260°C 

• Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VCC 4.5V < VCC < 5.5V 

Ambient Temperature o °C < Ta < 70°C 

Tj Junction Temperature o °C < Tj < 130°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Isupply VCC = 5.5V, outputs unloaded 55 75 mA 

Idle Mode Current 9 13 mA 

Idle to Active Mode Recovery Time 50 J.1S 
Serial port program to output 50 J.1S 
response time 

DC Characteristics 

VIH High Level Input Voltage TTL input 2.0 V 

VIL Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIH = 2.7V 20 ~ 
ilL Low Level Input Current VIL = 0.4V -1.5 rnA 
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PARAMETER 

Filter Characteristics 

Ic Filter Cutoff Frequency 

FCA Filter Ic Accuracy 

Cutoff Resolution 

AO YO_NORM Diff Gain 

AD VO DIFF Diff Gain 

FB Frequency Boost at Ic 
FBA Frequency Boost Accuracy 

FBA Frequency Boost Accuracy 

TGDO Group Delay Variation 
Without Boost 

Ic = 1.5 - 8 MHz 
gdm = group delay magnitude 

TGDB Group Delay Variation 
With Boost 

Ic = 1.5 - 8 MHz 

Boost Resolution 

VIF Filter Input Dynamic Range 

VOF Filter Output Dynamic Range 

VIF Filter Input Dynamic Range 

VOF Filter Output Dynamic Range 

VIF Filter Input Dynamic Range 

VOF Filter Output Dynamic Range 

VIF Filter Input Dynamic Range 

VOF Filter Output Dynamic Range 

VIF Filter Input Dynamic Range 

VOF Filter Output Dynamic Range 

SSI32F8120 
Low-Power Programmable 

Electronic Filter 

CONDITIONS MIN NOM MAX UNIT 

Ic = VFP, 21 ~ F Code ~ 127 1.5 8 MHz 

Ic = VFP, 8 MHz -10 +10 % 

1.5to 8 MHz 100 kHz 

F = 0.67 Ic 0.7 1.1 VN 

F = 0.67 Ic O.90AO 1.2AO VN 

FB(dB) = 20 log [0.01703 (5 Code) +1) 0 10 dB 

o to 10 dB, Ta < 22 °C -1.5 +1.5 dB 

o to 10 dB, T a > 22 °C -1 +1 dB 

0.2 Ic -Ic -2% +2% ns 
gdm gdm 

Ic -1.75 Ic -3% +3% ns 
gdm gdm 

0.2 Ic -Ic -2% +2% ns 
gdm gdm 

Ic -1.75 Ic -3% +3% ns 
gdm gdm 

1.5 to 8 MHz .25 dB 

THO = 1.5% max, VBP = 0, VO_NORM 1.5 Vppd 
0.1 J..lF capacitor across Rx 

THO = 1.5% max, VBP = 0, VO_NORM 1.5 Vppd 
0.1 J..lF capacitor across Rx 

THO = 3.5% max, VBP = 0, VO_OIFF 1.5 Vppd 
0.1 J..lF capacitor across Rx 

THO = 3.5% max, VBP = 0, VO_OIFF 1.5 Vppd 
0.1 J..lF capacitor across Rx 

THO = 1.5% max, VBP = 0, VO_NORM 1.0 Vppd 
0.1 J..lF capacitor across Rx 

THO = 1.5% max, VBP = 0, VO_NORM 1.0 Vppd 
0.1 J..lF capacitor across Rx 

THO = 2.0% max, VBP = 0, VO_OIFF 1.0 Vppd 
0.1 j.1F capacitor across Rx, Ta < 22°C 

THO = 2.0% max, VBP = 0, VO_OIFF 1.0 Vppd 
0.1 j.1F capacitor across Rx, Ta < 22°C 

THO = 1.5% max, VBP = 0, VO_OIFF 1.0 Vppd 
0.1 j.1F capacitor across Rx, Ta < 22°C 

THO = 1.5% max, VBP = 0, VO_OIFF 1.0 Vppd 
0.1 j.1F capacitor across Rx, Ta < 22°C 
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SSI32F8120 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

Filter Characteristics (continued) 

RIN Filter Diff Input Resistance 

CIN Filter Input Capacitance 

EOUT Output Noise Voltage BW = 100 MHz, o dB Boost 
(VO_NORM) 50n input 

Ic = 8 MHz 10 dB Boost 

EOUT Output Noise Voltage BW = 100 MHz, o dB Boost 
(VO_OIFF) 50n input 

Ic = 8 MHz 10 dB Boost 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

RO Filter Output Resistance Output source current, 10+ = 1 rnA 
(Single ended) 

TC Period, SCLK 

T1 SOEN Setup to SCLK Falls 

T2A SOEN Hold wrt SCLK Falls 

T2B SDEN Falls prior to SCLK Rises 

T3 SOl Setup to SCLK Falls 

T4 SOl Hold to SCLK Falls 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on VCA, VCO 

Common Mode Rejection Ratio Vin = 0 VOC + 100 mVpp@5 MHz 

Bias: Vin+, Vin- VCC = 5V 

VO_NORM+, VO_NORM- VCC = 5V 

VO_OIFF+, VO_OIFF- VCC = 5V 

Change in Normal Output Offset FOAC switched from 21-127 

Change in Differentiated Output Offset FOAC switched from 21-127 
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MIN NOM MAX UNIT 

3.0 kn 

7 pF 

1.8 3 mVRms 

2.35 4 mVRms 

4.2 6 mVRms 

5.85 9 mVRms 

1.0 rnA 

3.0 rnA 

60 n 

100 ns 

0 ns 

0 ns 

25 ns 
-- r---------

25 ns 

25 ns 

40 70 dB 

30 50 dB 

2.5 2.9 3.3 V 

2.8 3.2 3.6 V 

2.8 3.2 3.6 V 

20 mV 

20 mV 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

N/C 

DGND 

VO_NORM-

VO_NORM+ 

VCA 

VIN-

VIN+ 

VBP 

VFP 

N/C 

20-Lead SOY 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI32F8120 16-Lead SOL 

20-Lead SOY 

N/C 

VO_DIFF+ 

VO_DIFF-

RX 

SClK 

VCD 

SDEN 

SDI 

AGND 

N/C 

SSI32F8120 
Low-Power Programmable 

Electronic Filter 

THERMAL CHARACTERISTICS: Oja 

16-lead SOL 1000 C/W 

20-lead SOY 

DGND VO_DIFF+ 

VO_NORM- VO_DIFF-

VO_NORM+ RX 

VCA SCLK 

VIN- VCD 

VIN+ SDEN 

VBP SDI 

VFP AGND 

16-Lead SOL 

ORDER NUMBER PACKAGE MARK 

32F8120-CL 32F8120-CL 

32F8120-CV 32F8120-CV 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

1292 - rev. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

7-59 Patent No. 5,063,309, Patent Pending 823,067 
©1990 Silicon Systems, Inc. 
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SSI 32F8130/8131 
Low-Power Programmable 

Electron ic Filter 
'II Jikn~8 
~~-------------------------------------------------------I 

VlN. 

VIN-

PWRON 

SCLK 

SOl 

SDE~ 

DESCRIPTION 
The SS132F8130/8131 Programmable Electronic Fil­
ters are digitally controlled low pass filters with a 
normal low pass output and a time differentiated low 
pass output. The low pass filter is of a 7-pole / 2-zero 
0.050 phase equiripple type, with flat group delay 
response beyond the passband. 

The SS132F8130/8131 bandwidth and boost are con­
trolled by two on-Chip 7-bit OACs, which are pro­
grammed via a 3-line serial interface. The SSI32F8130 
filter bandwidth is programmable from 250 kHz to 2.5 
MHz. TheSSI32F8131 is programmable from 150kHz 
to 1.4 MHz. The boost is programmable from 0 to 10 
dB. Because the boost function is implemented as two 
zeros on the real axis with opposite sign, the flat group 
delay characteristic is not affected by the boost pro­
gramming. 

The SS132F8130/8131 are ideal for multi-rate, equal­
ization applications. They require only a +5V supply 
and have a power down mode for minimal idle dissipa­
tion. The SSI32F8130/8131 is available in a 16-lead 
SOL package. 

BLOCK DIAGRAM 
. 

January 1993 

FEATURES 

• programmable filter cutoff frequency (551 
32F8130 FC=0.25to 2.5 MHz, 551 32F8131: FC 
= 0.15to 1.4 MHz) with no external components, 
serial data connections to minlmze pin count 

• Power down mode (<5 mW) 

• Programmable pulse slimming equalization 
(0 to 10 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter Inputs and outputs 

• Programming via Internal 7-blt DACs 

• No external filter components required 

• +5V only operation 

• 5upports constant density recording 

PIN DIAGRAM I 
VO_NORM.. AGND 16 VO_DIFF+ I ..... .•.•• > ...... . ................ .... ..... : ...••••• ··1 ........ 

L~rr.r::s I.. . •• LOW PASS 2220 cr: ...... > ... SUMMER .. ..... : . FILTER 

....<>J .> >T i ......... > •• .... . ...... :r ........ 
..i 

I> it· .....•. . 

I>· k· ... ·/ 
.. :···1· •• ••··• 

<><.> • :.< I.·. .... 
) ~ HIGH PASS L·· ii~ )1// :> ~ HIGH PASS 

~~ FILTER +- ~ 1 FILTER 

.... •.. ,. ........... 
• ••••• II i I· . ) ... ·i.···. ..... .... 
> I> ). 1\ .... 

/ '\ /i···/ \ . ... 

[ .......... .•. <> 
~r » DAC • DAC' <. VOLTAGE , •..•.•.•. > ..,.. REF 

... . .... .... <~ . ..... ;r'< :J •• L~ 

.iY· BOOST .... FREQUENCY CURRENT f 
.. - ~ : .... 

REGISTER ... REGISTER REF ••• 

~ •••..•.•.•.•••.••...••. 
........ 

y i' ~ ;;:; SHIFT ADDRESS •••• 
REGISTER .. DECODE ....< 

'T': .... ... ...>.: •.••• : ••••••• 
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VO_NOR~ 

VO_DIFF-

VO_DIFF+ 

DGND2 

VFP 

VO_NORM- 2 15 VO_DIFF-

VO_NORM+ 3 14 PWRON 

VCA 4 13 SCLK 

VIN- 5 12 VCD 

VIN+ 6 11 DGND2 

SDEN/SDEN 7 10 VFP 

SDI 8 9 DGND1 

SSI 32F8130: Pin 7 = SO EN 
SSI 32F8131: Pin 7 = SOEN 

CAUTION: Use handling procedures necessary 
for a static senskive corJl)Onent. 
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SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

The SS132F8130/8131, a high performance program­
mable electronic filter, provides a 7-pole 12-zero 0.05° 
equiripple linear phase low pass function with matched 
normal and time differentiated outputs. The device 
includes multiple biquads and first-order sections to 
accomplish the filter function, two 7 -bit DACs for band­
width and boost controls, a 3-line serial interface, and 
complete bias reference circuRs. Only one external 
precision 8.25 k.Q resistor should be connected from the 
VFP pin to ground for operation. See Figure 1. 

SERIAL INTERFACE 

The SSI 32F8130/8131 allows easy digital controls of 
filter bandwidth and magnitude equalization via a 3-line 
serial interface. The three pins are SOl, SDEN and 
SCLK. SOl is the serial data input to an internalS-bit shift 
register. SDEN is the shift register enable. SCLK is the 
shift register clock. Besides the 8-bit shift register which 
accepts data from the SDI input, there are four 4-bit 
registers which hold the filter bandwidth and boost 
controls. Two 4-bit registers are assigned to each control 
function, because a 7-bit binary control is required for 
each function. 

The S-MSB register, whose address code is XOOO, 
holds the 3 MSBs of the boost control. The S-LSB 
register, whose address code is X001 , holds the 4 LSBs 
ofthe boost control. The F-MSB register, whose address 
code is X01 0, holds the 4 MSBs of the cutoff frequency 
control. The F-LSB register, whose address code is 
X011 , holds the 4 LSBs of the cutoff frequency control. 

The serial interface consists of data packets, which are 
structured as 4-bit address decode followed by 4-bit 
data. Figure 2 shows the serial interface timing to 
successfully program the SS132F8130/8131. 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, jc, is defined as the -3dB band­
width with no magnitude equalization applied, and is 
programmable from 250 kHz to 2.5 MHz for SSI 
32F8130, and 150 kHz to 1.4 MHz for SSI 32F8131. 
While the jc is controlled by an on-chip 7 -bit DAC, the 
cutoff frequency resolution is better than 20-kHz step. 

Let F _Code be the decimal equivalent of the 7-bit 
control. The cutoff frequency can be determined by the 
following equations: 

SSI32F8130 Ie (kHz) = 18.2 x F _Code +70 

SSI32FS131 Ie (kHz) = 10.81 x F_Code +37 

where 12 < F _Code < 127. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff frequency 
relative to the original-3 dB point. For example, when 10 
dB boost is applied, the magnitude response peaks up 
7 dB above the DC gain. This equalization function is 
also controlled by an on-chip 7-bit DAC. 

Let S_Code be the decimal equivalent of the 7-bit 
control. The magnitude equalization can be determined 
by the equation: 

Boost (dB) = 20 x log 10 [0.01703 x S_Code + 1] 

where 0 < S_Code < 127. 

+1.31703 2.95139 5.37034 
INPUT 

S'+ S 1.68495+ 1.31703 S'+ S 1.54203 + 2.95139 s'+ S 1.14558 + 5.37034 

s'+ S 1.68495+ 1.31703 

Normalized for roc = (21t) jc = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 jc 
Denormalize the frequency by substituting S ~ (S/21t jc) 
Eq for jc = 2.5 MHz, S = S I [(21t) (2.5 • 106

)] = S I (1.57080 • 107
) 

FIGURE 1: Normalized Transfer Function ofthe SSI32F8130/8131 
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SSt 32F8130/8131 
Low-Power Programmable 

Electron ic Filter 
,1_' ____________________________________ _ 

11 

I 

I 

Note: 

SCLK 

clocks data bit I I 
r- TC~ 

n ~ i.-J SDEN setup SDEN hold L.!..-J SDEN falls 
I I wrt SCLl< falls wrt SCLI< falls I I I j:lI'ior to SCLK 
,..-..:-1 _____________________ --.T2B rises 

SDEN J: ;! 
T31 T4 ~IJ'C~ falls load data \ 1'-----

~I~t:r falls I_I. _I into register 

1,---"",,\ ~-~ ,---., ~-~ r---,. ~-~ ,---"",,\ ~-~ ,----

SDI 

FIGURE 2: Serial Port Timing Relationship 

The serial data enable function of the SSI32F8130 and that of the SSI32F8131 are of opPOsite polarity. 

TABLE 1: Data Packet Fields 

ADDRESS BITS USAGE DATA BITS 

07 06 05 04 03 02 01 DO 

RO X 0 0 0 S - MSB REGISTER X S6 S5 S4 

R1 X 0 0 1 S - LSB REGISTER S3 S2 S1 SO 

R2 X 0 1 0 F - MSB REGISTER X F6 F5 F4 

R3 X 0 1 1 F - LSB REGISTER F3 F2 F1 FO 

X = Don't care bit. 
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SSI 32F8130/8131 
Low-Power Programmable 
Electron ic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, 01 FFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to the load. 
VO NORM-

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 
VO_DIFF- to the load. 

PWR_ON POWER ON. A TTL high logic level enables the chip. A low level or open circuit puts the 
chip into a low power state. 

SDEN (8130) SERIAL DATA ENABLE. An active level allows SCLK to clock data into the shift register 
SDEN (8131) via the SOl input. An inactive level latches the register data and issues the information to 

the appropriate circuitry. Active level for SSI32F8130 is HIGH, for SSI32F8131 is LOW. 

SCLK SERIAL CLOCK. Negative edge triggered clock input for serial register. 
SOl SERIAL DATA INPUT. 
VCA ANALOG +5 VOLT SUPPLY. 

VCD DIGITAL +5 VOLT SUPPLY. 

AGND ANALOG GROUND. 

DGND1 DIGITAL GROUND. 
DGND2 

VFP CUTOFF FREQUENCY PROGRAMMING REFERENCE. A resistor of 8.25 kn should be 
connected between this pin and AGND. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCC 

Voltage Applied to Inputs· 

T1 Lead Temperature (1/16" from case for 10 seconds) 

RATINGS UNIT 

-65 to +150 °C 

+130 °C 

-0.5 to 7 V 

-0.5 to VCC V 

260 °C 

• Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC 4.50 < VCC < 5.50 V 

Ambient Temperature 0< Ta < 70 °C 

Tj Junction Temperature 0< Tj < 130 °C 
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SSt 32F8130/8131 
Low-Power Programmable 

Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. F _Code = 64, S_Code = O. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Idle Mode Current 1 mA 

Isupply 60 70 mA 

Power Dissipation PWR_ON ~ 0.8V 6 mW 

PWR_ON ~ 2.0V 303 385 mW 

Idle to Active Mode Recovery Time 50 J.lS 
Serial port program to output 50 J.lS 
response time 

DC Characteristics 

VIH High Level Input Voltage TTL input 2.0 V 

VIL Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIH = 2.7V 20 ~ 
ilL Low Level Input Current VIL = 0.4V -1.5 mA 

Filter Characteristics 

Ic Filter Cutoff Frequency 12 < F _Code < 127 

SSI32F8130 0.25 2.5 MHz 

SSI32F8131 0.15 1.4 MHz 

FCA Filter Ie Accuracy over Ie range -10 +10 0/0 

Cutoff Resolution . Maxfc I F8130 20 kHz 
Re solution = 1Z7 

I F8131 12 kHz 

AO VO_NORM Diff Gain F = 0.67 Ie 0.8 1.2 VN 

AD VO_DIFF Diff Gain F = 0.67 Ie 1.0 AO 1.2AO VN 

FB Frequency Boost at Ie FB(dB) = 20 log [.01703 0 10 dB 
(S_Code) + 1] 0 ~ S_Code ~ 127 

FBA Frequency Boost Accuracy 10 dB nominal -1.5 +1.5 dB 

TGDO Group Delay Variation 0.2 Ic -Ie -2% +2% ns 
Without Boost gdm gdm 

Ie = 0.25 - 2.5 MHz Ie -1.75 Ie -3% +3% ns 
gdm = group delay magnitude gdm gdm 

TGDB Group Delay Variation 0.2 Ie - Ie -2% +2% ns 
With Boost gdm gdm 

Ie -1.75 Ie -3% +3% ns 
gdm gdm 

Boost Resolution .25 dB 

VOF _N Filter Output THO = 1% max, Normal Output 1 Vpp 
Dynamic Range 
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SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified recommended operating conditions apply. F _Code = 64, S_Code = O. 

PARAMETER CONDITIONS MIN NOM MAX 

Filter Characteristics (continued) 

VOF _0 Filter Output THO = 1% max, Differentiated 1 
Dynamic Range Output 

RIN Filter Diff Input Resistance 3.0 4.0 5.0 

CIN Filter Input Capacitance 3.0 

EOUT Output Noise Voltage BW = 100 MHz, o dB Boost 1.2 1.9 
(VO_NORM) 50Q input 

fC = Max fc 10 dB Boost 1.4 2.0 

EOUT Output Noise Voltage BW = 100 MHz, o dB Boost 2.1 2.7 
(VO_DIFF) 50Q input 

fC = Max fc 10 dB Boost 2.5 3.4 

10- Filter Output Sink Current 1.0 

10+ Filter Output Source Current 3.0 

RO Filter Output Resistance Output source current, 50 70 
(Single ended) 10+ = 1 rnA 

T1 SDEN Set-up WRT SCLK Falls 0 

T2A SDEN Hold WRT SCLK Falls 0 

T2B SO EN Falls (rises for 8131) 25 
prior to SCLK rises 

T3 SOl Set-up WRT SCLK Falls 25 

T4 SOl Hold WRT SCLK Falls 25 

SCLK Period, TC 100 

Power Supply Rejection Ratio 100 mVpp from 10kHz to 30 40 
YO_NORM 10 MHz on VCA, VCD 

Power Supply Rejection Ratio 20 30 
VO_DIFF 

Common Mode Rejection Ratio Yin = OVDC + 10 mVpp from 30 40 
VO_NORM 10 kHz to 10 MHz 

Common Mode Rejection Ratio 20 30 
VO_DIFF 

Bias: VO_NORM± vec = 5V 2.40 2.75 3.10 

Vin± 2.20 2.35 2.80 

VO_DIFF± 2.40 2.75 3.10 

Normal Output Offset Variation F _Code switched from 12-127 -200 200 

Differentiated Output Offset F _Code switched from 12-127 -200 200 
Variation 
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UNIT 

Vpp 

kQ 

pF 

mVRms 

mVRms 

mVRms 

mVRms 

rnA 

rnA 

Q 

ns 

ns 

ns 

ns 

ns 

ns 

dB 

dB 

dB 

dB 

V 

V 

V 

mV 

mV 



ti 

I 551 32F8130/8131 
I 

I Low-Power Programmable 
n~1 _________________________________________ E_le_c_t_ro_n_ic __ F_il_te_r __ __ 

I TABLE 1: calculations 

Typical change in f-3 dB point with boost 

Boost (dB) Galn@fc (dB) Galn@ peak (dB) fpeaklfc f-3dB/fc K 

0 -3 0.00 no peak 1.00 0 

1 -2 0.00 no peak 1.21 0.16 

2 -1 0.00 no peak 1.51 0.34 

3 0 0.15 0.70 1.80 0.54 

4 1 0.99 1.05 2.04 0.77 

5 2 2.15 1.23 2.20 1.03 

6 3 3.41 1.33 2.33 1.31 

7 4 4.68 1.38 2.43 1.63 

8 5 5.94 1.43 2.51 1.97 

9 6 7.18 1.46 2.59 2.40 

10 7 8.40 1.48 2.66 2.85 

Notes: 1. /c is the original programmed cutoff frequency with no boost 

2. /-3 dB is the new -3 dB value with boost implemented 

3. /peak is the frequency where the amplitude reaches its maximum value with 
boost implemented 

i.e., /c = 1 MHz when boost = 0 dB 

if boost is programmed to 5 dB then f-3 dB = 2.20 MHz 

/peak = 1.23 MHz I 
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SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

--------------------------------------------------------------------------------------------------------------------------'" 
PACKAGE PIN DESIGNATIONS 
(Top View) 

THERMAL CHARACTERISTICS: 9ja 

16-Lead SOL 1000 elW 

AGNO 16 VO_OIFF+ 

VO_NORM- 2 15 VO_OIFF-

VO_NORM+ 3 14 PWRON 

VCA 4 13 SCLK 

VIN- 5 12 VCO 

VIN+ 6 11 OGN02 

SOEN/SOEN 7 10 VFP 

SOl 8 9 OGN01 

16-Lead SOL 

SS132F8130: Pin 7 = SDEN 
SS132F8131: Pin 7 = SDEN 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI32F8130 16-Lead SOL 32F8130-CL 32F8130-CL 
SSI32F8131 16-Lead SOL 32F8131-CL 32F8131-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use, No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 
Patent No. 5,063,309 
Patent Pending Nos. (516717) (823067) 
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SILICON SYSTEMS LEADS THE WA Y 
DEVELOPING MIXED-SIGNAL CUSTOM 
PRODUCTS. 

This is a story about leadership. Silicon Systems is dedi­
cated to taking the point in the creation of high-performance, 
application-specific custom, mixed-signal integrated circuits 
(MSICs®). 

Such dedication means we bring a lot to the party. Includ­
ing truly innovative analog, digital, and mixed analOg/digital 
ICs. A full complement of mixed-signal CMOS, BiCMOS and 
Bipolar wafer fabrication processes, state-of-the-art automated 
design tools, production, assembly, test, and QA capability. 

No one's more experienced 
Our nearly 20 years of successfullC design work makes us 

the most experienced engineering team in the MSICs field. Add 
it all up and you get a company that saves you time and money 
while delivering you the most sophisticated mixed-signal cus­
tom ICs you can get. 

;</< 
. ~>:::<;:::>:::>:»:;::<:. »:.: :::: >. r«:> ...... :. 

AppU¢atlon 
. :::"". :: ' . i> .. : .•• >.:::: k ... . : .. ::: 

CUSTOM SOLUTIONS 

Faster to market for mixed-signal applications 
Whatever your mixed-signal design application, Silicon 

Systems gives you a competitive advantage. In communica­
tions, disk drives, other storage products, automotive control 
systems, or other analog/digital signal processing applications, 
you can depend on our technical know-how to do the job right 
and turn your design around faster. 

CMOS. Bipolar. Analog. Digital. 
We've done it 

Our designers are an experienced bunch. They're uniquely 
able to take a look at your specific application problem and 
move quickly to the right IC solution. 

Our team is particularly adept at identifying key issues 
such as power, cost and performance trade-ofts. So we can 
gear our efforts toward delivering you an optimized solution, 
manufactured with the appropriate fab process. 

i . ··:Slli~()nSy~t~msD~Sign~CJEx~mples 
.: 

CMOS Signal Processing' For analog continuous time and sampled · 73K224 complete single-chip 2400 bitls 
data (switched-capacitor implementation) modem 
and digital signal processing (DSP) · C301 single-chip telephone headset 
applications. low-power capability also amplifier 
allows inclusion of ROMs, RAMs, and · 14.4 kbit modem 
other analog/digital subsystems. Direct-broadcast satellite descrambler 

· Motor controllers 
High-resolution analog data acquisition 

Bipolar Signal Processing For high-performance, low noise, Sub 1 nV/-vHz HOD RIW amplifiers 
wideband signal acquisition and process- · AGC, pulse detection amplifiers 
ing applications. Offers TTL and/or ECl High-speed data separators 
logic interfaces with high current drive. · Wideband transceivers 

PlLs (phase locked loops) 

· Optical Signal processing 

Digital CMOS For ASIC controllers, sequencers and data · Hard disk drive controllers 
path applications with on-board ROM, · SCSI interface controllers 
RAM, and PlA SUb-systems. Offers · UARTs 
standard TTL and/or CMOS logic inter- Protocol controllers 
faces. Digital signal processors 

Digital Bipolar High-speed logic and interface circuitry. Encoders and decoders 
Offers standard logic or custom interfaces. High-speed digital transceivers 
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CUSTOM SOLUTIONS 

The right mix of analog and digital 

Providing total analogldigital systems on a chip allows you 
to meet your cost and performance objectives whether you're 
designing the next generation of communications devices, or 
perhaps an 1/0 multiplexerto control electronics in 21 st century 
automobiles. 

We've turned to CMOS to effectively implement low­
power, highly integrated systems solutions for everything from 
modems and CATV satellite descramblers to hard disk drive 
controllers and digital signal processors. 

We've gone the Bipolar route to meet the high-perfor­
mance needs of products like wideband transceivers, RNJ 
amplifiers, low-noise amplifiers, pulse detectors, high-speed 
data separators and high-performance, low-power combo de­
vices. 

Our BiCMOS technology promises to open up new hori­
zons of product capability for applications demanding optimum 
performance at the lowest power. 

SOPHISTICA TED TOOLS FOR A CUSTOM 
DESIGN 

At each of five design centers capable of worldwide service 
- Tustin, Santa Clara and Nevada City, California; Tokyo and 
Singapore-Silicon Systems employs PEGASYSTM, an internal 
design automation system developed from carefully selected 
vendor tools and our own proprietary software. Using Mentor 
Graphics workstations for both electrical and physical design, 
PEGASYS helps create complex designs while significantly 
reducing schedules, costs and errors. 

By integrating such helpful third-party tools and custom 
software, we're better able to design and analyze mixed-signal 
integrated circuits in all CMOS, Bipolar and BiCMOS technolo­
gies.lt's an approach that has given us the edge in mixed-signal 
design and helped put Silicon Systems' customers in a favor­
able position in the marketplace. 

Capacitor 
Simulation 
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Specifically, PEGASYS brings the following to each design: 

• Fully integrated design environment 

• Methodology for precision circuit design 

• Integrated physical design 

• Automatic place and route 

• Complete layout verification 

Our design automation staff integrates the third-party tools 
and optimizes their use on the Mentor platform. This framework 
can easily accommodate new tools when needed, and it 
enables us to support a combination of analog and digital 
design techniques in all CMOS, Bipolar and BiCMOS chip 
designs. By mixing design methodologies, we can achieve 
optimum systems performance, even when schedules are 
tight. 

Electrical design 

A single CAE (computer aided engineering) environment 
provides for schematic capture, simulation, synthesis and 
documentation. We support this software with extensive librar­
ies of pre-designed cells and components. Highly specialized 
cells or components can be designed and enhanced where 
required. We simulate each circuit to meet precise performance 
specifications using: 

• Analog circuit simulation 

• Digital logic simUlation 

• Timing simulation 

• Mixed-mode simulation 

• Switched-capacitor filter simulation 

• Behavioral simulation 

Admittedly, simulation alone is not the key to perfecting 
performance. That's why we work aggressively to refine our 
understanding of models to make them work with simulation. 
Inside our progressive device modeling and characterization 

Generators 

Design 
Rule 

Tape 
ReadNJrite 

*' 
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(DMC) laboratory, we develop accurate circuit simulation mod­
els and parameters. The DMC lab provides complete device 
model data for our processes using capabilities such as AC 
measurement, statistical analysis and worst-case modeling. 
Accurate models are a cornerstone of our design-for-quality 
approach. 

Physical design 
Our PEGASYS layout system aids the mask designer 

through all physical design phases, ensuring consistency 
throughout the design cycle. This fully integrated environment 
provides for both full-custom design and automatic place-and­
route design including these capabilities: 

• Graphic editing 

• On-line point-to-point routing 

• Compaction 

• On-line design rule checking 

• Layout-to-schematic verification 

• Parasitic extraction/back annotation 

• Output in industry standard GDS format 

The same physical design environment supports all pro­
cesses and design methodologies. 

Automatic place & route software 
The automatic place-and-route capability speeds through 

physical design far more rapidly than a full-custom, hand-drawn 
approach. We have combined Cadence Design Systems' 
TAN CELL TM, the most area-efficient router on the market, with 
our proprietary tools. This flexible environment allows for floor 
planning and automatic routing, and it supports the combina­
tion of custom cells, standard cells and compiled blocks. 

Layout-to-schematic trace and verification 
software 

Our circuit-trace capability compares the completed IC 
layoutto the schematic data base, using proprietary techniques 
and tools to guarantee quality. We help to eliminate layout 
errors through verification checks of both connectivity and 
component values. The resulting layout is an exact match ofthe 
schematic design. Further possible layout problems are iden­
tified during post-layout simulations using true parasitic model­
ing of capacitance and resistance interconnect. In short all 
potential problems are fixed or addressed before first sili~on 
fabrication. 

KADS. A mutual drive for custom design 
The Silicon Systems Key Account Design Service (KADS) 

program is our way of designing and developing custom IC 
solutions in a high-level cooperative partnership with our cus­
tomers. 

The KADS approach introduces the best minds in your 
company to Silicon Systems' mixed-signal specialists. Together 
we work closely, freely exchanging each other's ideas and 
experience in order to inspire breakthrough technical 
achievements and raise quality and creativity to a new level. 8-3 

CUSTOM SOLUTIONS 

WHERE PROCESS MEETS NEED: CMOS 
Silicon Systems offers two proven CMOS process tech­

nologies for creating low-power, highly integrated systems 
solutions. We use CH for 5V and12V applications and CG for 
5V only needs. Both offer excellent analog performance. For a 
summary, see Table 1. 

Our CH process achieves its higher (to 12V) operation via 
a DDD (double diffused drain) source/drain structure. This 
increases the SID junction grading and breakdown voltage 
while lowering the associated junction capacitance. 

The CH process also provides high quality, low voltage 
coefficient, precision poly-poly capacitors that support high 
performance switched-capacitor filtering and data conversion 
(AID and D/A) circuits. Another important CH process feature 
for analog applications is found with our high Q/' poly resistors. 
Their low voltage coefficient is important for low distortion, 
continuous time filters such as in anti-aliasing applications. 
Typical CMOS processes use unacceptable high-value well 
resistors, and do not provide poly-poly capacitors. 

Improved CMOS reliability 
Silicon Systems boosts your system's reliability by incor­

porating a well ring into the CH process. This improves well tie­
down and increases latchup immunity. For harsher environ­
ments such as motor drivers or the automobile, we use an 
epitaxial (epi) substrate to provide latchup immunity of more 
than 200 mAo 

CMOS CG. Low-power & high performance 
Our CG CMOS process is specifically designed to support 

your 5V mixed-signal applications. Its smaller feature size 
(1.5fl, shrinkable to 1.2fl) allows for much higher levels of 
system integration, higher speed and lower power . 

CG supports high performance analog circuitry with preci­
sion poly-poly capacitors as well as complex digital circuitry 
including DSPs, microcontrollers, data paths and memory. 

For a cross-section view of the Silicon Systems CG CMOS 
process, see Figure 1. 

BIPOLAR & BICMOS PROCESS 
TECHNOLOGIES 

Our bipolar MSICs take advantage of two high-perfor­
mance Bipolar processes: BK (for 12V applications) and BN (for 
5V applications). The BK analog/digital process achieves its 
higher voltage operation and improves lateral PNP transistor 
performance by using a lightly-doped epi layer. 

In BK we provide deep N+ and P+ enhancement layers to 
reduce both collector series and base resistance. Our use of 
up-junction isolation gives us a major reduction in device area. 
when compared with that of typical junction isolated processes. 
Metal-poly capacitors with a nitride dielectric are used for 
improving capacitor reliability. 

• 
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BN. low-power/ 8 Ghz Bipolar at 5 volts 
A noteworthy feature of a minimum size BN process 

transistor is that it's only about 1 15th the size of a minimum size 
BKtransistor. Because we employ full oxide isolation in BN, we 
can fabricate very fast, very small transistors and reduce 
sidewall capacitances. This supports not only high speed, but 
low power. 

The BN process features high-performance NPN transis­
tors to support mixing high-performance emitter coupled logic 
(ECl) with analog circuitry. To provide for strict TTL I/Ocompat­
ibility, we use superior PtSi Schottky diodes. 

The resulting speed and packing density allows you to 
effectively implement dense high-performance, low-power 
Bipolar analogldigital capability into your system designs. 

For a feature-by-feature comparison of Silicon Systems' 
BK and BN Bipolar processes, see Table 3. 

BiCMOS process technologies 
High performance NPNs and CMOS transistors highlight 

our BiCMOS process. They support mixing high performance 
analog circuitry with high density digital logic. 

We greatly improve response speed through the use of 
silicided base components and SID regions that decrease 
extrinsic resistances in both types of active components while 
reducing the emitter-base and gate-source (drain) space. 

BiCMOS is virtually immune to CMOS latch-up due to 
retro-grade wells. The high drive capability of Bipolar and the 
low-power/high-density capability of CMOS combine to en­
hance design potential considerably. Full-featured, 3-volt de­
signs are one such example. 

.:: .. Drawn 
. ... : 

:: 

Process 

CH 

CG 

Type 
Si-Gate, single metal, 
dual poly, PWeil 

Si-Gate, dual metal, 
dual poly, PWeil 

Polysilicon 
Gate 

Field 
Oxide 

Application Gate .:. Interconnect Pitches 
Voltage BVDSS Length> Poly 1 Metal 1 Metal 2 Features 

12V 18V 3.6~ 5.8~ 6.4~ nla • DOD SID structure 
• Poly-poly capacitors 
• low-voltage coefficient 
• High Q IOpoly resistors 
• Epi substrate option 
• Buried well-ring 

5V 7V 1.5~ 3.0~ 4.5~ 6.0~ • DOD SID structure 
• Poly-poly capacitors 
• Shrinkable to 1.2~ 

TABLE 1: CMOS Process Chart 

Nitride 
----~- Passivation 

Aluminum 
interconnect 
(second layer) 

··-""'-Aluminum 
::;::~.II.;Jr;'1P1' Interconnect 

(first layer) 

N - Substrate 

Gate 
Oxide 

FIGURE 1: CG CMOS Process Transistor 
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l"ype Voltage BVDSS 

Bipolar: 5V 

Oxide isolated 

CMOS: 

Si-Gate, single 
poly, triple 
metal, PWell 

Process TyP' .. ' • 

BK Junction-isolated 

BN Oxide-isolated 

Base plug for reduced 
base resistance 

Buried layer 
for reduced 
collector resistance 

10V 

.... 

.. ' 
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Drawn >. I 
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Gate Interconnect Pitches .. :: .. :1 
Length Poly MO M1 M2 BVcE() NPNFt Emitter Features 

1.011 2.611 3.211 3.811 5.011 8V 13GHz 1.011 Bipolar: 

·High Perf. NPNs 
·PtSi Schottky Diodes 
·Gate Oxide Capacitors 
·Poly Capacitors 
·Sidewall Oxide Isolation 
·Fuses 

CMOS: 
·Lightly Doped Drains 

TABLE 2: BiCMOS Process Chart 

: ... Emitter ... M1 M2 .:, 
BVCEO NPNF( ... Size Pitch Pitch Features 

12V 2GHz 2.511 9.011 14.011 • Polysilicon emitters 
• AI Schottky diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Up/down junction isolation 
• Collector/base plugs 

6V 8 GHz 2.011 4.511 8.011 • High performance NPNs 
• PtSi Schotty diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Sidewall oxide isolation 
• Collector/base plugs 

TABLE 3: Bipolar Process Chart 

~==--==:::::::----l __ Aluminum interconnect 

Substrate 
(P- high resistivity) 

(second layer) 

Aluminum interconnect 
(first layer) 

Collector plug 
for reduced 
collector resistance 

FIGURE 2: BN Bipolar Process NPN Transistor 
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A SUPERIOR FINISH FOR CMOS, BIPOLAR 
ANDBICMOS 

You might say this is the payoff window. The benefits of our 
process technologies, design tools and our unique custom 
approach all come together during wafer fabrication, test and 
assembly. 

Our two manufacturing centers, located in Tustin and 
Santa Cruz, California, can offer specialized capabilities to 
match your particular fabrication requirements. Both facilities 
provide you with high resolution stepper photolithography tech­
nology, positive resist, dry plasma etch systems, high current 
ion implantation and automatic sputtering. 

Fabrication sites in both Tustin and Santa Cruz accommodate 
4- and 6-inch waferfabrication and Bipolar, CMOS and BiCMOS 
processes. 

The rig ht package 

Silicon Systems offers a wide range of packages to meet 
the small footprint requirements of advanced storage and 
communication products. We continue to be innovative in 
surface mount technology by providing PLCC, SO, VSOP, 
SSOP, OFP, TOFP and VTOFP packages. At our Singapore 
assembly & test facility we have the full capability to support 
high quality automated packaging while also maintaining rapid 
cycle times. 

Promis. Quality through CAM 

Process and Management Information System (PROM IS) 
underscores our commitment to computer-aided manufactur­
ing (CAM). And to delivering you a superior quality product on 
time. 

We use PROMIS to facilitate the data required in our 
manufacturing, monitoring and statistical process control (SPC) 
systems. 

With PROMIS we more effectively manage our inventory, 
accurately track wafers in process, and closely monitor the 
clean room environment. 

PROMIS also assists our SPC efforts, as does our comm it­
ment to fully train all of our manufacturing personnel in SPC 
basics. 

