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Modem Products
Setting Standards in Connectivity

Rockwell International’s OEM modem products offer
a highly reliable, cost effective solution for your modem
needs. Rockwell has been a driving force behind data
communications technology for over 30 years. In the early
1950’s we introduced our first modem product. We later
pioneered the development of many digital signal processing
techniques such as automatic adaptive equalization, digital
filtering carrier recovery, phase lock loop and quadrature
amplitude modulation. In addition to advanced signal
processing technology, Rockwell engineers have developed
sophisticated analog filtering techniques.

Today, Rockwell is a generation ahead of our competition
with the first fully integrated VLS| modems. Whether
communicating at 1200, 2400, 4800, 9600 or 14400 bps,
we provide products for any dial-up or leased line modem
requirement. High speed network control and multiplexers,

personal computer and terminals, standalone and custom
modems, facsimile and desktop publishing equipment are
samples of end user equipment using Rockwell modems.

With the confidence borne of many years experience in the
business, Rockwell offers a full five year warranty on all its
standard modem modules and components. This guarantee to
our customers reinforces Rockwell’s commitment to quality and
reliability.

Rockwell is the world’s largest supplier of original equipment
manufacturer (OEM) modems. We are uniquely positioned to
provide the highest quality and performance at competitive
prices. With extensive pre-and post-sale support from
experienced application engineers, doing business with
Rockwell combines the advantages of a large, stable supplier
with the responsiveness and innovation of a small
entrepreneurial firm.



MONOFAX is a trademark of Rockwell International.

Microsoft is a registered trademark of Microsoft Corporation.

HP and LaserJet are trademarks of Hewlett Packard.

Smartcom |l is a trademark of Hayes Microcomputer Products, Inc.

Microcom Network Protocol and MNP are trademarks of Microcom, Inc
CROSSTALK is a registered trademark of Digital Communications Associates, Inc

vi



PRODUCT INDEX

1200, 2400 bps Data Modems

4800, 9600, 14400 bps Data Modems

Imaging Modems

Custom and Private Label Modems

Applications Notes

NN

vii






SECTION 1
1200, 2400 bps DATA MODEMS

Product Family Overview ............ o
R212DP Device Set Bell 212A Compatible ......... ... ... .. ... ... . ..
R212AT Device Set “AT”’ Command Set Bell 212A Compatible ....................
R1212 1200 bps Full-Duplex Modem . ... ... .o
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1200, 2400 bps DATA MODEMS
Experience Makes a Difference

Rockwell’s line of 1200 and 2400 bit-per-second (bps)
modem products can easily be incorporated into products
requiring high performance, quality and reliability while
maintaining a competitive cost advantage. Whether the
modem application is internal to a personal computer, or for
installation in remote monitoring equipment, Rockwell has a
product with the features, form factor and price to meet your
requirement.

With the medium speed modem market moving so quickly,
time to market is critical. For designers not wishing to develop
a custom product, Rockwell offers a Bell 212A and 103
compatible, two-chip set modem with an RS-232-C interface. It
also includes the standard “AT” command set in firmware. With
minimal external components, such as the FCC-required
phone line protection circuitry, a complete modem can be
developed within a few weeks. For product designs requiring
more flexibility and control, Rockwell offers a standard
microprocessor bus (8088 compatible) interface along with
user accessible, dual port scratch pad RAM. Together, they
allow you to treat the Rockwell modem as a microprocessor

peripheral device thus speeding design time. Also, the scratch
pad RAM allows the modem to be easily controlled and
configured for a wide variety of applications in markets
worldwide.

Rockwell also maximizes the design option to develop a
single host board and, by plugging in different Rockwell device
sets or modules, have a variety of full- or half-dupiex, 1200 or
2400 bps modems. Rockwell pioneered this concept with Euro-
sized modules incorporating DIN connectors. Now, the next
generation form factor is available — a module only seven
inches square with dual-in-line pins. This DIP module can be
handled as any DIP-type integrated circuit during board
assembly and wave soldering. Its small size is ideal for
extremely dense designs, such as “1/2 card” modems for
personal computers. What'’s more, all medium speed DIP
module products are pin compatible and have the same
external dimensions. System designers thereby have a
smooth, economical upgrade path from the current R1212 and
R2424 products to the new RC1212 and RC2424 families.

PSTN/
Data Speed Leased 2/4-Wire
Model (bps) Line Half/Full-Duplex Sync/Async Compliance
R212AT 1200, 0-300 P 2WFD Async Bell 212A, 103
“AT” Command Set
R212DP 1200, 0-300 P 2WFD Async Bell 212A, 103
R1212 1200, 600, P/L 2WFD Sync, Async CCITT V.22 A/B;
0-300 Bell 212A, 103
R2424 2400, 1200, P/IL 2WFD Sync, Async CCITT V.22 bis, V.22 A/B;
600, 0-300 Bell 212A, 103
R201/26DP 2400, 1200 P/L 2WHD, 4WFD Sync CCITT V.26, V.26 bis;
Bell 201B/C
RC1212 1200, 600, P/L 2WFD Sync, Async CCITT V.22 A/B, V.21; V.23;
0-300 Bell 212A, 103
RC2424 2400, 1200, P/IL 2WFD Sync, Async CCITT V.22 bis, V.22 A/B,
600, 0-300 V.21, Vv.23;
Bell 212A, 103




R212DP/DS and R212DP/EB

R212DP
Modem Device Set
Rockwell Bell 212A Compatible

L\

INTRODUCTION FEATURES

The R212DP/DS Data Pump device set is a high performance ¢ 2 Device Implementation

1200/300 bps modem. Using state-of-the-art VLSI technology, — R8200 Modulator/Demodulator

the R212DP provides the entire modulation/demodulation — 10468 Integrated Analog

process, high and low band filtering, and complete auto dialing « Bell 212A and 103 Compatible (2-Wire Full-Duplex)
function in only two devices. — Asynchronous

1200 bps DPSK (+ 1%, —2.5%)
0-300 bps FSK
Auto Fallback, Answer Mode

The R212DP is ideal for data transmission over the 2-wire dial-up

network. Bell 212A and 103 compatible, the R212DP can handle

virtually all applications for full-duplex 1200 bps and 0 to 300 bps

asynchronous data transmission over the public switched ¢ DTE Interface

telephone network (PSTN). — Functionally: RS-232-C Compatible
— Electrically: TTL

The RS-232-C compatible interface integrates easily into a per-
P 9 1y P e Auto/Manual Answer

sonal computer, box modem, terminal or any other communica-

tions product. The added feature of an integral asynchronous ¢ Auto/Manual Dial

serial auto dialer capable of dialing with DTMF tones or pulses — DTMF or Pulses

from its 40-byte character buffer offers the user added flexibility - —0-9#* TP CR (ASCh)

in creating a 1200 bps modem customized for specific packaging — 40-Byte Character Buffer

and functional requirements. e 10-Bit Character Length

An R212DP/EB Evaluation Board is also available to aid modem * Break Generation/Detection
system design and evaluation. Included on the printed circuit ¢ Send/Receive Space Disconnect

board are the R212DP/DS modem device set, RS-232-C con-

nector, power connector, an RJ-11 phone jack, six LED indi- * Automatic Adaptive Equalizer

cators, and four configuration switches. The evaluation board ¢ Analog Loopback

comes with an in-depth R212DP Device Set Designer’s Guide — 0 to 300 bps, 1200 bps
(Order No. 678) and a wall-mount power supply. All that is * Packaging Options
required to use the R212DP/EB is an RS-232-C cable connected — 40-pin Plastic DIP

to a terminal or computer, and a phone cord. — 44-pin PLCC

40-PIN DIP 44-PIN PLCC

R212DP/DS Modem Device Set

Document No. 29220N77 Product Summary Order No. 677

13 Rev. 2, February 1987




R212DP

Data Pump Modem Device Set

+5V +5V -5V
R I |
DTR ——
DCD <-—|
™D ———»|
RxD <*— —
AT Re200xx < 10468-XX LINE
v l«——— ) INTERFACE
OH —
ORG/ANS —— L
AL — » O
T
R gl
MODULATOR/ = INTEGRATED =
DEMODULATOR ANALOG
DEVICE DEVICE
R212DP/DS Modem Device Set Interface Diagram
SPECIFICATIONS Environmental

Power Consumption
+5 Vdc £5% <300 mA
-5Vdec 5% <40 mA
600 mW (typical)

Temperature: Operating 0°C to 70°C
Storage —55°C to +150°C
Relative Humidity: Up to 90% noncondensing, or a wet bulb
temperature up to 35°C, whichever is less.



R212AT/DS and R212AT/EB

‘ ' R212AT Modem Device Set
“AT”’ Command Set
Rockwell Bell 212A Compatible

INTRODUCTION FEATURES

The R212AT/DS (AT’ Command Set Compatible) device set e 2 Device Implementation

is a high performance 1200/300 bps modem. Using state-of-the- — R8203 Modulator/Demodulator

art VLSI technology, the R212AT provides the entire modulation/ — 10468 Integrated Analog

demodulation process, high and low band filtering, and an

enhanced “AT" Command Set in only two devices. * Bell 212A and 103 Compatible (2-Wire Full-Duplex)
The R212AT is ideal for data transmission over the 2-wire dial-up — 1200 bps DPSK (+1%, —2.5%) asynchronous
network. Bell 212A and 103 compatible, the R212AT can handle — 0-300 bps FSK asynchronous

virtually all applications for full-duplex 1200 bps and 0 to 300 bps — Auto Fallback, Answer Mode

asynchronous data transmission over the public switched

telephone network (PSTN). * Auto/Manual Answer

The RS-232-C compatible interface integrates easily into a per- e Auto/Manual Dial

sonal computer, box modem, terminal or any other communica-

tions product. The added features of the enhanced “AT” e “AT” Command Set (see reverse side)
Command Set offer the user added flexibility in creating a

1200 bps modem customized for specific packaging and func- e DTE Interface

Fional requirements. The B21?AT can be readily used with — Functionally: RS-232-C Compatible

industry standard communication software packages. — Electrically: TTL

An R212AT/EB Evaluation Board is also available to aid modem

system design and evaluation. Included on the printed circuit ¢ Data Format

board are the R212AT/DS modem device set, RS-232-C con- — 7 Data Bits; 1 or 2 Stop Bits; Even, Odd, or Fixed Parity
nector, power connector, two RJ-11 phone jacks, 11 LED indi- — 8 Data Bits; 1 or 2 Stop Bits; No Parity

cators, four configuration switches, and a speaker with volume

control. The evaluation board comes with a detailed R212AT ¢ Automatic Adaptive Equalizer

Device Set Designer’s Guide (Order No. 686), and a wall-mount

power supply. All that is required to use the R212AT/EB is an ¢ Packaging Options

RS-232-C cable connected to a terminal or computer, and a — 40-pin Plastic DIP

phone cord. — 44-pin PLCC

40-PIN DIP 44-PIN PLCC

R212AT/DS Modem Device Set

Document No. 29220N83 Product Summary Order No. 683

Rev. 2, February 1987
1-5




R212AT

“AT” Compatible Modem Device Set

R212AT “AT’’ Command Set

Command Function Command Function Command Function
AT Attention Code Sr=n Set Register H On/Off Hook
Al Repeat Last Command Vv Verbal/Numeric | Returns Product Code
A Answer Result Code M Speaker On/Off
D Dial s Pause o] On Line
R Reverse Dial H Return to Command Q Quiet On/Off
T Tone Dial State After Dialing 4 Reset
P Pulse Dial E Echo On/Off +++ Escape Code
Sr? Read Register
+5V +5V -5V
DSR «——
DTR ———|
DCD a——
™D ——p}
RXD ~<—— : R
Rl — R8203-XX 10468-XX LINE
Cl «+— l.e———— J INTERFACE
MR €+— 'j_
AA *—— D
SPEAKER ON #— __—l—
MODULATOR/ = INTEGRATED =
DEMODULATOR ANALOG
DEVICE DEVICE

SPECIFICATIONS
Power Consumption
+5 Vdc £5% <300 mA

-5Vdc +5%

<40 mA

600 mW (typical)

R212AT/DS Modem Device Set Interface Diagram

Environmental

Temperature: Operating 0°C to 70°C

Storage —55°C to +150°C

Relative Humidity: Up to 90% noncondensing, or a wet bulb
temperature up to 35°C, whichever is less.

1-6



R1212

Integral Modems

1200 bps Full-Duplex Modem

R1212

INTRODUCTION

The Rockwell R1212 is a high performance full-duplex 1200 bps
modem. Using state-of-the-art VLSI and signal processing tech-
nology, the R1212 provides enhanced performance and reliabil-
ity. The modem is assembled as a small module with a DIN con-
nector (R1212M amd R1212DC) or a new, smaller module (seven
square inches) with a dual-in-line pin (DIP) interface.

Being CCITT V.22 A, B compatible, as well as Bell 212A and 103
compatible, the R1212 fits most applications for full-duplex
1200 bps (synchronous and asynchronous) and 0 to 300 bps
asynchronous data transmission over the general switched tele-
phone network, and over point-to-point leased lines.

The direct-connect, auto dial/answer features are specifically
designed for remote and central site computer applications. The
bus interface allows easy integration into a personal computer,
box modem, microcomputer, terminal or any other communi-

FEATURES

CCITT V.22 A, B Compatible

Bell 212A and 103 Compatible

Synchronous: 1200 bps, 600 bps *0.01%

Asynchronous: 1200 bps, 600 bps + 1%, —2.5%,

0-300 bps

— Character Length 8, 9, 10, or 11 bits

e DTE Interface
— Functional: CCITT V.24 (RS-232-C) (Data/Control) and

Microprocessor Bus (Data/Configuration/Control)

— Electrical: TTL Compatible

e 2-wire Full-Duplex Operation

¢ Adaptive and Fixed Compromise Equalization

e Test Configurations:

— Local Analog Loopback

— Remote Digital Loopback

— Self Test

e o o o

* Auto/Manual Answer
cations product that demands the utmost in reliability and o Auto/Manual Dial—DTMF Tone or Pulse Dial
performance. e Power Consumption: 2.3 Watts Typical
* Power Requirements: +5 Vdc, £12 Vdc
The R1212/DM, with its small form factor and DIP connection, « Three Functional Configurations:
can be automatically installed and soldered onto a host module. — R1212DC (Direct Connect): DIN connector module with
Its small size is ideal for internal “1/2-card” PC modem applica- FCC approved DAA Part 68 Interface
tions. Moreover, the R1212/DM is pin and firmware compatible — R1212M: DIN connector module without DAA
with the R2424/DM and pin compatible with Rockwell’s next gen- — R1212/DM: DIP connection module without DAA
eration of medium speed modems, the RC2424 and RC1212.
R1212M Modem R1212/DM Modem
Document No. 29200N10 Data Sheet Order No. MD10

Rev. 4, February 1987




R1212 1200 bps Full-Duplex Modem

TECHNICAL SPECIFICATIONS 3. DTMF Tones: The R1212 generates dual tone multi-
frequency tones. When the transmission of DTMF tones are
TRANSMITTER CARRIER AND SIGNALING required, the CRQ and DTMF bits (see Interface Memt.)nry
FREQUENCIES Definitions)must be setto a 1. When in this mode, the specific
- DTMF tones generated are decided by loading the dial digit

The transmitter and signaling frequencies supported in the register with the appropriate digit as shown in Table 2.

R1212 are listed in Table 1.

Table 2. Dial Digits/Tone Pairs

Table 1. Transmitter Carrier and Signaling

Frequencies Specifications Dial
Frequency Hex Digits Tone Pairs
Mode (Hz £0.01%) 00 0 941 1336
V.22 low channel, Originate Mode 1200 01 1 697 1209
V.22 high channel, Answer Mode 2400 02 2 697 1336
Bell 212A high channel Answer Mode 2400
Bell 212A low channel Originate Mode 1200 03 3 697 1477
Bell 103/113 Onginating Mark 1270 04 4 770 1209
Bell 103/113 Originating Space 1070 05 5 770 1336
Bell 103/113 Answer Mark 2225 06 [ 770 1477
Bell 103/113 Answer Space 2025 07 7 852 1209
08 8 852 1336
09 9 852 1477
TONE GENERATION 0A * 941 1209
I . . 0B Spare (B) 697 1633
The specifications for tone generation are as follows: oc Spare (C) 770 1633
1. Answer Tones: The R1212 generates echo disabling tones 0D Spare (D) 852 1633
for both the CCITT and Bell configurations, as follows: 0E # 941 1477
a. CCITT: 2100 Hz +15 Hz. OF Spare (F) 941 1633
b. Bell: 2225 Hz +10 Hz. N
- . 10 13! lling T
2. Guard Tones: |f GTS (see Interface Memory Definitions) is 00 Hz Celling Tone
low, an 1800 Hz guard tone frequency is selected; if GTS is
high, a 5653.846 Hz tone is employed. In accordance with the
CCITT V.22 Recommendation, the level of transmitted power
for the 1800 Hz guard tone is 6 + 1 dB below the level of the TONE DETECTION
data power in the main channel. The total power transmitted The R1212 detects tones in the 340 +5 Hzto 640 *5 Hz band.
to the line is the same whether or not a guard tone is enabled. Detection Level. -10 dBm to -43 dBm
If a 553.846 Hz guard is used, its transmitted power is Response Time: 17 £2 ms
3 =1 dBbelow the level of the main channel power, and again
the overall power transmitted to the line will remain constant
whether or not a guard tone is enabled. The device accom-
plishes this by reducing the main channel transmit path gain SIGNALING AND DATA RATES
by .97 dB and 1.76 dB for the cases of the 1800 Hz and The signaling and data rates for the R1212 are defined in
553.846 Hz guard tones respectively. Table 3.
Table 3. Signaling and Data Rates
Operating Mode Signaling Rate (Baud) Data Rate
V.22
(Alternative A)
Mode i 600 1200 bps *0.01% Synchronous
Mode ui 600 600 bps +0.01% Synchronous
(Alternative B)
Mode i 600 1200 bps +0.01% Synchronous
Mode 600 600 bps +0 01% Synchronous
Mode 1i 1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Mode iv 600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Bell 212A; 600 1200 bps +0.01%, Synchronous/Asynchronous
0 to 300 0 to 300 bps Asynchronous




R1212

1200 bps Full-Duplex Modem

DATA ENCODING
The specifications for data encoding are as follows:

1. 1200 bps (V.22 and Bell 212A). The transmitted data is
divided into groups of two consecutive bits (dibits) forming a
four-point signal structure.