We design for quality 

It's our view that quality is nothing less than absolute 
customer satisfaction. To achieve it, we begin far "upstream" in 
the product development process. Our design-for-quality 
approach scrutinizes the design itself with statistically based 
models, comprehensive simulation tools and vigorous design 
reviews. 

The results of such an effort are IC products that boast 
lower defect rates, higher parametric performance and far 
fewer redesigns. Moreover, our persistence in improving qual­
ity keeps us focused on finding better and faster ways to satisfy 
future customer demands. 
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Quality that delivers 

With effective systems such as PROMIS and our design­
for-qualtty approach in place, Silicon Systems is prepared to 
deliver you finished products you can really depend on. On 
time. And within budget. 

For details on how you can take best advantage of Silicon 
Systems' custom mixed-signallC solutions, see your nearest 
Silicon Systems representative, or contact us. Silicon Systems, 
Inc. 14351 Myford Road, Tustin, CA 92680. 714-573-6000. 
FAX: (714) 573-6914. 
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Design Specifications 
and Requirements 

Final Design Review 

Evaluate Prototype 

Design Components 
• Schematic Capture 
• Simulation 
• Netlisting 

• Automatic Placing 
and Routing or 
Hand-Packed Layout 

• Automatic CircuH 
Trace 

Test Program Creation 
Photomask 
Wafer Fab 
Prototype 

(Assembly, Test, Ship) 

CUSTOMER INTERFACE FOR FULL-CUSTOM 
AND CELL-BASED DESIGNS 





CONTINUOUS IMPROVEMENT 
MISSION &.. OBJECTIVE STATEMENT 

Mission 

Be the supplier of choice by exceeding customer 
expectations through continuous improvements in our 
products, systems and services. 

Objectives 

Provide world class quality in our products and services 
through focus on: 

Customer Partnering 
Cycle Time Improvement 

Process and System Improvements 

Develop a culture that ensures the consistent use of 
continuous improvement tools and fact based decision 
methodology by: 

Senior Management Leadership 
Employee Empowerment 

Aggressive Goal Setting and Performance Measurement 

Communication and Celebration of Successes 

Alan V. King CheIY1 A. Stock 
President, CEO Vice President, Corporate R&..QA 

~~~Jtkn~@~~~~ 
9-0 



1"1 

.'(. . .L .... ~r Reliability and 
I JiJicm!JlfflUTk) " Quality Assurance 

~~I __ A_TD_K:7_0U
p
_lco_m

p
a_ny ______________ _ 

SECTION 1 

1.1 INTRODUCTION 

Silicon Systems is committed to the goal of customer satis­
faction through the on-time delivery of defect free products 
that meet the customer's expectations and requirements. 
This section outlines Silicon Systems' ongoing activities for 
the control and continual improvement of quality in every 
aspect of our organization. 

Silicon Systems is diligently working to maintain and improve 
its position as a world-class provider of mixed-signal inte­
grated circuits (MSICs®). 

We realize and practice the concept that quality and reliability 
must be designed and built into our products. In addition, 
Silicon Systems utilizes rigid inspections and data analysis to 
evaluate the acceptability and variation existing in incoming 
materials and performs stringent outgoing quality verifica­
tion. The manufacturing process flow is encompassed by an 
effective system of test/inspection checks and in-line moni­
tors which focus on the control and reduction of process 
variation. These gates and monitors ensure precise adher­
ence to prescribed standards and procedures. 

Silicon Systems also incorporates the use of statistical pro­
cess control techniques into company operations. The con­
trol and reduction of the process variation by the use of 
statistical problem solving techniques, analytical controls 
and other quantitative methods ensures that Silicon Systems' 
products maintain the highest levels of quality and reliability. 

H ClPD 
POA 

Manag:r 

Our Reliability and Quality Assurance organizations are 
committed to working closely with our customers to provide 
assistance and acontinually improving level of product quality. 

1.2 SILICON SYSTEMS' QUALITY MANDATE: 
CONTINUOUS IMPROVEMENT 

Continuous improvement is Silicon System's strategic thrust 
for the 1990's. In order to ensure that all aspects of our 
business are encompassed by this mandate, Corporate 
Reliability & Quality Assurance has been chartered with the 
responsibility for developing, educating and overseeing the 
worldwide continuous improvement process. The continu­
ous improvement initiative will lead to developing a new 
organizational culture, changing attitudes and stro(lger own­
ership and accountability for total customer satisfaction. 

1.3 CHARACTERISTICS OF SILICON SYSTEMS' 
CONTINUOUS IMPROVEMENT PROCESS 

~ -I 

Executive Steering Committee leadership and direc­
tion - defines the right things to do and provides 
guidance - the right way to do them. 

Continuous improvement is measured everywhere and 
by everyone. Metrics that reflect pride in accomplish­
ment are celebrated. 

Benchmarking is employed as a method to shorten 
learning curves and ensure successful ventures. 

• Quality management and employee empowerment are 
encouraged at all levels. 

Singapore 
F.A. Lab 

FIGURE 1: Organizational Chart 
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• Supplier partnership is a critical element of our quality 
strategy. 

This is the essence of Silicon Systems - a total quality 
involved company - forward looking and immersed in the goal 
of customer satisfaction and best-in-class business pursuits. 

1.4 CORPORATE RELIABILITY AND 
QUALITY ASSURANCE 

It is the objective of the Corporate Reliability and Quality 
Assurance organization to ensure that proactive quality 
systems are in place to ensu re that Silicon Systems' products 
will meet or exceed customer requirements and expecta­
tions. In addition, the Reliability and Quality Assurance 
organization works to facilitate the timely implementation of 
solutions and monitors the effectiveness of corrective ac­
tions. These organizational strategies support the continuing 
enhancement of quality consciousness throughout Silicon 
Systems. 

SECTION 2: QUALITY ASSURANCE 

2.1 QUALITY OBJECTIVES 

While all Silicon Systems employees have direct responsibility 
for quality in their functions, the Quality Assurance Organiza­
tions have the ultimate responsibility for the reliable perfor­
mance of our products. This is accomplished through the 
development, administration and assessment offormal qual­
ity systems which assure Silicon Systems' management, as 
well as our customers, that products will fulfill the require­
ments of customer purchase orders and all other specifica­
tions related to design, raw material and in process through 
completion of the finished product. 

Corporate Quality Assurance supports, coordinates and 
actively participates in the formal qualification of suppliers, 
material, processes, and products, and the administration of 
quality systems and production monitors to assure that our 
products meet Silicon Systems quality standards. Product 
Quality Assurance provides the liaison between Silicon Sys­
tems and the customer for all product quality related con­
cerns. 

It is the practice of Silicon Systems to have corporate quality 
and reliability objectives encompass all of its activities. This 
starts with a strong com mitment of support from the corporate 
level and continues with exceptional customer support long 
after the product has been shipped. 

Silicon Systems emphasizes the belief that quality and reli­
ability must be built into all of its products by ensuring that all 
employees are educated in the quality philosophy of the 
company. Some of the features built into Silicon Systems 
quality culture include: 

9-2 

1. Structured training programs directed at wafer fabri­
cation, test, process control personnel and supporting 
organizations. 

- Team based problem solving methodologies. 

- Corporate-wide training of quality philosophy and 
statistical methods. 

2. Stringent in-process inspection, gates, and monitors. 

3. Rigorous evaluation of designs, materials, and pro­
cessing procedures. 

4. Stringent electrical testing (100% and QC AQUSample 
testing). 

5. Ongoing reliability monitors and process verifications. 

6. Real-time use of statistical process control 
methodology. 

7. Corporate level audits of manufacturing, subcontrac­
tors, and suppliers. 

8. Timely corrective action system. 

9. Control of non-conforming material. 

These focused quality methods result in products which 
deliver superior performance and reliability in the field. 

2.2.1 INCOMING INSPECTIONS 

Incoming inspection plays a key role in Silicon Systems' 
quality efforts. Small variations in incoming material can 
traverse the entire production cycle before being detected 
much later in the process. By paying strict attention to the 
monitoring of materials at the earliest possible stage, varia­
tion can be reduced, resulting in a stable uniform process. 

2.2.2 IN-PROCESS INSPECTIONS 

Silicon Systems has established key inspection monitors in 
such strategic areas as wafer fabrication, wafer probe, as­
sembly, and final test. These quality monitoring tests are 
performed in addition to the intermediate and final inspections 
found in the manufacturing process. 

Quality control monitors have been integrated throughout the 
manufacturing flow, so that data may be collected and ana­
lyzed to verify the results of intermediary manufacturing 
steps. This data is used to document quality trends or long 
term improvements in the quality of specific operations. 
Abnormality control is being used to enhance the effective­
ness of this process. In process monitors such as oxide 
integrity. electromigration immunity and other parameters 
monitor long term reliability as well as circuit performance. 
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FIGURE 2 
Quality Assurance Relationships 

Quality Steering Committee 

2.3 QUAUTY STEERING COMMITTEE 
The Corporate, Product and Manufacturing Quality Assur­
ance organizations work closely together to provide leader­
ship' in the development, integration and assessment of 
Silicon Systems' worldwide quality systems and procedures. 

Thisteam approach ensures that policies and procedures are 
standardized and facilitates rapid improvement in products, 
processes and services. 

2.4 DESIGN FOR QUAUTY 
Since the foundation of a reliable product is rooted in the 
design process, the Reliability and Quality Assurance organi­
zations actively participate in comprehensive cross-func­
tional reviews of design stages prior to the product's transition 
to production status. These review stages assure a predict­
able and effective development cycle. Other important de­
sign-related functions include ensuring that process specifi­
cation revisions are translated into updated design param­
eters and the translation of manufacturing process capability 
into design guidelines. This is accomplished through the 
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identification and monitoring of critical process and device 
parameters. Wafer level test at the early stages of process 
development also plays a critical role. These elements, in­
cluded in Silicon Systems design for quality effort, support the 
development of robust design rules which are as insensitive 
as possible to inherent manufacturing variation. The result is 
a product that delivers predictable and reliable long term 
performance. 

2.5 PPM REDUCTION PROGRAM 

The primary purpose of a PPM reduction program is to 
provide a formalized feedback system in which data from 
nonconforming products can be used to improve future 
product consistency and reliability. The action portion of this 
program is accomplished in three stages: 

1. Identification of defects by failure mode. 

2. Identification of defect causes and initiation of corrective 
action. 

3. Measurement of results and setting of improved goals. 

The data summarized from the established PPM program is 
compiled as a ratio of units rejectedltested. This ratio is then 
expressed in terms of defective parts per million (PPM). 
Founded on a statistically valid database of PPM data and an 
established five-year strategic plan identifying PPM improve­
ment goals, Silicon Systems has consistently achieved ex­
cellent quality standards and will continue to progressively 
improve PPM standards. 

2.6 COMPUTER AIDED MANUFACTURING CONTROL 

Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification, control, collection and 
dissemination of timely information for logistics control. Sili­
con Systems also uses this type of computerize(i system for 
statistical process control and manufacturing monitoring. 9 
PROMIS, (PROcess Management and Information System), 
displays approved/controlled recipes, processes, and proce-
dures; tracks work-in-process; reports accurate inventory 
information; allows continuous recording of facilities data; 
contains statistical analysis capabilities; and much more. 
PROMIS allows for a paperless facility, a major element in 
minimizing contamination of clean room areas. 
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TEST 

Biased temperature/humidity 

Highly accelerated stress test (HAST) 

High temperature operating life (HTOL) 
Early Failure Rate 

Steam pressu re 
Temperature cycling 

Thermal shock 

Salt atmosphere 
Constant acceleration 
Mechanical shock 

Solderability 
Lead integrity 
Vibration. variable frequency 
Thermal resistance 
Electrostatic damage 

Latch-up 
Seal fine and gross leak 

CONDITIONS PURPOSE OF EVALUATION 

85°C/85° %RH Resistance to high hu midity with bias 

JDEC A110 Evaluates package integrity 

Mil 883D. Method 1005 Resistance to electrical and thermal stress 
Mil 883D. Method 1005 Detect infant mortality 

121°C/15PSI Resistance to hiqh humidity 

Mil 883D. Method 1010 Resistance to thermal excursion (air) 

Mil 883D. Method 1011 Resistance to thermal excursion (liquid) 

Mil 883D. Method 1009 Resistance to corrosive environment 

Mil 883D. Method 2001 Resistance to constant acceleration 

Mil 883D. Method 2002 Resistance to mechanical shocks 
Mil 883D. Method 2003 Evaluates solderability of leads 

Mil 883D. Method 2004 Evaluates lead integrity before board assembly 
Mil 883D. Method 2007 Resistance to vibration 

Silicon Systems Method Evaluates thermal dissipation 

Mil 883D. Method 3015 Evaluates ESD susceptability 

Silicon Systems Method Evaluates latch-up susceptibility 
Mil Std 883D. Method 1014 Evaluates hermeticity of sealed packages 

TABLE 1: Reliability Stress Tests 

SECTION 3: RELIABILITY 

3_1 RELIABILITY PROGRAM 

Silicon Systems has defined various programs that will 
characterize product reliability levels on a continuous basis. 
These programs can be categorically described by: 

1 . Qualifications 

2. Production monitors 

3. Evaluations 

4. Failure analysis 

5. Wafer level reliability 

6. Data collection and presentation for improvement 
projects 

3.2 QUALIFICATIONS 

Extensive qualification testing and data collection ensures 
that all new product designs. processes. and packaging 
configurations meet the absolute maximum ratings of design 
and the worst case performance criteria for end users. A large 
database generated by means of accelerated stress testing 
results in a high degree of confidence in predicting final use 
performance. The qualification criteria used are periodically 
reviewed to be consistent with Silicon Systems' increasing 
quality and reliability goals in support of our customers. 
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3.3 PRODUCTION MONITORS 

This program has been established to randomly select a 
statistically significant sample of production products for 
subjection to maximum stress test levels in order to evaluate 
the useful life of the product in a field use environment. 

Table 1 lists reliability test methods that are in use at Silicon 
Systems. This analysiS of production monitor at Silicon 
Systems provides valuable information on possible design/ 
process changes which assure continued improved reliability. 
The monitors are periodically reviewed for effectiveness and 
improvements. 

3.4 EVALUATIONS 

The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design. process param­
eters. and package of a new product. This program continu­
ously analyzes updated performance characteristics of prod­
uct as they undergo improvement efforts at Silicon Systems. 

3_5 FAILURE ANALYSIS 

The failure analysis function is an integral part of the Quality 
and Reliability department .at Silicon Systems. Silicon Sys­
tems has assembled a highly technical and sophisticated 
failure analysis laboratory and staff. This laboratory provides 
visual analysis. electrical reject mode analysis. and both 



+1 
I 

I 

destructive and non-destructive data to aid the engineers in 
developing corrective action for improvement. These test 
analyses may include metallurgical, optical, chemical, elec­
trical, SEM with X-ray dispersive analysis, and E-Beam non­
contact analysis as needed. 

These conclusive in-house testing and analysis techniques, 
are complemented by outside support, such as scanning 
acoustic microscopy, focused ion beam, and complete sur­
face and material analysis. This allows Silicon Systems to 
monitor all aspects of product manufacturing to ensure that 
the product of highest quality is shipped to our customers. 

3.6 WAFER LEVEL RELIABILITY PROGRAM 

A primary objective at Silicon Systems is to improve the 
reliability of our products through characterization of our 
manufacturing operations. The identHication of specificfaiJure 
mechanisms occuring in the wafer fabrication and assembly 
processes is a prerequisite to effective corrective action 
aimed at reducing defects and improving quality and reliability. 

The primary advantage of wafer level reliability testing is the 
speed at which results can be derived, thereby providing 
additional response time and an early warning of process 
changes. This tool provides Silicon Systems with a very rapid 
analysis tool which allows for the early identification of 
possible problems and a determination of their origin. 

The continuous improvement approach taken at Silicon 
Systems uses the wafer level reliability tests as tools to 
improve the process, identify potential problems, determine 
the sources of any process weakness and eliminate prob­
lems upstream in the process. This results in a focus on 
reliability improvement that goes well beyond merely deter­
mining the projected lifetime of a product to a detailed 
characterization, measurement and control of the specific 
parameters which actuallly determine product lifetime. 

3.7 DATA COLLECTION AND PRESENTATION FOR 
. IMPROVEMENT PROJECTS 

Data collected from each element of the Reliability program 
is summarized for scope and impact and distributed among 
all engineering disciplines in the company. This data facili­
tates improvement and provides our customers an opportu­
nity to review the performance of our product. 
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Reliability and 
Quality Assurance 

3.8 RELIABILITY METHODS 

The Reliability Program utilizes a number of stress tests that 
are presently being used to define performance levels of our 
products. Many of these stress tests are per MIL-STD-883D 
as shown in Table 1. 

3.9 RELIABILITY PREDICTION METHODOLOGY 

At Silicon Systems, the Arrhenius model is used to relate a 
failure rate at an accelerated temperature test condition to a 
normal use temperature condition. 

The model basically states FR = A exp(-EaIKT) 

Where: 

FR Failure rate 

A Constant 

Ea Activation Energy (eV) 

K Boltzmann's constant 8.62 x 10-5 eV I degree K 

T Absolute temperature (degree K) 

SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 

4.1 ESD PREVENTION 

Silicon Systems recognizes that the protection of Electro­
static Discharge (ESD) sensitive devices from damage by 
electrical transients and static electricity is vital. ESD safe 
procedures are incorporated throughout all operations which 
come in contact with these devices. Continuous improve­
ment in the ESD protection levels is being accomplished 
through the incorporation of increasingly robust protection 
devices du ring the circu it design process as well as work area 
improvements. 

Silicon Systems' quality activity incorporates several protec­
tion measures forthe control of ESD. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operations, the use of conductive lab coats in all test areas 
and all areas which handle parts and the packaging of 
components in conductive or anti-static containers. 

I 
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Silicon Systems 
Packaging Index 

DUAL-IN-LlNE PACKAGE (DIP) 

Plastic 

Ceramic 

SURFACE MOUNTED DEVICES (SMD) 

Quad (PLCC) 

Quad Flatpack (OFP) 

Thin Quad Flatpack (TOFP) 

Very Thin Quad Flatpack (VTOFP) 

Small Outline (SOIC) 

Very Small Outline Package (VSOP) 

Very Thin Small Outline Package (VTSOP) 

SON is a 150 mil width package. 

SOL is a 300 mil width package. 

SOW is a 400 mil width package. 

SaM is a 300 mil width package, fine pitch (0.8mm). 

SOV is a 220 mil width package, fine pitch (0.65mm). 

10-0 
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PINS PAGE NO. 

8, 14, 16 & 18 12-2 

20,22,24 & 24S 12-3 

28,32 & 40 12-4 

8,14,16& 18 12-5 

22,24 & 28 12-6 

20,28 12-7 

32 & 44 12-8 

52 & 68 12-9 

52 & 100 12-10 

128 12-11 

32 &48 12-12 

64 12-13 

100 12-14 

120 12-15 

48 & 64 12-16 

100 12-17 

120 12-18 

8,14 & 16 SON 12-19 

16,18,20,24 & 28 SOL 12-20 

34 SOL 12-21 

32 SOW 12-21 

36S0M 12-21 

44S0M 12-22 

20 & 24 12-22 

20 12-22 



~ 

32B 
32C 
32D 
32F 
32H 
32M 
32P 
32R 
34B 
34D 
34P 
34R 
3SP 
66F 
67F 
73D 
73K 
73M 
75T 
78A 
78P 
78Q 

HDD Interface 
HDD Controller 
HDD Data Recovery 
Electronic Filter 
HDD Head Positioning 
HDD Motor Speed Controller 
HDD Pulse Detection 
HDD Read/Write Amp 
FDD Interface 
FDD Data Recovery 
FDD Pulse Detection 
FDD Read/Write Amp 
Tape Drive Pulse Detection 
Standard Automotive Products 
Standard Automotive Products 
Modem Device Set 
K-Series Modem 
Modem/Modem Support 
Tone Signalling 
Analog Telecom 
Digital Telecom 
LAN products 

II 

MODIFIERS 

F FAX Capability 
J Burn-In (168 Hours) 
K Burn-In (48 Hours) 
L Low Power 
LP AT Commands, MNPS 
LT AT Commands 
LV AT Commands, MNPS, V.42 
LZ AT Commands, MNPS, V.42, V.42bis 
M Mirror Image 
S Serial Version 
SL Low Power Serial 
R Damping Resistor 

RM Resistor, Mirror Image 
U On-Chip UART 

Cannot use A-E in left position 

C 
I 

C 
F 
G 
GT 
GV 
H 
P 
T 
5 
N 
L 

W 
M 
V 

VT 

SHIPPING OPTIONS 

R Tape and Reel 

Side-Brazed Ceramic 
Flalpack 
QFP, Quad Fla~ck (2.S mm height) 
TQFP, Thin QuOd Flatpack (1.4 mm height) 
Very Thin Quad Flatpack (1 .0 mm height) 
PLCC 
Plastic Dip 
Metal Can 
Plastic, Skinny Dip 
Small Outline, Narrow (ISO miL) 
Small Outline, Lorge (300 miL) 
Small Outline, Wide (400 miL) 
Small Outline, (300 miL), Fine pilch (0.8 mm) 
Very Small Ourline (220 mil.) Fine pitch (0.6S mm) 
Very Thin Small Outline (1 .0 mm height) 

TEMPERATURE RANGE 

Commercial (0 °C to +70 0C) 
Industrial (-AO °C to +85 0c) 

~-

~en 0.:: 
(I) 
~. 
::J 

CC 

(") 

o 
::l 

aen 
0'< 
~ tn 3 ... 
m (1) g. 3 
::J tn 



.400 (10.160) 

.350 (9.980) 

Package Information 
(Plastic DIP) 

.no (19.558) 

.745 (18.923) 

~~ 
.050(1.270) 
~ 

.215 (5.461) I 

.145 (3.680) , 

.150 (3.810) t 
~ 

.310 (7.874) 

.285 (7.239) ~~ ~ 

.150 (3.810) 
-:m(ITi5) 

J~ 
r-.l00TYP.(2.540) 

.015 (0.381) 
~ 

8-Pin Plastic 

.nO(19.558) 

.745 (18.923) 

:t~nnn_nnnrl T 
~~ 

r- .100 TYP. (2.540) 

.015(0.381) 
~ 

.9<10(23.622) 

.880(22.352) 

::IJNVVVVWV T ~10 .874 

~~ 
r- .100lYP.(2.540) . ~ ~ 

'~!0i:l! . o. 4 
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~~ 
.100 TYP. (2.540) 

.015 (0.381) 

~ 

14-Pin Plastic 

16-Pin Plastic 

18-Pin Plastic 

()"15° 
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Package Information 

"1-~::::=----

PIN NO. 1-DDT.:s)* IDE NT. .260 (6.604) .2;0 (6.096) 

1.040 (26.416) 
1.010 (25.654) 

_ * 1.195(30.353) 
1.175 (29.845) 

*:rEl::t~!IfITITTI1~ *·~~ig:~~i 
*,~p~'~"".tlml( ~ rr=F==---L 

-I r-.100TYP.(2.540) -

120(3.048) .125(3.175) ~~ _ _ _ ----r 

PIN NO. 1 
IDENT. ---'-----

.015(0.381) 
~ 

1.100 (27.940) 
1.080 (27.432) 

=];\nMN\nRM~ : ~ 
~~ 

r- .100TYP.(2.540) -

.015 (0.381) 

.023 (0.584) 

~~,-t: : : : : : : : : : ]f 
1.290(32.766) 
1.200 (30.480) 

::];~MMM~n~n~ T ~ 
1f1. ~ .100 TYP. (2.540) -

-jl-;~!~~!! 

10-3 

20 Pin Plastic 
*24S Pin Plastic 

22-Pin Plastic 

24-Pin Plastic I 



Package Information 

~,--t : : : : : : : : : : : : If 
1..450 (36.830) 28-Pin Plastic 

~,-D\::::::::: ]f 
1.67042.418 
1.625(41.275) 32-Pin Plastic 

=~~RnnRl1RRnRf T ~ 
II -1 ~100TYP(2540) 

-II- :g~ ~:~!! 

~~,-D)::::::::]f 
2.070152.5781 .. 

r-- 2.020151.3001 40-Pin Plastic 



j. 
i 

I 

Package Information 
Cerdip 

-DIs) 
.290 (7.366) 

PIN NO. I 1 
IDE NT. ~ 

0.550 (13.970 
0.380 (9.652) 

8-Pin Cerdip 

0.830 (21.062) 

o.no (19.558) 

0.020 

0.332 
o:2iiO 

--
I 0.175 (4.445) 

i ,ooi,J~n~~~~;~;;; 
0.030 (0.965) 0.125 (3.175) 0-15" I 

MIN 0.030 (2.413) --t 

10-5 

o.no (19.558) 

0.690 (17.526) 

0.020 mm M~ 
I 0.175 (4.445) . ~ 

-t - 0.175(4.445) 

'OO'W-1 r :1Ej,t ~.. I 
M~ ~ -..( 

14-Pin Cerdip 

0.332 (8.433) 

0.280 (7.112) 

0.332 (8.433) 
0.280 (7.1 12) 

0.325 (8.255) 

~ 

0.325 (8.255) 

0.290 (7.366) 16-Pin Cerdip 

f--

I I 
I I R I I 

0.021 (0.533) }--
0.015 (0.381) --

0.332 
MAX 

18-Pin Cerdip I 



Package Information 

"'~, nr=l IDENT.~~ 
1.120 (28.448) MAX 

0.010 (0.254) Mil 

~:::~:~T:qTmm-t-~-::-!::::: 
0.175 (4.445) 

II 
0.125 (3.175) 

.100TYP. (2.540)-1 r- II 
0.060 (1.524) 0.023 (0.584) 
0.038 (0.965) 0.015 (0.381) 

="-! ~ ~ ~ ~ ~ ~ ~ ~ ~ ] 
~J ,=~~~ oj 

tI 0.190 (U26) 

0.070(I.n8) .!.L ~ 
G.020(0.!508)T 

0.175("'-45) 

0.010 (0.254) MIN ~g 

u, JL .J!... .,."":,. I 
(2.540) ~ ~ --I 

[ 

~~,-! ~ ~ ~ ~.~ ~ ~ ~ ~ ~ ~ ~ J 
j. ,-~,~,~ oj 

1 ~g"90(U26) 0.190(04.826) --I- . 0.085(2.159) 

~T 
0.175(04.04-45) 

I I II II 0.125(3.175) 

.100 TYP. 0.060 (1.524) 0.023 (0.584) 
(2.540) 0.038 (0.965) 0.015 (0.381) 
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0.432 (10.973) 
MAX 

0.420 (10.668) 
MAX 

I I 
~ I L l I L 

l 
0.023 (0.584). --. r 
0.015 (0.381) 

r-

0.632 (16.063) 
MAX 

0.625(15.875) 
MAX 

I I 
I I PI 
J L 

0.023(0.58-4) ~ 
0.015(0.381)~-

--

0.632(16.053) 
MAX 

0.625 (15.875) 
MAX 

I I 

" 
i 0.023 (0.58-4\_1t--

0.015 (0.381) 

I~ 

22-Pin Cerdip 

24-Pin Cerdip 

28-Pin Cerdip 
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I 
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I 

I 

I 
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Package Information 
Quad (PLCC) 

0.395 (10.033) 
14-___ o.385 (9.779) ... 

0.354 (8.992) I 
"---0.350 (8.89) ~ 

~
0.042 (1.067) 
0.056 (1.422) 

----r---~---------~ 

0.395 (10.033) 0.354 (8.992) 

0= rmJj O~...,......,.O (8...,......,..89) ..,......,--,--T'"""T""'" 

14--- 0.290 (7.366) ~ 
0.320 (8.128) 

.495 (12.573) 

.485 (12.319) 

.495 (12.573) 

.485 (12.319) 

p"" NO. ,"O,"T.J 

.456 (11.650) 

.450 (11.430) 

0.050 TYP (1.27) 

20-Pin Quad PLCC 

.075 (1.905) 

.065 (1.651) J 

:::::~~, 

~ 
I I .ojo (1.270) ----.-.456 (11.650) 

.450 (11.430) 

28-Pin Quad PLCC 
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~ t-- .045 (1.140) 

.016 (0.406) .020 (0.508) 

.020 (0.508) 

.390 (9.906) 

.430 (10.922) I 



Package Information 

IT 
553 (14.05) 

:549 (13.94) 

POn Quad PLCC 32- I 

0.075 (1.905) J 
0.065(1.651) 

~~\ 
---,-:] 

T ~:~~:::~:: -J ~1.~) +~ L -.J j.- 0.050(1.270) 0.020(0. 

0016 (0.406) 
0:020 (0.508) 

0590 (14.986) 
0:630 (16.002) 

0.656(16.662) 

I 
d PLCC 44-Pin Qua 
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I 

l 
I 

.785 (19.939) 

.795 (20.193) 

.985 (25.019) 

.995 (25.273) 

.950 (24.130) 

.958 (24.333) 

e nformation Packag I 

52-Pin Quad PLCC 

68-Pin Quad PLCC 

10-9 

.045 (1.140) 

.020 (0.508) 

.045 (1.140) 

.020 (0.508) 

I 



Package Information 
Quad Flatpack (QFP) 

~
~82(~~~;) ~ 

193(0076) \~ 
213(0084) ,1HJ--{W L 

015(0006) ~I I I 070(0028) 
030(0012) ~ ~ 090(0035) 

13n(0542) I 
.. 1403(0552) .. 

52-Lead Quad Flatpack 

NOTE: Dimensions are in mm 

1------ :!~~ :~~~::------l 

1-______ 17.77(0.700) ______ .1 
18.03(0.710) 

100-Lead Quad Flatpack 

NOTE: Dimensions are in mm 

10-10 



!'I 

Package Information 

~I ~uuuuuuuu; l 
I -- I ~) 

1-------- :::~:~:~~~: --------1.1 

128-Lead Quad Flatpack 

NOTE: Dimensions are in mm 

I 
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-.----1--- 24 

~I 

L 
fC.o(o) 

~::~ l~::~: 0.20 (0.008) 

Package Information 
Thin Quad Flatpack (TQFP) 

8.7 (0.343) 

9.3 (0.366) 

8.7 (0343) 
9.3 (0.366) 

17 

10-12 

32-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 

48-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 

0.60 (0.024) Typ. 



0.60 (0.024) Typ. 

Package Information 

11.7 (0.460) 

12.3 (0.484) 

0.26 (0.010) 

64-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 
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15.7 (0.618) 

16.3 (0.641) 

Package Information 

14--------- 15.7 (0.618) ________ ~.I 
16.3 (0.641) 

~~~~~~~~~~ 

PIN No.1 Indicator 

13.8 (0.543) sa 
14.2 (0.559) 

~ 0.60 (0.024) TYP. --j r- I 

0.18(0.007) 
0.27 (0.011) 

100-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 
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0.00(0) 
0.20 (0.008) 



'1', 

Package Information 
I 

I '------------------------------------------------------------------------------------------
I 

-i 
I 

15.7 (0.618) 

16.3 (0.641) 

15.7 (0.618) 
~---------------- 16.3(0.641) ----------------~ 

PIN No.1 Indicator 

I.. 13.8 (0.543) SO .1 
14.2 (0.559) 

-i=~:::i=r===:t=~ 
0.18 (0.007) 0.40 TYP.(0.016) 1.40 (0.055) 0.20 (0.008) 

0.27 (0.011) 1.60 (0.063) 

120-Lead Thin Quad Flatpack 

NOTE: Dimensions are in mm 
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Package Information 
Very Thin Quad Flatpack (VTQFP) 

48-Lead VTQFP 

NOTE: Dimensions are in mm 

Pin'lldenllcatlon 

/+-___ 6~~(::~~0 ___ -+\ 

'f~~ 1.00 (0.039) 

1.20 (0.047) .60 (0.024) 

54-Lead VTQFP 

NOTE: Dimensions are in mm 

Pin.l ldentlcalon 

14------- 9.8(0.386)SO ______ -+I 
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I 

15.7 (0.618) 

16.3 (0.641) 

Package Information 

1---------- 15.7 (0.618) ---------.l_1 16.3 (0.641) 

nnnnnnnnnn 

PIN NO.1 Indicator 

13.8 (0.543) sa 
14.2 (0.559) 

0.18 (0.007) 
0.27 (0.011) 

100-Lead VTQFP 

NOTE: Dimensions are in mm 
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tL 0.00(0) 
1.00 (0.039) 0.20 (0.008) 
1.20 (0.047) 

I 



15.7 (0.618) 

16.3 (0.641) 

Package Information 

14---------- 15.7 (0.618) _________ -+1 

16.3 (0.641) 

PIN No. 1 Indicator 

I.. 13.80 (0.543) SO "I 
14.20 (0.559) 

--i~==;:::::::::!:=L 0.00 (01 

0.18 (0.007) 0.40 TVP.(0.016) 1.00 (0.039) 0.20 (0.008) 

0.27 (0.011) 1.20 (0.047) 

120-Lead VTQFP 

NOTE: Dimensions are in mm 
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Package Information 
SON 

---1 r- .050TYP. (1.270) 

.200 (5.080) 

.185(4.699) 

+ 
.160 (4.064) 

.150 (3.810) 

+ 

.010 (0.254) 

.070(1.778) r~ 1.003 (0.076) 

.060(1.524) L~--L 

.016nOm(0.40)-.j ~ f 

.245 (6.223) 
---
.230 (5.842) 

I 
8 l 

.185 (4.699) 
---
.170 (4.318) 

0.350 (8.890) 0.245 (6.223) 

~ 0.230(5.842) 

~ r .050TYP. (1.270) 

.400 (10.160) 

.380 (9.652) 
.245 (6.223) 

.230 (5.842) 

1 
J 

f J 

--
~ 

--.010 (0.254) 

.070(1.778) t~ I .003(0.076) 

.060(1.524)L ~ 

-..J ~.016nOm(0.40) r 8\ Jf.:= 
.185 (4.699) 

.170 (4.318) 
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8-Lead SON 

14-Lead SON 

16-Lead SON I 



Package Information 
SOL 

-1 r- .050 TYP. (1.270) 

+ 
.305 (7.747) 

.285 (7.239) 

:k'!:'-' -I U U I _""""') U U 1 + 
1.395 (10.033) I 

.010 (0.254) 

.110(2.794) t~ I .003(0.076) 

.092 (2.336) L --L 
-..j j.-.016 nom (0.40) 1 

16-Lead SOL 

-1 r- .050 TYP. (1.270) 

.420 (10.668) 

.390 (9.906) 

.335 (8.509) 

.320 (8.128) 

-1 r- .050 TYP. (1.270) 

,-
.305 (7.747) 

.285 (7.239) 

PINNO.l_ ~ 

",vee IUUU~JUUI 

1.445 (11.303) I 
.010 (0.254) 

.110(2.794) ,-~ 1.003(0.076) 

.092 (2.336) ~ -L 

-..J j..- .016 nom (0.40) t 
18-Lead SOL 

-1 r- .050 lYP. (1.270) 

~I~ :~=.)\ :~~,-c::::::::::!~ 
~~V~l-F :::::: U U UI~ id i'35"-"") I ~ F ::::::~;: U U U UI 

I .320(8.128) ~ 010(0254) 
.010 (0.254) C . . 

C~ 
- .. 110(2.790) ~~OO3(0.076) .110(2.790) 1.003(0.076) ~ 

~~ -L ~~ 

_ I I _ ---.- -..j j.- .016 nom (0.40) ---.--., r-- .016 nom (0.40) I I 

20-Lead SOL 

-1 r- .OSOTYP. (1.270) 

=,-~: : : : : : : : : : : : : :~~ \U U U U U ~ U U U U U\ r- .695(17.653) ~ 
,010 (0.254) 

.110(2.790),- I .003(0.076) 

.092(2.336) L -L 

-..J j..-.016 nom (040) t 
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.335 (8.509) 

.320 (8.128) 

24-Lead SOL 

28-Lead SOL 



Package Information 
SOL/SOM/SOW 

-1 r- 0.040 TYP. (1.02) 

-1 r- 0.050 TYP. (1.270) 

~~,-!::::::::::::::: :II~I 
I U U U U U U 0.820 (20.828) U U U U U U I r- 0.795(2O.193)~ 

0.110(2.790)' I 
0.092 (2.336) ~ ~ 

-...J ~ 0.016 nom (0.40) 1 
0.010 (0.254) 

0.003 (0.076) 

-, 
0.305 (7.747) 

0.285 (7.239) 

:~~.1_ ~ 
I EJ EJ EJ EJ EJ EJ EJ 0.604 (15.354)1 EJ EJ EJ EJ EJ EJ EJ I 
r--0.584(14.846)~ 

C 
0.010(0.254) 

0.110(2.790) I 10:--
0.092 (2.336) ~OO3 (0.076) 

j LO.030(0.75) TYP. j LO.0315 (0.80) TYP.j LO.O~TYP. 
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t 
0.420 (10.668) 

0.390 (9.906) 

* 

0.435 (11.049) 

0.420 (10.668) 

34-Lead SOL 

32-Lead SOW 

36-Lead SOM 
(Fine Pitch) I 



Package Information 

-, 
0.305 (7.747) 

0.285 (7.239) 

t 
0.420 (10.668) 

0.390 (9.906) 

PINNO.l-. ~ 

BEVEL I EI EI EI EI EI EI El 0.730 (18542: EI El EI EI EI EI Ell 

* r--- 0.710(18.034)~ 

NOTE: Dimensions are in mm 
Package Information 

----l L o.n (0.030) 

-I 1- 0.53 (0.021) 

-r 
5.35(0.211) 

5.25 (0.207) 

VSOP 

8.1 (0.319) 

7.7(0.303) 

PINNO.l_ ~ F=4 
BEVEL bY ===- \\J 

7.8(0.307) 

1.4"iD.29i) 

~E3lJ 
--l LO.03(0.75) 

-11- ~ 

44-Lead SOM 
(Fine Pitch) 

0.335 (8.520) 

0.320 (8.140) 

--l L~ -I 1- TYP 

~C~:~~~:::]I 
F
~ UUUUI 

7.7(0.303)~ ~~~ 
2.OS(0.081)r~ I 
1.80(0.071)~~-L 

C 
0.211(0.008) 

~~IO(O.O) 
1.05(0.041) --L 

-ll-~ t ..j j..- 0.016 (0.4) f 
0.008 (0.2) 0 (0) 

0.20 (0.008) 

20-Lead VSOP 

NOTE: Dimensions are in mm 
Package Information 

VTSOP 
-i r-06SasC 

6.60 (0.260) U U U I 
6.40(0.252) I 

20-Lead VTSOP 
10-22 

4.50(0.176) 

4.30 (0.169) 

24-Lead VSOP 

0.70(0.028) 

0.50(0.20) 

0.005(0.12) 
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North American I Regional Offices & Sales Representatives 
,II' 

NORTHWEST COLORADO Deerfield Beach NEW JERSEY· SOUTH 
ii 

HEADQUARTERS Lange Sales Ph: (305) 427·1090 Omni Sales 
Jon Tammel, Area Manager Littleton FAX: (305) 427·1626 Erdenheim, PA 
Silicon Systems, Inc. Ph: (303) 795·3600 Largo Ph: (215) 233·4600 
2001 Gateway Place FAX: (303) 795·0373 Ph: (813) 531·4405 FAX: (215) 233·4702 
Suite 301 East Colorado Springs FAX: (813) 535·9044 NEW YORK 
San Jose, CA 95110 Ph: (719) 632·8340 GEORGIA Electra Sales 
Ph: (408) 453-7811 FAX: (719) 632·8419 Technology Mktg. Assoc. (TMA) Rochester 
FAX: (408) 453·5988 MONTANA Norcross Ph: (716) 427·7860 
CALIFORNIA Lange Sales Ph: (404) 446·3565 FAX: (716) 427·0614 
Magna Sales Boise, ID FAX: (404) 446·0569 East Syracuse 
Santa Clara Ph: (208) 323·0713 ILLINOIS Ph: (315) 463·1248 
Ph: (408) 727·8753 FAX: (208) 323·0834 Circuit Sales, Inc. FAX: (315) 463·1717 
FAX: (408) 727·8573 NEW MEXICO Itasca Technical Marketing Group 
MINNESOTA Western High Tech Marketing, Inc. Ph: (708) 773·0200 Melville 
OHMS Technology, Inc. Albuquerque FAX: (708) 773·2721 Ph: (516) 351·8833 
Minneapolis Ph: (505) 884·2256 INDIANA FAX: (516) 351·8667 
Ph: (612) 932·2920 FAX: (505) 884·2258 Arete Sales, Inc. NO. CAROLINA 
FAX: (612) 932·2918 TEXAS Fort Wayne Technology Mktg. Assoc. (TMA) 
OREGON OM Associates, Inc. Ph: (219) 423·1478 Raleigh 
Western Technical Sales Austin FAX: (219) 420·1440 Ph: (919) 872·5104 
Beaverton Ph: (512) 794-9971 Greenwood FAX: (919) 872·5086 
Ph: (503) 644·8860 FAX: (512) 794·9987 Ph: (317) 882·4407 OHIO 
FAX: (503) 644·8200 Richardson FAX: (317) 888-8416 Makin Associates 
WASHINGTON Ph: (214) 690-6746 Micro Components, Inc. Cincinnati 
Western Technical Sales FAX: (214) 690-8721 Kokomo Ph: (513) 871-2424 
Bellevue Houston Ph: (317) 454-6988 FAX: (513) 871·2524 
Ph: (206) 641·3900 Ph: (713) 789·4426 FAX: (317) 454-6987 Dublin 
FAX: (206) 641·5829 FAX: (713) 789-4825 IOWA Ph: (614) 793-9545 
Spokane UTAH Cahill, Schmitz & Howe FAX: (614) 793-0256 
Ph: (509) 922· 7600 Lange Sales Cedar Rapids Solon 
FAX: (509) 922-7603 Salt Lake City Ph: (319) 377-8219 Ph: (216) 248·7370 

SOUTHWESTERN Ph: (801) 487-0843 FAX: (319) 377·0958 FAX: (216) 248-7372 

HEADQUARTERS 
FAX: (801) 484-5408 KANSAS PENNSYLVANIA 

Larry Cleland, Area Manager EASTERN B.C. Electronics Omni Sales 
Silicon Systems, Inc. HEADQUARTERS 

Kansas City Erdenheim 
14351 Myford Road Wayne Taylor, Area Manager 

Ph: (913) 342-1211 Ph: (215) 233-4600 
Tustin, CA 92680 Silicon Systems, Inc. 

FAX: (913) 342-0207 FAX: (215) 233-4702 
Ph: (714) 832-5310 53 Stiles Road KENTUCKY VIRGINIA 
FAX: (714) 832·5247 Salem, NH 03079 Arete Sales, Inc. Burgin-Kreh Associates 
Colorado Sales Office Ph: (603) 898·1444 Greenwood, IN Refer calls to 
Howard Barlow FAX: (603) 898-9538 Ph: (317) 882·4407 Burgin·Kreh, Maryland 
3445 Penrose Place, Suite 140 Georgia Sales Office 

FAX: (317) 888-8416 
WISCONSIN Boulder, CO 80301 Dan Kilcourse MARYLAND Circuit Sales, Inc. Ph: (303) 440·9780 Ph: (404) 409·8405 Burgin-Kreh Associates Brookfield FAX: (303) 440-9783 FAX: (404) 368·1060 Baltimore Ph: (414) 784·7773 

ARIZONA Automotive Sales (Detroit): 
Ph: (410) 265-8500 FAX: (414) 784-4528 

Western High Tech Marketing, Inc. Fabian Battaglia 
FAX: (410) 265-8536 

Scottsdale 108 E. Grand River, Suite 6 MASSACHUSETIS CANADA 
Ph: (602) 860·2702 Brighton, MI48116 Mill·Bern Associates BRITISH COLUMBIA 
FAX: (602) 860-2712 Ph: (313) 229-2811 Woburn Enerlec 
CALIFORNIA FAX: (313) 229-3266 Ph: (617) 932-3311 Richmond 
Hadden Associates ALABAMA FAX: (617) 932-0511 Ph: (604) 273-0882 
San Diego Technology Mktg. Assoc. (TMA) MICHIGAN FAX: (604) 273-0884 
Ph: (619) 565-9444 Huntsville Trilogy Marketing, Inc. ONTARIO 
FAX: (619) 565-1802 Ph: (205) 883-7893 Bloomfield Hills Har-Tech 
SCCubed FAX: (205) 882-6162 Ph: (313) 338-2470 Downsview 
Thousand Oaks CONNECTICUT FAX: (313) 338-6720 Ph: (416) 660-3419 
Ph: (805) 496-7307 Orion Group MISSOURI FAX: (416) 660-5102 
FAX: (805) 495-3601 Southington rush & west associates, inc. Nepean 
Tustin Ph: (203) 621-8371 S1. Louis Ph: (613) 726-9410 
Ph: (714) 731-9206 FAX: (203) 628-0494 Ph: (314) 965-3322 FAX: (613) 726-8834 
FAX: (714) 731-7801 FLORIDA FAX: (314) 965-3529 QUEBEC 

Technology Mktg. Assoc. (TMA) NEW JERSEY - NORTH Har-Tech 
Orlando Technical Marketing Group Pointe Claire 
Ph: (407) 671-2245 West Caldwell Ph: (514) 694-6110 
FAX: (407) 671-4117 Ph: (201) 226-3300 FAX: (514) 694-8501 

FAX: (201) 226-9518 
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EUROPE ____ _ 

HEADQUARTERS 
Neil Harrison, Area Manager 
Silicon Systems, Europe 
The Business Centre 
Gor-ray House 
758-760 Great Cambridge Rd. 
Enfield 
Middlesex EN13RN 
England 
Ph: (44) 81-443-7061 
FAX: (44) 81-443-7022 
TLX: 825824 BUSTEC G (ref. ENFIELD) 

AUSTRIA 
CoiJico GMBH 
Wien 
Ph: (43) 222-86-24-28 
FAX: (43) 222-86-32-57 

BELGIUM 
Alcom Electronics BVBA 
Kontich 
Ph: (32) 3-458-3033 
FAX: (32) 3-458-3126 

DENMARK 
C-88 
Kokkedal 
Ph: (45) 4224-4888 
FAX: (45) 4224-4889 

ENGLAND 
Magna Technology (Rep. Sales only) 
Swallowfield, Brookshire 
Ph: (44) 73-488-0211 
FAX: (44) 73-488-2116 

Pronto (Distribution Sales only) 
liford, Essex 
Ph: (44) 81-554-6222 
FAX: (44) 81-518-3222 
TLX: 895-4213 PRONTO G 

Siretta Microelectronics L TO 
(Distribution Sales only) 
Ph: (44) 73-475-6121 
FAX: (44) 73-475-1225 

FINLAND 
KomdelOy 
Espoo 
Ph: (358) 0-5023200 
FAX: (358) 0-5023294 
TLX: 121926 KOMDL SF 

FRANCE 
Datadis, S.A. 
Massy Cedex 
Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-00 
TLX: 603167F 

GERMANY 
Atlantik E/ektronik GmbH 
Martinsried 
Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 

GREECE 
Peter Caritato & Associates, Ltd. 
Athens 
Ph: (30) 1-902-0115 
FAX: (30) 1-901-7024 
TLX: 216-723 CARl GR 

IRELAND 
Memec Ireland, Ltd. 
Limerick, Republic of Ireland 
Ph: 353-61-411842 
FAX: 353-61-411888 

ITALY 
Cefra S.p.A. 
Milano 
Ph: (39) 2-9530-2777 
FAX: (39) 2-9530-2780 

THE NETHERLANDS 
Alcom Electronics BV 
2908 LJ Capelle AlDIJSSEL 
Ph: (31) 10-451-9533 
FAX: (31) 10-458-6482 
TLX:26160 

NORWAY 
Hans H. Schive 
Asker 
Ph: (47) 66-900-900 
FAX: (47) 66-904-484 
TLX: 19124 SKIVE N 

PORTUGAL 
Diode 
Lisbon 
Ph: (351) 1-571390 
FAX: (351) 1-534987 

SPAIN 
Diode 
Madrid 
Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TLX: 42148 DIODE E 

SWEDEN 
Bexab Technology AB 
Taby 
Ph: (46) 8-630-8800 
FAX: (46) 8-732-7058 
TLX: 136888 BEXTE S 

SWITZERLAND 
EllypticAG 
Zurich 
Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 EL YP CH 

YUGOSLAVIA 
EllypticAG 
Maribor 
Ph: (38) 62-24561 

AFRICA & MIDDLE EAST _ 
Monte Vista International 
5976 W. Las Positas Blvd., Suite 220 
Pleasanton, CA 94588 U.S.A. 
Ph: (510) 463-8693 
FAX: (510) 463-8732 

ISRAEL 
Rapac Electronics 
Tel Aviv 
Ph: (972) 3-6477115 
FAX: (972) 3-493272 
TLX: 342173 RAPAC IL 

TURKEY 
Inter 
Istanbul 
Ph: (90) 1-349-9400 
FAX: (90) 1-349-9430 

International 
Distributors & Sales Representatives 

RUSSIA ____ _ 

P.T.G. 
Laguna Beach, California 
Ph: (714) 499-6736 
FAR EAST ____ _ 
(excluding Japan) 
HEADQUARTERS 
K. S. Ong, District Sales Manager 
Silicon Systems, Singapore 
3015A Ubi Road 1, #01-01 
Kampong UBI Industrial Estate 
Singapore 1440 
Ph: (65) 744-7700 
FAX: (65) 748-2431 

AUSTRALIA 
R&D Electronics 
Victoria 
Ph: (61) 3-558-0444 
FAX: (61) 3-558-0955 

HONG KONG 
CET, Ltd. 
Wanchai 
Ph: (852) 520-0922 
FAX: (852) 865-0639 

INDIA 
Digital Malhar (EMI) Ltd. 
Bombay 
Ph: (22) 287-2257 
FAX: (22) 287-4447 

U.S.A. Headquarters 
Malhaar Inc. 
Milpitas, CA 
Ph: (408) 263-7505 
FAX: (408) 263-7585 

KOREA 
Hanaro Corporation 
Seoul 
Ph: (82) 2-516-1144 
FAX: (82) 2-516-1151 
EASYLlNK: 62057328 

MALAYSIA 
Dynamar Computer Products 
Penang 
Ph: 604-281860 
FAX: 604-281420 

Petaling Jaya 
Ph: 603-7767199 
FAX: 603-7767201 

NEW ZEALAND 
Apex Electronics, Ltd. 
Wellington 
Ph: (64) 4-387-8551 
Ph: (64) 4-387-8552 
FAX: (64) 4-387-8566 

SINGAPORE 
Dynamar Computer Products 
Ph: (65) 281-3388 
FAX: (65) 281-3308 
TLX: RS26283 DYNAMA 

TAIWAN 
Dynamar Taiwan Co., Ltd. 
Taipei 
Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TLX: 785-11064 DYNAMAR 

THAILAND 
Dynamar Computer Products 
Bangkok 
Ph: (662) 376-0132 
FAX: (662) 376-0133 
JAPAN _____ _ 

SSi/TDK CORP. HEADQUARTERS 
Den Suzuki, Area Manager 
1-13-1 Nihonbashi, Chuo-Ku 
Tokyo 103, Japan 
Ph: (81) 3-3278-5049 
FAX: (81) 3-3278-5197 
TLX:J24270 

J26937 

JAPAN 
Internix 
Tokyo 
Ph: (81) 3-3369-1105 
FAX: (81) 3-3363-8486 
TLX: 781-26733 
MEXICO ____ _ 

CHIHUAHUA & SONORA ONLY 
Western High Tech. Marketing 
Albuquerque, New Mexico 
Ph: (505) 884-2256 
FAX: (505) 884-2258 

All other areas: 

SONIKA 
Mexico City 
Ph: (52) 5-754-6480 
FAX: (52) 5-752-2787 

Guadalajara 
Ph: (52) 36-474250 
FAX: (52) 36-473433 

SOUTH AMERICA __ _ 
ARGENTINA 
YeIS.RL 
Buenos Aires 
Ph: (54) 45-7163 
FAX: (54) 1-440-1533 

BRAZIL 
Hitech 
Sao Paulo 
Ph: (55) 11-531-9355 
FAX: (55) 11-240-6250 

CHILE 
Victronics, Ltd. 
Santiago Centro 
Ph: (56-2) 633-0237 

(56-2) 633-2787 
FAX: (56-2) 633-4432 
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North American 
Authorized Distributor Offices 
All locations are "Hall-Mark Electronics" except as noted. 

UNITED STATES COLORADO MICHIGAN 
Englewood Detroit 

ALABAMA Ph: (303) 790-1662 Ph: (313) 462-1205 
Huntsville 
Ph: (205) 837-8700 CONNECTICUT MINNESOTA 

Wallingford Bloomington 
Nu Horizons Ph: (203) 271-2844 Ph: (612) 881-2600 
Huntsville FAX: (612) 881-9461 
Ph: (205) 722-9930 Nu Horizons 

Ph: (203) 265-0162 MISSOURI 
ARIZONA St. Louis 

Phoenix FLORIDA Ph: (314) 291-5350 
Ph: (602) 437-1200 Clearwater 

Ph: (813) 541-7440 NEW JERSEY 
Aved,lnc. Mt. Laurel 
Phoenix Orlando Ph: (609) 235-1900 
Ph: (602) 951-9788 Ph: (407) 830-5855 

Fairfield 
CALIFORNIA Pompano Beach Ph: (201) 515-3000 

Rocklin Ph: (305) 971-9280 
Ph: (916) 624-9781 Nu Horizons 

GEORGIA Pine Brook 
San Diego Norcross Ph: (201) 882-8300 
Ph: (619) 268-1201 Ph: (404) 447-8000 

NEW YORK 
San Jose Nu Horizons Ronkonkoma 
Ph: (408) 432-4000 Norcross Ph: (516) 737-0600 

Ph: (404) 416-8666 
Torrance Rochester 
Ph: (213) 217-8400 ILLINOIS Ph: (716) 425-3300 

Wood dale 
Tustin Ph: (708) 860-3800 Nu Horizons 
Ph: (714) 669-4100 Amityville 

INDIANA Ph: (516) 226-6000 
Aved,lnc. Indianapolis 
San Diego Ph: (317) 872-8875 Nu Horizons 
Ph: (619) 558-8890 Rochester 
FAX: (619) 558-3018 KANSAS Ph: (716) 292-0777 

Lenexa 
Aved,lnc. Ph: (913) 888-4747 NORTH CAROLINA 
Tustin Raleigh 
Ph: (714) 259-8258 MARYLAND Ph: (919) 872-0712 

Columbia 
Western Microtechnology Ph: (301) 988-9800 OHIO 
San Diego Solon 
Ph: (619) 453-8430 Nu Horizons Ph: (216) 349-4632 
FAX: (619) 453-1465 Columbia 

Ph: (410)995-6330 Worthington 
Western Microtechnology Ph: (614) 888-3313 
Saratoga MASSACHUSETTS 
Ph: (408) 725-1660 Billerica 
FAX: (408) 255-6491 Ph: (617) 935-9777 
(Sales Dept. FAX) 
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OREGON 
Western Microtechnology 
Beaverton 
Ph: (503) 629-2082 
FAX: (503) 629-8645 

OKLAHOMA 
Tulsa 
Ph: (918) 254-6110 

PENNSYLVANIA 
Nu Horizons 
Mount Laurel, New Jersey 
Ph: (215) 557-6450 

TEXAS 
Austin 
Ph: (512) 258-8848 

Dallas 
Ph: (214) 553-4300 

Houston 
Ph: (713) 781-6100 

UTAH 
Aved, Inc. 
Salt Lake City 
Ph: (801) 975-9500 

WASHINGTON 
Western Microtechnology 
Redmond 
Ph: (206) 881-6737 
FAX: (206) 882-2996 

WISCONSIN 
New Berlin 
Ph: (414) 797-7844 

CANADA 

ONTARIO 
Har-Tech Electronics 
Downsview 
Ph: (416) 665-7773 

BRITISH COLUMBIA 
Enerlec 
Surrey 
Ph: (604) 273-0882 
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Some applications of the K-series modems without output level adjustment may require setting the DTM F transmit 
revel to something otherfhanthe normaBy transmitted level. ThiS level isnominally-about5 dBhigtferthan'during 
data transmission. If the data is transmitted at -1 0 dBm, the DTMF levels will be at about -5 dBm, which is adequate 
in most applications. 

The simpleSI way to change the relative levels ofDTMFtones and data is to change the transmit gain during dialing. 
This can be accomplished as shown below. In this example, it is assumed that the DTMF tones are to be 
transmitted at a higher level than normal. Closing relay K2 will increase the gain of the transmit op-amp and allow 
a higher DTMF tone level during dialing. If it is desired to decrease the DTMF level, the relay can be open for dialing 
and closed for data. The value of the shunt resistor, Rdtmf, will be relatively large compared to the resistor R1, 
therefore the precision of Rdtmf is not as critical as R1. This means an analog switch or similar device could be 
used instead of a relay, with the on resistance of the switch not seriously affecting the tolerance of the gain setting. 

TXA 

;;.:=.:......-........ ---_-oT 

RXA 

..... ----t--.-o R 

+5V 
K1 

HOOK~--~~---~ 

RING ~-----------------------' 

K..series Application Notes ~ 1191 12-1 I 



ORIGINATING MODEM 
ORIGINATING MODEM TRANSMITS SCRAMBLED MARKS IN LOW BAND I DATA 

~508-626ma ~ 
DSR --.l ~ 100-200ma I 
------,~~ I 

DCD 
• 231 - 30S ma r---- I :4 .1 CTS 

I I 
I IGNORED I 

I ,:.4--- n4ma ---,,~, 

I I ~~~~#~m~%~~~J~~~m~%~n=ll TO 

RD CLAMPED TO MARK UNCLAMPED 

I 
@I \) @) 

I 
ANSWERING MODEM ® \ 231 -30sms.(4@ n .( !IIII.---__ .. ~ ... --- 4ms ---.. , 

ANSWERING MODEM TRANSMITS 2225 Hz SCRAMBLED MARKS IN HIGH BAND 

DSR ALREADY ON BOTH DCD & CTS I 

TO TRANSMIT DATA INPUT IS IGNORED WHILE CTS IS OFF 

RD RECEIVED DATA OUTPUT IS CLAMPED TO MARK WHILE DCD IS OFF 
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I APPLICATION NOTE 

~ 
1 _____________________ .... _-

11;:[ 

V.22 

CALUNG MODEM 

TO 

AD 

0; , , 

DSR 14-- 458:t10ms ~ 
I 
t4- 155:1:50 ms 

IGNORED 

CLAMPED TO BINARY ONE 

CALLING MODEM TRANSMITS SCRAMBLED BINARY ONES IN LOW BAND 
I I 

DOD 14 270:1:40 ms .1 
I ~~~ ____ __ 

I 
I: 

UNCLAMPLED 

@J . @; 

ANSWERING MODEM 
270:l:40ms ,~ ... :,' 

. fIIII,i4~----- 765:t10ms ----... ' 
1 

TO 

AD 

V.22bis 

I 1 

UNSCRAMBLED BINARY ONE IN HIGH &AND SCRAMBLED BltilARY ONE IN HIGH BAND· : 

BOTH DOD & C~S t 
I 

TRANSMIT DATA INPUT 'S IGNORED WHILE CTS IS OFF 

RECEIVED DATA OUPUT IS ClAMPED TO BINARY ONE WHILE.DCD ISOFF 

DATA 

I 
.1 

1 

CALLING MODEM ----+: 14- 100 ±3 ms 
r---r-----------------------------~~~~~----------~ 

S1 SCRAMBLED BINARY ONES AT 1200 BITIS DATA 

DSR 
~ 456 ±10 ms ----+L----.L.------.-~---------60-0-±-10-ms------_ -_ -_ -_ -_-_ -:-=:..=""",.,.=<-+------------' 

~ +-, 155 ±10 ms I DATA RATE DCD r-: CTS r-----
SElECTOR ~,~ 

TO IGNORED !+-- 450 ±10 ~ ~ ir:::r:::::tt::::i:ii::t:f:tt:fl 

RO CLAMPED TO BINARY ONE 

0,: ®:, @,: 

ANSW,ERING MODEM 
' .... 

UNSCRAMBLeD BINARY ONE AT 1200 BITIS S1 . SCRAMBLED ONE 1200 BITIS 

TO TRANSMIT DATA INpUT IS IGNORED 

RO RECEIVED~ATA OUPUT IS CLAMPED TO BINARY ONE 

K-SeriesApplicatioll Notes - 11$1 

BEGIN 1Ii·WAY , 
DeCISIONS ---.: 
IN RECEIVER 

12-3· 

,:®i@ 
.' ' 

DATA 
, , 

~.JCTS 
" , 

i::::m:::~::::~: ___ mHlrl 

UNCLAMP 

~ :.--
DETECT 32 CONSECUTIVE BITS 
OF BINARY ONE AT 2400 BITIS I 



AxO is weak pullup (TONE bit 07) 
Disable CTS 
Force Transmit Mark (CR1 bits 07 & 06) 
Bypass Scrambler (CR1 bit 04) 

WAIT FOR OOmNG 

Read Receive Data (OET bit 05) 
Wait for 250 ms of dotting (110) or timeout 

of 600 ms occurs 
If timeout, return to online 

TRANSMIT SCRAMBLED MARK 

Read Received Data (OET bit 05) 
Wait for 250 ms of Mark 

FINISH CONNECTION 

Unclamp RxO (TONE bit 7) 
EnableCTS 

TERMINATION 

PULSE CARRIER 

Disable Transmit (CRO bit 01) 
Wait for 80 ms 
Enable Carrier (CRO bit 01) 
Re~urn to online 

12-4 

APPLICATION NOTE 
.1 I ", f"." 

Aemote:1ldOp 
Handshake Sequence 

START 

Begin in online state 
Monitor Unscrambled Mark (OET bit 04) 
Validate for 200 ms 
Continue if detect occurs 

DISABLE TERMINAL 

RxO to weak pullup (TONE bit 07) 
~isable C1$. OSR and OCO; Ignore OTR 

LOOP DATA 

Select ROL (CR1 bits 01 & 00) 
If synchronous, select slave mode 

(CRO bits 05 • 02) 

TERMINATION 

DETECT CARRIER 

Wait for Carrier Loss (OET bit 03) 
En~le CTS and OSR 
Remov~Oata Loop (CR1 bits 01 & 00) 
Wait for Carrier Return (OET bit 03) 
.IhlO carrier in 200 ms, abort call 

ENABl.E TERMINAL 

RetnoveData Loop (.CR1 bits 01 & 
Unclamp AxO (TONE bit 07) 
Enable OCO; stop ignoring OTR 
Return to online 

K·Series Application Notes·· 1191 



STARTS WITH BAD DATA 
REQUEST RETRAIN 

Deactivate CTS 
Clamp RxO (TONE bit 7) 

INITIALIZE 

DETECT S1 RESPONSE 

Detect S1 for 60 ms (OET bit OS) 
Wait 60 ms and Initialize the Adaptive 

Equalizer (Pulse CR2 bit ~O) 

SCRAMBLED MARK 

Force Scrambled Mark(CR1 bits 07 & OS) 
Wait 450 ms from the end of S1 receipt 
and begin 1S-way decisions (CR2 bit 03) 

FINISH 

After600rnsofScrambledMarkat1200 bitls 
Transmit at 2400 bitls (CRO bit 06) 
Detect 32bits of Mark at 2400 (OET bit 06) 
Unclamp RxO after 200 ms of Mark at 

2400 bitls (TONE bit 07) 
Activate CTS 

K-Series .Application Notes - 1 "91 

DETECT S1 REQUEST 

Wl£!~~ Detect S 1 for 60 ms (OET bit 06) 
Wait 50 ms: 

Deactivate CTS 
Foree S 1 transmit at 1200bitls-Jol\ 

100 ms (CRO bit 06. CR1 bits 
07 & OS. CR2 bit 04) 

Clamp RxO (TONE bit 07) 
Initialize the Ad.w>tive Equalizer 

(Pulse CR2 bit OW, ( 

. 'SCRAMBLED MARK 

ForCe'Scrambled Mark (CFh bits 07 & (6) 
Wait 450 ms from end of S1 receipt and . 

begi'" 1&-way decisions (eR2 bit 03) 

FINISH 

m§l~ Oet~ 32"Marks at 2400 bitls (OET bit 05) 
Unclamp RxO (TONE bit 07) 
AfterSOOmsofScrambledMarkat 1200 bitls 
Transmit Marks at 2400 bitls for 200 ms 

12-.5 

(CRObit OS) 
Unclamp TxO (CR1 bits 07 & 06) 
Activate CTS 

• 



t. !444~W4M~'U_~'~*, 
SSI13K212 &731<222 

Originate Handshake Sequence 

(RXD is in tri-state mode, TONE bit D7S1) , 

DIAL 
1. Go off hook 
2. Bring out of power down mode (CRO bits 05-02) 
3. Set OTMF tone (Tone bits 04-00) 
4. Tum on transmitter (Set eRO bit 01) 
5. Wait OTMF on time 
6. Tum off transmitter (Clear CRO bit 01) 
7. Wait OTMF off time 
8. Repeat 3-7 for all digits 

WAIT FOR CARRIER 
1. Start S7 (Wait for carrier) timeout 
2. Set to Bell 1 03 odginate mode 

(Set CRO bits 05-00 to 110001) 
3. Wait for carrier detect bit (DR bit.03) to come on 
4. Start sliding window counter (Wait through 

possible 2100 Hz answer tone period) 
5. Qualify RXO mark* for 150 ms (DR bit 05) to 

detect answer modem (Carrier detect bit must 
also be on) 

6. Raise OSR 

- FSK 
1. Wait 100-200 ms 
2. Raise OCO, start 755-774 ms timer; wait 426-446 ms, send FSK marks 

(Set CR1 bits 07 & 06 to 10, set eRO bit 01) 
3. At end of 755-774 ms timer period (started in #2 above); raise CTS, unclamp 

RXO & TXO from marking (clear TONE bit 07; clear CR1 bits 07 & 06) 

- DPSK 
1. Wait 456 (V.22) or 508-626 ms (212A), switch to OPSK 
2. Send scrambled marks (Set CR1 bits 07 & 06 to 10) 
3. Qualify scrambled marks from answer modem for 150 ms 
4. Wait for 231-302 ms of scrambled marks, raise OCO 
5. Enable RXO (Tone bit 07) 
6. Wait 774 ms, raise CTS, enable TXO (Clear CR1 bits 07 '& 06) 

*This may be either answer tone from a Bell modem or unscrambled marks from a V.22 modem 
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(RXO is in tn-state mode, TONE bit 07=1) 

If Answer Modem Is BELL 212A11 03 
1. Go off hook at end of ring cycle 
2.Raise OSR 
3. Wait 2 seconds 
4.Send 2225 Hz (Set TONE bit 05, 

clear bit ~O, set CRO bits 04-00) 

I .. 

1 

If Answer Modem 'Is CCIW:V.22:, .' 
1. GO'Off hook at end of rirrg cycfe 
2. Wait ~ seconds. .. 
3.Send 2100 Hz for 3.3 seconds(Set TONI; 

bits 05 &01, GRO bits 04-00) , 
4. Silence for 75 ms 

(Clear CRO bit 01, TONE bits, 05 &00) 
"S. Raise DSR 
6.Send unscrambled marks at 1200 bit/so 

(Set CR1bit 04, CRO bit 01) 

I 
; ... 

~K ~K 
1. When carrier is detected, start sliding window counters for FSK & OPSK: 

~ 2. Monitor DR bit 05; change modes between FSK and ORSK if DR bit 05 .is zero,: ~ 
3.pontinue 4,ntil one window counter reaches zero. Proceed in that mode. ~, 

Walt for FSK marks for 150 ms 
1.Raise CTS 
2. Wait 100-200 ms or "S9" time, raise OCO 
3.Enable RXO, TXO (Tone bits 07 & 05) 
4.Send Oata 
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Walt for DPSKl'narl(s for 270 ms 
1.Send Scrambled lV,Iarks for 770 ms (CR1 07 &06=1 0) 
2.Raise CTS,and oCt> or wait "S9," raise OCO l' 

3. Enable RXO (TONE bit 07) 
Ena.bte TX,:O (CR1 bits 06 & 07;"QO) 

4.$end Data 

I 



DIAL 
Gooffhook 
Tum chip power on (CRO bits 02) 
Set OTMF tone (TONE bits 04-00) 
Turn on transmit (CRO bit 01) 
Wait required time 
Turn off transmit (clear CRO bit 01) 
Wait required time 
Repeat for ail tones 
Clear OTMF bits in tone register 

Data Pump Initialization 
Tristate recover data 
Defaultto"async 
Default 1 O-bit async 
Reset equalizer (CR2 bit 0) 
Turn on OSP (CR2 bit 2) 
Put OSP in CALLINIT mode 

(CR2 bitS) 
Reset receive gain bit 
Turn off guard tones 
Set speed to 1200 
Enable 4-way decision 
Disable scrambler 

FSK 
Select FSK mode 

(eRO bits OS, 04) 
Enable OSR al'ld DCO 
Force transmit marks 

(CR7 bits 07, 06) 
Enable transmit (CRO bit 01) 
Unclamp RXO (TONE bit 07) 
Wait 765 ms 
Unclamp,iXO (CR1 bits Oi}, 06) 
Activate CTS 
Enable receive data 

APPLICATION NOTE 
" ,,\,,', I" , " 

SSt 73'K224 Originate 
Handshake Sequence 

Ref. CCITT Red Book V.22bis Specification 

set speed to 600 

Check Carrier 
For 4 sec. look for valid tone: 

tone valid when 95 ms of 2225 Hz 
tone valid when 133 ms of SO 

then wait 450 ms 

NO 

2400, found S1 

when valid 2225 or SO 
put OSP in demod mode 

Wait for S1 to go away 
Enable equalizer 
Wait450ms 
Set 1 a-way decisions 
Wait 150ms 
Set speed to 2400 
Wait 200 ms before enabling CTS 
Qualify 8 baud times of marks 
Enable optional Sync mode 
Enable carrier tracking in software 
Enable data mode in transmitter 
Send data 
Enable receive data 

12-8 

NO 

while walling for 100 ms 
send S1 
look forS1 
if receiving S 1 

then turn on scrambler 
send marks 

600/1200, found marks 
Turn on scrambler 
Turn on equalizer 
Enable transmit 
Force mark 
Check receiver level 
Turn on equalizer 
Wait 765 ms 
Enable optional sync mode 
Start carrier tracking in software 
Enable data mode in transmitter 
Send data 
Enable receive data 
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C)\\geak pullup (1fONI: blf&7)! 
wsmlcro (to send responseS) , 
& DTR inactive 

Data Pump Initialization. 
'tristate teceiver data 
Default to async 
Default 10-bit async 
Reset equalizer (CR2 bit 0) 
Tum on DSP (CR2 bit 2) 
Put DSP in CALLINIT mode 

(CR2 bit 5) demod 
Reset receive gain bit 
Tum off guard tones 
Set speeq .to 1201) , 
Enable 4-~ay decl~\on 
Disable scrambler . 

Transmit 2225 Hz 
!ret tone bit for 2225 Hz 
Enable answer tone 
Turn on b!ansmitter ' 
AssertDSR 
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,. Ref, COITF Red, Book V.22bis$pscifiGatlcm 

:1 '.1, l~; I I 

ISet default to mat.ks 
Check,and setguard tones 
Tum on transmitter 
AssertDSR t 

.24qQ,foun~~'11 
YES Waitfor Sl to go away 

'Send 100 ms of S'I 
Turr\"c:m scrambhlr ' 
Dell:jy350lTlll 
Turn.on 16-way decisions " 
Begin looking for 32 consecutive marks 
, ,WaIt1S0'ms' , 

, i 

, ~ -Whenft fJl~tks receivedrassert DC:I) 

Send 9AM. marks 
'wait 2do ms' 

NO 

Enable receive data 
,< Enable 9Ption",llsync mode 

Start carrie" ,tracking in software 
Enable data mode in transmitter' 
Send data 

60011200, found marks 
Tum off answer tone 
Tum off 'transmitter 
Set default for scrambled marks 
Enable transmitter 
Enable equalizer in receiver 
Wil~tf75~ms 
Enable. receive data 
Enable optional sync mode' 
Start 'carrier tracking In software 
Enable data mode ,In 'transmitter 
Stilnddata 

FSK '.:.----........ --~--.tIJI rnSable callinit mode 

12-9 

I Set speed 10 300 
Equalizer should ~ off 
Disable .scrambler 
Send marks' f I 

Turn on transn:tjtter , 
Receive 155 rns of marks 
Che'ik receive (:lain level 
Wait 450ms ' 
AssertDSR 
Start carrier tracl$lng in software 
Enable data mode in transmitter 
Send Data • 



Why Modem Performance Is Important 
In today's world of expanding communications, the 

modem has become an essential element in providing 
data communications capability for such applications 
as personal computers, lap-top PCs, and hand-held 
portable terminals. To fit the requirements of these 
systems, the modem must become more compact 
even as it becomes more complex. As more modem 
functions are integrated onto a single chip, it is the 
modem IC that becomes the key to designing small 
footprint modems that integrate well into today's 
computer applications. 

Trying to compare competitive modem ICs by 
analyzing published technical specificationt can be 
misleading. No meaningful comparisons can be made, 
because data sheets provide little useful performance 
information. Products that appear functionally 
competitive can vary widely in .datacom performance. 

Hidden differences inmodem architecture can have 
a profound effect on overall modem operation. Where 
one modem IC might perform well within a real-world 
operating environment, another seemingly comparable 
IC might perform just marginally. So ultimately what the 
deSigner needs is a way to realistically compare modem 
ICs by their ability to perform, error-free, under real­
world operating conditions. 

The Real World of Telecommunications 

Telephone lines vary .In different geographical areas, 
factors such as age, technology, and upkeep of 
equipment all contribute to variations in the physical 
operating envirolJment. The physical mechanics of 
call-routing introduce other uncertainties, since call­
routing can be completely random in a typical dial-up 
connection due to the automatic routing techniques 
being used. 

Also, differences in .the switching and multiplexing 
methods used in different locations, as well as 
differences in the concructive medium (copper-wire or 
fiber;-optics), all add to the mix, making it difficult to 
desi~n a modem that will'perform well in a manner that 
is transparent to all of these factors. 

These equipment and routing factors that adversely 
affect data communications or-eate performanc~ 
aberrations that are known coll,ectively as line 

"RitM) U·i?£(· •• J ...... ' .. ' '\ ..... '"( ..... ~~( "1" 
PerfOtmlij1ce "'~i1g 

SiliCon' Systems K-Series 
Single-Chip Modem Family 

impairments. These line .Irttp"t,plents ctiWe. th~ real­
world side-effects that define the actual environment in 
which the modem, and the modem IC, must survive 
and perform. 

Line Impairments 

Generally, line imp~irments can be classified into 
four categories: line nOise, signal-level variations, phase 
distortion, and carrier offset. 

Line Noise 

Line noise is the most common impairment to 
efficient datacommunications and can manifest itself in 
many ways. Ambient noise, for example, can be caused 
by copper line conductors. Wideband noise can be 
generated by hybrid repeater amplifiers in the network. 
Crosstalk from adjacent lines can sometimes couple 
into the connection and add to noise on the line. 

Generally, noise impairments occur within the 300 
to 3000 Hz voiceband, since other frequencies are 
attenuated by repeaters or filters on the line. The 
specific quality that enables a modem IC to operate 
error-free in a noisy line environment can be found in its 
design architecture, which reflects the functional 
efficiency of both its components and its circuit layout. 

Signal-Level Variations 

High signal-level is one impairment in this category. 
This stronger-than-normal signal can occur when an 
unusually efficient connection is made, as when routed 
through a PBX or when the transmitter and receiver are 
within close proximity to one another. A maximum level 
for nO.rmal operation eln a dial-up line might be -1 0 dBm. 
An abnormally high level might approach (j dBm. 

Low signal-levels result from high I.ine-resistance or 
from long, circuitous call-routing paths. The lowest 
signal level expected on a diaJ,.up line is -45 dBm. The 
ability of the modem to handle abnormally high or low 
signal-levels is defined by its dynar:nic ra.nge. 

Gain hits are short, quick changes in the receive 
Signal's amplitude. The phenomenon can be caused 
by trunk-line switching activity or by sudd~n changes in 
line impedance. bottl.of which can cause a breakdown 
in data-transfer integrity. Gain hits can be offset by fast­
tracking capability within the AGC circuitry of the 
modem IC. 
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Phase Distortion 
TmesedmpairmentSlinclud.Q phase jitter~ phase hits, 

anCi1;glllupienveiope delay,. Phase ·jitter is a periodic 
shift injthe~phase of th91receiveOtcarrier, whi0b::can be 
caused:1by varialionsdn the line characte&1iStics or by 
impegetltions ,in the transmitting modem. ,Phase.hits 
are moce· instardaneous, iMnature. Tttey:, are 
characterized by eigmificant ol!1an~s> ifl:phase ,lnthe 
feceived,canter, 9J11G1<are,oaused by.onlQinQlswitGlitimg 
action in the dial-up network. Group delay(eAvelop'e 
delay) results from reactive line-impedance 
characteristics that induce 'pbase' ::~Jififtskl' the 
frequel!eiespresenUnthe r~Qeived ~ig~al. The modem 
mus.t,corr,ec~ fo~grqu;p..g~l,aM-distor1ioll~ Faihp}e,to do.so 
can "r~sult' In··a, phenome.non known as; .Intersymbol 
interference. This ocou .... l/Vhen frequeocy elements 
from one sigoal-modulationp;~rlod! ovef;lap those of 
another, making it difficult to detect the original phase­
encoded information in the Signal, thus introducing 
data errors. 

Carrler'Offs~ . 
\. '. ':", ,,1 I :.'; .' c'r ' 

Thjsimpah:m~tr~ter$toa stlift inf!r~l.I~ybetween 
the transmitt~d, ~ignal:. and the received. sign;atThe 
condition l$roften.jfltrol1l,l~eC:t ~ur~9IQng-distar:tceGall 
routing, w.her~t'; fr.~queRC~l"dhf~&jon muJtiplex~ng 
combineslo\f«~rrfrequeAcyvojcelland signals. into a 
higher fce.queneY signal •. This· phenomenon can be 
offset by. the. modem's ph~se-Iock-Ioop tracking 
capabilities. 