2. 600 bps (V.22). Each bit is encoded as a phase change rela-
tive to the phase preceding signal elements.

EQUALIZERS

The R1212 provides equalization functions that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer—An automatic adaptive equal-
izer is provided in the receiver circuit for V.22 and Bell 212A con-
figurations.

Fixed Compromise Equalizer—A fixed compromise equalizer
is provided in the transmitter.

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified compromise
equalizer characteristic, the transmitted line signal has a fre-
quency spectrum shaped by the square root of a 75 percent
raised cosine filter. Similarly, the group delay of the transmitter
output is within + 150 microseconds over the frequency range
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan-
nel).

SCRAMBLER/DESCRAMBLER

The R1212 incorporates a self-synchronizing scrambler-
Idescrambler. In accordance with the CCITT V.22 and the Bell
212A recommendations.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit of the R1212 can adapt to received frequency
errors of up to +7 Hz with less than a 0.2 dBm degradation in
BER performance.

RECEIVE LEVEL

The receiver circuit of the R1212 satisfies all specified perform-
ance requirements for the received line signals from — 10dBmto
— 48 dBm. The received line signal is measured at the receiver
analog input RXA.

TRANSMIT LEVEL

The R1212M output control circuitry contains a variable gain
buffer which reduces the modem output level. The R1212M can
be strapped via the host interface memory to accomplish this.

PERMISSIVE/PROGRAMMABLE CONFIGURATIONS

The R1212M transmit level is +6 dBm to allow a Data Access
Arrangement (DAA) to be used. The DAA then determines the
permissive or programmable configuration.

The R1212DC transmit level is strapped in the permissive mode
so that the maximum output level is — 10 dBm +1.0 dBm.

AUTOMATIC RECONFIGURATION

The R1212 is capable of automatically configuring itself to the
compatibility of a remote modem. The R1212 can be in either the
answer or originate mode for this to occur. The R1212 adaptation
compatibilities are limited to V.22 A/B (1200 bps), Bell 212, and
Bell 103. If the R1212 is to originate in a specific configuration,
the MODE bits (see Interface Memory Definitions) must be set.

MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of 1/0 points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six
groups of modem operation: overhead signals, V.24 interface
signals, microprocessor interface signals, DAA signals, analog
signals, and ancillary signals. Table 4 lists these groups along
with their corresponding connector pin numbers. The column
titled “Type” refers to designations found in the Hardware Cir-
cuits Interface Characteristics (Tables 5 and 6). The six groups
of hardware circuits are described in the following paragraphs.
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POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem s initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-

plete. The R1212 POR sequence leaves the modem configured
as follows:

1200 bps

Asynchronous

10-bit Character Length
Constant Carrier

Serial Mode

Answer Mode

Auto Answer Disabled
RAM Access Code = 00

This configuration is suitable for performing high speed data
transfer over the public switched telephone network using the
serial data port. Individual features are discussed in subsequent
paragraphs.
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Figure 1. R1212 Modem Functional Interconnect Diagram
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Table 4. Hardware Circuits

DIN DIP DIN DIP
Name Type Pin No. Pin No. Description Name Type| Pin No. |Pin No. Description
A. OVERHEAD SIGNALS C. V.24 INTERFACE SIGNALS
Ground (A) | AGND | 31C, 32C | 21, 26, | Analog Ground XTCLK 1B 22A 3 External Transmit
39 Return Clock
Ground (D) | DGND | 3C, 8C, 20, 40, | Digital Ground TDCLK ocC 23A 7 Transmit Data Clock
5A, 10A 51, 60 Return RDCLK oC 21A 8 Receive Data Clock
+5 volts PWR 19C, 23C, | 1, 19, +5 volt supply RTS 1B 25A 4 Request-to-Send
26C, 30C | 61 CTS oc 25C 5 |Clearto-Send
+12 volts PWR 15A 22 +12 volt supply TXD 1B 24C 6 Transmit Data
- 12 volts PWR 12A 25 - 12 volt supply RXD oC 22C 9 Receive Data
POR [l[e]:} 13C 13 Power-on-Reset RLSD oc 24A 10 |Received Line Signal
Detector
B. MICROPROCESSOR INTERFACE SIGNALS BTR B 210 12 | Data Terminal Ready
b7 I/0A 1C 52 DSR oc 20A 11 |Data Set Ready
D6 I/OA 1A 53 Rl oc 18A 2 |Ring Indicator
gi :;g: gﬁ gg D. ANALOG SIGNALS
D3 I/OA 3A 56 Data Bus (8-Lines) RXA (M) 1B 32A 23 | Receive Analog Input
D2 I/OA 4C 57 TXA (M) ocC 31A 24 | Transmit Analog
D1 I/0OA 4A 58 Output
Do 1/OA 5C 59 TIP/RING (DC) [AE  [RJ11 Jacks | — Phone Line Interface
RS3 1A 6C 45 Register Select LINE
RS2 1A 6A 44 (@Lines) MONITOR (DC) | AD 30A — | Analog Line Monitor
RS1 1A 7C 43
RSO A A 2 E_.DAA INTERFACE SIGNALS
Cso 1A 10C 48 Chip Select RD (M) 1B 27A 35 | Ring Detect
Recever (Baud RCCT (M) ocC 28A — | Request Coupler Cut
Rate Device) . Through
(3] 1A oC 41 Chip Select CCT (M) 1B 29C — | Coupler Cut Through
Transmitter OH oc 29A 36 | Off-Hook Relay Status
(Sample Rate T/D Relay ocC — 37 Talk/Data Relay
Device) Ml IC — 38 Manual Input
READ 1A 12C 47 | Read Enable F. ANCILLARY INTERFACE SIGNALS
e o e P m?:ui??;uest TBOLK oc 27c — [ransmit Baud Clock
RBCLK oC 26A — Receive Baud Clock
TLK IC 28C — | Talk (TLK = Data)
ORG B 16C — | Originate (ORG =
Answer)
(M) R1212M Only, (DC) R1212DC Only, — = not applicable
Table 5. Digital Interface Characteristics
Input/Ouput Type
Symbol P Units 1A 1B IC OA oB oc /0 A 1/0B
Vi Input Voltage, High \% 2.0 min. 2.0 min. 2.0 min. 2.0 min. [5.25 max.
2.0 min.
Vi Input Voltage, Low \ 0.8 max. | 0.8 max. 0.8 max. 0.8 max. [0.8 max.
Vou | Output Voltage, High \ 2.4 min.! 2.4 min2 |2.4 min.3
Vo | Output Voltage, Low \' 0.4 max.2 | 0.4 max.? | 0.4 max.2 [ 0.4 max.2{0.4 max.’
In Input Current, Leakage wA | £2.5 max. +2.5 max.¢
lon Output Current, High mA —0.1 max.
lou Output Current, Low mA 16 max. | 1.6 max. 1.6 max.
I Output Current, Leakage | pA +10 max.
Ipy Pull-up Current A —240 max | — 240 max — 240 max. — 260 max.
(Short Circuit) -10 min. | -10 min. . —10 min. —100 min.
C. Capacitive Load pF 5 5 20 10 40
Co Capacitive Drive pF 100 100 100 100 100
Circurt Type TTL TTL TTL TTL Open-Drain | Open-Drain| 3 State |Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Pull-up

Notes: 1.1load = -100 yA 2.lload = 16 mA 3.lload = -40 pA 4.V, = 0.410 2.4 Vdc, Vgc = 5.25 Vdc 5 lload = 0.36 mA
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Table 6. Analog Interface Characteristics

Name Type Characteristics

TXA AA The transmitter output impedance is 604Q
+ 1% with an output level of +6 dBm.
To obtain a 0 dBm output, a 6002 load to
ground is needed.

RXA AB The receiver input impedance is 23.7 KQ
+1%. The receive level at RXA must be
no greater than -9 dBm (or —6 dBm
with the 3DB bit ‘enabled).

LINE AD The line monitor output impedance is

MONITOR 15 KQ +5%.

TIP/RING AE The impedance of TIP with respect to
RING is 600 Q.

V.24 INTERFACE

Eleven hardware circuits provide timing, data, and control sig-
nals for implementing a serial interface compatible with CCITT
Recommendation V.24. These signals interface directly with cir-
cuits using TTL logic levels (OV, +5V). These TTL levels are
suitable for driving the short wire lengths or printed circuitry nor-
mally found within stand-alone modem enclosures or equipment
cabinets. For driving longer cables, the voltage levels and con-
nector arrangement recommended by EIA standard RS-232-C
are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.

4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Data Terminal Ready (DTR)

DTR prepares the modem to be connected to the communica-
tions channel, and maintains the connection established by the
DTE (manual answering) or internal (automatic answering)
means. DTR OFF places the modem in the disconnect state.

Data Set Ready (DSR)

Data Set Ready (DSR) ON indicates that the modem is in the
data transfer state. DSR OFF is an indication that the DTE is to

disregard all signals appearing on the interchange circuits—
except RI. DSR will switch to the OFF state when in test state.
The ON condition of DSR indicates the following:

1. The modem is not in the talk state, i.e., an associated tele-
phone handset is not in control of the line.

2. The modem is not in the process of automatically establishing
a call via pulse or DTMF dialing.

3. The modem has generated an answer tone or detected
answer tone.

4. After ring indicate (RI) goes ON, DSR waits at least two sec-
onds before turning ON to allow the telephone company
equipment to be engaged.

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a

maximum of 4 seconds when the SSD bit is enabled.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. In constant carrier mode, RTS can be wired to
DTR. In controlled carrier operation, independent operation of
RTS turns the carrier ON and OFF. The responses to RTS are
shown in Table 7 (assume the modem is in data mode).

Table 7. RTS Responses

Leased or Dial Line' RTS OFF RTS ON
Controlled Carrier CTS OFF Carrier ON
Carrier OFF 210 to 275 ms Scrambled
1's Transmitted
CTS ON
Constant Carrier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1 s | Data Transmitted
Transmitted
Note:
1. After handshake is complete.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which are present on TXD. CTS response times
from an ON or OFF condition of RTS are shown in Table 8.

Table 8. CTS Response Times

CTS Transition Constant Carrier

OFF to ON <2 ms
ON to OFF <20 ms*

Note: *Programmable

Controlled Carrier

210 to 275 ms
<20 ms*
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Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected data rate of 1200 Hz or 600 Hz
(+£0.01%).

2. Duty Cycle. 50 +1%.

TDCLK is provided to the user in both asynchronous and syn-
chronous communications. TDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec-
essary for synchronous communication. In this case Transmit
Data (TXD) must be stable during the one ps periods immedi-
ately preceding and following the rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 + 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. The timing recovery circuit is capable of tracking a +.035%
(relative) frequency error in the associated transmit timing
source.

RDCLK is provided to the user in both asynchronous and syn-
chronous communications. RDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec-
essary for synchronous communication.

Received Line Signal Detector (RLSD)
The RLSD thresholds for both high and low channels are:

RLSD ON = -43dBm
RLSD OFF < -48dBm

RLSD will not respond to guard tones or answer tones.

When RLSD is active, it indicates to the terminal equipment that
valid data is available on RXD.

Transmitted Data (TXD)
The modem obtains serial data from the local DTE on this input.

Received Data (RXD)

The modem presents received data to the local DTE on this
output.

Ring Indicator (RI)

The modem provides a Ring Indicator (RI) output; its low state
indicates the presence of a ring signal on the line. The low condi-
tion appears approximately coincident with the ON segment of
the ring cycle (during rings) on the communication channel. (The
ring signal cycle is typically two seconds ON, four seconds OFF.)
The high condition of the RI output is maintained during the OFF
segment of the ring cycle (between rings) and at all other times
when ringing is not being received. The operation of Rl is not
disabled by an OFF condition on DTR.

Rl will respond to ring signals in the frequency range of 15.3 Hz
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied
across TIP and RING), with the response times given in Table 13.

This OFF-to-ON (ON-to-OFF) response time is defined as the
time interval between the sudden connection (removal) of the
ring signal across TIP and RING and the subsequent ON (OFF)
transition of RI.

Table 9. RI Response Time

RI Transition Response Time
OFF-to-ON* 110 £50 ms (50% duty cycle)
ON-to-OFF 450 £50 ms

Note: *The OFF-to-ON time is duty cycle dependent:
890 ms (15%) = time = 50 ms (100%)
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MICROPROCESSOR INTERFACE

Seventeen hardware circuits provide address, data, control, and
interrupt signals for implementing a parallel interface compatible
with an 8080 microprocessor. With the addition of a few external
logic gates, the interface can be made compatible with a wide
variety of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface allows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0 and CS1) and
Register Selects (RS0-RS1)

The signal processor to be accessed is selected by grounding
one of two unique chip select lines, CS1 or CS0. The selected
chip decodes the four address lines, RS3 through RSO, to select
one of sixteen internal registers. The most significant address bit
(23) is RS3 while the least significant address bit (29 is RSO.
Once the address bits have been decoded, the selected register
can be read from or written into via an 8-bit parallel data bus, D7
through DO. The most significant data bit (27) is D7 while the
least significant data bit (29) is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ line
high or the WRITE line low. During a read cycle, data from the
selected register is gated onto the data bus by means of three-
state drivers. These drivers force the data lines high for a one bit
or low for a zero bit. When not being read, the three-state drivers
assume their off, high-impedance, state. During a write cycle,
data from the data bus is copied into the selected register, with
high and low bus levels representing one bits and zero bits,
respectively. The timing required for correct read/write cycles is
illustrated in Figure 2. Logic necessary to convert the single R/'W
output from a 65XX series microprocessor to the separate READ
and WRITE signals required by the modem is shown in Figure 3.

interrupt Request (IRQ)

The final signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
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rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to + 5 volts is required at some
point on the IRQ line. The resistor value should be small enough
to pull the IRQ line high when all IRQ drivers are off (i.e., it must
overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms +20%, 0.25 watt, is
sufficient.

DAA INTERFACE

The R1212M provides a Data Access Arrangement (DAA) inter-
face that is directly hardware and software compatible with the
RDAA. Manual/automatic originate and answer are then con-
trolled via the appropriate R1212M hardware ancillary circuits or
software control bits. The modem provides the only interface with
the microprocessor (MPU) bus, i.e., no RDAA interface signals
must be directly controlled from the MPU bus.

Ring Detect (RD)

RD indicates to the modem by an ON (low) condition that a ring-
ing signal is present. The signal (a 4N35 optoisolator compatible
output) into the RD input should not respond to momentary
bursts of ringing less than 125 ms in duration, or to less than
40 Vrms, 15 to 68 Hz, appearing across TIP and RING with
respect to ground. The ring is then reflected on RI.

Request Coupler Cut Through (RCCT)

RCCT is used to request that a data transmission path through
the DAA be connected to the telephone line. When RCCT goes
OFF (low), the cut-through buffers are disabled and CCT should
go OFF (high). RCCT should be OFF during dialing but ON for
tone address signaling.

Coupler Cut Through (CCT)

An ON (low) signal to the CCT lead indicates to the modem that
the data transmission path through the DAA is connected. This
input can always be grounded if the two second billing delay
squelch is desired. If CCT is user controlled, the billing delay
squelch can only be 2 seconds or greater.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.



R1212 1200 bps Full-Duplex Modem

READ WRITE
TCS fe—
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1 = lTcHTCS o [+ = leTCH
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—> TCH TCS — —> TCH

WRITE N—Ju ZF
READ —j {_\

[
TDA —-‘ —>{ |+ TDH [+ TWDS
Di
(i=0-7
TWDH—
Characteristic Symbol | Min | Max | Units
CSi, RSi setup time prior
to Read or Write TCS 30 — ns
Data access time after Read TDA — 140 ns
Data hold time after Read TDH 10 50 ns
CSi, RSi hold time after
Read or Write TCH 10 — ns
Write data setup time TWDS 75 — ns
Write data hold time TWDH 10 — ns
Write strobe pulse width TWR 75 — ns

Figure 2. Microprocessor Interface Timing Diagram

2 D—— READ

R1212
MODEM

Figure 3. R/W to READ WRITE Conversion Logic
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ANALOG SIGNALS (R1212M)

Two connections are devoted to analog audio signals: TXA and
RXA.