How Modems Can Be Compared For 
Performance 

In order to compare modem ICs realistically, the 
design engineer needs to test each device under 
conditions that reflect real-life telephone line conditions. 
To achieve this, a test environment must be set up to 
simulate a set of actual line characteristics that conform 
to specifications defined by Bell System published 
standards. The engineer can then subject each test 
modem to artificially induced impairments under each 
of these line-standard conditions and compare the 
specific performance of competitive modems. A range 
of line conditions must be used to show how the 
modem will operate over the random variety of lines 
that might be encountered in typical operation. 

Line Standards 
Characteristics for dial-up telephone lines are not 

commonly specified, but leased lines are conditioned 
lines forwhich linear-distortion characteristiCS, including 
frequency-response and envelope-distortion 
parameters, are guaranteed by the telephone company. 
The Bell System line standards define four premium 

linecQnditions that operate with oh8l!acteristic.asimllar 
t01hose found,in dial .. up,lInes~, These'lim.es" which altow 
for modem pedormanoetesting Qver.;a wide .renge1)f 
representative COf!1diNQns, mclude,the fGlt(i).~il'ilg: ':,'./' 

The 30Q2 Line Is the lowest quality ;leased· line: and 
represents the poorest environment for accurate data 
communications. AIl0wa6teampJitllldevariatk)'lfiS~15J dB 
over t~e,y~ceba~clr~ge~ "Envel9P<~~,'l8y"ca~~fY as 
mUCh as 17.sQ.:micr,Q~eco~dsoveti !~b~ ~Pr1?~~QO ij~ 
range ... 1':'.1 .:.,.,'.~,"" "'::i> "'~n(Ji"l'"'':''' 
, . Jjbe ~1 Lfn= i$~(JR4,tiq~d:JQ'1~:gre~tfjr,~!~ntr,th,," 
tlil~300a Jin~;~ndoart~e ¥:orl1Side(eq~9 ~ep'res.ellt Jhe 
aveffl.ge In. ditil-up, lif:le char,ct~ri~tics~ l\mpJitude 
vari~ilon ove.t ,~e fr~qu~IJCY bancJ ~f ,gt~r~S~li~ ;,llmitep 
to 6 d~,.; AI~9vvable, envelope delay Is the s~rn~ ~ for 
the 3002 line. . ";" J",.,. 

, ,The C2 L,ine represen~ al1 intermepjaterquality line 
foqoodem,testing .. frequency respo~~~is l~fTlited to 8 
dB amplitude v~riation. Envelope delaYt;s',j~Ptove;d to 
not more than 500 microseconds overa 1.000 to~600 
Hz range., ' ." .', ,,' , . 
" 1Jle Q§ Ljne repres~ms ~he b~~t line,Q~OSUJ.ipf1~ tp 
be expected in a dial-up telephone eJwi,:o£lrnef.1t, 
Optimum modem performance would be'expected 
using t~, ;standard", Gr~"p' delay.· or· ~tten\,:l8V9n' 'is 
negligible. Frequencyrespo~~ei$ ,limited ,.0,,8 dB. 
Envelope Qelay dl~tortion i.f?, held to less tttanr-300 
micr~s~Qoflds pV,er aF~ QOO t6~~~OO, Hz r~r,lgEt. " 

The Tf)Si~":9'Metl1()d, . ,'.,:11. : ' 
'. ,.,1.10:. .... ,. , 'I '.;1 . 

,To"quaQfy ~odem ICs for pe~orrnanq~~ ~~;Jte~ 
method m~ beunif~f;J:l1Iy, applied~ IHest U'W: is:!Jsed 
to Simulate each of the Bell Sys~m line standards and 
to gener~e the env'ironmentally representative Une 
impairments. A typical· test set-up includes a line 
siml,flator, a persooal computer, an. RMS voltmeter, 
and a reference modem to test ~gainSI: ContrQI pf the 
test pt;U"ameters is handled by th~ PC connec~dto tile 
test fixture througp a GPIS. data bus~ ,l~e PC~ets up 
and controls the line simulator, monitors the results, 
and accumulates the error count for eachi~eration. 

Two modem ICs are compar~.d in a typical.test 
sequence.,The mod~m Ie tootle test~Qisconnec,ted to 
the 'modem testing, equ,iprrlent vJ~ ~., breadbo~td 
eva,IJ,J8tion fixture af1Q is t,ed a corttinl:'P1/s data stream 
for testing. The taster monitors the data' r~ceivedfrom 
thetest~pdem 'and the data bit-eJrors:are tounted .~~~ 
plotted to' signify the ~atiO betyJeen the rluO)ber 01 bits 
transmitted compared lq. the 'Number of: t@ls~t$$iOn 
error-bits: This. !~$lJltS. in al?t~fisfic~r b'krarr~(r~te 

(B}~~ test ~ethod qails' for ~ la:~9~ satry~~~~~~~#~ta 
errors to be slm~,ated for eacJ1 devIce, under ea~fi .lin~ 
condition. Multiple data pOints are taken for each te'st 
for each device . Test message data Is transmitted in a 
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rartdol1'1, broad .. ,ange pattern. Each data pdintr:esults 
from (he transmission of a, million data' bits and a 
COmpl6rte test sequ&nce on a single modem IC could 
represent',WO hours of test time before a realistic error 
sampnng might be realized. ' ' 

The SS. K-Serles Moc:tem ICs 
, SHicon Systems'K-'8erles family of modem ICs use 

an Integrated analog/digital design' philosoph~, for 
enhanced high-performance operation, which virtually 
eliminates data;;errOT-related mOdem failures. These 
pin and function-compatible family products comply 
with the full range of relevant worldwide operating 
standards for data transfer speeds ranging from 300 to 
2400 bit/so The SSI 73K224L, the industry's first 
2400 bitls single-chip modem for both US and European 
standards, features adaptive equalization, which further 
enhances performance by giving the modem the ability 
to adapt automatically to varying line conditions. 

The K .. Series modem ICs are used in the sample 
test curves presented with this document as a base 
against which competitive performance information 
can be compared. ' ' 

MODEM'PERFORMANCE CHARACTERISTICS 

, The curves presented here define modem IC 
performance under a variety of line conditions while 
inducing disturbances that are typical of those 
encountered during data transmissi~m on public service 
telephone lines. Test data was taken using an AEA 
Electronics' "Autotest I" modem test set and line 
simulator, operating under computer control. All tests 
were run full-duplex, using a Concord Data Systems 
224 as the reference modem. A 511 pseudo-random­
bit pattemwas used with 1 X1 06 bits transmitted for each 
data point. Noise was C-message weighted and all 
signal,-to-noise (SIN) ratios reflect total power similar to 
the CCITT V.56 measurement specification. The 
individual tests are defined as follows. 

BERvS.S/N 

This test measures the ability of the modem to 
operate over' noisy lines with a minimum of data­
trahsfer errors. Since someJ10ise is generated in the 
best of dial-~p lines, the modem must operate with the 
10,west SIN, ratio possible. Opt,imum modem 
performaQceis indicated by testcurves that ar~ c.1os,est 
to the ze'roaxis. A narrow spread between curves 
representing the four line parameters indicates minimal 
variation in performance while operating over a range 
otQP~la, tin, 9 cQ,nditions. T, YPiC,a,ny, a DPSK modem ~i11 
exhlb~ b.etter BEA-performance test curves operating 
in:the hl9hband range than in thelowband. 

BER vs. Receive Level 
This test measuresthe-dynamic range of the modem. 

Because signal, leve1s vary. widely over dial-up lines, 
the widest possible dynamic range is desirable. The 
minimum Ben specification calls for 36 dB of dynamic 
range. SIN ratiOS are 'held constant at the indicated 
values while the receive jevel is lowered from a very 
high to very low signal levels. The width Of the "bowl" of 
these curves, taken at the BEA point, is the measure of 
dynamic range. 

BER vs. Phase Jitter 
DPSK and QAM modOlation is sensitive to phase 

jitter. Modems using these techniques need to be as 
tolerant as possible of phase jitter on the line. In this 
test, relatively flat curves indicate minimal degradation 
of performance when phase jitter is encountered on the 
line. 

BER vs. Carrier Offset 
This parameter indicates how the modem's 

performance is affected by the shifts in carrier 
frequency encountered in normal public telephone 
network operation. Flat curves are an Indication that 
there is no performance degradation from frequency 
offsets. The SSI K~Series modem ICs use a second­
order, carrier-tracking phase-Iock..:loopthat is insensitive 
to carrier offsets in excess of 10Hz. Both the Bell and 
European/Japanese CCITT specifications allow as 
much as 7 Hz offset. 
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~ \ \ I I I 
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I 1\ 
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10 0 ·10 ·20 ·30 -40 -50 ·2 0 2 4 6 8 10 12 14 16 18 20 22 

SIGNAL TO NOISE (dB) SIGNAL TO NOISE (dB) 

"EQ On" Indicates bit CR1 D4 is set for additional phase equalization. 

73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202. 

12·14 K~Series Applic.ation Notes - 1191 



.... : 

10-

2 

E:E:E:S·,3E'" !:ifl"~' .oEGH~8A:NO::RE=CE:IY:Ei;::) ~ 
-40dBm 

I--+-+-+--I-~,r+-I DPSKOPERATION 

10-6 

2 

t:: 

10-5 

o 

\ ..1 

\ 

Vl.\ ' f\\~ 
1\ \ \ 

'1\' 
4 6 ", 8 10 12 • 14 

"SIGNAL TO NOrsE (dB) 

*SSI73K32!L 
BEA VS. Phase Jitter ' 

1(." 

f I 

J ~GH BAND RECEIVE 
I DPSK OPERATION 

t:I 3002 11.5 dB SIN 
j 

I\. V 
V ~ 

v 
~ b::: ~ ~ [\ 

II C2 to.8 dB SIN r -
4 8 12 16 20 

PHASE JITTER (" PEAK) 

r 

-
24 

W 

~ a: 
a: 

~ 
w 
t: 
a:I 

10-5 

10-8 

10 

10-3 

10"" 

10-5 

12 

, ; 

, SIN = 10.8 dB 

SIN 15dB 

\: II 

~. 

; 0 \ -10 -20 -30 
.' 

RECEIVE LEVEL (dBm) 

*SSI 73K322L 
BERVs. ca~rter QffJetl 

I 

I HIGH B~\RECEIVE 1 DPSK RATION 
" 

I .. 

: 

3002 11.8 dB SIN' 
I, 

1\ 
I C211.3dBSIN] 

" 

-~ 
~ 

- ". ~ 

~ l-I"\. l.- I-" I-"'" ", 

t--~ 
p ..... 

.',' 

-50 

~ 

8 1:"4 0 ,·4 ·8 ·12 

CARRIER OFFSET (HZ) 

* "EO On" Indicates bit CR1 04 is set for additional phase equalization. 
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APPLICATION NOTE 

Troubteshooting 
the Modim Oesign 

EXCilrpt from the 'Silicon Systems K-8erles Modem Design Manual 

Possible causes of a Totally Dead System 

It is always particularly depre$sing when you 
power-upanewdesignforthefirsttimeandabsolutely 
nothi~g happens. However, this is often the easiest 
type of fault to find. We will try to think of a few things 
that could cause this problem (apart from the obvious, 
like the plug falling out of the wall socket). 

The K-serles Modem IC Is Stuck In the Reset 
State 

You will generally get very little cooperation from 
a K-Series modem IC while it is in the power-down 
state. It enters this state when a reset operation is 
performed, either by writing to the Reset bit (bit 2) in 
Control Register 1 or by taking the RESET input pin to 
logic ONE. Make sure that your firmware is bringing 
the part out of this state by writing something other 
than all ZEROs to bits 5 to 2 in Control Register O. Also, 
make sure that this happens after the RESET pin has 
been returned to logic ZERO. A capacitor from this pin 
to VDD can hold the part in the reset state for many 
seconds. Attempts to program the part during this 
time will not take effect. For products with a DSP, 
check that the RESET DSP bit (CR2 bit D2) is also 
written with ONE when appropriate. 

Crystal Oscillator Falls to Start 

If a comple~ crystal oscillator is used to directly 
drive the K-SeJ:ies modem, any starting problem should 
be addressed to the manufacturer of that device. If the 
internal oscillator is used with a crystal, there may be 
situations in which it will not start. Check the values of 
the capacitors from XTll and XTL2 to ground. If these 
are too high in value, 40 pF or above, the oscillator may 
not start. Such large values are not recommended and 
should not be, necessary if the crystal is correctly 
specified, Also ensure thatthe circuit board is designed 
to minimize stray inductance and capaCitance in the 
area of the oscillator. The crystal and both capacitors 
should be placed as close as possible to the XTL pins of 
the K-Series modemIC and connected by direct traces. 
The ground connection of the capacitor~should be via 
wide traces to the digital grounding system. It is also 

possible that the oscillator will not start or will be slow 
to start i( the risetime of the power supply voltage is 
very long. The starting properties are helped by the 
asymmetry in the load capacitor values, the capacitor 
at XTL 1 should be about twice as large as that at XTL2. 

Clock to Mlcrocontroller Isn't Getting Through 

Using the K-Series modem ICs on-chip clock 
oscillator to generate timing for the entire system is 
very efficient from the point of view of component 
count and EMI generation. However, note that the 
CLK output of the modem chip is specified only to 
drive TTL compatible inputs. Many common 
microcontrollers require clock inputs that rise closer to 
the supply voltage for logic ONE. We have seen 
applications which use the CLK pin to drive these 
inputs without problem, however, the low-power (5V 
supply) parts may give a lower logic ONE level than is 
necessary at elevated temperature. We recommend 
that you use a TIL to CMOS level converting buffer 
between the ClK pin and the controller clock input in 
5V systems. A pull-up resistor to the 5V supply is not 
effective in increasing the logic high voltage. In some 
cases capacitive coupling tQ a CMOS input is also ef­
fective if the controller clock input is properly biased. 

Connect Handshake FailS 

If your system seems to be working well but cannot 
get into the situation of exchanging data with another 
modem, it is likely that you have a problem in the 
connect handshake. It is better to examine handshake 
problems using a "kl).own good" modem at the remote 
end rather than another of your own systems. This 
helps isolate problems if more than one are present. 
Use a modem from an established and reputable 
manufacturer, as discounted generic modems may not 
conform fully to established specifications. Depending 
on the mOdulation mode, there may be! many or few 
opportunities to fail so we can only offer general 
pointers to problems we hav~,encountered in the past: 

, It is very helpful.to build extrc\ diagpostiq:ode in,t() th~ 
handshake to diagnose unexpected conditions . 

• ~ , f L" .: 
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, ' Ilthings. never ~tar4 ch~k tltauhe initial set-up of 
the chip is c(')rrect'. The chip must be .taken QJlt of 
power-down before it will do anything and in"~ .. 
b~~ chips the ~p m.qs~ haye.~ re~ after any 
prevfolJ,s call an~ then fal<en oufdtlPe reSet state. (A 
DSf-baSed ,part'cannot tie used in Cl '9pn-DSP socket 
~th~ut~any sucb changes te:), the~ontr()lIer,cqQe; 
watch t~s w~n upgrading a 73K222 ,~stem' to use a 
1~~2~r..~)lf it\cA~~IT mode theari~wer'tQ~e is not 
deteCt~( check .t~t, yo~, have self#ed the ,Qesired 
C1nSl\!e~~~ne ffeq¥,tllcY ~y pwpamming iqtt;le Tone 
~s~r. The Seleetiyity ~f the'~~w~r tone detect()r is 
quite:IQ~1 so v,erify th'l y'0'411' an~w~nng modem is 
gener,afng a f!,eqti~ncy, Witilirt th~~pecia~~tion~ of the 
mpdulatJon stand8\"d. You shouI~~able. ~~ verlfy,the 
operation, of your various sign~1 detectors with 
breakpoints in the controller cod~. If these do not fire 
at the appropriate point, the handshake is likely to 
hang-up or get out of step with the other modem. Be 
especially careful with ijle Sldetec~or, if this is failing 
you may get connections at 1200 bit/ s which were 
supposed to be at 2'400 bit/~· With DSP':'based chips in 
QAM ~r DPSKmodes, make sure that you are'enabling 
tne adaptive equ8Jlizer attheapprdpriate time. Enabling 
it too early, when the received signal is unsuitable lot 
training, and too late, when there is too little time left 
before the gear shift to 2400 bit/ s, can both give connect 
problems. Finally, make sure the crystal oscillator 
frequency is in specification as a gross error here can 
cause failure of the handshake. 

before th~ equaUzer is. enabled, oth~rwise tr,ansient~ 
caused-by Chal)g)ng,this bit maY upset t~e eq~aJiz~r 
solutioll' " ,;' 

Errors,experlenCed at High Rec~tve ,Slanal 
Levels , ' 

If the error, rate gets worse at' high, receive signal 
levels, you.:should 'look for SOtne'S0urce of.clipping,in 
theil'!eceive path. Injectingasi~at ofikn0wm leveicttthe 
linem~pling trans'f(!)1'1Jler,cmd looking at the'RXA;, }1)i'1l 
with arioSCiJloscope'Should·enable 1611 toiS0late'ali\y 
problemin'thelineinteuace. Lookf~excessivegainin 
thereceiverbufieramplifierOTother.:causesofclipping 
at thiSl point 'such as badly chosen 0p-amps'fol single 
5V supply operati0n. If the signal at RXA looks goed 
and you are using ,a DSP-based modem 'chip, it, is 
possible that the-controller is incorrectly iRsertingthe 
12 dB -receiver gain boost even if the Receive Level bit 
in the DetectRegister is set. Notethat early data sheets 
forthe~3K2MLgavethis bit the wrong sense, i.e., ONE 
for low level. Only set Receive Gain 'Boost if this bit is 
ZERO. 

" ,~ ~ T 

Errors ,EJCJperlenced' at Low Receive Signal' Ley,els 
There can'be':man1 causes df data errots at low 

receive signal levels, almost all associated with the 
presence of some level ofintenerence'or noise'in the 
receive path~ If you are performing tests over the 
telephone network, mllke sure that the error'fate you 
are experiencingis'inot to be expected from"the 
background noise level on thf! line.ltis best to 1ise~ line 

Errors Committed Immediately After Handshake, si1nulatororadirectconnection-throughanatteriuator 
With Later Improvement if looking for systek\,noise pi'dblems~ The capacitor 

WehaveseensituationsinwhichaK-Seriesmodem across the feedback resistor of the receiver buffer 
makes many data errors during the first few seconds of amplifier is important to attenuate out-.of-4>and noise 
a connection, butthen shapes up and performs normally at the modem chip receiver input. 
thereafter. This is generally due to some problem in Distortion in the telephone line interface can be 
equalizer training in a DSP-based chip. The equalizer located by injecting low-level signals into the line 
must be held in the initial state (bit 0 of CR2 = ZERO) ~ terminals and examining the signal at the ~'RXA pin 
up to the point in the handshake when scrambled with a spectrum 2lnalyzer. Lookforcrossoverdistortion 
DPSK binary ONES first appear at the receiver. It must in the receiver buffer amplifier. This can ari~ from a 
then be released promptly (bit 0 of CR2 = ONE) and poorlyehoSen op-amp type, sutl\asthe LM32il'which 
allowed to adapt so that it is fully trained before the makes a transition -from class A to class AB opetatiOn 
gear shift to 2400 bitt s and the transition to data mode at low signal levels and is 'ftot 'suitabl~ for" this 
occurs. Enabling the equalizer too early will cause it to application. We have found LM348 andLM14SS;type 
train on an unsuitable unscrambled signal. Because it op-amps to lre free from thisproblem.ltis also :PoSSible 
adapts more rapidly immediately after being enabled, for the line coupling transformer to introdUce harmonic 
it may take a long time to recover from a bad solution distortion, particularly when a large D.C. holding 
when the correct receiver signal arrives. Enabling the current is flowing. 
equalizer too late reduces the time available for training In the absence of significant distortion, look for a 
before the received data is relied upon to be correct. If high noise level at the RXA pin. Another symptom of 
you have to put the equalizer back into the initialized this problem, apart from data errors, is that th~Carrier 
state after a period of training, make sure that Equalizer Detect bit (bit 3 in DR) comes on or blinks when no 
Enable (bit 0 of CR2) stays at ZERO for at least 2 ms. It signal is applied to the modem receiver. The system I == ::"~:~Gain Boost bitdeaIt with12'17may also fail to disconnect at the end of a call. If this is , 



ydurexperiet\ce~(jn'tc()nfineyoursearch to the normal 
carrier bandWidth because the 'modem chip wUl also 
be susceptible to higher frequencies. Op-amps may be 
noisy or may' self-oscillate at low level due to poor 
layout. If the op-amps themselves are not causing'the 
noise, it may be due to poor circuit layout or grounding. 
If, finallYI nothing suspicious is visible at the RXA pin 
then the noise must be getting into the receive signal 
inside the modem Ie This can be from the power 
supply and bias pins or from signals routed under the 
chip. Check the connections to GND,VDD, VREF and 
ISET pins for component values and placement and 
routing of decouplingcomponents. You are more likely 
to have problems with supply noise if you are using a 
switching power supply. Look also for fast digital 
signals routed under the modem Ie; these should be 
re-routed and a ground plane placed under the chip. 
Serious interference pickup problems can be created 
by two crystal oscillators producing beat frequencies 
in-band to the modem. We strongly recommend using 
one master crystal in the system. Check the gain in the 
receive path from the line terminals and, in DSP-based 
parts, the state of the Receive Gain Boost bit set by the 
controller. If either of these are incorrect, then noise in 
the chip will appear more significant compared to the 
signal. 

The transmitter of the modem can be a source of 
noise in the receiver. It should not generate signals that 
are in-band to the receiver, but this can happen if 
either the buffer amplifier or the line transformer are 
causing harmonic distortion. This will be most 
noticeable in call mode, when the low band transmit 
signal has harmonics in the high band filter of the 
receiver. For 5V only systems, the choice of op-amps in 
the buffer amplifier and their D.C. bias point is crucial 
to obtaining a sufficient voltage swing without 
distortion. Because of its internal operation, a small 
amount of switching noise is. present at the TXA pin. 
The capacitor across the buffer amplifier feedback 
resis~orisimportanttopreventthissignalfromreaching 
the.receiver. Itis difficultto obtain good rejection Of the 
tr4lnsmit'signal at the receiver for all practical. line 
conditions, but you should check that your four-wire 
to two-wire hybrid circuit is operating correctly. For 
most. terminations, the transmit signal at the RXA pin 
minus the receive. buffer gain should be 6 dB below the 
level atthe line., 

Modem Works In LoopbaCk but' Fans·to Connect 
or Makes Errors'ln Bursts wIth SOme Other 
Modems ' 
. If anything appears "&ky'" about the modem 
operation it is it good idea to check the oscillator 
frequency with a counter capable of resolving ,t~ at 
least ten parts per million. Using an oscilloscope is of 
no use whatSOever. Many systems that use crystal 
oscillators are not very particular about the e5<act 
frequency; this is not so of modems. Measure the 
frequency at the CLK pin arid verify that it is' between 
11.0581 MHz and 11.0603 MHz. Do not measure at the 
XTL1 orXTL2 pinsastheprobecapacita~wi1lalter the 
frequency of oscillation. Some causes of out-of­
specification readings are: a) the wrong crystal 
frequency entirely, b) a series-resonant crystal, or c) a 
parallel-resonant crystal unmatched to the circuit 
capacitance. 

Problems Unique to FSK Modes 
The SSI 73K224L does not permit answer tone 

detection in FSK modes, so ensure that a mode other 
than FSK is selected before attempting to detect answer 
tones. 
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In the past there have been n..,,,,,erous inquiries asking 
if we had an interface IC forthe,telephone side of our. K­
serles modems. Until thiS. tif1tewKI have had to s~y no, 
butwith ~few OpalnPS,acouPleoftran~l,stors. a speake~ 
driver. and 8, '1(;)", other cc)mponents you can build ydur 
own. Now, there, is a Single device that is designed to'be 
used for the line interface with our K-s.eries modem IC_ 
and performs a number of functions that are needed in 
most modem applications. It also significantly reduces 
th~ number of components required for the OM cir­
cuitry. The 73M376 performs the hybrid funCtion, has a 
speakerdriverwithvolumecontrol,andtworelaydrivers 
for the hook switch control. In addition there are two 
separate transmit paths available, a power down mode, 
and the refardriversmay be programed to'reduce the 
power to the relay holding coils. This note will acquaint 
you with the advantages this part brings to modem 
designs. 

Cto 390pF 

.5'1 

RI9 
20K 

SS~ 7al\l.l376 
I'ntegrated Llne'lnterface 

. . p 

''42elil·Z'I~(·I;j' 
One ,of thsplioolems';witblttadiUcmalopamp hybrid 
designs is thilt there are few lOW, c~ opamp_ that wiD 
rhe~ the requiremtlrtts ~f ope~iltins .rom a sirigle 5 voU 
power supply and also drive th,xequ,r~J()ad. Weh,ve 
in t,,& past recommended ~"era1 stal1thlrd opampstpr 
this function, bu, haVe alwayS"ha4 tQ qualify t.hatrecom­
mendati()n because of the n~dfptexlra cOrriponents or 
opamp spe~ limitations. In the'past we haVe recorn­
mended the LMC660, althougfiitrequltedtwo additional 
reSistors and. capacitors; the lM348 which is not rated 
in the National Semiconductor data bookfor single 5 volt 
operation; and the LM346 Which also requires two 
additional resistors. Now we can without reservation 
recommend our own 73M376. 

RI • 
• 75 

IN755 

+5V 

R41 
.701< R25 

7aK 

A28 

15 

~ U 

+5V~V.'K~~~--~------~~----------------------~ 
CI6 

1292 

~ IO~ 
IK 

NOTES: FOR USE WITH LMC660 CMOS OP AMPS, CI., CI8, RI8 ANI)R2IId1E REQUIRED. 
FOR BIPOLAR OPAMPS, DELETE CI. ANDCI8; USE JUMPERS FOR RI8AND 1121. 
ON. V LMl46 OP AMPS REOUIRE R~ AND R41. 

FIGURE 1: Typical Opamp Hybrid Circuit 
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fjgUre'1shOWS"a typical opamp based hybrid design. 
This is'the same design Used in the 2402DEK demon­
sttation boatttfpr·the 73K2~4L. ~rovisiOn was made for 
different opamps to be used although the board is 
normally supplieqi with the National Semjconductor 
LMC~60,.opamp. TXA and RXA connect directly to the 
K-serieStJeViCe.1XA1 'and TXA2 connect to the tele­
phone Isolation transformer. AUDIO outputs the mixed 
transmitted and received signals so both may be heard. 

Figure 2 shows the telephone interface forthe 2402DEK. 
The schematic shows three transistors for three relays, 
~utin most applications only one or two are used. A 
SPOT relay could be used for the hook switch (K1) and 
cut, off (K2) relay.funqtions. The telephone interface for 
our PuflX)ses also includes the "audio Interface" since 
many applications requir~ a loudspeaker to monitor the 
progress of a call. This must also include provisions for 
volume control and squelch when audio is not desired. 
The 4052 multiplexer is used for these purposes. The 
LM386N is used to drive a low impedance loudspeaker. 

+5V 

R3S 
VB 

HOOKS 

RtlGO 

:: 2':. k:~=::j::~ 
RII&.2K ....... ~-.........,....--! 
a 

ve, 
ve2 

, l' 

Figure 3 shows the equivaJentcircuit using.~Re 73M376 
Integrated LineIO\erfaceIC.,Jne,dIH~ncein· ~2irts 
count is apparent although the function is identical. The 
difference in board space between the two designs can 
be significant for small footprint internal laptop or note­
book designs where real estate is at a premium. 

The timing for power reduction mode forthe relay drivers 
is controlled by the .01J,JF capacitor C17 connected to 
HTIMER. This determines the time full relay voltage is 
applied to the holding coil before going into low power 
hold state. HTIMER may altemately ~e dr'iven by a TTL 
signal. The holding coil voltage is as much as 24% less 
than the normal applied voltage. If the power saving 
feature is not needed and you dO not want to use the 
additional capacitor, the HTIMER pin may be grounded. 
Note also that the PWR pin connects to the mx>R so 
whenever the modem is on hook the 73M376 will be in 
power down mode. These are features that are'signifi­
cant where minimum power dissipation is an important 
factor. 

De 

0'0 
1N400, 

FIGURE 2:, Telephone Interface Circuit 
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The 73M376 opamps are wideband high performance 
devices that need to be dealt with as with any similar 
opamp. The receive opamp stability is dependant on the 
input capacitance anctthe teed 'back resistance. The 
minimum feedback resistance should be SKa, and the 
resistor used should be kept near that value. This 
prevents the high frequency gain from causing oscina­
tion due to parasitic capacitance on the ReV pin. The 
ReV pin capacitance must be kept to a minimum. 
Socketing the 73M376 is not recommended since this 
tends to increase the parasitic capacitance. The output 
impedance of the receive amplifier is somewhat high, so 
addition of feedback capacitance to reduce high fre­
quency gain in the amplifier will not be effective in this 
case. In cases where the input capacitance cannot be 
effectively controlled, a resistor from the ReV pin to the 
BlASe pin will reduce the loop gain and stabilize the 
amplifier but not affectthe closed loop gain. This resistor 
valuewill range from 2Kto SK depending on the parasitic 
capacitance being encountered. 

One feature of the 73M376 that is overlooked in this 
applic~tion is the alternate transmit path. This second 
path can be used to transmit the same signal at another 
level or a different signal such as FAX may be brought 

~--------------~I~~~I~~----~ 

73M378CH 

AIG 

51(11 

CIG 

10aapF 

in and the gain set separately. TXAP and TXAOUTP are 
the input and output respectively of the second transmit 
path. This transmit path is electrically identical to TXA 

~, and TXAOUTand is selected when theMU~pin is 'low. 

All 
31<111 

Remember there is an additional 12 dB (nominal) gain 
after this gain setting stage for both transmit amplifiers. 
This means for a K-series part the actual gain set by the 
external resistors will be less than one. 

The difference in the parts count between a discrete 
design and a 73M376 based design are significant. The 
active components are reduced from 5 devices to one; 
the passives from 30 devices to 12 for an equivalent 
function. Fewer components mean lower assembly cost 
and rework, and higher reliability. The savings in com­
ponent cost can also be compelling in large volume, 
price sensitive products. The component savings can 
be from $.30 to $1.00 depending on the cost model 
used. 

The 73M376 should be considered in all designs, but for 
today's ever shrinking computers there are even more 
compelling reasons the 73M376 should be used. There 
is a betterwayto build a telephone line interface,nowthat 
the 73M376 is available. 

J2 

L3 

D5 
IN7511 
3JlV 

.0, ~F 

FIGURE 3: 73M376·based DAA Circuit 
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:1 
DESCRIPTION 

The 78P236 demo board is a PC board designed to 
facilitate the evaluation of the SSI 78P236 series of 
single chip transceiv~r ICs. The ~emo board can be 
usedto test differentttansceivet ICs bychanglrigvarious 
components. The demo boar~ includes all of the 
necessary discrete components for the interface to a 
coded AMLline. A DIP swUch aHows eaay control of the 
option pins on the IC. A loopback function is easily 
implemented using a slide switch. The same switch 
allows either an encoded signal (TPOS, TNEG. TCLK) 
or composite signal (TDATA, TCLK) be inpUt to the 
transmitter. Simple test patter.nscan be injected into the 
data stream. Several jumpers allow the change of the 
transmitter and receiver clock polarity. 

FEATURES 

• ARows easy evaluation of AMI'transcelverlCs 

• Inclb-cles~1f n$C8ssmy _ental components . 

• Includes a dlgltalloopback mech~lcal switch 

• Generates ALL ONE:s and repeated ONEIZERO 
patterns 

• Accepts composite Clock/Data and converts 
them to AMI pulses (No B3ZS encoding) 

• Allows the use of either the receive clock or an 
exte~n~1 clock as the transmitter clock 

• 20-pln edge conar:1ctor accepts flat coax cables 
and provldes(log,ical signals 

FIGURE 1: Demo Board Block Diagram 
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POWEt:t SUPPLY CdNNECTION 

The demo board is constructed as a four layer PC board. 
The outer two layers carry the signals. The internal two 
layers are the segmented ground and power supply 
planes. l1lree segments s~parate the receive, transmit 
and logical ground and supply planes. The three ground 
planes are connected together using PC board traces at 
JP2 and JP8 positions. Th~se tr~ces can be cut to 
isolate the three planes from each other. The power 
supply planes are connected to a single +5V banana 
jack (J4) using LC filters of 4.7 J.lH and 0.1 J.lF. When a 
separate digital +5V supply is available, L 1 is removed 
and the DVCC supply can be connected to J2. 

RECEIVE SIGNAL PATH 

The AMI signal is connected to the BNC conn~ctor J1 O. 
The maximum recommended distance of the demo 
board to a DSX crosspoint is 450 feet. The IC can handle 
added resistive attenuation as referenced by its minimum 
input signal level specification. The IC recovers clock, 
positive and negative data from the AMI signal. The 
following table shows the available receiver logical 
signals on the test points and edge connector J5: 

-J5PIN TEST POINT 

1 LOWSIGI U1-27 
3 RDATA = RPOS .OR. RNEG 
5 RPOS U1-25 
7 RNEG 'U1-24 
9 RCLK U1-23 

11 RCLKI 

The AMI input signal should be properly coded to 
prevent a long run of zeros on the line. The proper COde 
should limit the number of zeros to three. The foll(!)wing 
table shows the proper coding required: 

IC SPEED MAX CODE 
Mbitls zeros NAME 

78P236 44.736 2 B3ZS 
78P7200 44.736 2 B3ZS 
78P2361 51.840 '2 B3ZS 
78P2362 34.368 3 HDB3 

The demo board may be loaded with components which 
formadiscreteequalizerforverylongcables(R11, R12, 
R13, C31, L10). The AMI input signal'to the IC can be 
monitored using a high impedance FET probe 
(TEKTRONIX P4064 or HP 1141A) connected to the 
TP14, TP15 pair. 

The input Signal is coupled thro~gh a 1:1 wideband 
transformer. The following table shows some olthe 
suggested manufacturers of this part: 

MANUFACTURER PART NO. 

Pulse EnginS'ering PE~65663 

Coilcraft WB2010-PC 

The AMI line is terminated at 75 ohms using R10. 

Table 1 shows the required external components for 
different ICs used for receiving AMI signals at different 
speeds. Resistor R2 sets the center frequency of the 
osciHator. Capacitor C6 is used to bypass any noise on 
R2. Resistors R3,R20 and capacitor C26 controls the 
jitter characteristic of the IC. 

SINGLE ENDED INPUT 

It is possible to directly couple the IC to the AMI signal 
without a transformer using two capacitors (C29, C30) 
for isolation. In this case jumpers in locations R11 , R12 
should be cut and the transformerT1 should be bypassed 
by connecting pins 1 to 6 and 3 to 4 at the back of the 
demo board. The minimum input level should be higher 
than the transformer coupled circuit. The positive effect 
of the transformer in rejecting common mode noise is 
not achieved in this case. 
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'i'ilr--------------------------------------------------------------------------------f 
TRANSMIT SIGNAL PATH 

The IC accepts CMOS level NRZ logical inputs 
(TClK,TPOS,TNeG) and oonverts·themto the proper 
AMI signal. As shown jlt":rab~ea the thr'8e position 
switehS3antijumpef.&JPt,5,6aJlowselectionofdiHereAt 
sour:c~s fortlilese'IQgioa~·signals.'1t11 its simplest case, 
placingSS inthebottompositionallowsadigitallOQpback. 
The following table Sh0WS the.-test points·and ,J5 edge 
connector pins used for the transmitter. 

Theo~tp~softhe.IC, LOUT + and LOUT -, areconoected 

J5 PIN TEST POINT 

15 
17 
19 
1·9 

TCLK 
TNEG 

., TPOS 
TDATA 

clock Input 
negative data 
positive data 
composite data 

to' 111":1:1 widebafld transformer.' The cf6110wlng 'Iable 
shows sOme ofthesuggestedtransmiffertransforfners: 

: j 

The transformer center tap is connected to the +5V .. ;, 

.. MANUFJ\CTURER P~T.NO~ 

Pufse ,Engineering. PE:.65664 
Mlnlcircuit . '" T4-1' , 

supply through a filter comprised of a 4.7 J.1H inductor 
and a 0.1 J.1F capacitor. The capacitor C27, when added 
to the PC board trace and the transformer input 
,capacitances, wUl effect the pulse shape. This capacitor 
shoulctbe selected for individual PC boards. The objective 
is to meet a pulse template at any cable tength up to a 
maximum of 450 feet. The generated AMI signal is 
available on the BNe'connector, J11; and it can be 
monitored on TP12, TP13 pair using a high impedance 
probe. 

OPTION PINS CONTROL 

Switch 81 changes the logic level of the option pins on 
the IC which controls the transmitter. Table 3 shows the 
function of this switch. 

PERFORMING TESTS WITH DEMO BOAAD' 
The general test setup using the d~mo board is shown 
in Figure 2. When the s~iteh 53 is Placed ih its bottom 
position (Ioopback), the receiver' logic~1 output signals 
(RCLK, RPOS, RNEG) from the ICateCOnnectefitothe 
transmitter logicat input (TC~K •. tPQ~t . .t~~ As a 
result, the received AMI signalis tt'ansmiU'l:t ba6kto the 
test equipment. Sit erJ'Ol'f'rate test~ll1grwitt indioate ~he 
ability of the IC to receive andtransmit1he AMI ;signal 

, wilf'l no errors. ' 

/Jts shown in~gtJre 2,'450 feet of 75ohm'ooaxia"cable 
(type RG59B) al'fd resistive attenuation is·fnse rtect in the 
receive path to exercise the Ie for ,its lowest input level. 
The fonowing/tests are performed on the receiver: 

BIT ERROR RATE TEST 
A pseudo-random pattern is generated by the test 
~uipl'!1~nt. ;Thi~,patte(l1is created using a. ~~i,ft legister 
of Nbits .. P~ev~~4~an,~11 z;ero ~fWer~, ~ ,~9.J;TIbination 
of .2**N-1 'P.UeJ;r;ts.of ,Nbit~,is c'eate; in a random 
manner. This pattern is: u~e.d to simylate t~e 'Na. I_ffie 
on the AMI line. The following table shows the mostly 
used patterns to tes\lhe 19: ,'", ' 

'" 

IC' RANDOM' . FIXED 
\ ~.> 

PATTERN 
. ; 

~ATfERN' 

78P236 2**15-1 100100 ... 
78P7200 2**15-1 100100 ... 
78P2361 2**15-1 100100 ... 
78P2362 2**23-1 10001000 

When running these patterns, no bit errors areexpected 
inthe absence,of any noise, Thetast is repeatedforfixed 
patterns to ex&rcisethe IC for any pattemsensitivity. 

JfTTER TOLERANCE 

Telecommunication equipments shou~d be' able to 
recover crock 'and correct data' eveh if the AMI signa1 
includes a reasonable, amount of timing! jitter,: For:this 
test, the t~st equipment adds jitter to the random.AMI 
signat-For jitter ata set ffequency, the amplitudeefthe 
jitter is slowly increased until bit errors are observed. 
This process is repeated at different frequencies and a 
plot of the maximum tolerated jittervs the jitterfrequency 
is made as shown in Figure 3. The IC should tolerate 
jitter in excess of specified requirements . 
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I ---------------------------------------------------( 
INTRINSIC JITTER 

The jitter generated by the IC in the absence of any jitter 
on its transmitter logical input (TCLK, TP05 TNEG), 
shoul~ be minimal. ' 

JITTER TRANSFER FUNCTION 

The !Cshoulcl not 9ause any amplification of the system 
jitter" i.e., no peaking should be observed in the jitter 
transfer function. This objective is achieved by selecting 
the PLL filter components for an overdamped response. 
The test equipmentadds jitter to the AMI signal received 
by the IC. Measuring the,jittertransmitted by the IC in the 
digitalloopback mode indicates the shape oft he transfer 
function. As shown in Figure 4, the IC adds no peaking 
and higher frequency jitter is attenuated. 

TRANSMITTER TESTS 

The AMI pulse generated by the IC can be tested for its 
shape, amplitude'and frequency content over cflfferent 
lengths of cable. The demo-board is usually placed in 
the loopback mode (S3 in bottom position). 

PULSE FREQUENCY CONTENTS 

For an AMI signal with an all ones pattern, the transmitted 
signal should ~ave a frequency spectrum with the main 
component at I:talf of the bit rate. The signal power at the 
harmonics including the component at the bit rate should 
be at least 20 dB lower than the main component. A 
spectrum analyzer is used for this purpose. 

PULSE AMPLITUDE 

The pulse amplitude fora pattern of 100100 ... is measured 
at different cable lengths by connecting the end of the 
cable to the'scope using a 75 ohm termination adaptor 
(POMONA 4119). Except for the 78P2362, whose 
transmitted pulse amplitude is needed to be fairly exact 
(2 Vp-p± 5%), other IC's transmit amplitude may faU in 
a wide range of amplitudes from 0.72 to 1.7 Vp-p. 

PULSE TEMPLATE 

The shape of the signal is examined by comparing it to 
the published templates. The test setup is shown in 
Figure 2. The program resident in the computer reads 
the transmitter waveform from the scope, scales it 
vertically, and plots ittogetherwith the published template 
masks. The pulse shape should meet the mask for all 
cable lengths from zero to 450 feet The LBO pin as 
contr()lIed by switch 51-1 should be properly set. For 
cable length of less than 225 feet this switch is open and 
for longer cables this switch should be closed. A typical 
pulse shapes for the 78P236 at the end of 450 feet of 
cable is shown in Figure 5. 

PULSE IMBALANCE 

The AMI pulse generated by the IC includes pulses of 
both negative and positive polarities. The pulse imbalance 
is examined by inverting the negative pulse using the 
scope and overlaying it on a typical positiv~ pulse. No 
Significant imbalance is observed. 

TABLE 1: External Components List for Different ICs 

Data sheet ref. -> RFO RLF1 ALF2 CLF1 ATR RTT CTT 
Demo board ref. -> R2 R3 R20 C26 R10 R6 C2 
Unit -> kO kO kO J,lF 0 0 pF 

78P236 44.736 5.23 20 100 0.22 75 None 10 

78P7200 44.736 5.23 6.04 100 0.22 75 301 10 

78P2361' 51.840 4.64 20 100 0.22 75 None 10 

78P2362 34.368 6.81 20 100 0.22 75 None 10 

12·26 

I' 
1 
I' 
I 



TABLE f:' Sources of the'TransmlHerLoglcal Signals 

SSI7892S'6I2BS112B621720B 
Demo saara 

i Switch Source of: Source of: Polarity of: 
TPOSITNEG TCLK 

~ 53 JPS 
2·1 .. 

1 Top Extemal ; RCLK 1 

JP6 ' Converted RCLK 
Middle 2-1 fromTDATA 

JP6 Internally RCLK 
2-3 generated 

Bottom RPOS/RNEG RCLK 

TABLE 3: Function of the DIP Switch S1 , 
Position ICPln 

I 

Function 
-., 

81-1 LBO TX cable length 
: 

! 
81-2 OPT1 TX;ampfitude' 

51 .. 3 OPT2 'lX-disable " 

81-4 None ,test'pafterrl' 
JP6 2-3, S3 Mid. 

IEEE CABLE 

SCOPE 

1.--__ -,750 

II 
I PRINTER I 

TCLK 

JPS: ;JP1 
203 .. ' 2-1 

Ext . Buffered 
EXT B""ffered 

EXT Buffered 

; 

RCLK RCLK 

Op~, 

L < 22S' 

Normal 

Enable 

1010 ... 

IBM PC,+ SOFTWARE 
+IEE488 

JP1 
2-3 

Inverted 
Inverted 

Inverted 

RCLK 

Closed 

L> 225' 

Boost 2.7 dB 

Disable 

111 ... 

FIG,URJi; ~~ '~.~r.$I~T~$\:~etup '1 
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FIGURE 5: Transmitter Pulse Shape for 78P236 
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t ~ ORDERING INFORMATION 

AMI SPEED DEMO BOARD PART NUMBER 
Mbltls 

SSI 78P23612361/236217200 Demo Board 

44.736 DS-3 78P236-DB 

44.736 DS-3 78P7200-DB 

51.840 STS-1 78P2361-DB 

34.368 E-3 78P2362-DB 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myforq Road, Tustin, CA 92680, (714) 573-6000, FAX (714) 573-6914 
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INTRODUCTION 

The Silicon Sy:ste~integrated DTMF Receive~s and 
TransceiverS1:tfecoinpJete Touch-,.,one™ df1tection and 
generation systems.' Each can operate in a stand-alone 
mode for ,the majority of telecommunication~, applica­
tions, thereby providing t~e most economical implemen­
tation of DTMF signaHng systems possible. Each com­
bines preciSion ',act~e filters and analog circuits with 
digital control logic on a monolithic CMOS integrated 
circuit. SSI DTMF chip use is straightforward and'the 
external component requirements are minimal. This 
application guide describes device ope~atipn, perform­
ance, system requirements and typical application cir-
cuits fortl19 5S1 bTMFehipS~ , 

HOW THE SILICON SYSTEMS DTMF 
CIRCUITS WORK 

GENERAL DESCRIPTION OF OPERATION 

The task of a DTMF Receiver is to detect the presence of 
a valid DTMF signal on atelephone line orother'transmis­
sion medium. The presence of a valid DTMF signal 

PARAMETER VALUE 

Ap'pUcation'Guide 
Mon'olithic'Dual .. To'n'e 

I 'M'Olti-Frequenc,y 
(DTMl!",Receivers 

January 1993 
indicates a single dialed digit; to generate a'valid digit 
sequence, each DTMF signal m~st be separated b~ a 
validpau~e. 

Table 1 gives the established Bell s~~~m standards for 
a valid DTMF signal and a valid pause. The SSI DTMF 
Receivers meet or exceed these ,staRdards. 

Similar device architecture is used in all SSiD.TMF 
Receivers. Figure 1 shows the S~'t:75T202 Block'Dia­
gram. This architecture is implemented in all Silicon 
Systems single chip~eqeivers" as well as SSi trans­
ceivers. In,general terms,lhede~eotIO{l,scherm~ is as 
follows:lhe input signaIJspr~-filt~~dand~ell split into 
two bands, each of which contains only one DTMF tone 
group. The output of each band-split filter is amplified 
and limited by a zero-crossing detector. ,T.b(lJlmited 
Signals, in the form of square waves, are passed through 
tone frequency bandpass filters. Digital logic is then used 
to provide detector sampling and determine detection 
validity, to present the digital output data in the correct 
format, and to provide device timing and control. 

One Low-Group Tone, and 697, 770,852 or 941 Hz 

One High-Group Tone 1209, 1336, 1477 or 1633 Hz 

Frequency Tolerance fo ± (1.5% + 2 Hz) 

Amplitude Range -24 dB S A S 6 dBm @ 6000 (Dynamic Range 30 dB) 

Relative Amplitude (Twist) -8dB S High GrolipTone s +4dB 
Low Group Tone 

Duration 40 ms or longer 

Inter-tone Pauses 40 ms or longer 

TABLE 1: Bell System Standards 

0193 - rev. 12~S 



PERFORMANGE,CONSlRAINTS . '. \ . 

spE~CH I~ITY AND NQISE TOLERANCE 

The two largest p~bl~ms confronting a DTMF Receiver 
ar~: 

1) Distinguishing between valid DTMF tone pairs and 
other speech or stray signals that contain DTM F 
tone pairfrequencies. This is referred to as Speech 
Immunity. 

2) Detecting valid tone pairs in the presence of noise, 
which is typically found in the telephone (or other 
transmission medium) environment. This is re­
ferred to as Noise Tolerance. 

The 551 DTMF Receivers use several techniques to 
distinguish between valid tone pairs and other stray 
signals. These techniques are explained in later sec­
tions. Briefly, the techniques are: 

1) Pre-filtering of audio signal. Removes supply 
noise and dial tone from input audio signal and 
emphasizes the voice frequency domain. 

ANALOG 
N 

AlB 0----------. 

2) Zero-cross detection. Limits the accepta~e level 
of noise during detecnion of a tone pair. ImPortant 
for speech re~ct~.~' ' 

3) Valid tone pairlpause sampling. Samples the 
detection filters and checks for consistency 6efore 
a valid tone is declared. 

DETAILED DESCRIPTION OF OPERATION 

AUDIO PREPROCESSOR 

The Audio Preprocessor is an analog filter that band 
limits the input analog signal between 500 Hz and 6 kHz. 
In addition, it emphasizes the 2 kHz to 6 kHz voice region. 

Band limiting suppresses power supply and dial tone 
frequencies, and high frequency noise. The emphasized 
voice region helps to equalize the audio response since 
many phone lines tend to roll off at about 1 kHz. In 
addition, preservation of the upper voice frequencies is 
important in providing speech immunity. 

TONE BAND SPLITTING 

After the analog Signal is preprocessed, it is split into two 
bands, each of which contains only one DTMF tone 

i I 
I I 
i i 

TIMNG 1-------0 EO (~) 
CIRCUITRY 

,...-----0 CLRDV 

i II XENo--------. 
DV 

i I I 
_ ...................................... J c ..................... . ,...-----+----0 HElCI928 

CHIP CLOCKS 
Dl 

lMO 

02 

08 

EN 

Vp GND NI633 

FIGURE 1: SSI 75T202 Block Diagram 
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group. The band-split filters are actually band-stop filters 
to maintain all frequencies except the other tone-group; 
this is done to maintain all analog information to enhance 
speech immunity but not allow the other tone group to act 
as interfering noise for the band being dete,~ed. ,These 
band-stop filters have ''floors'' that limit tHe amount of 
tone pair twist which further enhances speech immunity. 
See device data sheets for acceptable twist limits. 

ZERO-CROSSING DETECTORS 

The output of each band-split filter is ampRfiedand1imited 
by a zero-crossing detector (limiter). The function.ot the 
zero-crossing detector is to produce a squarew,ve at the 
prime frequency emanating from the band-split filter. If a 
Aure tone is not presenJ" aSitlttle Ci;l$(tof vo!~ ,PI oth.~r 
interfering noise, a rectangular wave with a variable 
period will result. Proportional to the interference,1he 
limiter output power is spread over a broad frequency 
range as the zero crossings "dither." When a high level 
of noise or speech occurs, no single bandpass filter pair 
will contain significant. power long efiotJgh to result in a 
tone detection. On the other hand. when a pure DTMF 
tone exists 'with acc~ptable hO'ise leVies, th~ output ofthe 
IimiterwilltnothavEJ anysigtiificant ditherl~md'tone detec­
tion will oCCur: The zero-croSSing detector also acts as 
AGe (Aufbrnatic Gain Control) in that the output ampli­
tude-is'independent of input amplitude;-this additionally 
establishes an acceptable signal-to-noise'ratio not de­
pendent on tone amplitude. 

B~NDP.A,~S '1-': TERS &,AMPLITUDE DETECTORS 

The bandpass filters perform tone frequency'discrimina­
tion. Their res~nses are taitoted so that if the frequency 
of the limited square wave'from thezero"crossing detec­
tor is within the tone frequency tolerance, the fitleroutput 
wilt>9xceedthe amplitude detector threshold. Theampli­
tude detectors are interrogated periOdically-by the digttal 
control circuitry to acertain the presence of only.'()ne tone 
in each band' fOr the required duration. In a similar 
fashion, valid pauses' are measured by the absence of 
valid tone pairs for the specified time. 

TIMING: AND' LOGIC, 

During the quaiification process, the' output decoder 
gererates the proper digital code for the received OTMF 
tone pair. Afterthefidelity and duration oftt"!is signal have 
bee~ verlfied.~the tirtling circuitry latches this code into 
the output register and raises the 'data valid (DV) ,~~ag. 

t~e Qr\ty preCiSion exfernal elem~nt needed for the SSI 
OtMF Rece;vers. is a 3~58 M,f:-Iz parallel re~onant crystal 
(color-bur~f'frequency) wit,h a .01% tqleranceforthe on­
board oscillator. A 1 Mel 10% resistdr sho(dc;S be con­
nected In parallel with the crystal. This generates J~e 

precise clock for the filters and for the logic timing and 
'control of the chip. 

CIRCUIT IMPLEMENTATION 

Standard CMOS technology is used for the entire circuit. 
Logic functions use standard low-power circuitry while 
the analog circuits use precision switched-capacitor­
fllte~ te,chnology. : 

HOW TO USE THE SSI DTMF RECEIVERS 

PRECAUTIONS 

Although static protection devices are provided on the 
high-impedance inputs, normal handling precautions 
,obsel'\{ed for CMOS devices should be used. 

All-CMOS parts a re, prone tcfa de'structive latch-up mode. 
This behavior is inherent to these parts due to their 
physical structure. The latch-up mode can best be 
described as a low impedance, high current state existing 
between tbe power SL.JppJy connections on a CMOS chip. 
This is also referred'to as triggering of. para$iti¢ SCR 
behavior. ' 

The;most cO,mr:noncause of ~l'Ia.Ch-up mode i$,operating 
a CMOS part outside its rated power supply \(oJJage. This 
over-voltt:l-Q" neeq' ~ot ,be ~gpJied at ,power' supply pins 
0IJAY to cause latch-up .. ~atch-up can o~~lff when over­
vo'ftage:i~ appllec;i at any inputoroutpu~., Forth~ SS.f~Tf\KF 
Receivers & Transpeivers. the'll?ill vol~ag~s ~~oUld be 
constrained to the range betwee.n VN - 9,5,Y. and VP + 
O.SV (except the analog input pin whose conditions are 
discussed below). Clamping ~tiodes should b.~ utilized 
wherever necessary to ensure that voltage ratings are 
not exceeded. 

Another cause for latch-up is fast dv/dt transients affect­
Ing the chip. These transients are encounteredin appli­
cations that requir~ the connection/~isconnection of ~'Iiye" 
boards. While these applicqtlonsare very rare and their 
implementatio~ is best aVQided, it, must be mentioned 
that whenever they are nece~saJY.,~hey present a severe 
environment for CMOS parts. " Care must be taken in 
such instances to ensure that ground pJan~ and r~ilsare 
connected first and disconected last. This will gO a 'long 
way in eliminating voltage transients. . 

Voltage transients that exist oR'power lines must also be 
eliminated., High voltage transients caused by switching 
of high"current devices can wigger latch"up.High fre .. 
quency decoupling, is a requirement for the proper opera­
tion of the SSI DTMF devices. A O.01J.1F to a 0.1J.1F 
ceramic decoupling capaCitor should be connected to the 
power supply pin at the Chip. 

D"FMF Receiver ·~pplicat.lgn Gul.de • 
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OPEN COLLECTOR INTERFACE 

FIGURE 2: Interface Circuit for Conversion from TTL Output Levels to 12V SSI DTMF Input Levels 

POWER SUPPLY 

Excessive power supply noise should be avoided, and to 
aid the user in this regard, power supply hook-up options 
are provided on some devices. 

Since the digital circuitry of the devices possess the high 
noise immunity characteristics of CMOS logiC, it is the 
analog section tliat is affected most by power supply 
noise. On those 551 DTM F Receivers that have separate 
Analog Negative and Digital Negative supply connec­
tion~ (grounds), namely VNA and VND, an unfiltered 
supply may be used at VND. It is necessary that VND and 
VNA differ no more than 0 .5V. 

The analog circuitry of the devices require low power 
supply noise levels as specified on the device data sheet. 
The effects of excessive power supply noise are de­
creased tone amplitude sensitivity and less tone detec­
tion frequency bandwidth. Power supply noise can be 
significantly reduced by decoupling the chip with a 0.1 ~F 
ceramic capacitor. Power supply noise effects will be 
Slightly less' if the ana10g input is referenced to VP. This 
Is normally accomplished by connecting VP to ground 
and utilizing a negative power supply. 

DIGIT~L INPUTS 

The digital inputs are directly compatible with standard 
CMOS logic devices powered by VP and VN (or VND). 
The Input logic levels should swing within 30%otVP or 
VNto insure detection. Any unused input must be tied to 
VN or VP. Figure 2 shows a method for interfacing TIL 
outputs to 12V 551 DTMF Receivers. 

ANALOG INPUT 

The analog input is the signal input pin for the devices, 
and is specially biased to facilitate its connection to 
external circuitry, as shown in Figure 3. The signal level 
at the analog input pin must not exceed the positive 
supply as stated on the device data sheets. If. this 
condition cannot be guaranteed by the external circuitry, 
the signal must be AC coupled into the chip with a .01 ~F 
± 20% capacitor. , 

ANALOG INPUT NOISE 

The 551 DTMF Receivers will tolerate wide-band input 
noise of up to 12 dB below the lowest amplitude tone 
component during detection of a valid tone pair. Any 
single interference frequency (including tone harmonics) 
between 1 kHz and 6 kHz should be at least 20 dB below 
the lowest amplitude tone component. Adherence to 
these conditions will ensure reliable detection and full 
tone detection frequency bandwidth. Because of the 
internal band limiting, noise with frequencies above 8 kHz 
can remain unfiltered. However, noise near the 56 kHz 
internal switched-capacitor-filter sampling frequency will 
be aliased (folded back) into the audio spectrum; noise 
above 28 kHz therefore should below-pass filtered with 
a circuit as shown in Figure 4 using a cut~off frequency 
(/c) of 6.6 kHz. . 

f\ 1 kHz cut-off frequency filter can be used on "normal" 
phone.lines for special applications. When a phone line 
is particularly noisy, tone pair detection may be unreli­
able. A 1 kHz low pass filter will remove much of the noi~e 
energy ,but m~intain the ,tone groups; however, a de­
creased speech immunity \'\Iitl, re,sult. Th,i,s usage should 
only be considered for applications where spee~h immu­
nity IS not important, Sl)q~ as control paths that c'arry no 
speech. 
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FIGURE 3: Direct and AC Coupled Configurations 

Some DTMF tone pair generators output distorted tone~ 
which the SSIOTMF Receivers niay not detect reliably 
(inexpensive extension teleph()n~fV areah example). 
Most of the interfering harmonics of these maybe re­
moved by tfr~ use of ~?,kHzlow-pass fifteras iii, Figure 4. 
Some speeth immunity degradation will result. It should 
be mentioned that when using low-pass filters, a higher 
cut-off frequ~ncy will preserve more of the speechimmu­
nity advantages. 

The 5S1 OTMF=· Receivers provide SUperior speech im..; 
munify and ·noise rejection .. The analog ·signals are 
subjected to stringent criteria and rigorous qualification in 
order to assure that only true DTMF tone pairs are 
detected and decoded properly. Stray signal and noise 
with sufficient amplitude will cause a DTMF receiver to 
disqualify a DTMF tone pair. 

Such a condition can be occasionally encountered when 
using DTMF "beepers." Beepers are normally used to 
transmit DTMF signals from dial-pulse phones. It has 
been obserVed,that the non-linearity in the response of 
carbon microphones in telephone handsets introduces 
intermodulation products, which actually produce new 
frequency components. These components happen to 
fall direclty into the useful bandwidths of some of the 
basic tones that the receiver must detect. Because of the 
presence of these components (normally referred to as 
third-tone) with a valid DTMF tone, detection is disabled. 
To inhibit the more common higher frequency third tones 
from arrivingto the receiver, the circuit showniAFigyre 5 
is suggested. 

TE,LEPHONE LINE INTERFACE 

In applications that use an SSI OTMF-Reeeiwer.\todecode 
DTMF signals from atphonf,)1~ine. a··f)AA(Direct AcceSS 
Arrangement) mllst be implemented.. . Equipment . ifl;. 
tended for connection to the public telephone network 
must compJywith and ba registere~( in accordance to 
FCC Part 68. For PBX applications refer to E'A'JStandard 
RS·464. ~- .-,-, 
So":,e o~ the basic gui~lines are:., 

1') ~aximum VOltage' ardcurre,nt~, ,ratings of th.e 
SSI DTMF Receivers must not be exceeded; thiS 
calls for protection from ringing voltage: if appli­
cable .. which ranges 'from 80 to 120V RMS over a 
20 to 80 Hz frequency range. 

2) The interface equipment must not breakdown with 
high-voltage transient tests (including a 2500V 
peak surge) as defined in the applicable docu-
ment. ) 

3) Phone line termination must be less than 2000 DC 
and approximately 6000 AC (200-3200 Hz). 

4) Termination must be capable of sustaining phone 
li~e Ilop current (off-hook condition) which is typi­
cally 18 to 120 rnA DC. 

5) The phone line termination must be electrically 
balanced with respect to ground. 

6) Public phone line termination equipment must be 
registered in accordance to FCC Part 68 or con­
nected ,through .registered ptQtectlon,.circuitry. 
Registration typically tak~s about six months. 
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FIGURE 4: Filter for Use In Noisy Environments 

Ready made DAA devices are also available. The 551 
73M9001 is a DAA Micromodule housed in a 30-pin DIP 
footprint. 

Figure 6 shows a simplified phone line interface using a 
600n 1:1 line transformer. Transformers specially de­
signed for phone line coupling are available from many 
transformer manufacturers. 
Figure 7 shows a more enhanced version of Figure 6. 
These added features include: 

1) A 150V surge protector to eliminate high voltage 
spikes .. 

2) A Texas Instruments TCM 1520A ring detector, 
optically isolated from the supervisory circuitry. 

3) Back-to-back Zener diodes to protect the DTM F 
(and optional multiplexer Op-Amp) from ringer 
voltage. 

4) Audio multiplexer which allows voice or other 

51K 

audio to be placed on the line (a recorded mes­
sage, for example) and not interfere with incom­
ing DTMF tone detection. 

OUTPUTS 

The digital outputs of the 551 DTMF Receivers (except 
XOUT) swing between VP and VN (or VND) and are fully 
compatible with standard CMOS logic devices powered 
from VP and VN. The 5V DTMF devices will also 
interface directly to LSTTL. The 12V DTMF devices can 
interface to TTL or low voltage MOS with the circuit in 
Figure S. 

Data Outputs DS, D4, D2 and D1 are three-state enabled 
to facilitate interface to a three-state bus. Figure 9 shows 
the equivalent circuit for the data outputs in the high 
impedance state. Care must be taken to prevent either 
substrate diode in Figure 9 from becoming forward bi­
ased or damage may result. 

ANALOG IN 551 
DTMF 
RCVR 

VCC o-_01\1'~I\I ____ "" 1\1\ ---

O.0082~F I 

FIGURE 5: Filter for Use In Environments where a Third Tone Exists 
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TIMING 

Within 40 ms of a valid tone pair appearing at the DTMF 
Receiver Analog Input, the Dat~Outputs D8, D4, D2 and 
D1 will become valid. ,Seven microseconds afterthedata 
outputs have become valid DV will be raised. DV will 
remain high and the outputs valid while the valid tone pair 
remains present. Refer to individual data sheets for the 
timing of signals. 

SYSTEM INTERFACE 

Provision has been made on the SSI DTMF Receivers 
(With the exception of SSt 75T204) forhandshake inter­
face·with an outside monitoring ~steRl.; In this mode, the 
DV strobe. is" polled py the mOnitori"o sysiem at least 
once every 40 ms to determine whether a new valid tone 
pair has been d,etec~ed. If OV is high, the coded data is 
stored inthe monitoring system and the CLROV is pulsed 
high. With some syst~ms operating in tne handshake 
mode, it may be desirable to kAOW when.a valid pause 
has ~urred. Ordinarily this would be indicated by the 
falling edge of DV. However, inthe handshake mode. OV 
is cleared by the monitoring system each time a new valid 
tone pair is detected ~d, therefwe., e;JflJiIot be usecMo 
determine when a valid pause is detected. The detection 
of a valid pause' in this case may be observed by 
detecting the clearing of ,the Data Outputs. Since, in 
hexadecimal format (the mode normally used with a 
hanctshake interf~Qe)~' the all zero state represents a 
commonly unused tone pair (0). the detection of a vaHd 

TIP] 

RING· . 

1 :1 
600n 

_----I ANALOG 
INPUT 

SSIDTMF·)'" 
RECEIVER' 

'FIGURE 6': S1fn'Pllflld Phone"Llne Inre1'face 

pause may be detected by connecting a four-input NOR 
gate to the device outputs and sensing the all zero state. 

TIME BASE 

The SSI OTMF Receivers contain an on-Chip oscillator 
for a, 3.5795, MHz parallel resonant quartz crystal or 
ceramicr~sorjator .. ,The crystal (or resonator) is p,aced 
between,XIN .and XOUT in parallel. with.a 1 MQ. resistQr. 
~hile .X~~' is ~~d ;hi.q~~ Since .~e s~itched-C~R~~j(~r­
filter tIme base .. J$ derived from .the osciflator, !fle'tone 
detect band tre4uency tolerartceiS proportional to the 
time base tolerance. The SSI DTMF Receiverfrequency 
response and timing is guaranteed with a time base 
~ccuracy of~t leas't± 0.01%~ To obtain this accuracY'the 
crs Part No. MP036 or Workman Part No,CY1~C or 

T~o-~----~~----------~~~ __ 

2.2kQ 

.47"F, 
200V 

TI ' 
TCM 1520A 

RING" 
DETECTOR 7 

..:.::E' 1S0V 4 

ISOLA TED OUTPUT 

RING o----'----ilf---------...J 

ANAlOG 
INPUT 

SSIDTMF 
RECEIVER 

FIGURE 7: Full Featured ' Phone Llne,in,terface 
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5V 

FIGURE 8: SSI12V DTMF to TTL Level Interface 

equivalent quartz crystal is recommended. In less critical 
applications a suitable ceramic resonator may be imple~ 
mented. 

The use of a ceramic resonator requires the addition of 
two 30 pF ± 10% capacitors; one between XIN and VN (or 
VND) and the other between XOUT and VN (or VND). 
Extra caution $hOUld be used to avoid stray capac~ance 
on the resonant circuit when using a ceramic res'onator 
instead of a quartz crystal. ' , 

When the oscillator is connected as above· and XEN is 
tied high, the ATB (Alternate Time Base) pin delivers a 
square wave output at one-eighth the oscillator fre­
quency (447.443 kHz nominal). The ATB pin can be 
converted to a time base input by tying XEN low; ATB can 
then be externally driven from another device such as the 
ATB output of another DTMF. No crystal is required for 
the ATB input device; XIN must be tied high if unused. 
5everal 551 DTMF Receivers can be driven with a single 
crystal (refer to device data sheet for fan-out limit). 

XOUT is designed to drive a resonant circu~ only and is 
not intended to drive add~ional devices. If a 3.58 MHz 
clock is needed for more than one device and it is 
desirable to use only one resonant device, an outside 
inverter should be used for the time base, buffered by a 
second inverter or buffer. The buffer output would then 
drive XIN of the 551 DTMF Receiver as well as the other 
device(s); XOUT must be left floating and XEN tied high. 

DIAL TONE REJECTION 

The 551 DTMF Receivers incorporate enough dial tone 
rejection circuitry to provide dial tone tolerance of up to 
o dB. Dial tone tolerance is defined as the total power of 
precise dial tone (350 Hz and 440 Hz as equal ampli­
tudes) relative. to theJowest amplitu~;te ton.e in a validton~, 
pair. The filter of Figure 10 may be usep, for further dial 
tone rejection. This filter exhibits an· e~liptic higtlpass 

Vp 

1'1 

SSl75T20, 
OUTPUT PIN 

FIGURE 9:Equlvalent Circuit of SSIDTMF Receiver 
Data Output In High Impedance State 

response that provides a minimum of 18 dB rejection at 
350 Hz, and 24 dB rejection at 440 Hz so long as the 
component tolerances indicated are observed. The 
DTM F on-chip filter rejects 350 Hz at least 6 dB more than 
440 Hz. Therefore, employing the' filter of Figure 10 
yields a dial tone tolerance of +24 dB. 

PRINTED CIRCUIT BOARD IMPLEMENTATION 

The 5S1 DTM F Receivers are analog in nature and 
should be treated as such; circuit noise should be kept to 
a minimum. Tobecertainofthis, all input and output lines 
should be kept away from noise sources (high frequency 
data or clock lines); this is especially true for the Analog 
Input. Noise in the ground or power supply lines can be 
avoided by running separate traces to supportive logic 
circuits or by running thicker (lower resistance) busses. 
Capacitance power supply bypassing should be per­
formed at the device. Referto the Power 5upply section 
above. 

PERFORMANCE DATA 

A portion of the final 551 DTMF Receiver device charac­
terization uses the Mitel CM7290 tone receiver test tape. 
The evaluation circuit shown in Figure 11 was used to 
characterize the' 551 75T201. The speed and output 
level of the tape deck must be adjusted so that the 
calibration tone at the beginning of the tape is at exactly 
1000 Hz and 2V rms. 

The Mitel tape tests yield Similar results on all of the 
551 DTMF Receivers. Test results for the 551 75T201 
are summarized in Table 2. In short, the measured 
perf~rmance data demonstrates that the 551 DTMF 
Receivers are monolithic realizations of a full "central 
office quality" OTMF Receiver. 
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TEST. RESULTS 

2a,b B.W. = 5.0% of fo 

2c, d B.W. = 5.0% of fo 

2e, f B.W. = 5.3% of fo 

2g,h B.W. = 4.9% of fo 

2i, j B.W. = 5.G%of fo 

2k, I B. W. = 5.3% of fo 

2m,n B.W. = 5.3% of fo 

20,p B.W. = 4.80/0 of fo 

3 160 decodes 

4 Acceptable Amplitude Ratio (Twist) = -19.1 dB to +15.2 dB 

5 Dynamic Range = 32.5 dB 

6 Guard Time = 23.3 ms 

7 100% Successful Decodes at N/S Ratio of -12 dBV 

8 2-3 Hits Typical on Talk-Off Test 
, 

TABLE 2: Mltel #CM7290 Tape Test Results tor SSl75T201 (Averaged for 10 parts) 

APPLICATIONS 

CREATING HEXADECIMAL "0" OUTPUT UPON 
DIGIT "0" DETECTION 

To be consistent with pulse-dialing systems, the SSI DTMF 
Receivers provide a hexadecimal "10" output upon the 
detection of a digit "0" tone pair when in the hexadecimal 
code format. However, some applications may instead 
require a hexadecimal "0" with a digit "0" detection. The 
circuit of Figure 12 shows an easy method to recode the 
hexadecimal outputs to do this using only 4 NOR gates. 

Note that this circuit will not give proper code for the II * ", 
"B", or "e" digits and will cause both digits "0" and "0" to 
output hexadecimal "0." This circuit should therefore be 
considered for numeric digits only. The output code 
format is shown in Table 3. 

This circuit is useful for applications that require a display 
of dialed digits; the digit display usually requires a hexa­
decimal "0" input for a "0" to be displayed. 

16-CHANNEL REMOTE CONTROL 

OTMF signaling provides a Simple, reliable means of 
transmitting information over a 2-wire twisted pair. The 
wrnp.let~,,~ql:l~!!l~tic oUJ?~2!lanneLr~!!lo,~~ c9.n~r9I,is . 
shown in Figure 13. When one of the key pad buttons is 
depressed, a tone pair is sent over'the·tr:ansmission 
medium to the SSI OTMF Receiver. 