Transmit Analog (TXA)

The TXA output is suitable for driving a data access arrangement
for connection to either leased lines or the public switched tele-
phone network. The transmitter output impedance is 604 ohms
+ 1% with an output level of +6 dBm +1 dBm. To obtain a
0 dBm output, a 600 ohm load to ground is needed.

Receive Analog (RXA)

RXA is an input to the receiver from a data access arrangement.
Theinputimpedance is 23.7K ohms + 1%. The received level at
RXA must be no greater than —9 dBm (or — 6 dBm with the 3DB
bit enabled).

ANALOG SIGNALS (R1212DC)

Three analog signals are output by the R1212DC: LINE MONI-
TOR, TIP and RING.

Analog Line Monitor (LINE MONITOR)

The LINE MONITOR output is suitable for a speaker interface. It
provides an output for all dialing signals, call progress signals,
and the carrier signals. The output impedance is 15K ohms
+ 1%. The signals which appear on LINE MONITOR are approx-
imately the same level as the signals would appear on the net-
work (assuming a 1 dB loss attributed to the audio transformer).

Phone Line Interface (TIP and RING)

TIP and RING are the DAA analog outputs to the public switched
telephone network. These outputs use two RJ11 jacks in parallel
as the interface to the network (see Table 10 and Figure 4). The
R1212DC, which contains the DAA TIP and RING interface, has
been FCC Part 68 approved. The user need not apply for further
Part 68 approval. The impedance of TIP with respect to RING is
600 ohms.

Table 10. R1212DC Network Interface

Connector Pin
Type Number Name Function
3 RING One Side of TELCO Line
RJ11 Jack 4 TIP | One Side of TELCO Line

TO f TO OTHER

NETWORK ( ] EQUIPMENT
PYP A i

MINIATURE 1112131415161 | R2a2a

6 POSITION JACK | | \ | MODEM JACK
LA A
| N il

MINIATURE 1444144 TeLePHONE

6 POSITION PLUG | | i | CORD
.

RING (RED WIRE) TIP (GREEN WIRE)

Figure 4. RJ11 Telephone Jack

ANCILLARY CIRCUITS

Transmit Baud Clock (TBCLK) and
Received Baud Clock (RBCLK)

TBCLK and RBCLK are provided to the user at the baud rate
(600 Hz).

Talk (TLK) (DIN Module Only)

TLK is an input which manually places the modem on-hook (relay
open, TLK = 0)or off-hook (relay closed, TLK = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. TLK is used with ORG to manually
originate or answer a call. TLK should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.

Originate (ORG)

ORG is an input which manually places the modem in the origi-
nate mode (ORG = 0) or the answer mode (ORG = 1). To man-
ually originate a call, ORG = 0 and TLK = 0. Dial the number
using the telephone. When the other modem answers and sends
answer tone switch the TLK input from 0 to 1 placing the modem
off-hook.

To manually answer a call ORG = 1 and TLK = 0. When the
phone rings switch the TLK input from 0 to 1 placing the modem
off-hook.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.
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T/D Relay. (DIP Module Only)

The T/D Relay signal may be used as a second relay control
when the parallel control mode of operation is selected (BUS bits
0and1 = 1). If the serial control mode is selected (BUS bits 0 and
1 = 0) the T/D relay follows the status of the OH output signal
which is controlled by the Mi signal. In the parallel control mode
the OH output signal is controlled by the status of the DATA bit,
while independent control of the T/D relay is provided by the Mi
signal. During pulse dialing the OH signal reflects the pulse sig-
nals being dialed. It is therefore possible to use the T/D Relay
signal to control the off-hook relay and use the OH signal to per-
form pulse dialing on a separate, independent relay.

Manual Input (W) (DIP Module Only)

Miis an input which manually places the modem on-hook (relay
open, Ml = 0) or off-hook (relay closed, Ml = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. Ml is used with ORG to manually
originate or answer a call. Ml should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.

SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load-
/drive characteristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented in firmware running on two special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into two
areas. These areas are partitioned into receiver and transmitter
devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
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interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal /O bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. Itis possible to enable a bit in register E to cause an inter-
rupt each time it sets. This interrupt can then be cleared by aread
or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 32 addressable registers in the modem
receiver (CSO0) and transmitter (CS1) interface memory are
shown in Figures 5 and 6, respectively. These registers may be
read or written on any host read or write cycle, but all eight bits of
that register are affected. In order to read a single bit or a group of
bits in a register, the host processor must mask out unwanted
data. When writing a single bit or group of bits in a register the
host processor must perform a read-modify-write operation. That
is, the entire register is read, the necessary bits are set or reset in
the accumulator of the host, then the original unmodified bits and
the modified bits are written back into the register of the interface
memory.

Figures 7 and 8 show the registers according to the overall func-
tion they perform in the receiver and transmitter, respectively.
Figures 9 and 10 show the power-on configuration for the R1212
modem receiver and transmitter devices, respectively.

Table 11 defines the individual bits in the interface memory. Inthe
Table 11 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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F RAM Access R F RAM Access T
IRQ | ENSI [INEWS| — |NEWC| — - - E IRQ | ENSI [NEWS| — |NEWC|DDEI| — |DDRE
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9 - - SPEED - - - - 9 NAT'| — |ORG| LL |RTS | CC EF | NTS
8 TONE| ATD | — - - - TM |RLSD 8 DLO | CTS |DSR | RI - - - -
7 - - - - - - - - 7 - - - - - - - -
6 R I (S R e e 6 - — |- =] =]~=|-=1-
5 RAM Data YRM (YRAMRM) 5 RAM Data YTM (YRAMTM)
4 RAM Data YRL (YRAMRL) 4 RAM Data YTL (YRAMTL)
3 RAM Data XRM (XRAMRM) 3 RAM Data XTM (XRAMTM)
2 RAM Data XRL (XRAMRL) 2 RAM Data XTL (XRAMTL)
N e e e e N I e e
0 — — — - - —_ - - 1] Dial Digit Register
Note 1. Not valid beloreN :::12-13
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 5. Receiver (@) Interface Memory Map Figure 6. Transmitter (CS1) Interface Memory Map
Bit Bit
g 7 6 5 4 3 2 1 0 Regina 7 6 5 4 3 2 1 0
F DIAGNOSTIC CONTROL F DIAGNOSTIC CONTROL
E HANDSHAKE E HANDSHAKE
D CONFIGURATION D CONFIGURATION
[+ CONFIGURATION C CONFIGURATION
B CONFIGURATION B CONFIGURATION
A CONFIGURATION A CONFIGURATION
9 STATUS 9 CONFIGURATION
8 STATUS 8 STATUS
7 RESERVED 7 RESERVED
6 RESERVED 6 RESERVED
5 DIAGNOSTIC 5 DIAGNOSTIC
4 DIAGNOSTIC 4 DIAGNOSTIC
3 DIAGNOSTIC 3 DIAGNOSTIC
2 DIAGNOSTIC 2 DIAGNOSTIC
1 RESERVED 1 RESERVED
0 RESERVED 0 DIAL DIGIT REGISTER
Registe Bit 7 6 5 4 3 2 1 [ Registe Bit 7 6 5 4 3 2 1 0

Figure 7. Receiver (CS0) Interface Memory Functions Figure 8. Transmitter (CS1) Interface Memory Functions
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Bit Bit
Register 7 6 5 4 3 2 1 [} Regist 7 6 5 3 2 1 0
F RAM Access R F RAM Access T
0 0 0 0 0 0 0 0 0 [ 0 [) [] 0 0 0
E IRQ | ENSI |[NEWS| __ |NEWC| __ _ — E IRQ | ENSI (NEWS| __ |NEWC| DDEI _. | DDRE
[) [) 0 0 0 [) 0 0 [) 0
) BUS | CRQ _ —- — LCD | RSD - D BUS | CRQ | DATA | AAE | DTR - _ SSD
0 [ 1 0 0 0 0 0 0 0
c _ _ _ CHAR _ _ _ ¢ DSRA| TX CLK CHAR _ | DLSF
1 0 0 0 [ 1 0 0
B _ _ _ _ _ _ — [AC B TX LEVEL GTE | GTS | 3DB |DTMF| AL
[) [} 0 0 0 0 0 0
A ERDL | RDL DL ST MODE A ERDL | RDL DL ST MODE
0 0 [) 0 [ 0 1 1 0 0 0 0 [ 0 1 1
9 — _ SPEED — — — — o NAT | _ |ORG | LL | RIS | CC | EF | NTS
0 0 0 0 0 0 0 0
s TONE | ATD | _ _ _ — | 7™ |RLSD s DLO | CTS | DSR | RI | _ _ _ _
0 0 0 0 0 0 0 0
7 - - - - - - - - 7 — = - - = - - -
6 = - — - — - - - 6 - - = = - - — -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
N S S e e I o= [-[-T-1-
[ — —_ —_ —_ - —_ - - 0 Dial Digit Regi (Write-Only Register)
Regist: Regist,
Bit 7 6 5 4 3 2 1 0 Bit 7 6 5 4 3 2 1 L]
(—) reserved for modem use only. (—) Indicates reserved for modem use only.

Figure 9. R1212 Receiver (CS0) Interface Memory
Power On Configuration

Figure 10. R1212 Transmitter (CS1) Interface Memory
Power On Configuration
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Table 11.

Interface Memory Definitions

Mnemonic

Name

Memory
Location

Description

AAE

AL

ATD

BUS

Auto Answer Enable

Analog Loopback

Answer Tone Detected

Bus Select

1:D:4

(0,1):B:0

0:8:6

(0,1):D:7

When configuration bit AAE is a 1, the modem will automatically answer
when a ringing signal is present on the line. When AAE s set to a 1, the
modem will answer after one ring and go into data mode.

The modem goes off-hook 1 second after the on-to-off transition of the ring.
The ORG pin or ORG bit need not to be set to the answer polarity. If it 1s
desired to answer after more than one ring, then the user must use the alter-
native answer method described under the DATA bit. The DTR pin or

the DTR bit must also be set before the modem will auto answer. Writing a 0
into the AAE bit will cause the modem to go on-hook. This will occur only
when the modem auto answers using the AAE bit

When configuration bits AL are a 1, the modem is in local analog loopback
(V.54 Loop 3). In this loop, the transmitter’s analog output is coupled to the
receiver’s analog input at a point near the modem’s telephone line interface.
An attenuator is introduced into the loop such that the signal level coupled
into the receive path is attenuated 14 1 dBm. The modem may be placed
into analog loopback In either the idle mode or the data mode. However, in
the data mode, setting the AL bits to a 1 will terminate the connection.
Analog loopback will only function in the high speed modes (1200, or 600
bps).

The DTE may be tested when the modem is in analog loopback. Also, all
parts of the modem except the line interface are checked. If no DTE is con-
nected, the modem integrity may be verified by use of the self test function.
When entering analog loopback, set AL in the receiver to a 1 before setting
AL in the transmitter to a 1.

When exiting analog loopback, reset AL in the transmitter to a 0 before reset-
ting AL in the receiver to a 0.

When status bit ATD is a 1, it signifies that the modem receiver detected the
answer tone. The bit is 1 set 75 ms after the answer tone is first detected,
and is cleared to a 0 when the modem goes on-hook. The user may clear
ATD manually after CTS is active.

When configuration bits BUS are a 1, the modem is In the parallel control
mode; and when 0, the modem is in the serial control mode. BUS can be in
either state to configure the modem.

Serial Control Mode

The serial mode uses standard V.24 (RS-232-C compatible) signals to
transfer channel data. The control signals used in serial control mode are
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected
both in the interface memory and the V.24 interface. Once the bus bits have
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are
ignored.

Parallel Control Mode

The modem has the capability of modem control via the microprocessor bus.
Data transfer is maintained over the senal V.24 channel. The control bits
used in parallel control are DTR, RTS, ORG, and DATA

The modem automatically defaults to the serial mode at power-on.
If the parallel control mode 1s to be used, it is recommended that the TLK pin
be tied to ground. A floating TLK pin will assume a logic 1 which will

immediately put the modem into the data mode before the BUS bits are set.

In either mode, the modem is configured by the host processor via the
microprocessor bus
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

cc

CHAR

CRQ

CTS

DATA

DDEI

Controlled Carner

Character Length Select

Call Request

Clear-to-Send

Talk/Data

Dial Digit Empty Interrupt

1:9-2

(0,1):C:(3,4)

(0,1):D:6

1:8:6

1:D:5

1:E:2

When configuration bit CC is a 1, the modem operates in controlled carrier;
when 0, the modem operates In constant carrier.

Controlled carrier allows the modem transmitter to be controlled by the RTS
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions.

These character length bits select either 8, 9, 10, or 11 bit characters
(includes data, stop, and start bits) as shown below:

Configuration Word Configuration
3
8 bits
9 bits
10 bits
11 bits

- - 00 |&
- - O

It 1s possible to change character length during the data mode. Errors in the
data will be expected between the changeover and the resynchronization
(which occurs on the next start bit after the change is implemented).

When configuration bit CRQ in chip 1 (the transmitter) is a 1, it places the
transmitter in auto dial mode. The data then placed in the Dial Digit Register
is treated as digits to be dialed. The format for the data should be a hex
representation of the number to be dialed (if a 9 is to be dialed then an 094
should be loaded in DDR). CRQ in chip 1 should be a 1 for the duration of
the data mode. If CRQ in chip 1 is changed to a 0, the modem will go
on-hook. Also, see DDRE bit.

When configuration bit CRQ in chip 0 (the receiver) is a 1, the receiver goes
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz
bandwidth is reflected by the TONE bit. CRQ in chip 0 must be reset to a 0
(after the last digit was dialed and tone detection completed) before the
answer tone is sent by the answering modem (after ringback is detected).
CRQ in chip 0 need not be used during auto dialing, but may be used to pro-
vide call progress information as part of an intelligent auto dialing routine An
example flowchart is given in Figure 11.

FF (hex) should be loaded into the Dial Digit Register after the last digit I1s
dialed and tone detection is completed. This action also puts the modem in
data mode and starts a 30 second abort timer. If the handshake has not
been completed in 30 seconds the modem will go on-hook.

When status bit CTS is a 1, it indicates to the terminal equipment that the
modem will transmit any data which are present at TXD.

CTS response times from an ON or OFF condition of RTS are shown below:

CTS Transition Constant Carrier Controlled Carrier
OFF to ON =2 ms 210 to 275 ms
ON to OFF =20 ms* =20 ms*
*Programmable

When control bit DATA is a 1, the modem is in the data state (off-hook); and
when 0, the modem is in the talk state (on-hook). This bit allows the modem
to go off-hook after a programmable number of rings by counting the required
number of RI bit transitions and then setting the DATA bit (assuming ORG = 0).

When handshake bit DDEI is a 1, an interrupt will occur when the Dial Digit
Register (1:0) is empty (DDRE =1). This is independent of the state of the
ENSI bit. The interrupt will set the IRQ bit and also assert the IRQ signal.
Loading the Dial Digit Register with a new digit will clear the interrupt
condition.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

DDR

DDRE

DL

DLO

DLSF

DSR

DSRA

Dial Digit Register

Dial Digit Register Empty

Digital Loopback (Manual)

Dial Line Occupied

Disable Low Speed Fallback

Data Set Ready

Data Set Ready in Analog
Loopback

1.0:(0-7)

(0,1):A5

1:8:7

1:C:7

DDR 1s used to load the digits to be dialed. Example: If a 4 1s to be dialed,
an 04 (hex) should be loaded. This action also causes the interrupt to be
cleared. The modem automatically accounts for the interdigit delay. Note.
DDR is a write-only register.

When handshake bit DDRE 1s a 1, it indicates that the dial digit register is
empty and can be loaded with a new digit to be dialed. If the DDEI bit is set,
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be
generated.

After the DDR is loaded, DDRE goes to a 0 and the interrupts are
automatically cleared.

When configuration bits DL are set to a 1, the modem 1s manually placed in
digital loopback. DL should only be set during the data mode. The DSR and
CTS bits will be reset to a 0. The local modem can then be tested from the
remote modem end by looping a remotely generated test pattern. At the
remote modem, all interface circuits behave normally as in the data mode.

At the conclusion of the test, DL must be reset to a 0. The local modem will
then return to the normal data mode with control reverting to the DTEs, DTR.

DL does not function in 300 bps.

When status bit DLO is a 1, it indicates that the modem is in the auto dial
state, i.e., CRQ in the transmitter 1s a 1 and the modem is off-hook and
ready to dial.

When configuration bit DLSF is a 1, the modem will not automatically
fallback to the 300 bps operating mode if it is configured for another data
rate. This bit is valid in originate mode only.