osl---4t------\---

os 

~~~~~-----------------------------~~ 

SSI 
OTMF 

RECEIVER 

LOGIC 0 

D2 

011------------------------------001 
EACH NOR GATE 1/4 OF 4001 

FIGURE 12: Hex "0" Out with Digit "0" Detect 
Conversion Circuit 

The 4514 raises one of its 16 outputs in response to the 
4-bit output code from the OTM F. The output at the 4514 
will rem.a..!n h,.igh unti.! the next butt()~ .. i~ depressed. 
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Hexadecimal " Hexadecimal & FIgiJre12 Clrcult 
Digit 08 04 02 D1 Dlgft' :08 " 04 D2 01 

1 0 0 0 1 1 0 '0 0' 1 
2 0 0 ; 1 '0 2 0 0 1 0 
3 0 0 1 1 3 0 0 1 1 
4 0 1 0 0 4 0 1 0' 0 
5 0 , 1 ,0 1 0 0 1 0 1 
6 0 1 1 ,Q 6 0 1 1 0 
7 0 1 1 1 7 0 1 1 1 
8 1 0 0, 0 8 

, 
1 0 0 0 . ,; 

9 1 0 0 1 9 1 0 .0 1 
0 1 0 1 0 0 0 0 0;. ; 0 . 1 0 1 1 * 0 0 e 1 
# 1 1 0 0 #' 1 1 0 0 
A 1 -1 0 1 A 1 1 0 1 
B 1 1 1 0 B 0 1 0 0 
C 1 1 1 1 C 0 1 0 1, 

0 0 0 0 0 0 0 0 0 0 

TABLE 3: Output Code of Figure 13 
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The circuit shown in Figure 14 can be used to conv~rt the 
binary coded 2-of-8to th'9 actuaI2-of-8 code (or 2;;of-7 if 
detection of 1633 Hz tone is inhibited). The output data 
will be valid while DV is high. If it is desired to force the 
eight outputs to zero when a valid tone is not present, DV 
,should be inverted and connected to both E-NOT inputs 
of the 4555. . 

DTMF TO ROTARY DIAL PULSE CONVERTER 

'The 2-of-8 output of Figure 14 can be'modified to inter­
face with a pulse dialer as shown in Figure 15. If a 12V 
DTMF is used the 40.49 will translate the 12V outputs to 
the 5Vswings required for the MK5099 pulse dialer. 

Figure 16 shows the interface for adding pulse detection 
and counting to a SSI DTMF Receiver. 

The loop detector provides a digital output representing 
the telephone loop circuit "make" and "break" condition 
associated with rotary pulse dialing. For the circuit of 
Figure 16, ground represents a "make" and VP a "break." 
The loop detector feeds dial pulses to IC-1, a binary 
counter, and to IC-2A, a re-triggerable "one-shot." When 
a dial pulse appears the Q1-NOT output of IC-2A imme­
diately goes low, resetting IC-1. The clock input to IC-1 

Vp 

6 

2 HlB28 
Vp 

XOUT 

-=- 3 EN 

16 XEN 

XIN 

SSlOTMF 
RECEIVER 

5 INUI33 08
20 

19 eLROV D4 21 

INPUT 12 ANALOGIN 02 22 

13 VNA 01 
1 

4 VNO 
ORVN 

011 

18 

-=-

is detaye'tl tJyA1-C 1 so that' resetan<tcount input do not 
overlap. The binary outputs of 'iC-1 will reflect the pulse 
count and 0.2 seconds after the last pulse the Q1-NOT 
output will go high. C3-R3 differentiate this pulse and 
clock the output latCh, IC-3, holding the output pulse until 
the next digit. 

The 0.2 second timeout of IC-2A indicates the end of dial 
pulsing since even a slow (8 pps) dial wOllld input another 
pulse every 0.125 seconds. The binary'outputs of IC-1 
are paralleled with those of the'SSI DTMF Receiver 
circuit through diodes to the inputs of IC-3. A pulldown 
resistor is necessary on each IC-3 input pin. IC-1 must 
bea binary, not BCD, counter. 

With a 4175 for IC-3 the output data is latched until the 
next valid input, whether from a rotary dial or dual tone 
instrument. A unique situation exists, however, when 
going on-hook. The loop detector will output a continu­
ous level of VPwhich would trigger IC-2A and put a single 
count into IC-1. A high level from the loop detector also 
turns on Q1, pulling the clock input of IC-3 to ground. 
Since the loop detector output will be low at the comple­
tion of dialing, all outputs are valid even when the 
telephone is placed on-hook, an important consideration 
if output data is recorded. 

3.579545 MHz 

.-----"t-tB 00 

1! 01 

03 

697 

770 

852 

941 

1633 

Vp 

'------------.OV 

FIGURE 14: Touch-Tone™ to 2-of-8 Output Converter 
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FIGURE 15: Touch·Tone™ to Rotary Dial Pulse Converter Adding Rotary Dial Pulse Detection Capabilities 
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FIGURE 16: Adding Pulse Detection and Counting to the SSI DTMF Receiver 
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Usingaseriatpacketcontrollei' as a vlrtua! UART,'a 
perSonal'computers'COM pnrt can accepfmo'St·syn­
chronotisor asynchronotiscdmmuniCBtions protoCOls, 
while stiD looking to the PC host:fJke~ a dGnvenfional 
asynchrofilGus- U:ART. Ihis note will elPlain the·taeh" 
nology ·and .shawbow it eaJ(t be used in atypical 
application. The . application chosen is that. of. a fiber 
optic link to anothercomputer.at.datarates of up to 1.2 
Mbitls. 

Applications for a virtual UART stretch tHe imagination. 
It can be an Input/Output controHer for any PC or 
workstation, regardless of the operating system. When 
built into a modem, it gives incredible deslgn·tlexibility. 
ForprototMP;ngof,communications links, iUs a wonder­
ful e",ul,~tor. F~r; ~~d WAN, appfic"i~ns, il is a 
powerf~ pacJ<~tcontro~et.,lt isalsq(.!dealcfor multi­
taskil1g!~ppl~C;!tjp~s S':'OO a~a'IQwin9 *~e PC tQ com­
ml,Jnicate wtlill-another dev.lee, while simultaneously 
running a nofl .. communi~atlons pirogram. . 

This unique functionality is embodiett in ·the' Silicon 
SVSlfml,S' ssa :Z3AA659Seri~! Papket COlltroller (SPC). 
To _he ~qttost.,tn~ 6!)0 ~ays, looks like a com,mon 
S50{l(pe' asynd'ttonofjs UAflT" but. tQ a device com­
municating with the PC, th" 650 can emulate virtually 
anything, including an 8530-type USART. With 
Manchester encode/deCode capabHity, the 650 can 
even be used with fiber-optic communications links. 

USlft9

g' :'.,' anf,S~SI'~ 13M .. ' 850 
... " 

S8rial,:'PaCitet ·OOhtreUe't 

. ':;,{'" ,1)1 r, i:~ '~ 

December 1992 
, . ./ 

In add.jlion to, 'Manche$t~re.ncoding, the ~50ai~o 
support~ NRZ. NRZI andfM.. &;ncoding. .~ir1cet~.e 
dev. ice is i~eal for lapt~p, or portable. PC apP.lications, 
ftin~lUdesapoWer-doWnmodetoe~tenctmetompu18r's 
battery Iife.lnheapplicationcal~forV~42err6rcontrdr, 
the650 'includes32~bitCRC'errorcheekingforfull V:42 
compatibility. : . 

" 

OPERATING MODES 

The first step in designing with the 650 is selecting the 
mode of operation. Two basic modes are available: 
Single-processor anddl;l8l-processor (Figure 1). Single­
processor (see Figure 2) can be broken down further 
into two basic architectures. which will bEfCflscussed in 
the section on design decisions. 

Prirrtary ~~ong ~he r~aso,,"~ for, using ~ t;ingl~proce~­
$()r~es~~ iscostsavmgs;MO"'fevett~~capabl!!,,~.are 
1arlnore limlted than with adual;.processordesrgn{see 
Figure ~)~ The singfe-processorCQnfiQUration mu~t,b~ 
d~~icatedto asingte ~Sk. n ~ust'share th,e, ~ost C'~U. 
In 'most .pp11c;atibns it is Iimited'tQ' a data tatl9of~600 
bitslS due to the inte{fUPt:handHng UmilsOf thetto~t cpo. 
And~ while it is compatible with the v.22bis'd~ta oom­
mu~icatiW,lS standard, inCluding comp!'SSi~n, .it o~n 
not be used in deSigns requiri~g complibnce with mote 
advanced specifications, such as V.32 and'V.42bis. 

2 

/ Local pP " /"-
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CPU 
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Interface 
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1 
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16550A 
Registers Single-Channet 

8530SCC 

1) Dual Port Only 

2) Single Port Only 

FIGURE 1: . SS.?3M650. 'BloCk Diagram 
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OPERATING MODES (continued) 

V.32 Isa 9600 blVs modem data pump modulation 
standard. V.42bls is a CCITT compression standard 
t~at,is capable of up to 4:1 compression ratios. 

Oual-proc~ssordesig!1s offer the increased flexibility of 
multi-tasking. However. it, also requires a dedicated 
microprocessor. albeit an inexpensive one. Much higher 
data rates can be handled. and compatibility can 'be 
achieved with standards such as: 

• V.32 with compression 
• V.32 at 9600 bit/s 
• V.32 bis at 14j400 bitls 
• V.42 bis with 4:1 Compression 
• V.22 bis at 2400 bltls 

Single-processor decisions 

If the single-processor mode is selected. several ques­
tions must be asked by the designer. The first has to do 
with the method of addressing the part. There. are three 
addressing modes for the 650: 550; 8530; and 8530 in 
the 550 address space. The method of addressing that 
is selected depends upon the host software being 
used. If it expects to see a 550 UART, the 550 address­
ing mode must be used. Likewise, the expectations of 
the host software will also determine if either of the 
other two modes is correct. ' . , 

Separate addressing and chip-select pins are avail­
able for the 550 and 8530 blocks. When the 8530 must 
be addressed in the 550 address space, the chip 
selects for both blocks have to be wired together. In 
addition, an external device, for example, an intelligent 
data pump, may be mapped into the same address 
space as the 550 register set. 

~--c 
1 550 .... 
I --.. 

1-8530 

a 

\ " 

Next, the designer needs to know whether the 650 
will address external devices within the 550 address 
~ace. If the designer wishes to ,utUizethe 650's internal 
decoper to address external devices., the external 
devices must be compatible with the bus timing 
produced by the 650,,_ " 

Finally, the designer must decide whetherto configure 
the 650 in a mailbox mode, utilizing the 550'block's 16-
byte FIFO as a mailbox. In a maHbox mode, applica­
tions are possible where the 550's register set is 
requited to interface to standard software, but the 
additional functionality of the 8530 is required for either 
synchronous communications or data compression. 

Dual-processor decisions 
The main advantage of the dual-processor mode is the 
addition of a dedicated microprocessor to control the 
650. A simple inexpensive 8-bit microprocessor can be 
selected, such as an Intel 8051 or comparable part. 
With a dedicated microprocessor, it is nOlongerneces­
sary to steal cycles from the host PC CPU to control the 
synchronous section of the 650. 

As can be seen in Figure 4, along with the dedicated 
microprocessor, comes buffer storage (RAM). If a lot of 
buffer storage is required for the application, inexpen­
sive dynamic RAM is suggested. 

For the particular application under deSign, a decision 
has to be made about how much buffer storage is 
required, and what type of buffer storage will be used. 
The minimum buffer size is one packet of data. How­
ever, several packets should be stored to improve link 
efficiency. From a flow-control standpOint, the buffer 
needs to store enough data so that, when a control 
word is detected, the control action can be taken at the 
proper point in the data 5 stream. 

~I ~ 550 

Hom{ ~ 
PC ' " 

·1 ~ 8530 

b 

FfGURE 2: Operation MOde Architectures 
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Here the amountm buffer storage is related to the data 
rate and the time required to provide t8 signal to the 
other end of the link. 

The destgnerneeds to determine whether the control 
code will be resident in1he dedicated mloroprocessor, 
orsomewhet:e'elSe'in-litet'systenl RAM. There are 
maintenanoe advantages to stGring control code in 
RAM and downfoading it to the· microprocessor. 

The ,next design decision is ~owto pass controlinfor­
niati6nfrom the host cpu to the dedicated microproces­
sor. It is advantageous to use the scratch register for 
loading data patl1 flow oontrol information. If the flow 
control i~formation is not put into the scratch register. 
it would have tobe loaded in the data path itself. tn this 
circumstance. additional intelligenoe is required to strip 
theflowcontrrol cOdes out of the data stream. and to act 
upoRthem; 

f:!naIJy,~.~i~~er nee4s. to decide whethert~ use the 
p~ ~nes, ~ tile .. ~ost. procesS?r.to speed up memory 
apcess, In most cases this will not be neoessary. 

DESIGNING. A HIGH-SPEED FIBER-OPTIC DATA 
NETWORK ' ' 

An' excellent example of.1he use of the 650 is In the 
I 

o o 

lJJiSiAg"ln~SS'lg Z3JV1'50 
Ser,iaIPatket~&ol1troller 

x 

desigm ofa laigh-Speed fiI!J.e~.optic data nelWmJJ. Tf\1is 
network ties together several IBM-cornpatibt9! pe ... 
sonal computers. as well as an assortment Qf,periph .. 
eral ~~vl~s. wh,~h c,an besl1a~ed Qn th~ netw9rk. 
PartiQijarly hig~r.~s" of,d~t~' {ransfera,{e )reql)ited, 
sll1Q,e l~rge graR'1fe'tiI~lhviQ be ~nt '~~urittmelihk,'tn 
order that (he,lase'r'printeralJd pfotteibi1 tfu~ lint,< can i)~ 
used to print thQsEtfl,les: . I :.l ' 

Rathe~ than using an expensive ,hub flt,e $:erver. tbe 
network will have a ring'confjgllratlenrw~lh flO;.central 
fite server (see Figure 5). Fiber-optic cable is the choice 
for the transmission-medium due to its inherent resis­
tanoeto RFI. 

To use oonventlonafcammunlcatlo'n software on the 
network. each station on the network must look like a 
550-type UART. A serial form of commufllcatron proto­
col-wHI be used'fot the devices to communicate to .. 
geth~. ThiS~~focqf wHlprovid~' ~~tordelection~and 
retransmission,' to 'iti'sufe that di:Ua'is tran&ferred with­
out· being corrupted; and 'the . protocot Wilt provide a 
means for equal sharing of the resources between the 
demands of the users; to prevent the network from 
being dominated by. tlle.eemands of a singlfMIsef. 

.-----~~- NRZDMa 

NRZI 

Bi-Phase Mark 

Manchester 

Data Clock 

o 

FIGORE'3: Methods of EnCOding 
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DESIGNING A HIGfI-SPEED FIBER-OPTIC DATA 
NETWORK 
(continued) 

Asynchronous communications protocol, such as 
$,D~C; will be used. since these 'Pf'QtoCOIS cont~ln the 
desired error-checking facilities. SOLe has the draw­
back of requiring a clock to recover data from the 
network. However. SOLC can be transmitted, with 
Manchester clock encoding to encode the data clock 
with the serial data. to allow the clock to be recovered 
at the receiver. Encoding the clock along with the data 
has the advantage that any changes in the timing, due 
to effects of bias distortion occurring on data transmit­
ted, will be performed on the Glock information stored 
in the data stream as well. This insures that the data 
clock will always have the same timing in relation to the 
data being transmitted on the network. When the clock 
is recovered from the data path, the data clock will 
always occur with the correct timing for the serial 
communication controller to sample the serial receive 
data. 
In orderrorthe standard PCs on the network to commu­
nicate with conventional softwarej they need to see a 
conventional 550-type UART. However, a 550-type 
UART is an asynchronous device that cannot under­
stand a synchronous protocol such as SOLC. Hence, 
some sort of protocol converter is required. The SSI 
73M650 is selected for this application, since it can 
. accept most any protocol and convert it to a signal that 
.: looks to the PC host like a standard 550-type UART. 

SELECTING THE MODE OF OPERATION 

Single-processor mode is not acceptable in this appli­
cation, since, in Single-processor mode, the 650 looks 
to the PC host like either a 550-type asynchronous 
UART or an 8530-type synchronous controller. How-

Host .. 
PC 

ever, Jt wHI not allow the PC-host to see a 550-type 
UART while the network sees an 8530-type synchro­
nous controller to accept SOLC. 

Therefore, dual-processor mode of operation will be 
used (see Figure 6), with a dedicated microprocessor 
and a RAM buffer. The built-in Manchester encoder will 
be used to transmit SOLC on a high-speed fiber-optic 
network. Although only 1 K of buffer RAM is needed for 
data and about 3K are needed for control code, 32K of 
RAM will be used. 32K of RAM is on~ of the smallest, 
least expensive modules that can be readily used. Both 
data and control code will be stored in the buffer, with 
the cOntrol code being down-loaded to the micropro­
cessor when needed. The sc~atch register in the 550 
block will be used t6 load the control code. 

To see how the 650 is used, look first at the data flow. 
Data that is loaded in octets in the 550 registers can 
then be read as Qctets by a control communications 
microprocessor from the ''back-end'' of the 550 register 
set. This data is normally moved into a temporary RAM 
storage location until there is enough data to form an 
SOLC data packet. The data is then moved from the 
temporary RAM buffer to the synchronous emulation 
block in the 650. The data is transmitted out In a packet, 
according to the protocol rules of SOLC loop transmis­
sion, with the synchronous controller forming the start 
flags and the data packet, with zero insertion per the 
requirements of SOLC loop protocol. The zero-in­
serted data is then encoded with the data-clock infor­
mation through the Manchester encoder circuitry in the 
650. The serial data stream is then transmitted to a 
fiber-optic driver for transmission over the link. When 
the last 8 bits of data is transmitted to the 650 by the 
control microprocessor from the temporary storage, 
the 650 transmits the correct frame check sequence 
and a required closing flag. 

FIGURE 4: Butler Storag~ 
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SELECTING THE MODE Of OPERATION,(contir1uad) 

In SDU~, all datais'transmittedfrom'one controller' 
which is deSignated the'master, t&slaVfjcontfoilers o~ 
t~'? ,oop.' ,Alfdata on 8'slave,SOfttroliat pa~ses from the 
teeeive ,0'11 to·theutransntil"polt.«lfthe controller fs 
aHtivsry ''O'J1fo.op;''the d'alQ,tnQlis reb'Sived is tectGIke'd 
and' fElttlnSFnttt'ed"w1ti'ta' one..;bit delay. ThiS ;one>lbit 
d~lay afloWs-dafa to 'be retimed te ret:Jucebias distot,. 
tio'Jlcaused' by the fiber-optic network. &ery,,'slav.e 
controller"I'Ss:se'S" 'tiaTa 'fllOm, it'$:,'<:}wn'iredeiVer,;10,dts 
lhternatttansmitter"topass to thEfnext stave controller 
down the line. The final slave controller'transmitsth~ 
packet of data back to the host controlle(srebeiver. 

SOLe AND,EOP FLAGS' _' . 

In an SOLe loop, th~ n~twOrk starts' with' the host 
con~rollerse,nding out an End Of Poll (EOP) flag. This 
is a flag thatlfoof,(slik§ ~norm~fflagof OH~1111 () , 07Eh 
but ""hicn!l~ modlfi~~~$lightly to 111111110.' 07fh (nOfe; 
in serjal,Co~lTJuniC'ar.ons tWe:t.:SB is transmitted first, 
andhencs'fhe ~it'pattern'is' SlltiwA rather than tWa 
actual binary Inym~1~ !hi~ EOPffafrlSused'by eaoh 
slave controltetto determine:when it Shomdtransmit-to 
the host controller. 

When a slave controller encounters an EOP flag, it 
changes the EOP flag to a normal SOLe flag and 
transmits a data packet to the tlost controller. When the 
controller is finished transmitting, the controller at­
taches the correct frame check sequence tFeS) to the 
data packet and closes the frame with an EOP flag. 

tJs,i~"t9,.al1aStt7~lMi6,50 
S:elrral, PacketJCOl1ltJO'lile1f 

.-,,-... ". & e._ ...JUt"" •• ! 

Since the first deteG~d [6QPi~~banged\t:ly,tlile~~ivel1 
tran~~itting slJv~ co,rltroll~r on Jhe ne~ork to. Sifl SOLe 
fl~g, ,arrM ~W~~r~~mc9~tro!rers ar:e.prevented4rom 
transrni"t~Q!,"~~~ ,,~~ EpP~ill ~e ~ertcOdtlteT~,d; Th~ 
(fown$tr~~ $Jave !t:OnttdIJer'rtliistwait until' at!'l!op 
is,' en~~,',up", "e,,~cl\: b,.",~~or,'~,",)~' C,h, ,n,'lili,olte, t.' f~' ~In,o~elt,t ''1(10,'' 
tran~r;nlt ~J~~pket, or ,dafa"to tfle' ho~t" .tplitt4lret~:A 
sbl've co~lrO,1fef isnort:ilaJly18Sftlctedftom trariSmiffittg 
10,r a s, et p,~rlo,', d OftiOl,'~ lif~e, r,a, ,"tram,' e fI~',',bee'h?Srii~Erd' 
tQ, ,pr~vent. d~,ninatibn' ~ Jfie netw~tk' by'Upsfr~iitri 
controllers. ~ ... ' , ;." ;' "', ' , ' '.:' 

In ournetworkja d~stinatiQnaddfess byt~j~tnmsmit­
ted first. followed by a sour.ce adcdfeQs:~yte. followed by 
a control byte tnatcontqins ~~1rafJle sequence number. 
The host sQft.ware re.qUir~)tl1& host to, aokrlQ,w1edge 
thereOf)ption f~omrt"e! sf:a.~es atl~st ogce'8vel} s~ven 
datailames. A Slave:d~ta,eQntroll~{·c.anm9t 'liWlsm.il a 
data packet to the hos~l1tl11i1~~last-s~.\tenc<;ta\~,a~ket$ 
hav~ ~~~n aCkn.~wl~~~,e.#fr~m ~he ~~t co,:,t~olle,~~ :r.~e 
hpst .c~ntrol~~r~III,rlot, ~~~.,~e,c1,g~'~~lave uhtil 'EO~ 
frarres are'd,et,cted ,~~~~.'af ~t{Elh~t:S recelr~t~ '.' Ii.' 

* '.... "<I' .j.&..~' ·trr ,,,' ., 'M 

The <ho~t r:ecei'leflwiU oflly, ci~Qtqan 1E0P s~quen~,qf 
two adjacent -J;OP.tlags,jI, a ;PIlOt,·tfaI'ilSffliSS'OA" ,was 
attempted by a slave controller. Receiving two adja­
cent EOP flags indicates aU slaves have had a fair 
chance to utilize the network. This method of arbitration 
prevents domination of the network by an upstream 

. slave controiler..." 

SLAVE 2 

FIGtJRE 5: SDbCiLQop'Transhttssion 
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Using this ,method of flow control, the host controller Data to be transmitted is read by the microprocessor 11 
can modutate the use of the netw9rk by any slave from the 650 through the 16-byte FIFO in the 550 from I I 
controller. If,data is being received fr~m an upstream the B channel of the synchronous controller. This data I ; 
controlle!;.~he hofsdt ma

f
y recei~el onlyTha. maxi imum of iS

t 
tran~erfreldl t~O R!,M for storage·IWhen the RdAM 

]"1 I 
sev~n p~ets 0 a~ rom a s ave. IS alows new s orage IS U , ,,,e microprocessor no onger r,ads. ata 
EOP flaQs to make their way to the receivers of t,he from the 550 FIFO, causing the host processor to wait. I 

downstre~m slave,controllers. These controllers may When a 256-byte packet ·of data is formed in the \ ! 
place data on the network with the destination to the storage RAM, the controller waits for a valid EOP flag. \.~ [I 

host controller, thereby using the EOP flag and chang- The controller will also send a packet of less than 256 I ~. 
ing the EOP flag to an SOLe flag When the host bytes when a receive FI FO time-out occurs, indicating . f 
controller senses more than one contiguousEOP flag that the host has no more data to transmit. Whena valid 11 
in its receiver, the'host controller can determine that all EOP is indicated by the 650 to the microprocessor, the (\ 
slaves have had an opportunity to utilize the communi- microprocessor adds a destination address byte, a f I 
cation channel. The host controller may then acknowl- source byte, a control byte and then data is transferred J.

11 
edge the oldest frame, or atl frames, from a slave to the three-byte transmit FIFO within the 650 synchro-
controller, allowing the slave controller to transmit nous controller. J! 
more data to the host controller. The microprocessor control software keeps a copy of 
The slave controlier software is very simple. The control- the data received from the host until a message is 
ler software consists of RAM buffer routines to store data received from the host coritrollerthat the data has been 
in RAM, which will be later transmitted, and a very simple received correctly. When an acknowledgement packet 
controller device driver to control the 650. The 650 does is received from the host controller, the, data is cleared 
most of the protocol work for the microprocessor. from the directory in the slave controller . 

. FIGURE 6:SSI13Nt660.S0LC LOQP 
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~ DATA FLOW THROUGH THE 650 (continued) 

If an acknowledgement packet from the host controller 
indicates that the data frame was received corrupted, 
the packet and all newer packets waiting for 
acknowledgement from the host, are transmitted back 
to the host controller. 

Using a fiber-optic network, with SOLC synchronous 
transmission protocol, and an SSI 73M650Seriai Packet 
Controller in each PC around the ring network, data can 
be transmitted at data rates of up to 1.2 Mbit/s.lf external 
clock recovery circuitry is used, this data rate can even 
be higher. 

PACKAGE PIN DESIGNATIONS 
(Top View) 
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Using an 551 73M650 
Serial Packet Controller 

For a complete SSI 73M650 data sheet contact. your 
local Silicon Systems sales office. 
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SSlt~73Q8330 
Ef'herftet TtihsceiVer Oemlt~Board 

DESCRIPTION 

The SSI 7808330 Demo Board is the evaluation 
vehicle for Silicon Systems' low power 78QJ330 
Ethernet Transceiver IC., This board ,is ~signe4o be 
connected tQ' ,1 0~~se;(2 thin coax alble that corQplies 
with the IEE~802.3 standard for Local Area Ne~orks. 
The board can be used as a transceiver unit and fled to 
a networkil\terface -board in through an AUl"cable of 
up to 50 meters in length. 

The SSI 7808330 works with thick coax Cable 
(10Base-5) but different connection hardware must be 
used in such an application. Contact Silicon Systems' 
appl.iCation engineering for more information. ~ 

'January 1993 

15-pin AUI cable. The AUt ca~le can be connected to 
a network interface board in tlte OTE. Please be sure 
that the network interface boarEi is p.-operly cPflfigured 
(either jumpers or software) to accept AUI (.externalj 
interface rather than an on-board (iritern~t 1 OBase~2 or 
10Base-T) interface. 

FEATURES 

• Evaluation board for low power 10Base-2/ 
10Base-5 transceiver 

• Provides AUlpon to connect to a network card 

Figure 2 shows a typical application with three systems • Jumpers for easy change of heBnbeat feature 
already connected to the Ethemet 10Base-2 ne\Work. 
The Ethernet, catile, is'then connected to the Qemo • : Test.PQlntsto measure data to/from DT,E USing 
Board at the' BNCconnector (BNC1). A' son StOpea'~:)'" 
termination resistor must be placed at last statioB ... Th& !I? , : 

three pairs of differentia. signals ·(01+/01- data int&the" -
OlE, 00+/00-data out oithe PTE and CI+/CI-control . 
into the OTE) are available at test points and at the 

BLOCK DIAGRAM 

AUI SS17808330 
ETHERNET 

GOA)( 
TRANSCEIVER 

FIGURE 1: SSI 78Q8330 Demo Board Block Diagram 

12-55 I 



.1"···· ,!~,.'. r. ." ,'I; 

,< "I'l.!'.,' ',' 

r;'h.~n:tcRiT~,,,~e.ly~, C,mo ~qa~d 

, BNC ''T'' 
CONNECTORS 

/ 
R058 COAXIAL 
CABLE (50Q) 

50Q TERMINATOR 

SSI 78Q8330 DEMO BOARD 

BNC 
CONNECTOR 

JP1 2-3 
JP2 2-3 
JP3 2-1 

AUI 
CONNECTOR 

SYSTEM 4 
AUI PORT 

FIGURE 2: Silicon Systems' Typical LAN Connection Using Demo Board 

TABLE 1 : Jumper Description 

JUMPER CONNECTION DESCRIPTION 

JP1 SQE-Disable Disable SQE (Heartbeat) Note 1 

SQE-Enable Enable SQE (Heartbeat) 

JP2 10Base-2 Thin-coax connection 

10Base-5 Thick coax connection Note 2 

JP3 Test Test mode Note 3 

Normal Normal mode 

JP4 Open Normal Note 4 

Short Insert 78Q termination resistor on CI+/CI- pair 

JP5 Open Normal Note 4 

Short Insert 78Q termination resistor on 01+101- pair 

JP6 Open An Ammeter can be used to measure Ie -9V supply current 

Short Normal 

JP7 Open An Ammeter can be used to measure OTE +12 volt current 

Short Normal 
.,., 
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S8:1 ,iSQ833& 
Ethe:Fnet Tran'sceiven Demo, )8:QarCl~ 

TABLE 1: Jumper Description (continued) 

JUMPER CONNECTION DESCRIPTION 

JP8 Open This jumper is used to monitor IC -9V supply voltage. Top 
pin is -9V (VEE) and Bottom: pin is GNO (YCC) , 

Short ILLEGAL CONNECTION i ) 

NOTE: (1) SeE (heartbeat) inserts a 10 MHz signal on the CI+/CI-lines at the end of each transmission. The 
signal is used by the OTE for checking the transceive:r. This signal is used bythe·OTE for checking 
the transceiver. This option must be disabled if the transc~i~r is connected to ~ repeater device. 

(2) Contact Silicon Systems CIPD Application Engineering for more information·on interface to thick 
coax (10Base-5). 

(3) Place jumper in NORMAL mode. 

(4) If on-board termination resistance is used, disconnect the AUt cable to avoid double termination. 

c.: 
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INTRODUCTION 
Ahal~9~lte~riQ"j$ a u"(~.rs~ fe~v;~re.rn~nt In, any ~ignal 
proa~~mg sy~tefD. ,rllter ~~slgn is no\'V mad,e"easy 
with the 'programmable filtets,from Silicon Sy~terns 
Jnc. Whelher,ttl$ 'tequiremeotis,a1jxed fllterirtd cHarac­
~ri.iii o~ s' prog~amrriabte l~spO~se, thil3. f~ilY of 
programmable filters offe~sdist~"Gtadvaf'!tage~ ()f de­
sign simplicity, accuracy, versatility and board space 
saving. Additional features, such as high' frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8001, cutoff 
frequen9Y programmable from 9-27,.MHz. 

VIN+' 
VIN-

VBP 

IFP 

VFP 

FBST 

SSJ'BJ~'&OjQ1~ 
progtamma~bltf:EledmJA1c Flher 

. "oec&m6~ 1992 

The objectJvesof this ~J2R:lic~ion note are: ,.." 
• ,'( To p~ei.~t a ~~soripti~n'~fthe ,S~l321f~oo,i':' 
• To discuss itS applicatibns i, , i! ;'. 

• To pre~~!1}," ~y~ica.1 fix~4.respons$de~ign , , 
• TnpliesentaprOgrammable re$l\lOfilse application 

", 

Vd_NORM+ 
VO_NORM-

VO_OIFF+ 
VO":OIFF-

VPTAT 

PWRON 

FIGURE It: Block iQJagram 
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,.. \ . ~ 

Si+ ,S 1.54203.j. 2.95139 
2.,95139 1.3t703 

S'+ S 1.68495+ 1.31703 

_"1-.:--_-KS_
2 
--r-- Transfer Function normalit~cf for c.o = 21t If) =,1,' 

S2..S1.68495+1.311703 le=euto,Htequeney. " " ' ........ __ .......... 
AN and AD.areadjusted for unity gain (0 dB) at f = .067 te 
Frequency'scaling s = s' 2 1t Ie 
Eq. for I~:~ 27 MHz, s = sI[21t) (27 x 106

)] 

FIGURE '2: ?he SS132F8001 Transfer Function 
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1.0", DESCRIPTION 
The SSI 32F8001 is a programmable 7-pole 0.05° 
equirlpple linear phase low passfil~er in a Silicon bipolar 
integrated circuit. Figures 1"and' 2 show the block 
diagram and the filter transfer function. 

The SSr32F8001 cutofffrequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets offilteroutputs are available: normal 
low pass output and differentiated low pass output. As 
an equiripple linear phase type filter, the filter outputs 
exhibit constant group delay in the pass band and out 
to 1.75 Ic. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The input and outputs of the SSI32F8001 are differen­
tial signals, requiring external AC coupling capacitors. 
The given transfer function shows the relationship 
between the input and the two sets of outputs. Typical 
differential input resistance Is 4 1<0. 

1.1 CUTOFF FREQUENCY PROGRAMMING',·, 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
9 - 27 MHz. It can be set by one of three methods: ' 

• A resistor can be inserted between the VPTAT 
and the VFP pins. This setting is only used for a 
fixed response design. The IFP pin should be left 
open. The design equation for this resistor value 
is: 

Rx (kO) = 27 1 Ic (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. A current source 
digital-to-analog converter (OAC), such, aathe 
OACF in the SSI3204661 Time Base Generator, 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy the current source OAe should be refer­
enced to the reference voltage at the VPTA t pin. 
The design equation for this current source value 
is: 

IFP (mA) = 0.0222 x Ic (MHz) , 

A design example is given, in Section 4. 

• A current sink input can be fed into the IFP pin. A 
1 kO resistor should be placed across the VPTAT, 
and the VFP pins. With a currel')t sink DAC, this 
design also allows a microcontroller to change the 
finer response dynamically. To achieve the highest 
accuracy and temperature stabntty, the current 
sinkOAC shQufd be referenced to the reference 
voltage at the VPTAT pin. The design equation for 
this current sink value is: 

IFP (mA) = 0.0222 x (27 - Ic) (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured at the cutoff frequency, can be programmed from 
o to 13 dB at Ic by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the OACS in the SSI 3204661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VPT AT pin for accuracy. 
The design equation for this control voltage is: 

VBP = VPTAT x (10A(FB/20) - 1) 13.46 where FB is in 
dB. 

Oesign example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI32F8001 

The ,SSI 32F8001 features excellent constant group 
delay. At Ic = 27 MHz, the group delay variation from 0.2 
Ic to Ic is less than 0.5 ns. Furthermore, the hi9tl 
frequency boostfunction does not affect th~ group delay 
variatioh.Group delay variation is within ±3% out to 
1.751.c. 

In additIOn to the normal low pass output, the SSI 
, 32F8001 also provides a<lifferentiated low pass output 

of the input signal. The signal delay is well matched to 
the normal output. 
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The SSI32FaOO1 prowdesa refeAmCe voltage VPTAT 
for the DAC references. Because.,tbe intemal filter 
control circuitry is referenced to VPTAT,'tfie Control 
curtentforfiltercutoffifrequency and control voltage for 
hlgh'frequency boost should be feference~ to VPT AT;' 

. " ., . 

The S$~32F8001 can be switChed into a sleep mode', 
dissipating: less than 3 mW, by a TTL input at PWRON. 

Two package'options are avaHableforthe'SSf32F8001 : 
1S!.lead SOLand 16~read SON~'T-he small feature size 
of the 16-lead SON package offers significant board 
space saVing. 

2.0 APPLICATIONS 
A programrriable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8001 offers a simple-to-use solution. The once 
complex design of cutofffrequencyor magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 

SSI!32f80Qt 
Programmable ElectroB(i'cFilter 

tradeoff. On~~plioat!(\)n isoonstant ~,ens;~ recerding 
for high capacity s,orage,pro~ycts. As t"'$ d~ta rate 
increases from the innertracks'to the outer tracks, the 
fil~er outoff~.trequeQOY ,oan ,be. soaleCliraoeordingly .. to 
maximize the signal-to-noise performance. The t:U9b, 
frequency boost function provides pulse sUmming' for 
accurateipufsedetectlon. ,', ( 

A programmable tiltel Q1ter~ a revol.ulloJ\tary approach 
to adaptive equalilatioll.:\ln;:sigqal transrnis~~C)nappli­
cations. an equalizationfilterisU$e.dwcombat~hannel 
distortion. The magnitude of chamleiltfistortioftiS often 
not known a p.~ori. AcJ~ptive eq\laliz~~ion qan dynami-. 
cally shape the equalization function: With an appropri­
ate exter:nal adaJ?~ive sens~ function, th~ c~f9~ fre­
quency and the highfrequeneyboostoftheSSI32F8001 
can be dynamically programmed through mictopro-
cessor control. ' ! 

3.0 FIXED RESPONSE DESI.GN 
PROCEDURE 

This secflOn sugge~fs some designglJilfttlines to apply' 
the SSI 32F8001 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with; 
no boost. The ratio of RB1 and RB2 determines the. 
amount of high frequency boost. 

1 NlC VO_DIFF+ t-
16 
__ 

C-t7 H VO_DIFF+ 

VO_NORM- HI--_~2 VO_NORM- VO_DIFF- 15 <18 H VO_DIFF-

VO_NORM+ ~t--_---i3 VO_NORM+ 

+5V 4 VCC1 

VIN- ~1--_~5 VIN­

VIN+ ,~ 6 VIN+ 

7 VBP 

8 FBST 

PWRON t-14 ___ ~ 

VPAT t-13 ___ -...~ 

NlC 12 

IFP 11 

VFP t-10 __ ~-c' 

GND 1-9 
..... _..--_--.--1 

32F8001 

FIGURE 3: The 32F8001 Setup as a Fixed Response Filter 
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SSlJaaFadDf, 
p,fjgfaml1nltJle-Electron'tc Fittefi 

3.0'iFIXED RESPONSE DESIGN 
~ROCEDURE (continued) 

Given fe, outoff frequency 'ihMHz, and FB, high 
fr~quency boo,st in dB:' 

• Rx can be calculated, as given in Section 1. 
Rx (kO) = 27 I fc (MHz) 
VoHage aeross Rx Is 0.33: VPTAT. The current 
through Ax is 0.33 (VPTAT I Rx). 
Rx' should be' between 1 kO to 3 kg, i.e., fC 
betWeen 9 MHz to 27 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB11 RB2 = 3.46/(10"( FB 120) - 1) - 1 

• Total current drawn out of the VPTAT pin should be 
limited to 2 rnA max. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin· should be left open. 

Vcx:~ 1 1 ~ 
C1 C2 

O.01J1.F T T O.1JI.F 

1 NlC VO_DIFF+ 
C3 

VO_NORM- H .2 VO_NORM- VO_OIFF-
C4 

3 VO_NORM+ VO_NORM+ ~ PWRON 

+5V 4 VCC VPTAT 

VIN-~ 5 VIN- NlC 

VIN+~ 6 VIN+ IFP 

7 VBP 

32FaOO1 

4.0 PROGRAMMABLE RESPONSE 
,DESIGN PROCEDURE 

This section suggests some deSign guidelines to apply 
the ,SSI 32F8001 as. a programmable filter. The high 
frequency boost can be controlled by a vottage DAC 
driving the VBP pin. The VBPvoltage should be be­
tweenO and VPTAT. The cutoff frequency can be 
controlled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE DAC 

Figure 4 shows the setup schematicofthe SSI32F8001 
using an external current source DAC to control the 
fitter's cutoff frequency. 

16 
C7 H VO_DIFF+ 

15 caH • VO_DIFF-

14 
• PWRON 

13 

12 

11 

FIGURE 4: The SSI'32F8001 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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SSI32F8001 
Programmable Electronic Filter 
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I • The VFP pin should be left open. SINK DAC 

1,,: I · Both the current source DAC and the voltage DAC Figure 5 shows the setup schematic ofthe SSI32FS001 
should reference to VPTAT for accuracy. using an external current sink DAC to control the filter's 

• The reference bias current drawn from VR should cutoff frequency. The high frequency boost control is 
be less than 2 rnA. the same as in Section 4.1. 

• The current source output voltage compliance Some design guidelines: 
should be between 1.1 V to 1.SV. • Rx should be setto 1 kO between VPTAT and VFP. 

• The IFP current and the filter cutoff frequency are • Both the current source DAC and the voltage DAC 
related as follows: should reference to VPTAT for accuracy and tem-
Ic (MHz) = 45 x IFP (mA) x ~ perature stability. 

VPTAT • The total current drawn from VPTAT should be 
IFP should be between 0.2 mA to 0.6 rnA with less than 2mA. This includes the 0.6mA through 
VPTAT = 1.SV (at room temperature). Rx. Thus, the current sink DAC and the voltage 

• The VBP voltage and the high frequency boost are DAC reference should not draw more than 1.4 rnA. 
related as follows: • The current sink DAC output voltage compliance 

should be between O.SV to 1.4V. 
FB = 20 x log (3.46 x VBP I VPTAT + 1) dB 

• The IFP current and the cutoff frequency are 
related as follows: VPTAT 
fc (MHz) = 27 - 45 x IFP (rnA) x ~ 

IFP should be between 0 rnA to 0.4 rnA. 

C3 

1 NlC VO_DIFF+ J-16 __ C-/7 M VO_DIFF+ 

VO_NORM- MI---~2 VO_NORM- VO_DIFF. 15 C8 M VO_DIFF. 

VO_NORM+ ~1--_--=-!3 VO_NORM+ 

4 VCC1 

VIN. ~1--_~5 VIN. 

VIN+ ~ 6 VIN+ 

7 VBP 

FBST e>----' 1\..-...:...j8 FBST 

PWRON 1-14"--__ ~, 

V~~r13----+---+---__ ~ 
NlC 12 

IFP t-11 ___ ....I11..~,----{ 

VFP 1-1° ___ ---1 

GND 9 

32F8001 

FIGURE 5: The SSI 32FSOO1 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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INTROQUCTION · 
Analog~iltering i~auoivet;sal reqLJ1rement in any signal 
prjljcesSind,system.IRlter(fesi~t;j 'is now mad9 i easy 
with· thei pargy,armmable' lfiHe't-s ifrGA'lr ·SlliccJ~ Systems 
tA~~V\lhefherlhetleqtliremerlt4§Wfj}('edlilfe'fii1g,charac­
t~(4stie)orapmgtam"rabter'resPbtfse., this family of 
prog,ammabfe;filtersi OffersCllstinnt advanfages of de­
Sign simplicity, atOuraey. ,\1srsatiblyaJird board space 
saving. Additionat features.! :stJ~11J ·:as high'freql:Jency 
boost. differentiated outputs, afe also ,available. This 
application ·note focuses on the SSI 32F8011, cutoff 
frequency progtammabfefrom 5 - ·13 MHz. 

SSI' ~3)a'F80!1~1:' 
Prbgrammable ·:Electr.Rf~ FUteZ

, 

The objectives of this:>appJicatlof\l-not9iare: 
" ." , ..... ,.,.~ )~', 

.• :.:. Td pr~sent a description of the SSf~2F8011 
• To discuss its applications 

• ·1io·pres~ht ~ t~pfa~l· fixed'fesJ)Onse design 

.! .. JO pr;ese{lt a pT()gra"1rr.able response appl}patiol1. 
\ j' 

VO_NORM+ : 

VP",,"NOR~ 
.', """ . 

VO_DIFF+ 
VO_DIFF-

VR 

PWRON 