The ON condition of the status bit DSR indicates that the modem is in the
data transfer state. The OFF condition of DSR is an indication that the DTE
1s to disregard all signals appearing on the interchange circuits — except RI.
DSR will switch to the OFF state when in test state. The ON condition of
DSR indicates the following:

The modem is not In the talk state, i.e., an associated telephone handset is
not in control of the line.

The modem Is not in the process of automatically establishing a call via
pulse or DTMF dialing.

The modem has generated an answer tone or detected answer tone.

After ring indicate goes ON, DSR waits at least two seconds before turning
ON to allow the telephone company equipment to be engaged.

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum
of 4 sec when the SSD bit is enabled.

When configuration bit DSRA is a 1, it causes DSR to be ON during analog
loopback.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

DTMF

DTR

EF

ENSI

ERDL

GTE

Touch Tones/Pulse Dialing

Data Terminal Ready

Enable Filters

Enable New Status Interrupt

Enable Response to
Remote Digital Loopback

Guard Tone Enable

1:B1

1:D:3

1:9:1

(0,1):E:6

(0,1):A:7

1:B:4

When configuration bit DTMF is a 1, 1t tells the modem to auto dial using
tones; and when 0, the modem will dial using pulses.

The timing for the pulses and tones are as follows (power-on timing):

Pulses — Relay open 64 ms
Relay closed 36 ms
Interdigit delay 750 ms

Tones — Tone duration 95 ms
Interdigit delay 70 ms

The DTMF bit can be changed during the dialing process to allow either tone
or pulse dialing of consecutive digits. The output power level of the DTMF
tones is as follows:

+15 dBm +1 measured at TXA for the R1212M
—1dBm *1 measured at TIP/RING for the R1212DC

Control bit DTR must be a 1 for the modem to enter the data state, either
manually or automatically. DTR must also be a 1 in order for the modem to
automatically answer an incoming call.

During the data mode, DTR must remain at a 1, otherwise the connection will
be terminated if DTR resets to a 0 for greater than 50 ms.

Setting CRQ in the transmitter to a 1 disables the high and low band filters
used in data mode so that call progress tone detection can be done. Setting
CRQ in the receiver to a 1 inserts a passband filter in the receive path which
passes energy in the 345 Hz to 635 Hz bandwidth. The high and low band
filters must be enabled and the passband filter disabled for the answer tone
and carrier to be detected. This occurs automatically during the auto dial pro-
cess when EF is set to a 0. In this case, the high and low band filters are
disabled when CRQ in the transmitter is set to a 1. If tone detection is re-
quired, CRQ in the receiver should be set to a 1. After dialing and call pro-
gress tone detection, CRQ in the receiver is set to a 0 and FF is loaded into
the dial digit register. (Loading FF enables the high and low band filters). At
this time, the answer tone can be detected. To re-enable the high and low
band filters disabled by setting CRQ in the transmitter, set EF to a 1. After
CRQ In the transmitter and receiver is set to a 1 and tone detection is com-
pleted, it may be necessary to detect the answer tone before loading FF into
the dial digit register (see the section on sending 1300 Hz calling tone). At
that point, EF can be set to a 1 and CRQ in the receiver set to a 0 so the
answer tone can be detected (using the ATD bit) and the 1300 Hz calling
tone can still be sent. Once the answer tone is detected, FF should be load-
ed nto the dial digit register and the EF bit set to a 0.

When handshake bit ENSI is a 1, it causes an interrupt to occur when the
status bits in registers (0:[8,9]) and (1:8) are changed by the modem.
(NEWS =1). The IRQ bit will be set to a 1 and the IRQ signal will be
generated. The interrupt is cleared by writing a 0 into the NEWS bit.

When configuration bits ERDL are a 1, it enables the modem to respond to
another modem’s remote digital loopback request, thus going into loopback.
When this occurs, the modem clamps RXD to a mark; resets the CTS, DSR
and RLSD bits to a 0 and turns the CTS, DSR and RLSD signals to a logic 1.
The TM bit is set to inform the user of the test status. When the ERDL bits are
a 0, no response will be generated.

When configuration bit GTE is a 1, it causes the specified guard tone to be
transmitted (CCITT configurations only), according the state of the GTS bit. Note:
The guard tone will only be transmitted by the answering modem.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

GTS

IRQ

LCD

LL

MODE

NAT

Guard Tone Select

Interrupt

Loss of Carrier Disconnect

Leased Line

Mode Select

No Answer Tone

1:B:3

0,1)E:7

0:D:2

(0,1):A:(0,3)

1:9:7

When configuration bit GTS is a 0, it selects the 1800 Hz tone; when GTE is
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted
only when GTE is enabled.

When status bit IRQ is a 1, it indicates that an interrupt has been generated.
The IRQ hardware signal is generated following the setting of the IRQ bit.
IRQ is cleared when either the NEWS bit is reset to a 0 or the DDR is
loaded with a number.

When configuration bit LCD is a 1, the modem terminates a call when a loss
of received carrier energy is detected after 400 ms. After the first 40 ms of
loss of carrier, RLSD goes off. 360 ms later, if no carrier is detected, CTS
goes off, and the modem goes on-hook. If energy above threshold is
detected during the 360 ms period, RLSD will be set to a 1 again. If further
loss of energy occurs, the 400 ms time frame is restarted.

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold,
but will not force the modem on-hook when energy falls below threshold. In
this case, it is necessary to re-enable LCD in order to put the modem on-hook.

LCD is not automatically disabled in leased line operation. The user must
write a 0 into LCD bits for this to occur.

When configuration bit LL is a 1, the modem s in leased line operation;
when 0, the modem is in switched line operation. When LL is set to a 1, the
modem immediately goes off-hook and into data mode.

These bits select the compatibility at which the modem is to operate, as
shown below:

Configuration Word
1 0 Configuration

Bell 212A 1200 Sync.
Bell 212A 1200 Async.
Bell 212A 0 to 300 Async.
V.22A 1200 Sync.
v.228 1200 Async.
V.22A 600 Sync.
v.22B 600 Async.

440000 (W
cococo-=00IN
420004

“~0-200=0OI

NOTE: The Mode bits in both chips should be set exclusively of all other
bits, followed immediately by the setting of the NEWC bits. This will ensure
proper modem configuration.

Automatic Reconfiguration

The modem is capable of automatically falling back during the handshake to
the compatibility of a remote modem. The modem can be in either the
answer or originate mode for this to occur. The compatibilities that the
modem are limited to adapt to are V.22 A/B (1200 bps), Bell 212 and

Bell 103. If the R1212 is to originate in a specific configuration, the MODE
bits must be set.

When the answer modem is configured for Bell 300 asynchronous and is
called by a 1200 bps modem, the handshake will be completed at 1200 bps.

When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz
CCITT answer tone. This bit is only valid for CCITT configurations. With this
bit enabled in answer mode, when the modem goes off-hook it will remain
silent for 75 ms and then transmit unscrambled ones.
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Table 11. Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description

NEWC New Configuration (0,1):E:3 When the NEWC bt is a 1, it tells the modem that a new configuration has
been written into the configuration registers. The modem will then read the
configuration registers and then reset NEWC to a 0. NEWC must be set to a
1 after a new configuration has been written into the following registers:
(0:[A-D]) and (1:[9-D]). The remarning registers do not require the use of
NEWC to tell the modem that new data was wnitten into them.

NEWS New Status (0,1):E:5 When handshake bit NEWS is a 1, it tells the user that there has been a
change of status in the status registers. The user must write a 0 into NEWS
to reset it. This action also causes the interrupt to be cleared.

NTS No Transmitter Scrambler 1:9:0 When configuration bit NTS is a 1, when the modem is off-hook it will
transmit all data in an unscrambled form. This bit should be disabled if the
normal modem handshake is desired.

ORG Originate/Answer 1:9:5 When configuration bit ORG is a 1, the modem s in originate mode; and
when a 0 the modem is in answer mode. (This is only valid in manual
originate/answer and analog loopback). If ORG is a 1 in analog loopback, the
modem will transmit in the high band and receive in the low band. If ORG is
a 0 in analog loopback, the modem will transmit in the low band and receive
in the high band.

(None) RAM Access R 0:F:0-7 Contains the RAM access code used in reading RAM locations in chip 0
(receiver device).

(None) RAM Access T 1:F:0-7 Contains the RAM access code used in reading RAM locations in chip 1
(transmitter device).

XRAMRL RAM Data XRL 0:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 0.
XRAMRM RAM Data XRM 0:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 0.
XRAMTL RAM Data XTL 1:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 1.
XRAMTM RAM Data XTM 1:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 1.
YRAMRL RAM Data YRL 0:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 0.
YRAMRM RAM Data YRM 0:5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 0.
YRAMTL RAM Data YTL 1:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 1.
YRAMTM RAM Data YTM 1:5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 1.

RDL Remote Digital Loopback (0,1):A:6 When configuration bits RDL are a 1, it causes the modem to initiate a
request for the remote modem to go into digital loopback. RXD is clamped to
a mark and the CTS bit and CTS signal will be reset until the loop is
established. The TM bit is not set in this case, since the local modem in-
itiated the request. RDL does not function in 300 bps.

RI Ring Indicator 1:8:4 When status bit Rl is a 1, it indicates that a ringing signal is being detected.
The Rl bit follows the ringing signal with a 1 during the on time and a zero
during the off time coincident with the RI signal. The following are the RI bit
response times:

RI Bit Transition Response
OFF-to-ON* 110 50 ms (50% duty cycle)
ON-to-OFF 450 £50 ms

*The OFF-to-ON time is duty cycle dependent. 890 ms (15%) = time = 50 ms (100%)
This OFF-to-ON (or ON-to-OFF) response time Is defined as the time interval

between the sudden connection (removal) of the ring signal across TIP and
RING and the subsequent transition of the RI bit.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

RLSD

RSD

RTS

SPEED

Received Line Signal
Detector

Receive Space Disconnect

Request-to-Send

Speed Indication

0:8:0

0:D:1

1:9:3

0:9:(4,5)

When status bit RLSD is a 1, it indicates that the carrier has successfully
been received. RLSD will not respond to the guard tones or answer tones.
RLSD response times are given below:

Constant Controlled
Carrier Carrier

RLSD! -
OFF-to-ON 105 to 205 ms 105 to 205 ms
ON-to-OFF 10 to 24 ms 10 to 24 ms

Note:
1. After handshake has occurred.

When configuration bit RSD is a 1, the modem goes on-hook after receiving
approximately 1.6 seconds of continuous spaces.

When control bit RTS is a 1, the modem transmits any data on TXD when
CTS becomes active. In constant carrier mode, RTS should be set the same
time as DTR and then left ON. In controlled carrier operation, independent
operation of RTS turns the carrier ON and OFF. The responses to RTS are
shown (assume the modem is in data mode).

Leased or Dial Line! RTS Off RTS On

Controlled Carrier CTS OFF Carrier ON
Carrier OFF 210 to 275 ms Scrambled 1's
Transmitted
CTS ON

Constant Carrier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1's  Data Transmitted
Transmitted

Note:
1. After handshake is complete.

For ease of use in constant carrier mode, RTS should be turned ON the
same time as DTR.

The SPEED status bits reflect the speed at which the modem is operating.
The SPEED bit representations are shown.

4 5 Speed
0 0 0-300
0 1 600
10 1200

Note:
The SPEED bits are not active in analog loopback and leased line mode.
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Table 11. Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

SSD

ST

3DB

™

TONE

TXCLK

Send Space Disconnect

Self Test

3 dB Loss to Receive
Signal

Test Mode

Tone Detect

Transmit Clock Select

1:D:0

(0,1):A:4

1:B:2

0:8:1

0:8:7

1:C:(5,6)

When configuration bit SSD is a 1, it causes the modem to transmit
approximately 4 seconds of spaces before disconnecting, when DTR goes
from active to inactive state.

When configuration bit ST is a 1, self test is activated. ST must be a 0 to end
the test. It is possible to perform self test in analog loopback with or without a
DTE connected. During any self test, TXD and RTS are ignored. Self test does
not test asynchronous-to-synchronous converter circuits in either the transmit-
ter or receiver.

Error detection is accomplished by monitoring the self test error counter in
the RAM. If the counter increments during the self test, an error was made.
The counter contents are available in the diagnostic register when the RAM
access code 00 is loaded in the diagnostic control register (0:F).

Self Test End-to-End (Data Mode)

Upon activation of self test an internally generated data pattern of alternate
binary ones and zeros (reversals) at the selected bit rate are applied to the
scrambler. An error detector, capable of identifying errors in a stream of
reversals are connected to the output of the descrambler.

Self Test with Loop 3

Loop 3 is applied to the modem as defined in Recommendation V.54. Self
test is activated and DCE operation is as in the end-to-end test, In this test
DTR is ignored.

Self Test with Loop 2 (Data Mode)

The modem is conditioned to instigate a loop 2 at the remote modem as
specified in recommendation V.54. Self test is activated and DCE operation
is as in the end-to-end test.

ST does not function in 300 bps.

When configuration bit 3DB is a 1, it attenuates the received signal 3 dB.
This is only used if the modem will see 0 dBm or greater line signal at the
receiver input. Insertion of the 3 dB loss will then prevent saturation.

When status bit TM is a 1, it indicates that the modem has completed the
handshake and is in one of the following test modes: AL or RDL.

TONE follows the energy detected in the 340 to 640 Hz frequency band. The
user must determine which tone is present on the line by determining the
duty cycle of the TONE bit. TONE is active only when CRQ in chip 0 is a 1.

Detection Range: —10 to —43 dBm
Response Time: 17 £2ms

TXCLK allows the user to designate the origin of the transmitter data clock,
as shown below:
Configuration Word
Transmit Clock 8 5

Internal 0 0
External 1 0
Slave 1 1

If external clock 1s chosen the user clock must be input at XTCLK. The clock
characteristics must be the same as TDCLK. The external clock will be
reflected by TDCLK.

If slave clock is chosen the transmitter is slaved to the receive clock. This is
also reflected by TDCLK.

1-27




R1212 1200 bps Full-Duplex Modem
Table 11. Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
TX LEVEL Transmit Level 1:B:(5-7) TX LEVEL allows the user to change the transmit level at TIP and RING
(assuming the DAA has 10 dBm attenuation in the transmit path).
Configuration
Word Transmit Level (1.0 dBm)
7 6 5 (at TIP and RING)
0 0 0 -10 dBm
0 0 1 —12 dBm
0 1 0 —14 dBm
0 1 1 -16 dBm
1 0 0 -18 dBm
1 0 1 —20 dBm
1 1 0 —22 dBm
1 1 1 —24 dBm
Internal Modem Timing AUTO DIAL SEQUENCE

In a microprocessor environment it is necessary to know how
long various functions last or what the response times of certain
functions are. Since the modem is a part of the microprocessor
environment its timing and response times are necessary.
Table 12 provides the timing relationships between interface
memory bits and modem functions.

Table 12. Internal Modem Timing

Parameter Time Interval
kS

NEWC bit checked
Transmitter
Receiver

Once per sample’
Once per baud?

NEWC bit set by host until
modem action.
Transmitter
Receiver

=< One baud time
One baud time

Control, Configuration bits read
Transmitter
Receiver

Only after NEWC is set
ST, RSD—every sample,
all others after NEWC set

Status bits updated
Transmitter
Receiver

Once per sample
Once per baud

Status change reflected by

NEWS, IRQ
Transmitter MIN < one sample time
MAX one sample time
Receiver MIN one sample time

MAX one baud time

Memory status reflected to

modem pin
Transmitter 33.33 s
Receiver 33.33 s

7200 Hz 2. Baud Time = 600 Hz

1. Sample Time =
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The following flow chart defines the auto dial sequence via the
microprocessor interface memory.

SET DTMF ‘
1 = TONES
0 = PULSES,
‘ Y
LOAD DIAL
CRQ =1 DIGIT INTO
D.D. REG.
N
DTR = 1
Y
N LOAD FF
INTO
D.D. REG.
Y
Figure 11. Auto Dial Sequence Flow Diagram

Note: The modem timing for the auto dialer accounts for inter-
digit delay for pulses and tones.



R1212

1200 bps Full-Duplex Modem

SIGNAL PROCESSOR RAM ACCESS

RAM AND DATA ORGANIZATION

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32-bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word is organized into a real part (16-bits) and an
imaginary part (16-bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. The entire contents of XRAM
and YRAM may be read by the host processor via the microproc-
essor interface.

Interface Memory Locations

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP 1/O bus. The SP logic unit normally transfers a word
from RAM to interface memory once each clock cycle of the SP
device. In the transmitter, a word is transferred from SP RAM to
the interface memory every sample time. In the receiver, a word is
transferred from RAMto the interface memory every sample time
as well. Each RAM word transferred to the interface memory is
32-bits long. These bits are written by the SP logic unit into inter-
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain
the most significant byte and least significant byte, respectively,
of the XRAM data. Registers 5 and 4 contain the most and least
significant bytes of YRAM data, respectively.

RAM Access Codes

The SP logic unit determines the SP RAM address to read from,
or write to, by the code stored in the RAM Access bits of interface
memory register F (RAM Access R in the receiver 0:F and RAM
Access T in the transmitter 1:F).

Only the transmitter (chip 1) allows data to be transferred from
interface memory to SP RAM. When set to a 1, bit 1:F:7 signals
the SP logic unit to disable transfer of SP RAM data to the inter-
face memory, and instead, to transfer data from interface mem-
ory to SP RAM. When writing into SP RAM, 32 bits of data in the
XRAM and YRAM registers will be written into the appropriate
SP RAM location as specified by the RAM access code (82-86) in
register 1:F (Table 13). Once the data is written into the RAM
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access register 1:F, the XRAM registers 1:2 and 1:3 or the YRAM
registers 1:4 and 1:5, set the NEWC bit 1:E:3 to a 1. This action
causes the information to be transferred from interface memory
into SP RAM. Bit 7 of register 1:F is cleared to a 0 by the modem
after the RAM is read. New data can be written into the SP RAM
after the NEWC bit is reset to a 0 by the SP.

Note:

Any transmitter RAM Write operation must always be pre-
ceded by a RAM read from the desired location. This is to
guarantee that the correct information is written into the 16
unchanged bits, since all transmitter RAM operations are
32 bit transfers with typically only 16 of the bits used.

Both the transmitter and receiver (chips 1 and 0, respectively)
allow data to be transferred from SP RAM into the interface mem-
ory. A 0 in transmitter bit 1:F:7 enables the SP to transfer 32 bits
of data from SP RAM to the XRAM and YRAM registers (16 bits
each) in the interface memory as specified by the RAM access
code in register 1:F. A 0 in receiver bit 0:F:7 enables the SP to
transfer 32 bits of data from SP RAM to the XRAM and YRAM
registers (16 bits each) in the interface memory as specified by
the access code in register 0:F. To read the SP RAM in chip 1
(transmitter), load into 1:F the RAM access code which identifies
the 32 bits of data to transfer to the XRAM and YRAM registers.
Next, set the NEWC bit 1:E:3 to a 1. After transferring the data
from RAM to the XRAM or YRAM registers, the NEWC bit is reset
to a 0 by the SP. Chip 0 (receiver), on the other hand, will provide
the XRAM and YRAM data one sample time following the load-
ing of the RAM access code into register O:F, an;gill continue to
provide the same data at one sample time intervals until a new
RAM access code is loaded.

When reading from or writing into RAM, no bits are provided for
handshaking or interrupt functions. The NEWC bit can be used
as a mechanism to provide sample and baud intervals. Since the
NEWC bit is checked, once per baud in chip 0 and once per
sample in chip 1, the user can set the NEWC bit and wait for it to
be cleared. Depending on which chip the NEWC bit was set, the
time interval from the setting to the clearing of the NEWC bit will
be either one sample or one baud time. This, however, will not
guarantee that the action of reading and writing the XRAM and
YRAM will occur in the middle of an actual sample or baud time.
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Table 13. RAM Access Codes

RAM Access Code
Node Function RAM Read RAM Write "~ Chip Reg. No
1 Demodulator Output 56 - 0 2,3, 4,5
2 Low Pass Filter Output 40 - 0 2,8,4,5
3 Input Signal to Equalizer Taps 41-4D - 0 2,3,4,5
4 AGC Gain Word 14 - 0 2,3
5 Equalizer Tap Coefficients 01-0D - 0 2,3,45
6 Equalizer Output 53 - 0 2,3,4,5
7 Rotated Equalizer Output 1 - 0 2,345
(Received Point Eye Pattern)
8 Decision Points 51 - 0 2,3,45
(Ideal Eye Pattern)
9 Rotated Error 52 - 0 2,345
10 Rotation Angle 12 - 0 4,5
11 Phase Error 10 - 0 2,3
12 Self Test Error Counter 00 - 0 2,3
DTMF Tone Duration 02 82 1 4,5
DTMF Interdigit Delay 03 83 1 2,3
Pulse Interdigit Delay 03 83 1 4,5
Pulse Relay Make Time 04 84 1 2,8
Pulse Relay Break Time 04 84 1 4,5
Handshake Abort Counter 05 85 1 4,5
Handshake Abort Timer 06 86 1 2,3
CTS Off-Time 07 87 1 2,3
NOTE: 1. All the chip 1 access codes are not valid before R5312-13.
2. Access codes are hexadecimal.
3. Only chip 1 RAM can be written.
4. CTS Off-Time is not valid before R5312-16.
ERROR RATES Table 15. BER Summary
Bit error rate (BER) is a measure of the throughput of data on the R1212 Signal to Noise Ratio
communication channel. It is the ratio of the number of received Data Rate | Bit Error Rate | Originate Mode | Answer Mode
bits in error to the number of transmitted bits. This number 1200 bps 1x10-5 8.3 dB 8.1 dB
increases with decreasing signal-to-noise ratio (SNR). The type =
of line disturbance and the modem configuration affect the BER. 600 bps 1x10 5.0 d8 5.0 48
300 bps 1x10-5 10.4 dB 7.2dB
Tables 14 through 16 summarize the BERSs for various condi- Test Condition: Signal Level = -43 dBm,
tions. Figure 12 shows the BER measurement setup. Sync for 1200 bps, 600 bps,
Async for 300 bps,
With 3002 Unconditioned Line.
Table 14. BER Summary Table 16. BER Summary
R1212 Signal to Noise Ratio R1212 Signal to Noise Ratio
Data Rate | Bit Error Rate | Originate Mode | Answer Mode Data Rate | Bit Error Rate | Originate Mode | Answer Mode
1200 bps 1x10-3 8.2dB 7.9 dB 1200 bps 1x10°5 7.7dB 7.9dB
600 bps 1x10-3 5.0 dB 5.0dB 600 bps 1%x10-% 4.6 dB 4.5 dB
300 bps 1x10-% 9.2dB 7.0 dB 300 bps 1x10-% 9.3 dB 6.2 dB
Test Condition: Signal Level = —30 dBm, Test Condition: Signal Level = —40 dBm,
Sync for 1200 bps, 600 bps, Sync for 1200 bps, 600 bps,
Async for 300 bps, Async for 300 bps,
With 3002 Unconditioned Line. Back-To-Back.
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Table 17. Modem Power Requirements
Voitage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vdc +5% 390 mA <455 mA
+12 Vde +5% 25 mA < 30 mA
-12 Vde +5% 4 mA < 5mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 18. Modem Environmental Restrictions

Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F)
Storage -40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude —-200 feet to + 10,000 feet
Table 19. Modem Mechanical Considerations
Parameter Specification

DIN Connector Version
Board Structure:

Mating Connector:

PCB Dimensions:
DC Version
Width
Length
Height
M Version
Width
Length
Height
Weight (max):
Lead Extrusion (max.):

Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated.
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.

3.937 in. (100 mm)
4.725 in. (120 mm)
0.75 in. (19 mm)

3.937 in. (100 mm)
3.328 in. (82 mm)

0.40 in. (10.2 mm)
0.45 Ibs. (0.20 kg.)
0.100 in. (2.54 mm)

DIP Connector Version
Board Structure
Dimensions
Width
Length
Height
Weight (max.)
Pin Length (max.)

Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration.

2.0 in. (50.8 mm)

3.5 in. (88.9 mm)

0.2 in. (5.08 mm) above, 0.13 in. (3.30 mm) below
2.6 oz. (73g)

0.53 in. (13.5 mm) above
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Figure 13. Modem Printed Circuit Board Dimensions
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R1212 MODEM INSTALLATION AND
MAINTENANCE

This section contains installation instructions and maintenance
procedures for the Rockwell R1212DC Modem. It also contains a
special notice from the Canadian Department of Communica-
tions (DOC) for Canadian operation and from the Federal Com-
munications Commission (FCC) for United States operation.

GENERAL DESCRIPTION

The Rockwell R1212DC modem is designed to be used with the
United States or Canadian Telephone Switched Networks in 2-
wire full-duplex dial-up operation. The modem requires protect-
ive circuitry registered with the Federal Communications Com-
mission (FCC) Part 68 which allows direct connection to the U.S.
switched telephone network. This circuitry also complies with
the Canadian Department of Communications (DOC) Terminal
Attachment Program (TAP) which similarly defines their
switched telephone network requirements.

The R1212DC features automatic dial and answer capabilities
along with surge suppression and hazardous voltage and longitu-
dinal balance protection. Its maximum output signal level at the
telephone interface is set at — 10 dBm *1 dBm (permissive
mode of operation).

Two standard telephone jack connectors (RJ11s) are mounted
side by side on one edge of the board and are wired in parallel.
One is for connection to the telephone line network and the other
for the telephone headset connection.

INSTALLATION AND SIGNAL ROUTING
INSTRUCTIONS

PHYSICAL MOUNTING

The modem module may be physically incorporated into the cus-
tomer’s end product by utilizing the four corner 0.156” diameter
mounting holes (for the self-hooking plastic type standoffs or for
bolting it down to some rigid structure) or by installing the module
into card guides.

ELECTRICAL INTERFACING INSTRUCTIONS

The electrical interfacing is accomplished via the DIN (Euro) con-
nector (for external power inputs and digital logic signals) and
the telco connectors (for the telephone network connection).
Note that the telephone interface connectors are physically sepa-
rated from the modem interface control connector and extreme
care must be taken in routing the telephone interface leads from
the modem to the telephone network (line connector jack in the
wall).
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FCC RULES PART 68 REQUIREMENTS

The FCC Rules Part 68 requires that the telephone interface
leads shall:

1. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use the same connector as
leads or metallic paths connecting to power connections.

Note

Power connections are defined as the connections
between commercial power and any transformer, power
supply rectifier, converter or other circuitry associated
with the modem. The connections of the interface pins
(including the + 12 Vdc, — 12 Vdcand + 5 Vdc) are not
considered power connections.

2. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use adjacent pins on the
same connector as metallic paths that lead to unregistered
equipment, when specification details provided to the FCC do
not show that the interface voltages are less than nonhazar-
dous voltage source limits in Part 68.

Note

All the DIN connector interface voltages to the modem
have been established as non-hazardous.

ROUTING OF TELEPHONE INTERFACE LINES

In routing the telephone interface leads from the modem tele-
phone connector jacks to the telephone line network connection,
the following precautions should be strongly considered for
safety.

1. The telephone interface routing path should be as direct and
as short as possible.

2. Any cable used in establishing this path should contain no
signal leads other than the modem telephone interface leads.

3. Any connector used in establishing this path shall contain not
commercial power source signal leads, and adjacent pins to
the TIP and RING (T and R) pins in any such connector shall
not be utilized by any signals other than those shown in this
document.

MAINTENANCE PROCEDURE

Under the FCC Rules, no customer is authorized to repair
modems. In the event of a Rockwell modem malfunctioning,
return it for repair to an authorized ROCKWELL INTERNA-
TIONAL distributor (if in Canada) or send it directly to the Semi-
conductor Products Division, Rockwell International Corpora-
tion, El Paso, Texas 79906.
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'SPECIAL INSTRUCTION TO USERS

If the Rockwell modem has been registered with the Federal
Communications Commission (FCC), you must observe the fol-
lowing to comply with the FCC regulations:

A. All direct connections to the telephone lines shall be made
through standard plugs and telephone company provided
jacks.

B. It is prohibited to connect the modem to pay telephones or
party lines.

C. You are required to notify the local telephone company of the
connection or disconnection of the modem, the FCC registra-
tion number, the ringer equivalence number, the particular line
to which the connection is made and the telephone number to
be associated with the jack. ‘

Note

If the proper jacks are not available, you must order the
proper type of jacks to be installed by the telephone
company (VSOC RJ11 for permissive mode of opera-
tion).

D. You should disconnect the modem from the telephone line if it
appears to be malfunctioning. Reconnect it only if it can be
determined that the telephone line and not the modem is the
source of trouble. If the Rockwell modem needs repair, return
it to the ROCKWELL INTERNATIONAL CORPORATION. This
applies to the modem whether it is in or out of warranty. Do not
attempt to repair the unit as this is a violation of the FCC rules
and may cause danger to persons or to the telephone net-
work.

TELEPHONE COMPANY RIGHTS
AND RESPONSIBILITIES

A. The Rockwell modem contains protective circuitry to prevent
harmful voltages to be transmitted to the telephone network. If
such harmful voltages do occur, then the telephone company
may temporarily discontinue service to you. In this case, the
telephone company should:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation which
caused the discontinuance.

3. Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

B. The telephone company may make changes in its facilities
and services which may affect the operation of your equip-
ment. Itis, however, the telephone company’s responsibility to
give you adequate notice in writing to allow you to maintain
uninterrupted service.

LABELING REQUIREMENTS

A. The FCC requires that the following label be prominently dis-
played on the outside surface of the customer’s end product
and that the size of the label should be such that all the
required information Is legible without magnification.
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Sample label below:

Unit contains Registered Protective Circuitry which com-
plies with Part 68 of FCC Rules.

FCC Registration Number: AMQ9SQ-14211-DM-E
Ringer Equivalence: 0.98

Note

The Rockwell modem module has the FCC registration
number and ringer equivalence number permanently
affixed to the solder side of the PCB and any unit con-
taining this modem shall use this information for the
label requirements.

SPECIAL NOTICE FROM THE CANADIAN
DEPARTMENT OF COMMUNICATIONS

The Canadian Department of Communications label identifies
certified equipment. This certification means that the equipment
meets certain telecommunications network protective, opera-
tional and safety requirements. The Department does not guar-
antee the equipment will operate to the user’s satisfaction.

Before installing this equipment, users should insure that it is
permissible to be connected to the facilities of the local telecom-
munications company. The equipment must also be installed
using an approved method of connection. In some cases, the
company'’s inside wiring associated with a single line individual
service may be extended by means of a certified jack-plug-cord
ensemble (telephone extension cord). The customer should be
aware that the compliance with the above conditions may not
prevent degradation of service in some situations. Existing tele-
communications company requirements do not permit their
equipment to be connected to customer-provided jacks except
where specified by individual telecommunications company tar-
iffs.

The Department of Communications requires the Certificate
Holders to identify the method of network connection in the user
literature provided with the certified terminal equipment.

Repairs to certified equipment should be made by an authorized
Canadian maintenance facility designated by the supplier. Any
repairs or alterations made by the user to this equipment, or
equipment malfunctions may give the telecommunications com-
pany cause to request the user to disconnect the equipment.

Users should ensure for their own protection that the electrical
ground connections of the power utility, telephone lines and inter-
nal metallic water pipe system, if present, are connected
together. This precaution may be particularly important in rural
areas.

CAUTION

Users should not attempt to make such connections them-
selves, but should contact the appropriate electric inspec-
tion authority, or electrician, as appropriate.
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INTRODUCTION

The Rockwell R2424 is a high performance full-duplex 2400 bps
modem. Using state-of-the-art VLSI and signal processing tech-
nology, the R2424 provides enhanced performance and reliabil-
ity. The modem is assembled as a small module with a DIN con-
nector (R2424M and R2424DC) or a new, smaller module (seven
square inches) with a dual-in-line pin (DIP) interface.

Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 212A
and 103 compatible, the R2424 fits most applications for full-
duplex 2400 and 1200 bps fallback (synchronous and asynchron-
ous) and 0 to 300 bps asynchronous data transmission over the
general switched telephone network, and over point-to-point
leased lines.

The direct-connect, auto dial/answer features are specifically
designed for remote and central site computer applications. The
bus interface allows easy integration into a personal computer,
box modem, microcomputer, terminal or any other communica-
tions product.

The R2424/DM, with its small form factor and DIP connection,
can be automatically installed and soldered onto a host module.
Its small size is ideal for internal “1/2-card” PC modem applica-
tions. Moreover, the R2424/DM is pin and firmware compatible
with the R1212/DM and pin compatible with Rockwell’s next gen-
eration of medium speed modems, the RC2424 and RC1212.

R2424M Modem

FEATURES

CCITT V.22 bis, V.22 A, B Compatible
Bell 212A and 103 Compatible
Synchronous: 2400 bps, 1200 bps, 600 bps +0.01%
Asynchronous: 2400 bps, 1200 bps, 600 bps + 1%, —2.5%,
0-300 bps
— Character Length 8, 9, 10, or 11 bits
e DTE Interface
— Functional: CCITT V.24 (RS-232-C) (Data/Control) and
Microprocessor Bus (Data/Configuration/Control)
— Electrical: TTL Compatible
e 2-wire Full-Duplex Operation
Adaptive and Fixed Compromize Equalization
¢ Test Configurations:
— Local Analog Loopback
— Remote Digital Loopback
— Self Test
Auto/Manual Answer
Auto/Manual Dial—DTMF Tone or Pulse Dial
Power Consumption: 2.3 Watts Typical
Power Requirements: +5 Vdc, £12 Vdc
Three Module Configurations:
— R2424DC (Direct Connect): DIN connector module with
FCC approved DAA Part 68 Interface
— R2424M: DIN connector module without DAA
— R2424/DM: DIP connection module without DAA
¢ Two Functional Versions
— R2424/US All data rates specified except 600 bps
— R2424/INT All data rates specified except 0-300 bps

R2424/DM Modem

Document No. 29200N11

Data Sheet

Order No. MD11
Rev. 4, February 1987
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER AND SIGNALING
FREQUENCIES

The transmitter and signaling frequencies supported in the
R2424 are listed in Table 1.