FIGURE 1': 'Block Diagram 

INPUT 
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4.20584 
8' + 1.8208~8 + 4.20534 

Transfer FunCtidrMClrmalizetHorlll = 2 2C fc = 1 . . , 
AN and AD 8Iie adjusted forruni.l¥.gain (OdB) at f=·9.67.fc 
Frequency Scaling s = s 12 : fc -; . . . 

FIGURB2: The'SS132F8011 Transfer Function 

CAlJTIONt Use handllngproceciures necessary 
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$SIC; StDt;, 
l?~pgr .... bll':'EleQtrmtic Filter 

Application Note 

1.0 DESCRIPTION 
The SSI32F8011 is a programmable 7 -pole Bes$ellow 
pass filter in a silicon bipolar integrated circuit. Figures 
1 and 2 show the block diagram and the filter transfer 
function. " 

The SSI32F8011 cutoff frequ~ncy and high frequency 
boost can be independently controlled by two control 
signals.' Two sets of filter outputs are available: nonnal 
low pass output and differentiated low pass output. As 
a Bessel type filter, the filter outputs exhibit constant 
group delay in the pass band. Furthermore, the delays 
through the normal output and the differentiated output 
are well matched. 

The input and outputs of the SSI32F8011 are differen­
tial signals, requiring external AC coupling capacitors. 
The given transfer function shows the relationship 
between the input and the two sQt$ of outputs. The 
maximum input signal is 1.5 vpp differential, with 
differential input resistance 4 kO typical. The minimum 
recommended output load is 1 . kO differential, AC 
coupled. 

1.1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
5 - 13 MHz. It can be set by one of three methods: 

• A resistor can be inse rted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Rx (1<0) = 11.92/ fc (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left .open. With a current 
source digital-to-analog converter (DAC) , such 
as the DACF In the SSI 3204661, this design 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy and temperature stability, the current 
source DAC should be referenced to the tempera­
ture compensated reference voltage at the VR 
})in. The deSign equationfGr this current source' 
value is: ~ , 

IFP (I1)N =-0.Q6,15 xfc (MHz) 

A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
917Q resistor shoAJId be placed ,across the VR and 
the VFP pins. With a current sinKPAC, this design 
also allows a microcontroller ,to change the fifter 
response dynamieally. To achieve the. highest 
accuracy and temperature stability, the; current 
sink DAC should be referenced to the temperature 
compensated reference voltage at the VR pin. The 
design equation for this current slnk.value Is: 

IFP (mA) = 0.0615 x (13 - fc) (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic Input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured at the cutoff frequency, can be programmed from 
o to 9 dB at Ic by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the DACS in the SSI3204661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VR pin for accuracy and 
temperature stability. The deSign equation for this 
control voltage is: 

VBP= VR x (10"(FB/20) -1)/1.884 where FBisindB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER"FEATURES OF THE SSI32F8011 

The SSI 32F8011 is a 7 -:pole Bessel type filter. It 
features excellent constant group delay. At Ic = 13 
MHz, the group delay variation from 0.2 fc to fc is less 
than lns. Furthermore, the high frequency boost func­
tion does not affect the group delay variation. 

In' additio"n to the normal 'tow pass outpot, theSSI 
32F601 talso prQvides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 
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1.3 OTl'leR fE~'IURES Of ",HE SSt ,32P8011 
(continued) 

The, SSI 32FSO
c
11, p,rovides fl, temperature, compen": 

sated ref,er,nce vOltage~ VA, for the OAC refer~nC~$. 
BecausemE),~n~erpani~~pontrol circuitr.Y i~ refere,nged 
to VR~jbe comroI6w:~n~-for JUter cutbfft~eqyencY"'f;l~ 
control voltage for 'h19h' frequency bqost should be 
refercmced to VA. , " 

Th.~ $$1 3;!F801,i can be switched iht()'.'s'e,p mpde, 
dissipatihg only 60 mW, by a 1fL Input atPWRON. 

Two package options are availableforthe SSI32F8011 : 
16-lead SOL and 16-lead SON. The small feature size 
of the 16-pin SON package offers significant board 
space saving. 

2.0 APPLICATIONS 
A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
inglude flxe~ r~!~nse filtering, variable data rate pro­
cessing and adaptive equalization. ' .... 

For fixed response filtering applications, the SSI 
32F8011 offers a simple-to-use solution. The once 
complex design of cutofffrequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

Vcc9 1 1 • 
C1 C2 

O.01~ -I- -I-D.11lF 

VIN-~I---~ 
VIN+ ~ 6 VIN 

7 VSP 

SSl~32~'80;1t 
P,ragrammable .:Electro,njafiilter, 

Application Note 

In variable data ratepro~,~i 'prOtJr,~Je filter 
can be used to optimize ban' . Aitds{gJ1abkl~noise 
tradeoff. One application'is cOnStanf ~en~ rE;Cording 
for high capacity storage prodttcts ... ~Sl.thEt data rate 
increases from the imer traCks to tba,qutertrflCkst the 
filter cutoff frequency can be scaled accOrdingly to 
maximize ,signalft01IRGfseperfofJil'tamce. The high fre­
quency boost function: provides pulse slimming for 
accurate pulse "detection. 

Ii" 

Programmabte filter offers a revolutionafY approach to 
adaptive equalization. '" signal transmission applica­
tions, an equ~lIzationfilter Is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appr6pri-. 
ate external adaptive sensing 1unction,thecutoff fre­
quency and the Illighfrequency ooostefthe SSt32F8011 
can be dynamically program~· through micrGpro­
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8011 as a fixed response filter. Figure 3; 
shows the design schematic; 'Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

32F8011 

FIGURE 3: The 32F8011 Setup as a Fixed Response Filter 
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3.0 FIXED RESPO~SE DESIGN 
PRO'CEDORE (continued) 

G~en fc, cutoff frequency In MHz, and FB, high fre-
quency boost in 'dB: . 

• . Rx can be calculated, as given in Section 1. 
Rx (kO) = 11.92 I fc (MHz) 
Voltage across Rx is 0.33 VA. The current through 
Rx is 0.33 (VR I Rx). 
Rx should be between 917 0 to 2.38 kO, i.e., fc 
between 5 MHz to 13 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB1 1 RB2 = 1.8841 (10"( FB 1 20 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 rnA max. Thus, RB 1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 

VCC~ 1 1 .. 
C1 C2 

O.01JlF T T 0.1JlF 

1 GND1' VO_DIFF 
16 

C3 - 2 VO_'FJO'ml 15 
VO_NORM-H VO_rnFF' 

C4 
3 VO_NORM 

14 
VO_NORM+ H PWRON 

VIN-~ 5 VIfJ 

VIN+ ~ 6 VIN 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
tIle SSI 32F8011 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a current DAC. The application setup for 
using a current source DAC is different .from the one 
using a current sink DAC. Both.are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE OAC 

Figure 4 shows the setup schematic ofthe SSI32F8011 
using an external current source DAC to control the 
filter's cutoff frequency. . 

C7H • VO_DIFF+ 

C8H • VO_DIFF-

• PWRON 

VFP 1-1_0 ___ -l 

GND2 9 

32F8011 

FIGURE 4: The SSI 32F8011 Setup Schematic Using a Current Source OAC for Cutoff 
Frequency Control 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

Some design guidelines: 

• The VFP pin should be left open. 
• Both the current source DAC and the voltage DAC 

should reference to VA for accuracy and tempera­
ture stability. 

• The reference bias current drawn from VA should 
be less than 2 rnA. 

• The current source output voltage compliance 
should be > 2.0 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 
fc (MHz) = 16.25 x IFP (rnA) x VR 

2.2 
IFP should be between 0.31 rnA to 0.8 rnA with 
VR = 2.2V. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP I VR + 1) dB 

VCC~11· 
01 02 

O.01pf.l ~.1!1F 
~ -=-

VIN-~ 5 VIR 

VIN+~ 6 VIN 

7 VBP 

FBST. 8 FBST 

SSI32F8011 
Programmable Electronic Filter 

Application Note 

4.2 PROGRAMMABLE FILTER USING CUfJRENT, 
SINKDAC 

Figure 5 shows the setup schematic of the SSI32F8011 
using an extemal current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 
Some design guidelines: 

• Ax should be set to 9170. between VA and VFP. 
• Both the current source DAC and the voltage DAC 

should reference to VR for accuracy and tempera­
ture stability. 

• The total current drawn from VA should be less 
than 2mA. This includes the 0.8mA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1.2 rnA. 

• The current sink DAC output voltage compliance 
should be between 0.75V to 1.2V. 

• The IFP current and the cutoff frequency are 
related as follows: 
fc (MHz) = 13 - 16.25 x IFP (rnA) x VR 

2.2 
IFP should be between 0 mA to 0.49 rnA. 

FIGURE 5: The SSI 32F8011 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 

1292 - rev. 
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programmable EleCtl'On:itt Pilie'r 

Application Note 
~6iW1992" 

INTRODUCTION The obJectives, ot ~his ap,plioation note are: " 

Analog filt~ring is a universal requirement in any signal 
processing system. ~ilter des~gn is now made easy 
with the programmable JilterfJ' from Silicon Systems 
Inc. Wh~therthe reqUirement is a fixedfilteririg charac­
terisUC . or a ,programma,ble r~sporise, this' family of 
prdgrammable filters offers diStinct advantages of de­
sign SimpUcitYA,.accuracy, verSahltY'~nd board space 
savings; Additional features; SUch as high fr.equency 
boost, differentiated outputs, are also available. This 
application note focuses on the SS132F8020A, cutoff 
frequency programmable from 1.5 - 8 MHz. 

VIN+ 
VIN-

YBP 

FBST 

IFI 

IFO 

• To present a de~r~tionof the .sSt 32F8020A 
• To discuss its applications 
• To present a typj~al tixedlesponse design 
• To present a programmable response ap}l)lication 

VOJ40,AM+ 
YO_NORM-

VO_OIFF+ 
VO_DIFF-

YR 

RX 

PWRON 

FIGURE 1: Block Diagram 

1.31703 2.951,39 __ ........ 5;:;:;.'!o;.70;,::3;.:,.;.4 ,_' _____ L_-.J 

$2+ 1.542035 + 2.95139 5 2+ 1.145585 + 5.37034 
INPUT 

5 2+ 1.68495$ + 1.31703 

Transfer FunCtion normalized for (t) = 2 n: Ic = 1 
AN and AD are adjusted for unity gain (0 dB) at f =; 0.,67 Ie' , 
Frequency scaling s = s 12 1t Ie . , 

FIGURE 2: TheSSI32F8020A Transfer Function 
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1.0 DESCRIPTION 

The SSI 32FS020A is a programmable 7-pole O.OS" 
equlripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the btock diagram and the 
filter transfer function. . 

The SSI 32F802-0A cutoff frequency and high fre­
quency boost can be independently controlled by two 
control signals. Two sets of filter outputs are available: 
normal low pass output and differentiated low pass 
output. As a 0.05° equiripple type filter, the filter outputs 
exhibit constant group delay beyond its cutoff fre­
quency. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The Input and outputs of the 551 32FS020A are differ­
ential signals, requiring external ac coupling capaci­
tors. The glventransferfunction shows the relationship 
between the input and the two sets of outputs. The 
maximum input signal Is 2.0 Vpp differential. The 
differential input resistance is 4 1<0 (typ.). 

1.1 CUTOFF FREQUENCY CONTROL 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, is programmable from 1.5 -S 
MHz. It can be set by one of three methods: 

1) A resistor is connected between Rx and Ground. 
The IFO and IFI pins are shorted. This setting is 
only used for a fixed response design. The deSign 
equation for this resistor value is: 

Rx (kQ) = 10.00 / Ic (MHz) 

A design example is given in Section 3. 

2) A current source input can be fed into the IFI pin. 
With a current source digital-to-analog converter 
(DAC) , such as the DACF in the .551 32D4661 
Time Base Generator, this design allows a 
microcontroller to change the filter response dy­
namically. A resistor from Rx to Ground is needed 
to establish a bias current on the IFO pin. To 
achieve the highest accuracy and temperature 
stability, this bias current on the 'FO pin is used to 
reference the current source DAC. This bias cur­
rent should be set such that the maximum DAC 
output current is 0.6 rnA at room temperature. The 
design equations for Rx and the current source 
value are: 

Rx (1<0) = 0.7S / 'FO (rnA) at T = 27°q 

IFI (mA) = 0.075 x Ic (MHz) 

A design example is given in Section 4. 

. ,\ 

3) A current sink input can be fed into the IFI pin. With 
a current sink DAC, this design also allows a 
microcontroller to change the filter response dy­
namically. To achieve the highest accuracy ,and 
temperaturQ stability, the current sink DAC should 
be referenc~ to the proportional to absolute tem­
perature voltage at the Rx pin, nominally at 750 
mV. The DAC maximum sinking current should be 
at least 0.49 rnA. A resistor. from Rxto Ground is 
needed. The total current drawn from the Rx pin 
needs to be 0.6 rnA at room temperature. The 'FO 
and IFI pins are shorted. The design equations for 
Rx and this current sink value are: 

Rx (kQ) = 0.7S / ( 0.6 - IDAC Bias) (rnA) 

IFI (rnA) = 0.60 - 0.07S x Ic (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured althe cutoff frequency, can be programmed from 
o to 9 dB by a voltage input at the VBP pin. External 
resistors can be used in for a fixed filter response. For 
a programmable high frequency boost, a voltage DAC, 
.such as the DACS in the 551 32D4661 , can be used to 
control the VBP pin. This input voltage should be made 
proportional to the reference voltage at the VR pin for 
accuracy and temperature stability. The deSign equa­
tion for this control voltage is: 

VBP = VR x (10"(FB/20) -1) / 1.SS4 

where FB is in dB. 

DeSign example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency Slightly higher than the .original cutoff fre­
quency. The effective pass band bandwidth is also 
wider. 

1.3 OTHER FEATURES OF THE SSI32FS020A 

The 551 32F8020A is ,a 7-pole O.Oso equiripple type 
filter. It features excellent constant group de1ay. The 
group delay variation from 0.2 Ic to 1. 7S Ic is less than 
±-2% mthe total fitter delay. Furthermore, the high 
frequency bQost. tunGtion does not affect the group 
delay variation. 
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In addition to "the,;.normal low pass output. the SSt 
32F8020A also provides a diffemntiated fow pass 
output of the input signal. The signal delay is well 
marChed to thenotMaJ()lIItput. . 

The SSI 32f~O~Pf. provi~,~a temperature compen­
s~~(trefe"'c.,·voJtage;'·\/pft . and a li»fqPQ.rtio~FlI tQ 
absolUte temperature voaage. Ax. fOT tne' CAe ~e'er­
ences. The JUter c:l#toff frequenqy should be referE~nced 
to the currerit at the.IRx ·pin. The high freqJJeney bo9st 
oori.rol s~ould 'b~. referenced to the vOltage at the VR 
pin. ' 

The SS132F8020A can ~e switched 'into a sleep mode, 
dissipating less than 2.SmW, by a TTL low level input 
at the PWRON pin. 

Three package options are available for. the SSI' 
32F8020A: 16-pin DIP, 16-pin SOL>and16-pin SON. 
The small feature size of the . 16-pin . SON package 
offers significant board sp~ce saving. 

2.0 'APPLICATIONS 

A programmable fHter is a versatile component.in any 
signal processing system. Some areas of applications 
include fixed response fUterin",. variable Qata rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8020A offers a simple-to-use solution. The once 

Va; ~ 1 1 • 
C1 C2 

0.0111~ J-D.1I1F 

1 N/C 

C3 
VO_NORM- M 2 VO_NORM-

C4 
3 VO_NORM+ VO_NORM+ ~ 

4 VCC 

VIN-~ 
VIN+~ 6 VIN+ 

7 VBP 

FBST • a FBST 

SSf,32Aa021~! 

Programmable.:elactroDre'"lte' 

Application Note 

complex design of\Cutofffr,que1,T.cyort1i1a99~t~qual­
izalion is now rendered to simpl ... resist~c~lcula­
tions. The narrow 16-pin small otitline package offers 
significant:looard space eeonomy. 

In v~ria~1~data r~"pr~CeSSIt19, a.p'~grarnmabtefilter 
~anb~.u~to. pr>t!MiZ~ baftdWidthai'rdsignar-to"noi~~ 
tradeOff. Oneap~lrcation is cohstantdl!nstly recorBliig 
for ;htgh:!capacity storage prodJetS:' As tt1$ data· rate 
increases from the innertracks toth~outer!t(acf(s.tfle 
filter ct.Itoff,frequ~ 'can be, ,caJed ·8ccordinflJ~· .to 
maximize signal-to-noise performance. The higlt'ffe,:, 
quency boost function proviQf3S Pl!lse Slimming for 
accurate pulse detection. . . 

A progr~mmable filter offers a revolutionary approach 
to adaptive equalization. In Signal transmission appli­
cations, an equalization filter is us-edto combat channel 
distortioo:Themagnitude of char1mel distortierr,is often 
not known a priori. Adaptive equalization cani(1j~nami­
cally snape tli1e equfilization (unction.\Withan apPIZCl>pri­
ate external adaptive sensing function, the cutP.~f fre­
quency and the high frequency bOO$! Qf ttte .. SSI 
32F8020A can be dYnamically programmed through 
r1IfcF'oprocessor control: 

VO_DIFF+ 
16 

C7 ~ VO_DIFF+ 

VO_DIFF-
15 caM • VO_DlfF- . 

PWRON 
14 

VR 
13 

RX 
12 

IFO 11 

IFI 10 

GND 9 

32F8020A 

FIGURE 3: The 32F8020A Setup as a Fixed'ReSponse Filler 
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9Sl~812QA 
PltijtaRImabte Elsctronic Fitller 

3.0 .' FIXED'RESPONSE DESIGN 
PROCEDURE 

·This section suggestS'some design guidelines to apply 
the SSI32F8020A as a fixed response filter. Figure 3 
shows the design schematic. Ax determines the filter's 
cut~ freql,4ency, defined as the -3 dB frequency with 
no boost. The ratio of AB1 and AB2 determines ,the 
amount pf high fr~quency boost. 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost In dB: 

• Rx can be calculated, as given in Section 1. 
Ax (1<0) = 10 .. 00 1 Ic (MHz) 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guideUnes to apply 
the ~S132F8020A as a programmable filter. The high 
frequency boost can be ,controlled by a voltage DAe 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a current DAe. The application setup for 
using a current source DAe is different from the one 
using a current sink DAe. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC 

Voltage across Ax is 0.75V, and is proportional to 
the absolute temperature. 

Figure4showsthesetupschematicoftheSSI32F8020 
using an external current source DAC to control the 
filter's cutoff frequency. ' 

Ax should be between 1.25 kO to 6.67 kn, i.e., Ic 
between 1.5 MHz to 8 MHz. 

• Aa1/RB2 sets FB, and can be determined as 
follows: 
AB1 1 RB2 = 1.8841 (10"( FB 120 ) - 1) - 1 

• Total current drawn out of the VA pin should be 
limited to 2 rnA max. Thus, AB1 and AB2 should be 
designed accordingly. 

• The IFO and IFI pins are shorted together. 

1 NlC VO_DIFF+ 
C3 

VO_NORM· H 2 VO_NORM- VO_DIFF-
C4 

VO_NORM+ ~ PWRON 

+5V VR 

VIN-~ RX 

16 

15 

14 

13 

12 

VIN+~ .6 VIN+ IFO 11 

7 VBP IFI 10 

8 FBST GND 9 

32F802OA 

Some design guidelines: 

• The current source DAe should be referenced to 
the IFO current. The voltage DAe should refer­
ence to VA. 

• The reference bias current drawn from VA should 
be less than 2 mAo 

• The I FO current biases the cu rrent source DAC for 
0.6 mA maximum output at room temperature. 

C7 ~ VO_DIFF+ 

C8H • VO_DIFF-

~PWRON 

Rx 

CURRENT SOURCE 
DAC 

fIGURE 4~ 'The'SSI 32F8020A Setup SchematiC Using a CUnent SOurce DAC forQltoff 
Frequency Control , 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

• The Rx resistor determines the IFO current. 

Rx (kQ) = 0.75/10AC Bias (mA) 
• The current source output voltage compliance 

should be between 0 to 2.SV. 

• The IFI current and the filter cutoff frequency are 
related as follows: 

Ic (MHz) = 13.33 x IFI (rnA) 

IFI should be between 0.11 rnA to 0.6 rnA at room 
temperature. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP I VR + 1) dB 

4.2 PROGRAMMABLE FILTER USING 
CURRENT SINK DAC 

Figure 5 shows the setup schematic of the SSI32F8020 
using an external current sink OAC to control the filter's 

VCC~11· 
C1 C2 

O.01/lF T T O.1p.F 

SSI32F8020A 
Programmable Electronic Filter 

Application Note 

cutoff frequency. The high frequency boost C&flt~ 
the same as in Section 4.1. 

Some design guidelines: 

• The current sink OAC should reference to the 
voltage at the Rx pin. 

The voltage OAC should reference to VA. 

• The IFO and IFI pins are shorted. 
• The total current drawn from VR should be less 

than 2 mAo 

The total current drawn from the Rx pin should be 
0.6mA. 

Rx (kQ) = 0.75/ ( 0.6 - IOAC Bias) (mA) 
• The current sink OAC output voltage compliance 

should be between 0 to 2.5V. 

• The IFI current and the cutoff frequency are related 
as follows: 

Ic (MHz) = 8 - 13.33 x IFI (mA) 

IFI should be between 0 mA to 0.49 mAo 

1 NlC VO_DIFF+ ~1_6 __ C--f7 H VO_DIFF+ 

VO_NORM- ~1--_---f2 VO_NORM- VO_DIFF- 15 C8 H VO_DlFF-

VO_NORM+ ~ 3 VO_NORM+ PWRON 14 • PWRON 

VIN-~ 5 VIN-

VIN+ ~ 6 ~IN+ 

VR~1~3 ________________________ -, 

32F8020A 

CURRENT 
SINK DAC 

FIGURE 5: The SSI 32F8020A Setup Schematic Using a Current Sink DAC for Cutoff 
Frequency Control 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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INTRODUCTION 
, ,: r1 ,'i" ,,", 

A, ,nalog filtering is,, u,nJv~,r$, ,a,f ~qUjremen, 'f i~ ~rw, ,Signal 
proce~s,ingSY$te,m.' r.Uttr , desiQn ~s . .nP)Y~ ~~tf~~easy 
wfth tl1,e plogf~mlDab~fift~rs ~mS~!~rr$Ystems 
I~C., ~hetlter il1~ a " fil.ril i~' a fixe~1'1t'~h'f~ char-
aHferisfic or a,J~n , " , ~~ r~pcmse:thiS'1amily of 
prograrryfY)8bl~'fllfers bffer~~is.nct ad~an~ase~ of de­
sign '$i.mp1icity, accotaqy~. versatility'Sttd board,~ace 
savings. Additional features, stJch' as htgh rr~quency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI ; 32FSf>SO, cutoff 
frequency programm~ble from 250 kHz - 2.5 MHz. 

¥IN~ 

VIN· 

vap 
IFP 

VFP 

FBST 

SSll;seW80r30 
~agraMmabt~ -:eledtrCJnlo "P,ihe"r 

~'!"".' "·DeCem8b.1~9~ 

The.q~~~Ftive"Of:th's applicatiq~.rtQi!e a~.;; ': 
• ::TOrpre§~At a d~sQrdptionof the, SS132F803.0, 

• To discuss its applications: , , /' . I, ' 

•• < To p,es~ ,a tv-pical fixed respo,ns;e d~si~,! 
',.' TopresentaprograrnmaJ:ilerespomseapplication 

,( . 
")(.11, ,I, " 

i"' , 

vo:...,NORM+ " 
VO_NORMi. 

fiGURE 1:' Block Diagram 

INPUT _-I_~_+~1.~:S1:.:.:70::.3 __ 
8'+ 1.684~~+,1.317o.s ' , 

-, lran~ferFunction nGrmalizec:tfOl (0 =2: 2t Ie = ..... J 

-.,-.~--"I"""""-~~ AN::~d AD ate ,djl,l~ted for unily gain '9\dB~ at f~T,O.61 Ie, 
Frequency scaling s = s 12 2t Ie . ., 

;. 
fiGURE!! Th".SI32F8030 Transfer function 

, ';.' , ~ '. 
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1.0 DESCRIPTION 
The SSI 32F8030 is ~ programmable 7-pole 0.050, 
Equiripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show t"e block diagram and the 
filter transfer function. 

The SSI32F8030 cutoff frequency and high frequency 
boost can'be independent4y controHed by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
a 0.05° Equlripple type filter, the filter outputs exhibit 
constant group delay beyond the pass band. Further­
more, the delays through the normal output and the 
differentiated output are well matched. 

The II'1JUl and outputs of the SSI 32F8030 are differential 
signals, requiring external AC coupling capacitors. The 
given transfer function shows the relationship between 
the input and the two sets of outputs .. The maximum 
input signal Is at least 1.0 Vpp differential, witbdifferen­
tial input resistance 4 kn typical. 

1.1 CUTOFF F~EQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3 dB corner 
frequency with no boost, can be programmed between 
250 kHz - 2.5 MHz. It can be set by oneofthree method$: 

• A resistor can be inserted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Ax (1<0) = 2.292 1 Ic (MHz) , 

A design example is given in Section 4. 

• A current source input can be fed Into the IFP pin. 
The VFP pin should be left open. A currentsource 
dlgital-to-analog converter (DAC), such as the 
DACF in theSS132D4661 Time Base Generator. 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy and temperature stability, the current 
source DAC should be referenced to the tempera-

: ture compe.nsated reference voltage· at the VA . 
pin. The design equation forthls current source 
value is: 

IFP (mA) = 0.320 x Ic (MHz) 

A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
9170 ,resistQr sh~vld be placed across the VA 
and the VFP pins. With a current sink DAC, this 
design also allows a microcontrollertochange the 
filter re~ponse dynar;nically. To achieve the high­
est accuracy and terriperaJJ,lre stability, the cur­
rent sink DAC should.be referenced to the tem­
perature compensated refer~nce voltage at the 
VR pin. The design equation tor this current sink 
value is: 

IFP (mA) = 0.320 x (2.5 - Ic) (MHz) 

A design example Is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This functiOn can be enabled or disabled 
by a TIL logic input at the FBST pin. With FBST = '1' or 
ope~, the amount of high frequency boost measured at 
the cutoff frequency can be prOgrammed from 0 to 9 dB 
by a voltage Input at the VBP pin. External resistors can 
be designed in for a fixed filter response. For a program­
mabie high frequency boost, a voltage DAC, such as the 
DACS In the SSI 32D4661 Time Base Generator, can 
be usedtocontrolthe VBP pin. This input voltage should 
be made proportional to the reference voltage at the VA 
pin for accuracy and temperature stability.The design 
equation for this control voltage is: 

VBP= VA x (10"(FB/20) -1)/1.884 where FBisindB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency Slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI32F8030 

TheSSI32F8030 isa 7-pole 0.05~ Equirlpple filter. It 
features exceilent consta!')t grOUp delay. The group 
delay variation from 0.2 Icto Ic is less than 2%of mean 
groupdelay .... -Furthermore. the high frequency boost 
function do~(oot affect the group delay variation. 

In' addition to the normal tow pass output, the SSI 
:S2F80S0 alsoPfovides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 
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~ The SSI32F8030provides ~a te,mper$,Ore compen­
sated reference vo~ge, VR, fortherrQ~Cr~ferences_ 
Because the internaffl~tercontrol circuitry)s referenced 
to VR, the control curr.enl for filter cutofUtequency and 
co~rOI voltage for highfr.equency boGst' should be 
referer1cedto VA. " >" 

The sst ~F8OS0 can be switcttecf into a sleep mode, 
dlsslpafmg < 5 mW, by a TTL inJ?UI at PWRON. 

Three package options . are . available for the SSI 
32F8030: 16-pin DIP, 16-pln SOL and 16-pin SON. 
The small feature 'size ·of· the 16-pin SON package 
offers significant board space saving. . 

2.0 APPLICATIONS· 
A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response fittering appfications,the'SSI 
32F8030 offers a simple-to-use solution. The once 
complex design of cutofffrequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

VCC~ 1 1 • 
C1 C2 

O.01j.L~ ~.1j.LF 

S81" 3'2JfBOaO 
Programm'a;ble :Eleetron-ic finter 

In variable data rateilFQcesSing,.il programmable fDter 
can be used to optimize bandwidth ang signaHo-noise 
tradeoff. One application is consfant density recording 
for high capacity storageprod,ucts~ As' ttle . "ata rate 
increases from the inner tracks t9!M1e Quter trflcks, the 
filter cutoff frequency can be sCaled accordingly' to 
maximize Dte:~gJl1af..;to-noise pei!formanee. The high 
frequency boost function provides pulse slimming for 
accurate pulse detection. 

Programmable fiJter off,ers a revolutionary approach to 
adaptive equalization. In signal transmission applica­
tions, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is olten 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appropri­
ate external adaptive, sensing function, the cutoff fr~­
quency and the bighfrequencyboostefthe SS.~2<f8030 
can be dynamically programmedthfougha mi0Fopro­
cessor control. 

3.0 FIXED RESPONSE DESJGN 
PROCEDUr::IE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as 'a' fixed response filter. Figure 3: 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with' 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

1 GND1 VO_DIFF+ 1-1_6 --
07-tH VO_DIFF+ 

VO_NORM- ~1---_---I2 VO_NORM- VO_DIFF- 15 08 H VO_DIFF-

VO_NORM+ ~ 3 VO_NORM+ PWRON 1-14 ___ --< 

VR 13 

VIN- ~I-------I 
VIN+ ~ 6 VIN+ 

7 VBP 

32F8030 

FIGURE 3: The 32F8030 Setup as a Fixed Response Filter 
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9If!82f;808fJ 
Progra,mma:ble EfeC1ronic, Filter 

3.0 . FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Rx can be calculated, as given in Section 1. 
Rx(kn) = 2;292 tfc (MHz) 
Voltage across Rx is 0.33 VA. The current through 
Rx is 0.33 (VR I Rx). 
Rx should be·between 9170 to 9.17 kn, i.e., fc 
between 250 kHz to 2.5 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB1 I RB2 = 1.8841 (101\( FB 120 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 mAmax. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 

Va; ~ 1 1 ' • 
. C1 C2 

O.01jiF T T O.1jiF 

1 GND1 VO_DIFF+ 

C3 
VO_NORM- H 2 VO_NORM- VO_DIFF-

C4 
3 VO_NORM+ VO_NORM+ ~ PWRON 

VIN-~ VIN-

VIN+~ 6 VIN+ 

7 VBP VFP 

8 FBST 

32F8030 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

. ' 

This section sugge$ts some design guidelines to apply 
the SSI 32F8~0 as a programmable filter. The. high 
frequency boost can be controlled by a voltage CAe 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a CUrrEmt CAe. The application setup for 
using a current source CAe is different from the one 
using a current sink CAe. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE DAC 

Figure 4 shows the setup schematic of the SSI32F8030 
using an external current source DAC to control the 
filter's cutoff frequency. 

16 
C7 M VO_DIFF+ 

15 C8H • VO_DIFF-

14 

10 

FIGURE 4: The SSI32F8030 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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Design guidelines for the SSI 32FS030: 

• The VFP pin should be left open. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

• The reference bias current drawn from VR should 
be less than 2 rnA. 

• The current source output voltage compliance 
should be between 1.3V to 2.1 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 

Ic (MHz) = 3.125 x IFP (rnA) 

IFP should be between O.OS rnA to O.S rnA. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.SS4 x VBP / VR + 1) dB 

VCC~ 1 1 .-
C1 C2 

O.01~ + -J.?1j1f 

1 GND1 VO_DIFF+ 

-=- 2 VO_NORM+ VO_DIFF-

3 VO_NORM- PWRON 

16 

15 

14 

SSI32F8030 
Programmable Electronic Filter 

4.2 PROGRAMMABLE FILTER USING CURR£NT 
SINK DAC 

Figure 5 shows the setup schematic of the SSI32FS030 
using an external current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

• Rx should be set to 9170 between VR and VFP. 
• Both the current source DAC and the voltage DAC 

should reference to VR for accuracy and tempera­
ture stability. 

• The total current drawn from VR should be less 
than 2 rnA. This includes the O.S rnA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1 .2 rnA. 

• The current sink DAC output vo~age compliance 
should be between 0.S5V to 1.6V. 

• The IFP current and the cutoff frequency are 
related as follows: 
Ic (MHz) = 2.5 - 3.125 x IFP (rnA) 
IFP should be between 0 rnA to 0.72 rnA. 

C7 H VO_DIFF+ 

C8H • VO_DIFF-

• PWRON 

FIGURE 5: The SSI 32FS030 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 • 
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Glossary 

~K -"Acknowledge"chara6t~. A transmission control 
character transmitted by a Station as an affirmative 
response to the station with which a connection has 
been set up. An acknowledge cha~acter may also be 
used as ~n accuracy oontrof CharaCter'. ' 

_, I ~. , 

~~OUSTIC c.c;>U~~ER - A tYPtt of Iow-sp,~ modem 
Interfa..ce. freqtJentl~ used with pOt'labl~ f*rfiinals'. It 
sendt; and receives data using a conventiOnal tele­
phone handset and does not require an eledrlcal con-
nection to the line. ' , 

ADAPTIVE DIFFERENTIAL PULSE CODE MODU­
LATION (ADPCM) - An encoding technique, standard­
ized by the CCITT, that allows an analog voice conver­
sation to be carried within a 32K bf!)s digital channel. 
Three or four bits are use'd to describe each sample, 
which represents the difference between two adjacent 
samples. Sampling. is dane 8,000 times per second .. 

A\..GOI:t111'lM -A prescribed set olwell-defined rules fOr 
the solution of a problem in a finite numberOf,steps, e.g., 
A full statement of an arithmetic procedure;:Yor evaluat­
ing sine x to a stat~d precision. 

AMPLITUDe ... Magnitude or size. 'In waveforms or 
signals occurring in a data transmission, a complete 
definition CSf the wave~orrn'can be made'tf'the voltage 
level is known at a1Itirnes'; In this ease, the voltage revel 
is' called the amplitude. . 

AMPLITUDE MODULATION - Method of modifying the 
amplitude of a sine wave signal in order to encode 
information. . \ 

ANALOG LOOPBACK - A technique used for testing 
transmission equipment that isolates faults to the ana­
log signal receiving or transmltting cIrcuitry. Basically, 
where a device, such as a modem, echoes back a 
received (t9st).' sigHai that is then c~pared with the 
original signal'., '. " 

ANSWERBACK - A reply message from a terminal that 
v~rifies that the 'Correct terminal has beel')J~ached aQd 
that it is operational. .. ' ' 

AI'PUCATION LAYER -The.top,of the seven",layerOSI 
model, generally regarded as offering an interface to. 
and largely ~efifled.bYflthe network use{; lin.la,M's SNA, 
the end-user layer.· '. , .. . ' 

ASCI"., AmeriClnStandardCode:for Information Inter­
change. A 7·bit binary code thatQ.efines 1 ~8 standard 
characters for use in data communications. 

ASYNCHRONOUS - Occurring without ~ .regular or 
predictable time lelationshipto a specified\event. e.g., 
The transmission of characters one at a time as they are 
keyed. Contrast with synchronous. 

ASYNCHRONOUS ,TRANSMISSION - Transmission 
in which each information character, or sometimes each 
word or smaH block, is individually $ynchronizec:t, usu­
ally by the use of start and stop elements. Also called 
start-stop O,r characte, asynchronQUS ttransmission.. . 

ATTENUATION -,A decrease iritl1EtPQMV8J' of· a current, 
voltage, or Power of·.a re;ceivedsignal in transmission 
betwe,n points because O,f loss ;through line;;. equip­
ment or otherlransmissjo.o devices .. UsuaUV l1I\easured 
in decibels. 

AUT~NSWER - Automatic answertnQ; the capabiiity 
of a terminal,1'llOdem, c()rnputer, or a similar device to 
respond to an incoming Gall on a dial-up telephone line, 
and to establish a data connection with a remote device 
without operator intervention. 

AUTOBAUD - The generally used term for automati­
cally detecting the bit rate of a start/stop (character 
asynchronous) communication ~ormat by measuring 
the length of the start bit of· the first character transmit­
ted: Some modems extend this to additionally deter­
mine the parity in use by stipulating that the first two 
characters from t~e, DlF Should be "A r'. The. ~ord 
autobaud comes from a popular misuse of baud rate to 
mean the same as bit rate. 

~NA,LOG SI,GNAL -Si9,nal in the form Of a;conttnuously 
varyl"gp~ysiealquantitysuChasvoltage,whichreflects AUTOOIAL. Autqrnati~ dialing;'the capabUityof a 
val'lations in some quantity. te!minal, modem, co~uter,.or a sllTlilar device to place 

~. cAlf over the switched .. Jephone r)etwo~, and estab­
.lish· a conr:t~ction witl10ut pp'~rator intervention .. ANSI'- Arner.lcan Naiional"Standarcts Institute. A highly 

active group affi6ate~\with the Internatldnal StandardS 
Organization (ISO) that prepares and establishes stan­
dards for transmission codes (e.g., ASCII~, protocOls 
(e.g., ADCCP), media (tap'e and diskette), and high 
level languages (e.g., Fortran and Cobol), among other 
things. 

AUTOMATIC DIALER, .. 'oRAUTODIALER - Device 
which allows the user to dial preprogrammed numbers 
simply by pushing a single button . 
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, ;,.jPJNhich-ijle signal carrying the binary value success­
~. fr1JJV alternates between positive and negative polari­

ties. Zero and one values. are represented by the Signal 
amplitude at either polarity, while no-value "spaces ..... : •• ,. 
at zero amplitude. 2) A type of integrated circuit(tCm 

BANDPASS FILTER· A'circuit desiofl'ed to allow a 
sihgle band Offreqdencies to pass; neither of thecut.oOff 

semiconductor) that uses NPN, PNP, and junCtio'n 
FET's as the primary active ~(ievices, as opposed~o 
CMOS, which uses MOS fET's~ See Alternate Mark 

frequencies can be zero or infinite. . 

BANDWIDTH· 1) the'range of frequencies that can 
pas~over a given circuit. The bandwidth determines the 
rate at Which information can be transmitted through the 
circuit. The greater the bandwidth, the more information 
that can be sent through the circuit in a given amount of 
time. 2) Difference, expressed in hertz (Hz), between 
the highest and lowest frequencies of a transmission 
channel. 

Inversion. ' 

BIT - The smallest unil of information used in ,data 
processing. It is a contraction of the words "binary digit." 

Bit ERR.OFilRATE (BER) • In data"communications 
testing, the ratio between the total number of bits 
transmitted in a given message, and the number of bRs 
in that message received in error; a measure of the 
quality of a data transmission. 

BASEBAND· Pertaining or referring to a signal in its 
original fdrm and not changed by modulation. A 
baseband signal can be analog or digital. 

BITS PER SECOND (BIT/S) - Basic unit of measure for 
BASEBAND SIGNALING -Transmission of a digital or serial data tr~nsmission capacity; KbiVs, or I<ilobits, for 
analog signal at its original frequencies, i.e., a signal in thousands of bits per second; MbiVs, or megabit/s,for 
its original form, not changed by modulation; can be an millions of bits per second, etc. 
analog or digital signal. 

BAUD • A measure of data rate, often misused to 
denote bits per second. A baud is equal to the number 
of discrete conditions or signal events per second. 
There is disagreement over the appropriate use of this 
word, since at speeds above 2400 bit/s, the baud rate 
does not always equal the data rate in bits per second. 

BELLCORE - Bell Communications Research; organi­
zation established by the AT&T divestiture, represent­
ing and funded by the BOCs and RBOCs, for the 
purposes of establishing telephone network standards 
and interfaces; includes much of former Bell Labs. 

BOC - Bell Operating Company. One of 22 local tele­
phone companies spun off from AT&T as a result of 
divestiture. The 22 operating companies are divided 
into seven regions and are held by seven RBHes 
(Regional Bell Holding Company). 

BROADBAND - Referring or pertaining to an analog 
circuit that provides more bandwidth than a voice grade 
telephone line, i.e., a circuit that operates at a frequency 
of 20 kHz or greater. Broadband channels are used for 
high-speed voice and data communications, radio and 
television broadcasting, some local area data networks, 
and many other services. Also called wideband. 

BERT - Bit Error Rate Test. A test conducted by BUFFER-Astoragemediumordeviceusedforholding 