Table 1. Transmitter Carrier and Signaling
Frequencies Specifications
Frequency
Mode (Hz £0.01%)
V 22 bis low channel, Originate Mode 1200
V 22 low channel, Originate Mode 1200
V.22 bis high channel, Answer Mode 2400
V 22 high channel, Answer Mode 2400
Bell 212A high channel Answer Mode 2400
Bell 212A low channel Orniginate Mode 1200
Bell 103/113 Onginating Mark 1270
Bell 103/113 Originating Space 1070
Bell 103/113 Answer Mark 2225
Bell 103/113 Answer Space 2025
TONE GENERATION

The specifications for tone generation are as follows:

1. Answer Tones: The R2424 generates echo disabling tones
for both the CCITT and Bell configurations, as follows:
a. CCITT: 2100 Hz + 15 Hz.

b. Bell: 2225 Hz +10 Hz.

2. Guard Tones: If GTS (see Interface Memory Definitions) is
low, an 1800 Hz guard tone frequency is selected; if GTS is
high, a 553.846 Hz tone is employed. In accordance with the
CCITT V.22 Recommendation, the level of transmitted power
for the 1800 Hz guard tone is 6 * 1 dB below the leve! of the
data power in the main channel. The total power transmitted
to the line is the same whether or not a guard tone is enabled.
If a 553.846 Hz guard is used, its transmitted power is
3 *1 dB below the level of the main channel power, and again
the overall power transmitted to the line will remain constant
whether or not a guard tone is enabled. The device accom-
plishes this by reducing the main channel transmit path gain
by .97 dB and 1.76 dB for the cases of the 1800 Hz and
553.846 Hz guard tones respectively.

Table 3. Signaling and Data Rates

3. DTMF Tones: The R2424 generates dual tone multi-

frequency tones. When the transmission of DTMF tones are
required, the CRQ and DTMF bits (see Interface Memory
Definitions)must be setto a 1. When in this mode, the specific
DTMF tones generated are decided by loading the dial digit

register with the appropriate digit as shown in Table 2.

Table 2. Dial Digits/Tone Pairs

Dial
Hex Digits Tone Pairs
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
0B Spare (B) 697 1633
oC Spare (C) 770 1633
oD Spare (D) 852 1633
OE # 941 1477
OF Spare (F) o4 1633
10 1300 Hz Calling Tone
TONE DETECTION

The R2424 detects tones in the 340 +5 Hzto 640 +5 Hz band.

Detection Level: —10 dBm to -43 dBm
Response Time: 17 2 ms

SIGNALING AND DATA RATES

The signaling and data rates for the R2424 are defined in

Table 3.

Operating Mode Signaling Rate (Baud)

Data Rate

V.22 bis 600 Synchronous/Asynchronous, 2400 bps +0.01%
V.22 bis 600 Synchronous/Asynchronous, 1200 bps +0.01%
Vv.22:
(Alternative A)

Mode 1 600 1200 bps +0.01% Synchronous

Mode m 600 600 bps *0.01% Synchronous

(Alternative B)

Mode i 600 1200 bps +0.01% Synchronous
Mode i 600 600 bps +0 01% Synchronous
Mode ii 1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Mode iv 600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Bell 212A; 600 1200 bps +0.01%, Synchronous/Asynchronous
0 to 300 0 to 300 bps Asynchronous
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DATA ENCODING
The specifications for data encoding are as foilows:

1. 2400 bps (V.22 bis). The transmitted data is divided into
groups of four consecutive bits (quad bits) forming a 16-point
signal structure.

2. 1200 bps (V.22 and Bell 212A). The transmitted data is
divided into groups of two consecutive bits (dibits) forming a
four-point signal structure.

3. 600 bps (V.22). Each bit is encoded as a phase change rela-
tive to the phase preceding signal elements.

EQUALIZERS

The R2424 provides equalization functions that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer—An automatic adaptive equal-
izer is provided in the receiver circuit for V.22 bis, V.22 and Bell
212A configurations.

Fixed Compromise Equalizer—A fixed compromise equalizer
is provided in the transmitter.

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified compromise
equalizer characteristic, the transmitted line signal has a fre-
quency spectrum shaped by the square root of a 75 percent
raised cosine filter. Similarly, the group delay of the transmitter
output is within %150 microseconds over the frequency range
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan-
nel).

SCRAMBLER/DESCRAMBLER

The R2424 incorporates a self-synchronizing scrambler-
/descrambler. In accordance with the CCITT V.22 bis, V.22 and
the Bell 212A recommendations.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit of the R2424 can adapt to received frequency
errors of up to +7 Hz with less than a 0.2 dBm degradation in
BER performance.

RECEIVE LEVEL

The receiver circuit of the R2424 satisfies all specified perform-
ance requirements for the received line signals from - 10dBm to
— 48 dBm. The received line signal is measured at the receiver
analog input RXA.

TRANSMIT LEVEL

The R2424M output control circuitry contains a variable gain
buffer which reduces the modem output level. The R2424M can
be strapped via the host interface memory to accomplish this.

PERMISSIVE/PROGRAMMABLE CONFIGURATIONS

The R2424M transmit level is +6 dBm to allow a Data Access
Arrangement (DAA) to be used. The DAA then determines the
permissive or programmable configuration.
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The R2424DC transmit level is strapped in the permissive mode
so that the maximum output level is ~ 10 dBm +1.0 dBm.

AUTOMATIC RECONFIGURATION

The R2424 is capable of automatically configuring itself to the
compatibility of a remote modem. The R2424 can be in either the
answer or originate mode for this to occur. The R2424 adaptation
compatibilities are limited to V.22 bis, V.22 A/B (1200 bps), Bell
212, and Bell 103. If the R2424 is to originate in a specific config-
uration, the MODE bits (see Interface Memory Definitions)must
be set.

MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voitage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of I/O points that may cause confusion are
edge-triggered inputs and open-coliector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six
groups of modem operation: overhead signals, V.24 interface
signals, microprocessor interface signals, DAA signals, analog
signals, and ancillary signals. Table 4 lists these groups along
with their corresponding connector pin numbers. The column
titled “Type” refers to designations found in the Hardware Cir-
cuits Interface Characteristics (Tables 5 and 6). The six groups
of hardware circuits are described in the following paragraphs.
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POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-

plete. The R2424 POR sequence leaves the modem configured
as follows:

2400 bps

Asynchronous

10-bit Character Length
Constant Carrier

Serial Mode

Answer Mode

Auto Answer Disabled
RAM Access Code = 00

This configuration is suitable for performing high speed data
transfer over the public switched telephone network using the
serial data port. Individual features are discussed in subsequent
paragraphs.

e © o o o o o o

. RTS o r-r-—-—-————m———— -
cTs | oH ANCILLARY |
O+—% 9 CIRCUIT |
| INTERFACE
TDCLK |
XTCLK | [une moNiTOR ANALOG |
v.24 De RLSD o | INTERFACE |
INTERFACE RXD | TP TELEPHONE I
RDCLK | AING LINE
8: DIR | 8 | > |
D= DSR ol L R2424DC ONLY J
De—Hf g N
r 1
I RCCT |
| ReAD ! oI o —] reLepnone !
WRITE roaza | OH DAA une |
o DATA BUS (8) * O MODEM | O RD VO |
AOORESS BE I ‘ I
HOST > |
PROCESSOR ==
TS (2
e DECODER | a0 | 2 ANALOG :
| TXA INTERFACE |
q L R2424M ONLY a
s I [ D il
* TBCLK!
POR OD RBCLK!
TLK!
e ANCILLARY
== CIRCUIT
+5V Wiz INTERFACE
12V T/D RELAY?
POWER _12v -
SUPPLY AGND
DGND NOTES:
1 = DIN MODULE ONLY.
2 = DIP MODULE ONLY.
Figure 1. R2424 Modem Functional Interconnect Diagram
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Table 4. Hardware Circuits

DIN DIP DIN DIP
Name Type Pin No. Pin No. Description Name Type| Pin No. |Pin No. Description
A. OVERHEAD SIGNALS C. V.24 INTERFACE SIGNALS
Ground (A) | AGND | 31C, 32C | 21,26, | Analog Ground XTCLK 1B 22A 3 External Transmit
39 Return : Clock
Ground (D) | DGND | 3C, 8C, 20, 40, Digital Ground TDCLK oC 23A 7 Transmit Data Clock
5A, 10A 51, 60 Return RDCLK ocC 21A 8 Receive Data Clock
+5 volts PWR 19C, 23C, | 1, 19, +5 volt supply RTS 1B 25A 4 Request-to-Send
26C, 30C | 61 CTS oc 25C 5 Clear-to-Send
+ 12 volts PWR 15A 22 +12 volt supply TXD 1B 24C 6 Transmit Data
—12 volts PWR 12A 25 - 12 volt supply RXD oC 22C 9 Receive Data
POR /0B 13C 13 Power-on-Reset RLSD oC 24A 10  [Received Line Signal
Detector
B. MICROPROCESSOR INTERFACE SIGNALS TR B 210 12 | Data Terminal Ready
D7 I/OA 1C 52 DSR ocC 20A 11 |Data Set Ready
D6 I0A 1A 53 RI oc 18A 2 |Ring Indicator
33 :;8: g :g D. ANALOG SIGNALS
D3 I/OA 3A 56 Data Bus (8-Lines) RXA (M) 1B 32A 23 Receive Analog Input
D2 I/IOA 4C 57 TXA (M) ocC 31A 24 | Transmit Analog
D1 I/0OA 4A 58 Output
DO I/OA 5C 59 TIP/RING (DC) [AE |RJ11 Jacks| — Phone Line Interface
RS3 1A 6C 45 LINE
ggf :ﬁ 32‘ z Register Select MONITOR (DC) | AD 30A — | Analog Line Monitor
RSO A 7 a2 (4-Lines), _E—.—DAA INTERFACE SIGNALS :
Cso 1A 10C 48 Chip Select RD (M) 1B 27A 35 | Ring Detect
Receiver (Baud RCCT (M) oC 28A — Request Coupler Cut
Rate Device) Through
Ccs1 1A 9C 41 Chip Select CCT (M) 1B 29C — | Coupler Cut Through
Transmitter OH ocC 29A 36 |Off-Hook Relay Status
(Sample Rate T/D Relay oc — 37 | Talk/Data Relay
Device) Mi IC —_ 38 | Manual Input
cviAD 1A 12C 47 Read Enable F. ANCILLARY INTERFACE SIGNALS
I N
mTE 'c?a :12 gg m:;ui?ﬁ’;uw TBCLK oc 27C — [Transmit Baud Clock
RBCLK oC 26A — Receive Baud Clock
TLK IC 28C —_ Talk (TLK = Data)
ORG 1B 16C — | Originate (ORG =
Answer)
(M) R2424M Only, (DC) R2424DC Only, — = not applicable
Table 5. Digital Interface Characteristics
Input/Ouput Type
Symbol P; Units 1A 1B Ic OA 0B ocC 110 A /0B
Vi Input Voltage, High \ 2.0 min. 2.0 min. 2.0 min. 2.0 min. |5.25 max.
2.0 min.
Vi Input Voltage, Low ) 0.8 max. | 0.8 max. | 0.8 max. 0.8 max. (0.8 max.
Vou | Output Voltage, High \' 2.4 min.! 2.4 min2 [2.4 min3
Vo | Output Voltage, Low \' 0.4 max.2 | 0.4 max.2 | 0.4 max.?2 | 0.4 max.2({0.4 max.’
™ Input Current, Leakage pA | £2.5 max. +2.5 max ¢
lon Output Current, High mA -0.1 max.
loL Output Current, Low mA 1.6 max. | 1.6 max. | 1.6 max.
Iy Output Current, Leakage | pA +10 max.
Ipy Pull-up Current rA — 240 max. | — 240 max. —~240 max. ~ 260 max.
(Short Circuit) -10 min. | —10 min. -10 min. —100 min.
C, Capacitive Load pF 5 5 20 10 40
Co Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain | 3 State |Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Pull-up

Notes: 1.l1load = -100 A 2.lload = 1.6 mA 3.lload = —-40 A 4.V, = 0.4t02.4Vdc, Voc = 525Vdc 5.1load = 0.36 mA
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Table 6. Analog Interface Characteristics

Name Type Characteristics

TXA AA The transmitter output impedance 1s 604Q
+1% with an output level of +6 dBm.
To obtain a 0 dBm output, a 6000 load to
ground I1s needed.

RXA AB The receiver input impedance i1s 23.7 KQ
+1%. The receive level at RXA must be
no greater than —9 dBm (or -6 dBm
with the 3DB bit enabled).

LINE AD The line monitor output impedance is

MONITOR 15 KQ +5%.

TIP/RING AE The impedance of TIP with respect to
RING is 600 Q.

V.24 INTERFACE

Eleven hardware circuits provide timing, data, and control sig-
nals for implementing a serial interface compatible with CCITT
Recommendation V.24. These signals interface directly with cir-
cuits using TTL logic levels (0V, +5V). These TTL levels are
suitable for driving the short wire lengths or printed circuitry nor-
mally found within stand-alone modem enclosures or equipment
cabinets. For driving longer cables, the voltage levels and con-
nector arrangement recommended by EIA standard RS-232-C
are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.

4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Data Terminal Ready (DTR)

DTR prepares the modem to be connected to the communica-
tions channel, and maintains the connection established by the
DTE (manual answering) or internal (automatic answering)
means. DTR OFF places the modem in the disconnect state.

Data Set Ready (DSR)

Data Set Ready (DSR) ON indicates that the modem is in the
data transfer state. DSR OFF is an indication that the DTE is to
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disregard all signals appearing on the interchange circuits—
except RI. DSR will switch to the OFF state when in test state.
The ON condition of DSR indicates the following:

1. The modem is not in the talk state, i.e., an associated tele-
phone handset is not in control of the line.

2. The modem is not in the process of automatically establishing
a call via pulse or DTMF dialing.

3. The modem has generated an answer tone or detected
answer tone.

4. After ring indicate (RI) goes ON, DSR waits at least two sec-
onds before turning ON to allow the telephone company
equipment to be engaged.

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a
maximum of 4 seconds when the SSD bit is enabled.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. In constant carrier mode, RTS can be wired to ..

DTR In controlled carrier operation, independent operation of o

RTS turns the carrier ON and OFF. The responses to RTS are
shown in Table 7 (assume the modem is in data mode).

Table 7. RTS Responses

Leased or Dial Line' RTS OFF RTS ON

Controlled Carrier CTS OFF Carrier ON
Carrier OFF | 210 to 275 ms Scrambled

1s Transmitted
CTS ON

Constant Carrier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1s | Data Transmitted

Transmitted
Note:
1. After handshake is complete.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which are present on TXD. CTS response times
from an ON or OFF condition of RTS are shown in Table 8.

Table 8. CTS Response Times

Controlled Carrier

210 to 275 ms
<20 ms*

CTS Transition

OFF to ON
ON to OFF

Note: *Programmable

Constant Carrier

<2 ms
<20 ms*
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Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected datarate of 2400 Hz, 1200 Hz or 600 Hz
(£0.01%).

2. Duty Cycle. 50 +1%.

TDCLK is provided to the user in both asynchronous and syn-
chronous communications. TDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec-
essary for synchronous communication. In this case Transmit
Data (TXD) must be stable during the one us periods immedi-
ately preceding and following the rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 + 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. The timing recovery circuit is capable of tracking a +.035%
(relative) frequency error in the associated transmit timing
source.

RDCLK is provided to the user in both asynchronous and syn-
chronous communications. RDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec-
essary for synchronous communication.

Received Line Signal Detector (RLSD)
The RLSD thresholds for both high and low channels are:

RLSD ON = -43dBm
RLSD OFF =< -48 dBm
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RLSD will not respond to guard tones or answer tones.

When RLSD is active, it indicates to the terminal equipment that
valid data is available on RXD.

Transmitted Data (TXD)
The modem obtains serial data from the local DTE on this input.

Received Data (RXD)

The modem presents received data to the local DTE on this
output.

Ring Indicator (RI)

The modem provides a Ring Indicator (RI) output; its low state
indicates the presence of a ring signal on the line. The low condi-
tion appears approximately coincident with the ON segment of
the ring cycle (during rings) on the communication channel. (The
ring signal cycle is typically two seconds ON, four seconds OFF.)
The high condition of the Rl output is maintained during the OFF
segment of the ring cycle (between rings) and at all other times
when ringing is not being received. The operation of Rl is not
disabled by an OFF condition on DTR.

RI will respond to ring signals in the frequency range of 15.3 Hz
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied
across TIP and RING), with the response times given in Table 13.

This OFF-to-ON (ON-to-OFF) response time is defined as the
time interval between the sudden connection (removal) of the
ring signal across TIP and RING and the subsequent ON (OFF)
transition of RI.

Table 9. RI Response Time

RI Transition Response Time
OFF-to-ON* 110 £50 ms (50% duty cycle)
ON-to-OFF 450 +50 ms

Note: *The OFF-to-ON time is duty cycle dependent:
890 ms (15%) = time = 50 ms (100%)
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MICROPROCESSOR INTERFACE

Seventeen hardware circuits provide address, data, control, and
interrupt signals for implementing a parallel interface compatible
with an 8080 microprocessor. With the addition of a few external
logic gates, the interface can be made compatible with a wide
variety of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface allows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0 and CS1) and
Register Selects (RS0-RS1)

The signal processor to be accessed is selected by grounding
one of two unique chip select lines, CS1 or CS0. The selected
chip decodes the four address lines, RS3 through RSO, to select
one of sixteen internal registers. The most significant address bit
(23) is RS3 while the least significant address bit (29 is RSO.
Once the address bits have been decoded, the selected register
can be read from or written into via an 8-bit parallel data bus, D7
through DO. The most significant data bit (27) is D7 while the
least significant data bit (20) is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ line
high or the WRITE line low. During a read cycle, data from the
selected register is gated onto the data bus by means of three-
state drivers. These drivers force the data lines high for a one bit
or low for a zero bit. When not being read, the three-state drivers
assume their off, high-impedance, state. During a write cycle,
data from the data bus is copied into the selected register, with
high and low bus levels representing one bits and zero bits,
respectively. The timing required for correct read/write cycles is
illustrated in Figure 2. Logic necessary to convert the single R/W
output from a 65XX series microprocessor to the separate READ
and WRITE signals required by the modem is shown in Figure 3.

Interrupt Request (IRQ)

The final signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
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rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to + 5 volts is required at some
point on the IRQ line. The resistor value should be small enough
to pull the IRQ line high when all IRQ drivers are off (i.e., it must
overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms +20%, 0.25 watt, is
sufficient.

DAA INTERFACE

The R2424M provides a Data Access Arrangement (DAA) inter-
face that is directly hardware and software compatible with the
RDAA. Manual/automatic originate and answer are then con-
trolled via the appropriate R2424M hardware ancillary circuits or
software control bits. The modem provides the only interface with
the microprocessor (MPU) bus, i.e., no RDAA interface signals
must be directly controlled from the MPU bus.

Ring Detect (RD)

RD indicates to the modem by an ON (low) condition that a ring-
ing signal is present. The signal (a 4N35 optoisolator compatible
output) into the RD input should not respond to momentary
bursts of ringing less than 125 ms in duration, or to less than
40 Vrms, 15 to 68 Hz, appearing across TIP and RING with
respect to ground. The ring is then reflected on RI.

Request Coupler Cut Through (RCCT)

RCCT is used to request that a data transmission path through
the DAA be connected to the telephone line. When RCCT goes
OFF (low), the cut-through buffers are disabled and CCT should
go OFF (high). RCCT should be OFF during dialing but ON for
tone address signaling.

Coupler Cut Through (CCT)

An ON (low) signal to the CCT lead indicates to the modem that
the data transmission path through the DAA is connected. This
input can always be grounded if the two second billing delay
squelch is desired. If CCT is user controlled, the billing delay
squelch can only be 2 seconds or greater.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.
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READ WRITE
TCS fe—
csi
(i =0,
) —] TCHTCS > [« - |«TCH
TCS e
RSi
(i = 0-3)
I - TCH TCS [ —> TCH
WRITE \ Z‘
-
- < TWR
READ 5
/ -
TDA—ﬂ —|}TDH le- TWDS
Di
(i = 0-7)
TWDH—
Characteristic Symbol [ Min | Max | Units
CSi, RS! setup time prior
to Read or Write TCS 30 — ns
Data access time after Read TDA — 140 ns
Data hold time after Read TDH 10 50 ns
CSi, RSi hold time after
Read or Write TCH 10 — ns
Write data setup time TWDS 75 — ns
Write data hold time TWDH 10 — ns
Write strobe pulse width TWR 75 — ns

Figure 2. Microprocessor Interface Timing Diagram

2
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Figure 3. R/W to READ WRITE Conversion Logic
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ANALOG SIGNALS (R2424M)

Two connections are devoted to analog audio signals: TXA and
RXA.

Transmit Analog (TXA)

The TXA output is suitable for driving a data access arrangement
for connection to either leased lines or the public switched tele-
phone network. The transmitter output impedance is 604 ohms
+1% with an output level of +6 dBm +1 dBm. To obtain a
0 dBm output, a 600 ohm load to ground is needed.

Receive Analog (RXA)

RXA is an input to the receiver from a data access arrangement.
The inputimpedance is 23.7K ohms + 1%. The received level at
RXA must be no greater than — 9 dBm (or — 6 dBm with the 3DB
bit enabled).

ANALOG SIGNALS (R2424DC)

Three analog signals are output by the R2424DC: LINE MONI-
TOR, TIP and RING.

Analog Line Monitor (LINE MONITOR)

The LINE MONITOR output is suitable for a speaker interface. It
provides an output for all dialing signals, call progress signals,
and the carrier signals. The output impedance is 15K ohms
+ 1%. The signals which appear on LINE MONITOR are approx-
imately the same level as the signals would appear on the net-
work (assuming a 1 dB loss attributed to the audio transformer).

Phone Line Interface (TIP and RING)

TIP and RING are the DAA analog outputs to the public switched
telephone network. These outputs use two RJ11 jacks in parallel
as the interface to the network (see Table 10 and Figure 4). The
R2424DC, which contains the DAA TIP and RING interface, has
been FCC Part 68 approved. The user need not apply for further
Part 68 approval. The impedance of TIP with respect to RING is
600 ohms.

Table 10. R2424DC Network Interface

Connector Pin
Type Number Name Function
3 RING One Side of TELCO Line
RJ11 Jack 4 TIP | One Side of TELCO Line

T0 — TO OTHER
NETWORK EQUIPMENT
MINIATURE :‘ 12|3]4|5]6} | R2a24
6 POSITION JACK | A | MODEM JaCK
-l
——————

MINIATURE : 4 als 1 TELEPHONE
6 POSITION PLUG | | ! | comp

w11
RING (RED WIRE) TIP (GREEN WIRE)

Figure 4. RJ11 Telephone Jack

ANCILLARY CIRCUITS

Transmit Baud Clock (TBCLK) and
Received Baud Clock (RBCLK)

TBCLK and RBCLK are provided to the user at the baud rate
(600 Hz).

Talk (TLK) (DIN Module Only)

TLKis  an input which manually places the modem on-hook (relay
open, TLK = 0)or off-hook (relay closed, TLK = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. TLK is used with ORG to manually
originate or answer a call. TLK should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.

Originate (ORG)

ORG is an input which manually places the modem in the origi-
nate mode (ORG = 0) or the answer mode (ORG = 1). To man-
ually originate a call, ORG = 0 and TLK = 0. Dial the number
using the telephone. When the other modem answers and sends
answer tone switch the TLK input from 0 to 1 placing the modem
off-hook.

To manually answer a call ORG = 1 and TLK = 0. When the
phone rings switch the TLK input from 0 to 1 placing the modem
off-hook.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.
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T/D Relay. (DIP Module Only)

The T/D Relay signal may be used as a second relay control
when the parallel control mode of operation is selected (BUS bits
0and1 = 1). Ifthe serial control mode is selected (BUS bits 0 and
1 = 0) the T/D relay follows the status of the OH output signal
which is controlled by the Mi signal. In the parallel control mode
the OH output signal is controlled by the status of the DATA bit,
while independent control of the T/D relay is provided by the Mi
signal. During pulse dialing the OH signal reflects the pulse sig-
nals being dialed. It is therefore possible to use the T/D Relay
signal to control the off-hook relay and use the OH signal to per-
form pulse dialing on a separate, independent relay.

Manual Input (M) (DIP Module Only)

Mi is an input which manually places the modem on-hook (relay
open, M = 0) or off-hook (relay closed, Ml = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. Ml is used with ORG to manually
originate or answer a call. Ml should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.

SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load-
/drive characteristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented in firmware running on two special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into two
areas. These areas are partitioned into receiver and transmitter
devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
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interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal 1/O bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. It 1s possible to enable a bit in register E to cause an inter-
rupt each time it sets. This interrupt can then be cleared by a read
or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 32 addressable registers in the modem
receiver (CS0) and transmitter (CS1) interface memory are
shown in Figures 5 and 6, respectively. These registers may be
read or written on any host read or write cycle, but all eight bits of
that register are affected. in order to read a single bit or a group of
bits in a register, the host processor must mask out unwanted
data. When writing a single bit or group of bits in a register the
host processor must perform a read-modify-write operation. That
is, the entire register is read, the necessary bits are set or reset in
the accumulator of the host, then the original unmodified bits and
the modified bits are written back into the register of the interface
memory.

Figures 7 and 8 show the registers according to the overall func-
tion they perform in the receiver and transmitter, respectively.
Figures 9 through 12 show the power on configurations of the
interface memory bits for the R2424/US and the R2424/INT ver-
sions.

Table 11 defines the individual bits in the interface memory. In the
Table 11 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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Register Bit 7 6 5 4 3 2 1 0 Registe? Bit 7 6 5 4 3 2 1 0
F RAM Access R F RAM Access T
IRQ | ENSI [NEWS| — [NEWC| - - - E IRQ | ENSI [NEWS| — |NEWC|DDEI| — |DDRE
D BUS [ CRQ | — _ — | LCD |RSD | — D BUS | CRQ |DATA| AAE | DTR | — - S$SD
[+ — - - CHAR —_ - - [ DSRA TXCLK CHAR - — |DLSF!
B —_ - - - - _ - AL B TX LEVEL GTE | GTS | 3DB [DTMF| AL
A ERDL | RDL [ DL ST MODE A ERDL | RDL | DL ST MODE
9 - - SPEED - - —_ —_ 9 NAT! |[RTRN|ORG | LL | RTS | CC EF | NTS
8 TONE| ATD | — —_ - - ™™ |RLSD 8 DLO ( CTS |DSR | RI - - - —
7 — - - _— -_— —_ - - 7 - -— —_— _ - —_— —_ —
6 - - - - —_ - - - 6 —_ - - - -_ -_ -— —
5 RAM Data YRM (YRAMRM) 5 RAM Data YTM (YRAMTM)
4 RAM Data YRL (YRAMRL) 4 RAM Data YTL (YRAMTL)
3 RAM Data XRM (XRAMRM) 3 RAM Data XTM (XRAMTM)
2 RAM Data XRL (XRAMRL) 2 RAM Data XTL (XRAMTL)
=== -1 - 1-1-1-1-1-1-
[} — — - _ —_ —_ - - 0 Dial Digit Register
Note Notes
(—) Indicates reserve: for modem use only. (L) ::.&t.::tg: ',’:;::Seﬁsfi‘f,ffdem use only.

Figure 5. Receiver (CS0) Interface Memory Map Figure 6. Transmitter (CS1) Interface Memory Map

Bit Bit

Regista? 7 6 5 4 3 2 1 0 Registe? 7 6 5 4 3 2 1 0

F DIAGNOSTIC CONTROL F DIAGNOSTIC CONTROL

E HANDSHAKE E HANDSHAKE

D CONFIGURATION D CONFIGURATION

c CONFIGURATION [ CONFIGURATION

B CONFIGURATION B CONFIGURATION

A CONFIGURATION A CONFIGURATION

9 STATUS 9 CONFIGURATION

8 STATUS 8 STATUS

7 RESERVED 7 RESERVED

6 RESERVED 6 RESERVED

5 DIAGNOSTIC 5 DIAGNOSTIC

4 DIAGNOSTIC 4 DIAGNOSTIC

3 DIAGNOSTIC 3 DIAGNOSTIC

2 DIAGNOSTIC 2 DIAGNOSTIC

1 RESERVED 1 RESERVED

0 RESERVED 0 DIAL DIGIT REGISTER
Registep Registes-

gl 7 6 5 4 3 2 1 0 enl 7 6 5 4 3 2 1 0

Figure 7. Receiver (CSO0) Interface Memory Functions Figure 8. Transmitter (CS1) Interface Memory Functions
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Bit Bit .
7 6 5 4 3 2 1
Registe 7 6 5 4 3 2 1 0 Register 0
RAM Access R F RAM Access T
] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IRQ | ENSI |NEWS NEWC| _ - - IRQ | ENSI |[NEWS| __ |NEWC| DDEI __ | DDRE
E 0 0 0 - 0 E 0 ) 0 0 0 0
D BUS | CRQ - - - LCD | RSD - D BUS | CRQ [DATA | AAE | DTR - - SSD
0 0 1 0 0 [ 0 [} [ [
c _ _ _ CHAR — — _ c DSRA| TX CLK CHAR _ — | DLSF
1 0 0 0 0 1 0 0
B — — — — — — — | AL B TX LEVEL GTE | GTS | 3DB |DTMF | AL
0 [ 0 0 0 0 0 0 0
A ERDL | RDL | DL | ST MODE A ERDL | RDL | DL | ST MODE
0 0 0 [) [ 0 0 1 0 0 0 0 1 1 [ 1
° _ — SPEED — — — _ P NAT |[RTRN| ORG | LL | RTS | CC | EF | NTS
0 0 0 [ 0 0 0 0
s TONE | ATD | _ — — — | ™M |RLSD s DLO | CTS | DSR | RI _ — _ —
0 0 0 0 0 0 0 0
7 - - - - - - - - 7 - - - - - - - -
6 - - - - - - - - 6 _ - - - - - - -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
== N S S e e
[] — - - - — - - - 0 Dial Digit Regi (Write-Only )
Registe) Registe!
Bit 7 6 5 4 3 2 1 [} Bit 7 6 5 4 3 2 1 []
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.

Figure 9. R2424/US Receiver (CS0) Interface Memory
Power On Configuration

Power On Configuration

Figure 10. R2424/US Transmitter (CS1) interface Memory

Bit Bit
Roge 76| 5| a3 2]1]o0 ne@} 76| 5| a]|a|2]|1]0
F RAM Access R F RAM Access T
] 0 0 [) 0 [ 0 0 0 0 0 0 0 0 ] 0
E IRQ | ENSI [NEWS| _ |NEWC| _ _ — E IRQ | ENSI INEWS| __ |NEWC| DDEI _ | DDRE
0 ) 0 0 0 0 0 [ 0 0
D BUS | CRQ | _ _ _ [LeD [ RsD | _ D BUS | CRQ [DATA["AAE | DTR | _ _ [ ssb
0 0 1 0 0 0 0 [ 0
c _ — — CHAR — — _ c DSRA | TX cu( CHAR _ — | DLSF
1 0 0 1 [ 0
B — | — = _ — | _ — | AL B T LEVEL GTE | GTS | 3DB |DTMF| AL
0 0 o [ 0 0 0 0
A ERDL | RDL DL ST MODE A ERDL '—RDL DL ST MODE
[) 0 [ [) 1 1 1 0 0 0 [ 1 1 0 1
9 — - SPEED _ - _ - 9 NAT |RTRN | ORG | LL RTS cc EF NTS
0 0 [ [) 0 0 [} 0
8 TONE | ATD | _ _ _ _ | ™™ |RLSD 8 DLO | CTS | DSR | RI _ _ _ _
0 0 0 0 0 0 0 [}
7 - - - - - - — - 7 - — - - — — - -
6 - - - - - - - - 6 - - - - - - - -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
e e e T e[ -1-T-1-T-1-
[} - - - - - - - - 0 Dial Digit Register (Write-Only Register)
Registe al Tl e | 5| 4| 8| 2 1 0 Regists wl Tl s s | a|a| o2 1 0
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 11. R2424/INT Receiver (CS0) Interface Memory Figure 12. R2424/INT Transmitter (CS1) Interface Mernory

Power On Configuration
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Table 11. Interface Memory Definitions

Memory
Mnemonic Name Location Description

AAE Auto Answer Enable 1:D:4 When configuration bit AAE 1s a 1, the modem will automatically answer
when a ringing signal 1s present on the line. When AAE is set to a 1, the
modem will answer after one ring and go into data mode

The modem goes off-hook 1 second after the on-to-off transition of the ring
The ORG pin or ORG bit need not to be set to the answer polarity. If it 1s
desired to answer after more than one ring, then the user must use the
alternative answer method described under the DATA bit. The DTR pin or
the DTR bit must also be set before the modem will auto answer. Writing a 0
into the AAE bit will cause the modem to go on-hook. This will occur only
when the modem auto answers using the AAE bit.

AL Analog Loopback (0,1):B:0 When configuration bits AL are a 1, the modem is in local analog loopback
(V.54 Loop 3). In this loop, the transmitter’s analog output is coupled to the
receiver’s analog input at a point near the modem’s telephone line interface
An attenuator 1s introduced into the loop such that the signal level coupled
into the receive path is attenuated 14 +1 dBm. The modem may be placed
into analog loopback in either the idle mode or the data mode However, in
the data mode, setting the AL bits to a 1 will terminate the connection
Analog loopback will only function in the high speed modes (2400, 1200, or
600 bps).

The DTE may be tested when the modem is in analog loopback. Also, all
parts of the modem except the line interface are checked If no DTE is
connected, the modem integrity may be verfied by use of the self test
function. When entering analog loopback, set AL in the receiver to a 1 before
setting AL in the transmitter to a 1

When exiting analog loopback, reset AL in the transmitter to a 0 before
resetting AL in the receiver to a 0.