transmitting a known, pattern of bits (commonly 63, one or more blocks of data to compensate for a differ-
511, or 2047 bits In length), comparing the pattern enceinrateofdataflow,ortimeofoccurrenceofevents, 
received with the pattern transmitted, and counting the when transmitting data from one device to another. 
number of bits received in error. Also see bit error rate. 
Contrast with BLERT. BUS - 1) Physical transmission path or channel. Typi-

cally an electrical connection, with one or more.conduc­
BINARY ~DE -Representation of quantities expressed tors, wherein all attached devicel:l receive all trans mis­
in the base-2 number systE!m. sions at the same time. Local network topQlogy. such as 

used in Ethernet and the token bus, where all network 
BINARY SYNCHRONOUS COMMUNICATIONS - A nodes listen t~ al~ trc;lOsmi~ions, selecting certain o~s 
half-duplex, character-oriented data' communications ba$ed on address idQntific~tion.ln~qlvessome type of 
protocoloriQinated'by ISM in 19~. It incllJdescontrol contention-control mechanism for accessing.,the bus 
characters and procedures for contrdllrng theestab1ish- transmission medium. In data communiCations, a net­
mentof'avalidconnectionandthetransferofdata.Also work topology in which stations are arranged along a 
called bisync ~n~ BSC. ~lthou91l.still enjoying wide- line~r me<Jium~e~g",a length QfG~bJEt).,~) In computer 
~p"a~. usage, it' is beingteplac~ by IBM's mdre ar~hitec.tu~~, a patl10yer which;tnformationtravels 
effib~ protocol, SDLC. ' ,.1, int~nany am9ng. variQus qomponents of a.system. ~ . 

. " · 'i:·.' 

BIPOLAR - 1) The predominant signaling method used BYTE -<;3roupof b~s handled as a 199icaluni~; us~ally ~.' 
for digital transmission services, such as DDS and T1 , 
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.' CIRCUIT; 1iWQi"iWIRE -AcircuitlorrrledbytwO<COIiJ{i!l!JC­
tors insulat_ frotrieachother1bat oanbe used as either 
a one;.;wS'y· or·twolo\Vsy transmission patb. 

CABLE - Assembly ofoneormoreC0rtgllctors within.a 
pro.tectiye sheath; constrocted 10 anow.the use of con- CLOCK - In logic or transmission, repetitive, precisely 
dUCfors,.separ~~~~or in 'groups., timed signal usedto contlo1ia~ynchfEYnCUS'prooess . 

CALL PROGRESS DETECTION (CPD) - A technique 
for monitoring the connection status during initiation of 
a telephone callby..deteeJJng .pre$,en~ find/or duty 
cYQle of call progress signaling tones $uchasdial-tone 
oftnlsy signhlS commonly used in the telephone riet-
~oi'k: ,.,',! 

.. ""." " .. 

. , 

CMOS - Complementafy Metal-Oxide Semioonduotor. 
A type of transistor, typicallly used in tow-power inte" 
grated circuits: 

COAXIAl OMJUi .; Cabte conslstiQI 'of. illl outer 
conductor surroundinglln inner'conductol, wittta fayer 
of insulating material in between; Suoh oable can carry 

C~L PROGRESS TONES - Audible signals returned a much higher bandwidth than a wire pair. 
to the. station user. by the switching equipment to indi-
cate the status of a call; dial tones and busY'signals are CPE - Customer Premises Equipment 
common examples. 

CCITT -Comite Consultatif International de Telephonie 
et de Telegraphie. Telegraph and Telephone Consul­
tive Committee. An advisory committee to the Interna­
tional Telecommunications Union (ITU) whose recom­
mendations covering telephony and telegraphy have 
international influence among telecommunications en­
gineers, manufacturers, and administrators. 

CENTRAL OFFICE (CO) - See Ex-change 

CHAtfNEL BANK ~ Equipment typically used in a tele­
phone central office'that performsrnultiplexirrg of lower 
'speed, digital channels., into a higher speed compoSite 
channel. The channel bank also detects and transmits 
signalinginfor1liation for each channel, and transmftf5 
framing infQrma.ion so that time slots allocated to each 
channe' can be identitied'by the receiver. 

CHANNEL SERVICE UNIT (CSU) - A component of 
customer premises equipment (CPE) used to terminate 
a digital circuit, such as DOS or T1 at the customer site; 
performs certain line-conditioning functions, ensures 
network compliance per FCC rules and responds to 
loopback commands from central office; also, ensures 
proper ones density in tran~tnitted bit stream and per­
forms bipolar violation correction. . . 

CHANNEL, VOICE GRADE - Channel suitable for 
transmissio~ of speech, analog data, or faCSimile, gen­
erally with a frequency range of about 300 to 3000 Hz. 

CROSSPOINT. - 1) Switching array element in an 
exchange that!can be mechanical or electronic. 2) 'two­
state semiconductor switching device having a low 
transmission system impedance in one state and a "err 
high one in the other. 

CROSSTALK -, Interference or an unwaf\ted. signal 
from one traflsmissioR~cjrcuit detected . on. another, 
usually an adjacent circuit. 

CYCLIC REDUNDANCY CHECK (CRC) - A powerful 
error detection technique. Using a jttOJynomial, a series 
of two 8-bit block check characters are generated that 
represent the entire' block of data. The block cheek 
characters are incorporated·into tbetrahsmissionframe~ 
then checked at the receiving end. 

II' 
DATA COMMUNICATIONS EQUIPMENT (DCE) -
Equipment that performs the functions required to con­
nect data terminal equipment (OTE) to the data circuit. 
In a communications link, equipment that is either part 
of the network, an access-point to .the network, a 
network node, or eqyipment at which a network circuit 
terminates; in the case of an RS-232Ccpnnection, the 
modem is usually regarded as DC~\ while. the user 
device js OTE.l)r data terminalequlPmeRt; in a CCITT 
X.2S connection, the network access and packet~ 
switching node is viewed as the DCE. 

CHARAC:t".ER - Lett~r, figure, number, punctuation, or DATA LINK - Any serial data, communications trans­
other symbol CQntained in the m.essage. In data com- missionpathigen~rallybetweentwoadjacentnodesor 
munication, Co,minon characters flJ'e defjn~d by 7 ~ or 8- devtces and without any intermediate switching nodes. 
bit binary codes, such 'as ASCII. . ' .' . " . 

DATA SET - A synonym for modem used bY·AT&T and 
CHIP - A commonly used term which refers to an a few other vendors. . 
integrated ciruit. 
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DAll';A.S_~10E'tJN:lfl('DSUl- Adevi6~\,tharrepta~es DIP - Dual-ln~Line Package. Method of packagin~f1f~9i 
8fiQf1Iemon a Digital DataServite (D6S) line).' The data troniccomponents for mounting on printed circuit ~~~ 
service unit regenerateMhedigitaJ signalS'for1ransmis .. 
sion over digital facilities. 

,., 

DATA TERMINAL E!OUIPMENT (DTE) - Equipment 
which is attached to a network to send or receive data, 
generany end-user devices, such as terminals and 
computers, that connect to DCE, which either generate 
or receive the data carried by the network; in RS-232C 
connections, designation as either DTE or DCE deter­
mines signaling vole in handshakin~; in a CCITT X.25 
interface, the device or equipment that manages the 
interface at the user premises; see DeE. 

dB - Decibel; unit for measuring relative strength of a 
signal parameter SUCh as power, voltage, etc. The 
number of decibels is twenty times the logarithm (base 
10) of the ratio of the power of two signals, or ratio of the 
power of one signal to a reference level. 

dBm - Decibels relative to one milliwatt. 

DDS - 1) Digital Data Service. A digital transmission 
service supporting speeds upto 66 Kbitls. 2) Dataphone 
Digital Service. An AT&T leased line service offering 
digital transmission at speeds ranging from 2400 to 
56 Kbitls. 

DELAY DISTORTION -The change in a signal,from the 
transmitting end to the receiving end resulting from the 
tendency of some frequency components within a 
channel to take longer to be propagated than others. 

DIAL·UP -The process of, or the equipment or facilities 
involved in, establishing a temporary connection via the 
switched telephone network. 

DIAL TONE (DT) - Signal sent to an operator or sub­
scriber indicating that the switch is ready to receive dial 
pulses. 

DIGITAL - Referring to communications procedures, 
techniques, and equipment whereby information is en­
coded as either binary "1" or "0"; the representation of 
information· in discrete binary form, i discontinuous in 
time, as opposedt01he analog representation of infor­
mation in variable, but continuous, waveforms. 

DIGITAL LOOPBACK - A technique for testing the 
digital processing circuitry of a commullicatlons device. 
It may be' initiated locally, or remotely via a telecomrnu­
nicationscircuit. The device being tested will echo back 
a received test message, after first decoding and then 
re-encoding it; the results of which are compared with 
the original message. ' 

DISTORTION~~, The modification of the waveform or 
shape of a slQria.1 ~used by Qutsip;e interference or by 
imperfections of the transmission syst~m. Mosfforl11sof 
distortion are the result of the characteristics of the 
transmission system to the different frequency compo­
nents. 

DOTTING, DOUBLE DOTTING, PATTERN - The term 
"dotting" was coined by Bell to describe a data pattern 
consisting of alternate marks and spaces. The CCITT 
uses the full description of "alternating binary ones and 
zeros" on first needing this idea in a recommendation, 
but then abbreviate this to "reversals." By extrapolation, 
"double dotting" has come into use to refer to the data 
pattern termed "81" which is used in V .22bis to indicate 
2400 bitls capability. The full description is "unscrambled 
double dibit 00 and 11 at 1200 bitls for 100 ± 3 ms." 

DS-1 - Digital Signal level 1 ; telephony term describing 
a digital transmission format in which 24 voice channels 
are multiplexed into one 1.544 Mbitls (U.S.) T1 digital 
channel. 

DS-3 - Digital Signal level 3; telephony term describing 
the 44.736 Mbitls digital signal carried on a T3 facility. 

DTMF - Dualtone Multifrequency (DTMF) - Basis for 
operation of most push button telephone sets. An in­
band signalling technique in which a matrix combination 
of two frequencies, each from a group of four, are used 
to. transmit numerical address information; it encodes 
16 possible combinations of tone pairs using two groups 
of four tones each. The two groups of four frequencies 
are 697 Hz, 770 Hz, 852 Hz, and 941 Hz, and 1209 Hz, 
1336 Hz, 1477 Hz, and 1633 Hz. DTMF is used primary 
for call initiation in GSTN telephone applications. 

II 
ECHO - The distortion created when a transmitted 
signal is reflected· back to the originating station. 

ECHO CANCELLER .- A devise used to reduce or 
eliminate echo. It operates by placing a signal that is 
equal and opposite to the echo signal on the return 
transmission path. 

ECHO SUP.PRESSOR - A mechanism' used to' sup­
press echoes on . tong-distance analog connections. 
The device suppresses the transmission path opposite 
in direction to the one beiog used. This feature, although 
necessary for voice transmission, often interferes with 
data tranSmission. 

DIGITAL SIGNAL - Discrete or discontinuous signal; 
one whose various states are discrete intervals apart. 
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alloWS, 'calls to. be :transmitt,ed to or ,·from'. the' publio 
. ~~L; , tetephonanetwofk~, ! ,: ' " "1 

EIA INTERFACE, EIA232D, RS 232C - The IdOical, I ,'I' ;" ,. , , 

EIA - Electronic Industries Association 

Etleptrical,~~.physioaf:char~m~"js'jps of lhe conne91ion EXCIllANGE.· AREA 'I. Araa' containing, 6.tti;)scribers 
between a OTE and a modem is set out in EIA specifi- served bye a locatexcbange .. 
catipQ2~2D.,Prev;OY$~Jhli~fl~$b,~~MI1Q"m~~a~32Ci F 
TheIQgl~l. c~f~qteristj9~, ~fe e~se.n.tjalty! ,similar ,to . ' 
tho~e.s~~I~~n~9'TT r~C,QmQ1e,ndation V.24fln,dtfle 
electrical characteristics to those in V.28. ,'I' I 

~LI;~TROM4GNET1C .. ~N1;~Rf:aRqNC:;E: ~MI~" 
Radj~tion l~akage:Qut~ide~'&r.~Jl~lllission m.ediUm ~~t 
res14lts,matnw fr;om I~ ~~~ .of ~igh-fr~quen~~, w.a,ve 
energy and signarmodulation. EMI calV~~ rE;~~~ed by 
appropriate shielding. 

FILTER - Circuit designed to transmit signals ~'fte. 
quencies within one or more frequency bands atlef tJ) 
attenuate signals of other frequencies. 

ilBMWARE • ,Pennanent or semi~petnlanent .control 
coding implemented at a micro-instruction level for an 
application program;·instructioll'Set; operating routine, 
06 similar usen-ori&nted ftJnoti0n.~ ~2 

',"'1'1":' . t,,\ '. If· 

ENVELOPE DELAY - An analog line impairment RDW CONTROL, .. Tke use of'cufter4ng.and[Qther 
involving a variation of signaldelaywit~ frequency mechanisms, sucbas oontrols,thatturn;adeviaeon aJld 
across the data channel bandwidth. off~ to prevent data loss dul!iRg transmisSion. 

EQUALIZATION - The ,intrpductiop of CGmpOnent$ to 
an analog circuit by a modem to compensate for the 
attenuation (signal loss) variation and delay dist~i(7n 
with frequency (attenuation equalization) andp~ a-
tion time variations with frequency (delay equaliza ): 
Generally", the ,highertl!te~transmission ratetlthe;grreatQr 
the need for equalizat~on. 

ERROR - In data communications, any, .wnwaAtfid 
change in the original contents of a transmission. 

~t;",' ~;. 

ERROR BURST - A concentration of errors w!~iq:e 
short period of time as compared with the average 
incidence of~errors. Retransmission is Il~· nerrnal 001-
raction pr~cedure in the; event of an er'rar burst. 

ERROR CONTROL - A process of handling errors, 
whidh includes the detectton and in some cases, the 
correction of errors. 

EKCHANG& ";'Assembly of equipment inacomnrunica­
lions system that controls the connection of incoming 
and outgoiftglin.s~ and includes the necessary signal­
frig'and sUpeMsolY functions. Dif.ferentexchanges •. or 
-switClTes; can be costed to pelform different flllnctiORS., 
ft.g., Localexchange, trunk exchange,.etCl SeeClaSS'of 
Exchange; Atso know''Jias Central Offioe (ll:S:,Term). 

EXCHANGE, PRIVATE AUTOMATIC BRANCH 
(P,.BX) - :P.r.i~Bte atttomatic1felephone exchange that 
provides for the switching of calls internally and to and 
from the public telephone network. 

) 

EXCHANGE, PRIVATE BRANCH (PBX) - Private, 
manUally· operated telephone exchange that:provides 
private telephone service to an organization and that 

FOUB~WIRe'CIRCUIT QRJlHANNEL ,;A circuit con­
taiming'twopaifS'Of wire (Of their logical equivalent) for 
simultaneous (i.e., full-duplex) two-way transmission. 
Gontrast with two .. wire'channel. ;.', - . 

FRAME - 1) A group of bits sent serially over a co~u~ 
nications channel; generally a logical transmissiGi,;urr~ 
sent between data-link-layer entities that contail') its 
'ewn:conttbl1hft)rmationforal!fd,~ssing and error,check .. 
ing. 2) A piece of equipment in'a eortlfn'(l)n carrlef'oHiCe 
where physical cross connections are made between 
CirellitS~ 

FRAMING - Control procedure used with multiplexed 
digital channels such as T1 carriers, whereby bits are 
inserted so the receiver tan identify the time slots 
allocated 'to· each subchaf'lnel. Framing bits can also 
carry alarm signals indicatlng'specific alatrnconditions. 

fREQUENCY- Rate at which an event occurs, mea­
sured in 'het12; kilohertt; megahertz,.etc. 

FREQUENCY BANDS - Frequency bands are defined 
,arbitrMilyas follows:· j ) , 

Range (MHz) Name 

0.03-0.3 
O~3-3.0 

"mao I, 

30-300 
300-3000 
3000-30,000 

Low frequency (LF) 
Medium frequency (MF) 

. High freqtlency~HF.) 
, Very High freqllency~VHF) 
Ultra high .frequency (UHF) 
Super high frequency (SHF) :(micrQ 
wave) 

30,000-300,000 Extremely high frequency 
(EHF)(millimeterwave) 
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PSK"'! Freqli1endy 8hift Ke,yiRg::Atmethodof::mdlllation 
that uses two dHferent frequencies,. usuaBV "Pi:lElS$ 
continous, to distinguish between a mark (digital 1 ) and 
a'space'(cdigitaIO) when transmitting~.an analog line; 
Used in modems operating at 1200 bit/s.orsJower. ' 

.\ . 

lee! -in~tuteof EI~ttricat!andEtectronic~ Engineers. 
I r ,. ~~. ~ , . , I ~ (i .~. ' .. :,. ;, 

INITIAlize :To's~t counter's; sWitches. addresses, or 
FULL-DUPLEX - Pertaining to the capability to\~nd contej,tsofstoragetOzeroorothetstattlngv~luesatthe 
and receive simultaneously. beginning Of, or at prescribed poi,"ts in, the operation of 

a computer roUtine.' " ' 

INTERl=ACE'-A Hardware and/orsOftware link betWeen 
two devices. The interlace "defines all signal charaCter­

GAIN -Denotes an increase in Signal power in transmis- Istics and other specificatiOns for physical interconnec­
~ionfr()mone point to '8noth~r jusuafly expressed in dB. tion of the devices. 

GUARD TONE -In CCtTT recommendations V.22 and 
V.22bis, guard tones may optionally. be transmitted 
along with the data signal from the answering modem. 
A single frequency of either 1800 or 550 Hz is used and 
the- data signal power must be reduced to keep the 
overall energy level the same as for transmission with­
out guard tone. The purpose of the guard tone is to 
prevent the high-band data signal from interfering with 
the operation of billing apparatus in certain countries. 

;. 

GSTN - General Switched Telephone Network 

III 

INTEROFFICE TRUNK - Direct trunk between local 
central offices (Class 5 offices), or between Class 2, 3, 
or 4 offices; also called intertoll trunk. 

ISO - International Organization for Standardization. 

ITU - International Telecommunications Union. The 
parent organization of the CCITT. 

II 
JITTER - Slight movement of a transmission signal in 
time or phase that can introduce errors and loss of 
synchronization for high-speed synchronous communi­

HAL~DUPLEX - Pertaining to the capabilityto·send cations. See Phase jitter. 
and receive but not Simultaneously. 

HANDSHAKE - An exchange of control sequences II 
between two locations to set up the correct parameters 
for transmiSSion. KEY PULSING (KP) - Manual method. of sending 

numerical and other signals by the operation of 
HOLC - High-level Data Link Control. Bit-oriented com- nonlocking pushkeys. Also called Key Sending. 
municationprotocol developed. by the ISO (Interna-
tional Standards Organ~ation). 

HARMONIC DISTORTION - A waveform· dJstQrtion, 
usually caused by the nonlinearfrequencyre$ponse p1 
a transmission. 

KEY SERVICE UNIT (KSU) ~' Main operating unit of a 
key telephone system. 

KEY TELEPHONE SYSTEM (KTS) - When more than 
one telephone line per set is required, pushbuttQn or key 
telephone systems offer flexibility and a wide variety of 

HERTZ(Hz)-Ameasureofelectromagneticfrequenoy; uses, e.g., pickup of several exctlange lines, PABX 
one hertz is equal to one cycle per second. station ,lines, private lines, and intercommunicating 

HF - High Frequency. 
lines. Features of the system include pickup and hold­
ing interCQmmunication~ visual, and audible signals, 
cutoff, exclusion, and signaling. 

HIGH FREQUENCY (MF) -Portion of the electrorn~g-; '! 

netic spectrum,.typically used in short-wave radiQ appli- KP - Key P~lse (signaling unlocking: signal). See Key 
cations. Frequencies in the 3 to 30 MHz range. tPulsing. 

Hz oj See Hertz. kHz - Kilohertz, kilocycles per second. 

KTU'~ 1Key:Telephone Unit,··SeeJ<ey,Seryic8;,Unit. 
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.. 
LEASED lIN~ - A 'line' rented 6XGlusively 10 one :etts .. 
tomer fer' voice or 'dala ,commlJllicati()ns; dedicated 
CirCUit,' typically supplied by the telephone company or 
t~n_Ss1of):at!fthohl)t,·that petmaneAlly connebfs·tWo 
Gf'tflbre User ;lQcati6fis and is'fOr the, sole U's& d the 
sObseril1et.t'Su~llOiroo1ts are generaUy voiee grade ·in 
capacity, and; in ,range' of· freqlleftOies $uppOrtedare 
typically analog, are usedforvolceordata, oan be Point­
te~~nt"Gt mUltipGiht; rand can ,b~'enhaftced'with\llAe 
condit toning. Also called private line, t~1Jine, 'or de'lf.. 
cated facillty. 

I ~' ,,' r:! 

LSD-lIght.o.Emifting Dibde. .!.! ' 

. "/ "',, 

11.00AL LOOP ~ ,'he part 6f a comrnuillieations circuit 
between the sutrscliibe~lequipm'9ntand:the elqlllip .. 
ment in the local exchange. ,\:-' 

LOCALliRUNK -,lronkSlbelweeA ,loO'al exchanges ... 
~:~. t~'J r2r'~" ':.'-0 -""i"~' ''l~~., l\.1i.1 " 

LOSS, (tRANSMISSION)" ~ Decrease in ener9yof sig­
nat po-wer' in transmission atdng a. dfcuit' due to :toe 
resistameo,impedance of:the circUit or eqpipment~i, II' " ", " fl 

"1 \':' .' k 

MARK - T~e signal (communications channel,lt,ste) 
corresponding to a binary one. The marking co.itlO1't 
exists when current flows (current-loop chan"~lff;,r 
when the voltage is more negative than -3 volts (EIA 
RSo282 dianne:!). i < UGH:r-:EM.TTING-, DIODE (LED) • \ Semiconduotor 

junction diode'that'ernits radiant 'energy ,and is USed as 
a light source fO't fib'sr opticcomrnunicatiorts, p~rticu- MATRIX - In switch technology, thatportioA' of the 
larly for short-haullinks.' ., switch architecture where input leads and output leads 

meet, any 'pair of whtch maybe connemedto 'establish 

LIMITED-DISTANCE MODEM - A short-haul modem 
or line driver that operates over a Umited distance. 
S~!'le~"limited~istarice :modems:operate ;It :higher 
speedS 'han"ma.ms' that, ate 'deslghe'd 'for use jover 
analog1etepHonfffAt)ilitieSi :sirfoe nn$1 condition&0atrbe 
better contrOlled.;' i" .' 

LlNE~HIT - AtFan$l~ntd'isturbanee causing a deteetabte 
error bn I comm'tln~ioAs'IiAe; , " . .: 

',';9 "\', . 

LtNE .. LOAD1N8-'T1fe process'Ofirtstall"mg loadingooils 
in series with'each"oonductdr on a ttanSnliSsitmline. 
,Usually 88 milliHenry coils installed at 6,000 foot inter-
vals. ' , 

LINK - 1) A physical circuit between two points. 2) A 
logical circuit between two users of a packet switched 
(or other) network permitting them to communicate 
(a~ough different physical paths may be used). 

LINK LAYER - The logical entity· in 'the' 081 mo(jef 
concernedwithtransmlssion of~ata between adjacim 
nelWoik AOde~t.Uis·ttlesecond1layer processing'tn the 
OSlmodel, between the phySica, and the netwofk 
layerS."': I ", ," ' 

LOADING COILS - An inductance coil Installed at 
resular interva1s along 'a transmission line.. Used 'te 
improve the quality of'voiceg~ade Oirtuits. ; . 

• . j • ~ 

1.0CAt:eXCHANGE -Exdhange in which sub$crib'ets' 
lines terminate. Thcf exchange has'access to'other 
exchanges and to national trunk networks. Also called 
local central office, end office. 

a througtlcircult. Also called swilChiflgmatrix. 

Mblt/S - Megabits per second. 
:)~ , . . 
MEGAHERTZ (MHz) - A unit of frequency equal toone 
million cycles per second. 

MF - 1) !'Aedi~m Frequency. 2) MUltifrequency.·se~ 
DualtOne Multlfrequency SI9~~ling (OTMF): ' 

MODEM -'A' contraction o';modulate and demodulate· 
a convers10rrdeviceinstalted in tyalrS at each end of ati 
analog communications line. the m06em at ttut trans­
mittinq, end modulates digital signals received locally 
fromacomputerorterminal;the modem at the receiving 
end .demodulates the Incoming Signal, converting it 
baek 10 its original (te., digital) format, and passes it to 
the destination business machine. ' 

MODULATION - The application of information onto Ii 
car~ier sig~1 by varying one or more of the Signal's 
baslccharactenstlcs (frequency, ~mplitude, or phase) ; 
the conversion of a signalfrom its original (e.g., digita~ 
formattoanalog format. ," , " ,,~, 

MODULATION, PtiLSECOOE '(PCM) - Digitaltrans­
mission;techniquethat~~olves sampling of an analog 
information signal at regular time intervals and ooding 
the measured amplitude value into a $eries of binary 
v~lues, whi,ch are transmitted bymodulationof a pulsed 
or intermittent, carrier. A:e-ofnmonmethdt}o' speeoh 
digitizing using 8-bit Code Words, or samples, sAd'a 
sampling rate of 8 kHz. 

Ms - Millisecond. One-thousandth of a second . 
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~l.f1kJiKa!':<De~e $at$flebtes mote tllan~1ile 
SJ9Illa' tQlbe',sem:'$im.ultaf1~u* ;O'/ef one ,phy$ical 
channel. 

MUlJtIPLElUtiG;:iDhtisionof,atrSJilsmiss;aml8cUity into 
two or more channels either by splitting the frequency 
bandt~nsmitted by,thevchannetklto narrower bands, 
each, 'of, whichjS'1Jsedto, constitute a distinct channel 
(frequenQ)f~divislo.n., multiplex), 'Qr ,by" allotting this com­
mon channel to several different information channels, 
one at a time (time-division multiplexing). 

MUX - See Multiplexer. 

NAK - "Negative acknowledge" character. A transmIs­
sion control character that indicates a block of data was 
received Incorrectly. 

NOISE - Undesirable energy in a communications path, 
which Interferes,with the reception or processing of a 
signal. 

PAJilX - Pr~~te, AutQnJatic,Brane,h ~change. ,See 
Excha!ilge, .Pril't-. AUlematlc Branch (J:' ABX) ,! 

.: , \' 'f i;( , 
PACKET - A group of binary digits:in(l,lOOing(Ja~and 
call ,control signals that ,is sWitQhed'as a".compOsite 
who,le. The data"call..control signals, and error control 
information are arrangep in a specified format. 

I?BX - Private Branch Exchange. See Exchange, 
prlvate Branch. ' " 

PHASE JITTER - In telephony, the measurement, in 
degrees out of phase, that an analog signal deviates 
f~om the referenced phase of the main data-carrying 
signal. Often caused by alternating current components 
in atelecommunications network; or: a random distor­
tionof signal lengths caused by the rapid fluctuation of 
the frequency of the transmitted signal. Phas,e jitter 
interferes with interpretation of information by changing 
the timing. , 

Ns - Nanosecond; also nsec. One-billionth of a second. ~HAS~ MODUL~TION • .one Of three ways of modify-

a
' Ing a Sine wave slgnaHo make it carry information. The 

OFF HOOK - By analogy with the normal household 
telephone, a modem is off-hook when it is using the 
telephone line to make a call. This is similar to raising 
the telephone handset, or taking it off the hook. Going 
off-hook is also known as "seizing the line." 

ON-HOOK - By analogy with the normal household 
te!ephone. a modem is on-hOOk when IUs not using the 
telephone line. As with a telephone where the handset 
is on the hook, the line may be used by other equipment 
to make a call. Going on-hook is also known as "drop­
ping the line .~' 

OSI ~ Open Systems Interconl;lection. Referring to the 
,reference mo,del, ,OSI isalogical structure for network 
operations standardized within the ISO; a seven-layer 
network architecture being used for the definition of 
netwo\1< prQtocol,standa{ds to ~n,able any OSI-compa.­
. !bJ$ pp,mputer or dev,ice to co.m'11L,lnicate with any ot~r 
9SHlompUant qQl1lPUter qr device for "a meaningful 
eX~flge ()finforrriatlon.~;" . , . 

OVif.lF~qW· -.EX~e$$ tr¢fic on a parti9ular rouie, 
.Vtl'!i~ i~q~efed to anoUler (~ernate) route,. . ' 

sine wave or "carrier" has its phase changed in accor­
dance with the information to be transmitted. 

PROPAGATION DELAY -The period b~tweenthe time 
when a signal is placed on a circuit and when it is 
re~gnized and acknowledged at the other end. Propa­
gation delay is of great importance in satellite channels 
because of the great di~tances involved. 

PROTOCOL - A set of procedures for establishing and 
controlling communications. Examples include BSC, 
SDLC, X.25, V.42, V.42bis, MNP, V.22bis handshake, 
etc.: 

PSK - Phase Shift Keying. A method of moduJation that 
uses the differences in phase angle between two sym­
bols to encode information. A reference oscillator deter­
min.es the phase angle change of the incomiag signal, 
whia'" in turn determines which bit .or d!blt js being 
tfam~mltted. DP,SK (Differential Phase Shift Keying) is a 
variation of PSK which changes the phase relative to 
the previous phase . 

,PULSE CODE MODULATION' (PCM) - A method of 
transmitting information by varying the characteristlcs 
of a sequence of pulses, in terms of amplitude, duration, 
ph$se.ornumber.Usedtoconverta"a~IQg~iQrntUnto 
a digital bit stf,eal'J.,\ for transmission. . 
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REGENERATIVE REPEATeR -1) Repeater utlli:ted In 
telegraph applications to' retime and retransmit the 
received signal impulses and restore them to their 
dtiaiilal strength. ThesE{ repeaters llr8 speed- and code­
sensitive and are intendfkj'for Use YllfltstandSrd tele~ 
graph speed,s and code~. 2) Repeat,,, used in PCM or 
ctigital circu~s which CI~~ects. retime's. arid reconstructs 
the' bits transmitted. ' 

I' 
RE~NERA1OR -Equipment that takeS a digitalsfgnal 
thaf has been dl$'t<)rted 'I)ytfansmission and PtOduees 
from 'it a ne~ sibn'alln:which the'Shape. timing. ;and 
amplitude of the pulses are that same -as those-of the 
original before distortfOn. ' 

REPEATER -1) In analog transmission. equipmentthat 
receives a pulse train, amplifies it and" retimes it for 
retransmission. 2) In digital transmission, equipment 
that receives a pulse train, reconstructs it, retimes it, 
and often then amplifies the signal for retransmission. 
3) In fiber optics. a device that decodes a 10w-poWer 
light signal. converts it '0 electricCiI energy. and~hen 
ret~nsmits ftviaanLED or, las~r~enerating lig~t source. 
See. alSo Regenerative, Repeater.' . 

II 
SCRAMBLER/DESCRAMBLER - A scrambler func­
tionuses a defined methodfor modifying a'data atream. 
in' order to make the altered data streamaJ)peat'ran­
dom. A descrambler reverses the' effect Of the scram­
bler using the previously defined method to recover the 
origit'lal data stream. Most often\Jsedfordafa"encryp­
tiOn, or to- avoid transmitting repetitive data patters'that 
can adversely afteer 'datareacwery In 'Modems and 
o~Her dali11ransmissIOrfequip,~e.nf. ' . . .'.~ 

SOle'~ SynchretlOUs Data'link Control:' IBM'tiit, OR­
ented prOtocol providing fer half .. duplex t,ansmis~loA; 
associated with IBM's System Network ,Architecture 
(SNA). I ' , 

SHIELDED PAIR - Two insutated wires in 'a cable 
wrapped with metallic braid or foil to prevent Interfer­
ence and provide noise-free transmission. 

SIGNAL-TO-NOISE 'RATIO ~The relative powel' of a 
signal as compared to the power of noise on a line. As 
the ratio decreases; itbecomes more,difficult todlstin­
gufSh between information ahdinte~re~ceJ ' 

SIMPLEX - Pertaining to the capability to move~Qfle 
REVERSE CHANNEL ~ A simultaneous low speeddata direction only. Contrast with half-duplex andfull~pf~X. 
path in the reverse direction over a half-duplelc'facility. ", , ' 
Normally. it is used for positive/negative SIGNALlNG- Process by which a caller or equipment 
acknowledgements of previously received data blocks. on the' transmittipg end qf a Ii~e inr~rrns a 'particular 

party or equipment aft he receivinQ,~nd th~t a message 
RINGER EQUIVALENCE NUfJllBER -This is a number 

.. ' ,~, , 

that the FCC assigns to approved telecom equipment 
that measures how much load it places on the network 
during ringing. In the U.S.A.. you can connect tele­
phones. modems, FAX machines etc. In parallel to the 
same telephone line only as long as the sum of their 
ringer equivalence numbers is less than five. Most 
countries have a similar regulating system in force, 
although the methods,used to arrive at th~ numbervary 
widely. 

RINGING SIGN,AL - Any AC or DC signal tra,nsmitted 
over a line or trunk for the purpose of alerting a party at 
the distant end of an incoming call. The .signal can 
operate a visual or sound-producing device. 

RINGING TONE - Tone received by the calling tele­
phone indicating that the called telephone is being rung. 
Also called Ringback. ' 

is to be cOmmunicated. c,' , , 

SPACE - Opposite signal condition to a "mark." The 
signal (communicationschannnel state) corresponding 
to a binary zero. In an EtA RS-232 channel, the spacing 
condition exists when the voltage is more positive than 
+3 volts. 

ST - Start (signal to indicate end of outpulsing). 

START-STOP (SIGNALING) -Signaling in which each 
group of code element's corresponding to a Character Is 
preceded by a start signal that serves to 'prepare the 
receiving mechanism for the reception and registration 
of character. an~ is followed by a stop signal that serv~,$ 
to bring the receiving mechanism to rest i"preParation 
for the reception of the next character.'Also known as 
asynchronous tr~nsrrlission. ' , 

StO'P-BIT - In asynchrOnou~ transm'sston,i1hequies­
cent state following the transmission of a ettatabter; 
usually 1-. or 2-bit times long .. 

• 



STOP ELEMENT - Last bit of a character in asyrtCtit. 
nous serial transmission, used to ensure recognitioo,9'f 
the next start element. 

SUBSCRIBER LINE - Telephone line connecting the 
exohange, ;to the subscriber'~' station. Also called 
(U.S.te~m) access line ,and subscriber loop. 

SYNCHRONOUS, - Having a, constant time interval 
between successive ~ts, characters, or events. Syn­
chronous transmission doesn't us~non-information bits 
(such as the start and stop bits in asynchronous trar:u;­
mission) to identify the beginning and end or characters, 
and th-..s is faster and more efficient than asynchronous 
transmission. The timing is achieved by transmitting 
sync, characters prior to data or by extracting timing 
Information from the carrier or reference. 

TRUNK -Transmission paths that are used to int 
nect exchanges in the main telephone netwo 
switching centers, or a switching center and a diStribu­
tion point, such as a ,te~hone exchange line, ttlat 
terminate,s in a PABX network. ' 

TTL - Transistor-Transistor Logic. Digital logic family 
having common electrical ~haracteristics. ' , 

TURNAROUND TIME - The time required to reverse 
the direction of transmission, e.g; to change from re­
ceive mode to transmit mode in order to acknowledge 
on a half-duplex line. When individual blocks are ac­
knowledged, as is required in certain protocols (e.g., 
IBM BSC) the turnaround time has a major effect on 
throughput, ,particularly if the propagation delay is 
lengthy, such as on a satellite c,hannel. 

SYNCHRONOUS NETWORK - Network in which all TWO-WIRE CIRCUIT - Circuit formed of two conduc­
the communications links are synchronized to a com- tors insulated from each other, providing a send and 
mon clock. return path. Signals may pass in one or both directions. 

SYNCHRONOUS TRANSMISSION ,. Transmission 
process where the information and control characte~s 
are sent at regular, clocked intervals so that the sending 
and receiving terminals are operating continuously in 
step with each other. 

II 
T-CARRIER -A time-division multiplexed, digital trans-

VIDEOTEX - An interactive data communications appli­
cation designed to allow unsophisticated users to 
converse with remote databases, enter data for trans­
actions, and retrieve textual and graphics information 
for display on subscriber television sets or low-cost 
terminals. 

mission facility, operating at an aggregate data rate of VSLI - Very Large Scale Integration. 
1.544 Mbitls and above. T-carrier is a PCM system 
using 64 Kbitls for a voice channel. V SERIES RECOMMENDATIONS· 

(CCITT V.xx Standards) 
T1 - A digital facility used to transmit a DS-1 formatted Also see Voiceband Modem Standards chart on 
digital signal at 1.544 Mbitls; the equivalent of 24 voice page 9-12. 
channels. 

V.1 -Definitions of key terms for binary symbol notation, 
T1 Crr2rr3IT4 - Digital carrier faCilities used to transmit such as binary 0 = space, binary 1 = mark. 
signals at 3.152M, 6.312M, 44.736M, 274.176 Mbit/s, 
respectively. V.2 (1):' Specification of power levels for data transmis-

sion over telephone line. 
T3 - A digital carrier facility used to transmit a DS-3 
formatted, digital carrier Signal at 44.736 Mbitls; the V.4 - Definition of the order of bit transmission, the use 
equiv,~lent qf 672 voice channels. of a parity t)lt, and the use of start/stop bits for asynchro­

nous transmission. 

V.5 - Specification of data-signaling rates (bit/s) for 
synchronous transmission in the switched telephone 
network. ' , 

TOUC,H-iONE- All AT&T trademark for dualtone mul­
tifrequency signaling equipment. Use ()f tones simpli­
fies the switching' system design and, grea,ly expanQs 
the potential for adding features to telephone systems. 
It a!,fo speed~.up the dialing operation foria person 
",*n,g a call.),; Ii' ' V.6 - Specification of data signaling rates (bit/s) for 

synchronous transmission on leased telephone cir­
TRANSCEIVER - Device that can trahsmit and receive cults. 
traffic. 

V.7 - Definitions of other key terms used in the V-series 
recommendations. 
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V.10 - Description of an,'4rtbaiancedf?hS!sical'il~vel ~'M~32.;.Qpe(atingat9.6~itls, encodes four consecutive 
interchange circuit (unbalgnced means one active wire "tilfs (quadb1ts); the bits are mapped to a OAM signal. 
between transmitter and receiver with ground providing 
the return). V.32 - Op,eratingat 9.6 Kbit/s with Trellis-coded rrloc.tu-

lalion (TCM) , encodes four co'l8.89uJjye bits, two of 
'1,,11 -Description.of a balanced. physical level inter- which are used to generate a fifth bit; the bits~re 
ohangecircuit (balanced means two wires between the . mapped to a OAM signal. 
transmitt3r and receiver with both wires' signals con-
stant witll respect to Earth). V.32 -Operating 814.8 Kbitls, encodes two consecutive 

bits (dibits), which are mapped to a OAM signal. 
V.15 - Description of use of acoustic couplers for data 
t(ansmi.on. V.42' - Defines a method of error control. 

V.16 - DesCription of the transmission of ECG (electro- V~42b1s: - Defines a method of data compression. 
cardiogram) signals on the telephone channel. 

Note: In the United States, EIA RS-496 specifies these 
V.19 - Description of one-way parallel transmission measurements and RS-366spee;ifiesthese procedures. 
modems using push-button telephone sets. 

VOICE-GRADE CHANNEL - a channel with a fre­
V.20 - Description of one-way parallel transmission quency range from 300 to 3000 Hz and suitable for the 
modems, excluding push-button telephone sets. transmission of speech, data, or facsimile. 

V.22 -Operating at 1.2 Kbitls, encodes two consecutive 
bit (dibits); the dibits are encoded as a change relative 
to the previous signal element .. 

V ~22bls - Operating at 2.4 Kbitls, encodes four con­
secutive bits (quadbits); the first two bits are encoded 
relative to the quadrant of the previous signal element, . 
tbe last two bits are associated with the point in new 
quadrant. 

V.24 - Definition of the interchange cirruit pins between 
DTEs (data t~minal equipmen~) and DCEs (data cir­
cuit-terminating equipment). 

V.25 - (2) - Specifications for automatic-answering 
equipment. 

V.25bfs - (2) - Specifications for automatic-answering 
equipment. 

V.28 - Description of unbalanced interchange circuits 
operating below 20 Kbitls. 

V.29 -Operating at 9.6 Kbitls, encodes four consecutive 
bits (quSdbits); the first bit determines the amplitude, 
the last three bits use the encoding scheme of V.27. 

V.29 -Operating at.4.8Kbitls, encodes two consecutive 
bits (dibits); amplitude is constant and phase changes 
are the same as V.26. 

V.31 -Description of low-speed interchange ci~ts (up 
. to 75 Bit/s). 

V.31bts - Description of low-speed interchange circuits 
(up to 1.2 Kbitls). 

WORD - A group of bits handled as a logical unit; 
usually 16.· 
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