ATD Answer Tone Detected 0:8:6 When status bit ATD is a 1, it signifies that the modem receiver detected the
answer tone. The bit is 1 set 75 ms after the answer tone is first detected,
and is cleared to a 0 when the modem goes on-hook The user may clear
ATD manually after CTS is active.

BUS Bus Select (0,1):D:7 When configuration bits BUS are a 1, the modem is in the parallel control
mode; and when 0, the modem s In the serial control mode BUS can be in
either state to configure the modem.

Serial Control Mode

The serial mode uses standard V.24 (RS-232-C compatible) signals to
transfer channel data. The control signals used in serial control mode are
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected
both in the interface memory and the V.24 interface. Once the bus bits have
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are
ignored.

Parallel Control Mode

The modem has the capability of modem control via the microprocessor bus
Data transfer is maintained over the senial V.24 channel The control bits
used in parallel control are DTR, RTS, ORG, and DATA.

The modem automatically defaults to the serial mode at power-on.
If the parallel control mode is to be used, it 1s recommended that the TLK pin
be tied to ground A floating TLK pin will assume a logic 1 which will

immediately put the modem into the data mode before the BUS bits are set

In either mode, the modem is configured by the host processor via the
microprocessor bus

1-49




R2424

2400 bps Full-Duplex Modem

Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

cc

CHAR

CRQ

CTS

DATA

DDEI

Controlled Carrier

Character Length Select

Call Request

Clear-to-Send

Talk/Data

Dial Digit Empty Interrupt

1:9:2

(0,1):C:(3,4)

(0,1):D:6

1:D:5

1E:2

When configuration bit CC is a 1, the modem operates in controlled carner;
when 0, the modem operates in constant carrier.

Controlled carrier allows the modem transmitter to be controlled by the RTS
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions.

These character length bits select either 8, 9, 10, or 11 bit characters
(includes data, stop, and start bits) as shown below:

Configuration Word Configuration
3

»

0 0 8 bits
0 1 9 bits
1 0 10 bits
1 1 11 bits

It 1s possible to change character length during the data mode. Errors in the
data will be expected between the changeover and the resynchronization
(which occurs on the next start bit after the change is implemented).

When configuration bit CRQ in chip 1 (the transmitter) is a 1, it places the
transmitter in auto dial mode. The data then placed in the Dial Digit Register
1s treated as digits to be dialed. The format for the data should be a hex
representation of the number to be dialed (if a 9 is to be dialed then an 09¢
should be loaded in DDR) CRQ in chip 1 should be a 1 for the duration of
the data mode. If CRQ in chip 1 is changed to a 0, the modem will go
on-hook. Also, see DDRE bit.

When configuration bit CRQ in chip © {the receiver) is a 1, the recaiver goss
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz
bandwidth 1s reflected by the TONE bit. CRQ in chip 0 must be reset to a 0
(after the last digit was dialed and tone detection completed) before the
answer tone Is sent by the answering modem (after ringback is detected).
CRQ in chip 0 need not be used during auto dialing, but may be used to pro-
vide call progress information as part of an intelligent auto dialing routine. An
example flowchart is given in Figure 13.

FF (hex) should be loaded into the Dial Digit Register after the last digit is
dialed and tone detection is completed. This action also puts the modem in
data mode and starts a 30 second abort timer. If the handshake has not
been completed in 30 seconds the modem will go on-hook.

When status bit CTS is a 1, it indicates to the terminal equipment that the
modem will transmit any data which are present at TXD.

CTS response times from an ON or OFF condition of RTS are shown below:

CTS Transition Constant Carrier Controlled Carrier
OFF to ON <2 ms 210 to 275 ms
ON to OFF =20 ms* =20 ms*
*Programmable

When control bit DATA is a 1, the modem 1Is in the data state (off-hook); and
when 0, the modem is in the talk state (on-hook). This bit allows the modem
to go off-hook after a programmable number of rings by counting the required
number of Rl bit transitions and then setting the DATA bit (assuming ORG = 0).

When handshake bit DDEI i1s a 1, an interrupt will occur when the Dial Digit
Register (1:0) is empty (DDRE = 1). This is independent of the state of the
ENSI bit. The interrupt will set the IRQ bit and also assert the IRQ signal.
Loading the Dial Digit Register with a new digit will clear the interrupt
condition.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

DDR

DDRE

DL

DLO

DLSF

DSR

DSRA

Dial Digit Register

Dial Digit Register Empty

Digital Loopback (Manual)

Dial Line Occupied

Disable Low Speed Fallback

Data Set Ready

Data Set Ready in Analog
Loopback

1:0:(0-7)

1:E:0

(0,1):A:5

1:8:7

1:8:5

1:C:7

DDR is used to load the digits to be dialed. Example: If a 4 1s to be dialed,
an 04 (hex) should be loaded. This action also causes the interrupt to be
cleared. The modem automatically accounts for the interdigit delay. Note:
DDR is a write-only register

When handshake bit DDRE is a 1, it indicates that the dial digit register 1s
empty and can be loaded with a new digit to be dialed. If the DDEI bit is set,
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be
generated.

After the DDR is loaded, DDRE goes to a 0 and the interrupts are
automatically cleared.

When configuration bits DL are set to a 1, the modem is manually placed in
digital loopback. DL should only be set during the data mode. The DSR and
CTS bits will be reset to a 0. The local modem can then be tested from the
remote modem end by looping a remotely generated test pattern. At the
remote modem, all interface circuits behave normally as in the data mode.

At the conclusion of the test, DL must be reset to a 0. The local modem will
then return to the normal data mode with control reverting to the DTEs, DTR.

DL does not function in 300 bps.

When status bit DLO is a 1, it indicates that the modem is in the auto dial
state, i.e., CRQ in the transmitter is a 1 and the modem is off-hook and
ready to dial.

When configuration bit DLSF is a 1, the modem will not automatically
fallback to the 300 bps operating mode if it is configured for another data
rate. This bit is valid in originate mode only.

The ON condition of the status bit DSR indicates that the modem is in the
data transfer state. The OFF condition of DSR is an indication that the DTE
1s to disregard all signals appearing on the interchange circuits — except RI
DSR will switch to the OFF state when in test state. The ON condition of
DSR indicates the following:

The modem is not in the talk state, 1.e., an associated telephone handset is
not in control of the line.

The modem is not in the process of automatically establishing a call via
pulse or DTMF dialing.

The modem has generated an answer tone or detected answer tone.

After ring indicate goes ON, DSR waits at least two seconds before turning
ON to allow the telephone company equipment to be engaged

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum
of 4 sec when the SSD bit is enabled.

When configuration bit DSRA is a 1, it causes DSR to be ON during analog
loopback.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

DTMF

DTR

EF

ENSI

ERDL

GTE

Touch Tones/Pulse Dialing

Data Terminal Ready

Enable Filters

Enable New Status Interrupt

Enable Response to
Remote Digital Loopback

_Guard Tone Enable

1:B:1

1:D:3

1:9:1

(0,1):E:6

(0,1):A:7

1:B:4

When configuration bit DTMF is a 1, it tells the modem to auto dial using
tones; and when 0, the modem will dial using pulses.

The timing for the pulses and tones are as follows (power-on timing):

Pulses — Relay open 64 ms
Relay closed 36 ms
Interdigit delay 750 ms

Tones — Tone duration 95 ms
Interdigit delay 70 ms

The DTMF bit can be changed during the dialing process to allow either tone
or pulse dialing of consecutive digits. The output power level of the DTMF
tones is as follows:

+15 dBm +1 measured at TXA for the R2424M
-1 dBm t1 measured at TIP/RING for the R2424DC

Control bit DTR must be a 1 for the modem to enter the data state, either
manually or automatically. DTR must also be a 1 in order for the modem to
automatically answer an incoming call.

During the data mode, DTR must remain at a 1, otherwise the connection will
be terminated if DTR resets to a O for greater than 50 ms.

Setting CRQ in the transmitter to a 1 disables the high and low band filters
used in data mode so that call progress tone detection can be done. Setting
CRQ in the receiver to a 1 inserts a passband filter in the receive path which
passes eneray in the 345 Hz to 635 Hz bandwidth The high and low hand
filters must be enabled and the passband filter disabled for the answer tone
and carrier to be detected. This occurs automatically during the auto dial
process when EF is set to a 0. In this case, the high and low band filters are
disabled when CRQ in the transmitter is set to a 1. If tone detection is
required, CRQ in the receiver should be set to a 1. After dialing and call
progress tone detection, CRQ in the receiver is set to a 0 and FF is loaded
into the dial digit register. (Loading FF enables the high and low band filters).
At this time, the answer tone can be detected. To re-enable the high and low
band filters disabled by setting CRQ in the transmitter, set EF to a 1. After
CRQ in the transmitter and receiver is set to a 1 and tone detection is
completed, it may be necessary to detect the answer tone before loading FF
into the dial digit register (see the section on sending 1300 Hz calling tone).
At that point, EF can be set to a 1 and CRQ in the receiver set to a 0 so the
answer tone can be detected (using the ATD bit) and the 1300 Hz calling
tone can still be sent. Once the answer tone is detected, FF should be
loaded into the dial digit register and the EF bit set to a 0.

When handshake bit ENSI is a 1, it causes an interrupt to occur when the
status bits in registers (0:[8,9]) and (1:8) are changed by the modem.
(NEWS =1). The IRQ bit will be set to a 1 and the RQ signal will be
generated. The interrupt is cleared by writing a 0 into the NEWS bit.

When configuration bits ERDL are a 1, it enables the modem to respond to
another modem’s remote digital loopback request, thus going into loopback.
When this occurs, the modem clamps RXD to a mark; resets the CTS, DSR
and RLSD bits to a 0 and turns the CTS, DSR and RLSD signals to a logic 1.
The TM bit is set to inform the user of the test status. When the ERDL bits are
a 0, no response will be generated.

When configuration bit GTE is a 1, it causes the specified guard tone to be
transmitted (CCITT configurations only), according the state of the GTS bit. Note:
The guard tone will only be transmitted by the answering modem.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

GTS

IRQ

LCD

LL

MODE

NAT

Guard Tone Select

Interrupt

Loss of Carrier Disconnect

Leased Line

Mode Select

No Answer Tone

1:B:3

(0,1):E:7

0:D:2

1:9:4

(0,1):A:(0,3)

1:9:7

When configuration bit GTS is a 0, it selects the 1800 Hz tone; when GTE is
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted
only when GTE is enabled.

When status bit IRQ is a 1, it indicates that an interrupt has been generated.
The IRQ hardware signal is generated following the setting of the IRQ bit.
IRQ is cleared when either the NEWS bit is reset to a 0 or the DDR is
loaded with a number.

When configuration bit LCD is a 1, the modem terminates a call when a loss
of received carrier energy is detected after 400 ms. After the first 40 ms of
loss of carrier, RLSD goes off. 360 ms later, if no carrier is detected, CTS
goes off, and the modem goes on-hook. If energy above threshold is
detected during the 360 ms period, RLSD will be set to a 1 again. If further
loss of energy occurs, the 400 ms time frame is restarted.

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold,
but will not force the modem on-hook when energy falls below threshold. In
this case, it is necessary to re-enable LCD in order to put the modem on-hook.

LCD is not automat'ically disabled in leased line operation. The user must
write a 0 into LCD bits for this to occur.

When configuration bit LL is a 1, the modem is in leased line operation;
when 0, the modem is in switched line operation. When LL is set to a 1, the
modem immediately goes off-hook and into data mode.

These bits select the compatibility at which the modem is to operate, as
shown below:

Configuration Word
3 2 Configuration

2400 Sync.
2400 Async.
1200 Sync.
1200 Async.
0 to 300 Async.
1200 Sync.
1200 Async.
600 Sync.
600 Async.
2400 Sync.
2400 Async.
1200 Sync.
1200 Async.

Bell 2400
Bell 2400
Bell 212A
Bell 212A
Bell 212A
V.22A
v.22B
V.22A
V.228
V.22 bis
V.22 bis
V.22 bis
V.22 bis

e e - X-N- -
- —-—-a0000~-0000|
- S OO 4000 = =-00 |=
-~ O -0~ 0=+ 00~~0=0I0

NOTE: The Mode bits in both chips should be set exclusively of all other
bits, followed immediately by the setting of the NEWC bits. This will ensure
proper modem configuration.

Automatic Reconfiguration

The modem is capable of automatically falling back during the handshake to
the compatibility of a remote modem. The modem can be in either the
answer or originate mode for this to occur. The compatibilities that the
modem are limited to adapt to are V.22 bis, V.22 A/B (1200 bps), Bell 212
and Bell 103. If the R2424 is to originate in a specific configuration, the
MODE bits must be set.

When the answer modem is configured for Bell 300 asynchronous and is
called by a 1200 bps modem, the handshake will be completed at 1200 bps.

When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz
CCITT answer tone. This bit is only valid for CCITT configurations. With this
bit enabled in answer mode, when the modem goes off-hook it will remain
silent for 75 ms and then transmit unscrambled ones.
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Table 11. Interface Memory Definitions (Continued)

Memory
Mnemonic Name : Location Description

NEWC New Configuration (0,1)E:3 When the NEWC bit is a 1, it tells the modem that a new configuration has
been written into the configuration registers. The modem will then read the
configuration registers and then reset NEWC to a 0. NEWC must be set to a
1 after a new configuration has been written into the following registers:
(0:[A-D]) and (1:[9-D]). The remaining registers do not require the use of

| NEWC to tell the modem that new data was written into them.

NEWS New Status (0,1):E:5 When handshake bit NEWS is a 1, it tells the user that there has been a
. change of status in the status registers. The user must write a 0 into NEWS
to reset it. This action also causes the interrupt to be cleared.

NTS No Transmitter Scrambler 1:9:0 When configuration bit NTS is a 1, when the modem is off-hook it will
transmit all data in an unscrambled form. This bit should be disabled if the
normal modem handshake is desired.

ORG Orniginate/Answer 1:9:5 When configuration bit ORG is a 1, the modem is in originate mode; and
when a 0 the modem is in answer mode. (This is only valid in manual
originate/answer and analog loopback). If ORG is a 1 in analog loopback, the
modem will transmit in the high band and receive in the low band. If ORG is
a 0 in analog loopback, the modem will transmit in the low band and receive
in the high band.

(None) RAM Access R 0:F:0-7 Contains the RAM access code used in reading RAM locations in chip 0
(receiver device).

(None) RAM Access T 1:F:0-7 Contains the RAM access code used in reading RAM locations in chip 1
(transmitter device).

XRAMRL RAM Data XRL

=)
[
9
~

Least significant byte of 16-bit word X used in reading RAM locations in chip 0.

X2AMOM QAM Data XRM MSst sigiiticant byts of 10-bit woiG X uSed i reading RAM iouaiions in chip 0.

o
[+]
[+]
~d

XRAMTL RAM Data XTL 1:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 1.
XRAMTM RAM Data XTM 1:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 1.
YRAMRL RAM Data YRL 0:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 0.
YRAMRM RAM Data YRM 0:5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 0.
YRAMTL ﬁAM Data YTL 1:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 1.
YRAMTM RAM Data YTM 1:5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 1.

RDL .| Remote Digital Loopback (0,1):A:6 When configuration bits RDL are a 1, it causes the modem to initiate a

. request for the remote modem to go into digital loopback. RXD is clamped to
a mark and the CTS bit and CTS signal will be reset until the loop is
established. The TM bit is not set in this case, since the local modem
initiated the request. RDL does not function in 300 bps.

RI Ring Indicator ‘ 1:8:4 When status bit Rl is a 1, it indicates that a nnging signal is being detected.

. The Rl bit follows the ringing signal with a 1 during the on time and a zero
during the off time coincident with the Rl signal. The following are the Rl bit
response times:

'RI Bit Transition Response
OFF-to-ON* 110 50 ms (50% duty cycle)
ON-to-OFF 450 +50 ms

*The OFF-to-ON time is duty cycle dependent' 890 ms (15%) = time = 50 ms (100%)
This OFF-to-ON (or ON-to-OFF) response time is defined as the time interval

between the sudden connection (removal) of the ring signal across TIP and
RING and the subsequent transition of the R bit.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

RLSD

RSD

RTRN

RTS

SPEED

Received Line Signal
Detector

Receive Space Disconnect

Retrain (2400 bps only)

Request-to-Send

Speed Indication

0:8:0

0:D:1

1:9:6

0:9:(4,5)

When status bit RLSD 1s a 1, it indicates that the carrier has successfully
been received. RLSD will not respond to the guard tones or answer tones
RLSD response times are given below:

Constant Controlled
Carrier Carrier

RLSD?
OFF-to-ON 40 to 65 ms 40 to 65 ms
ON-to-OFF 40 to 65 ms 40 to 65 ms

Note:
1. After handshake has occurred.

When configuration bit RSD is a 1, the modem goes on-hook after receiving
approximately 1.6 seconds of continuous spaces.

When configuration bit RTRN is a 1, the modem sends the training se-
quence. It resets when the training sequence from the remote modem has
successfully been received. If the sequence has not been successfully receiv-
ed from the remote modem, CTS will remain OFF. In order to put the modem
back in the data mode, it is necessary to write a 0 into the RTRN bit, then
repeat the retrain sequence.

When control bit RTS is a 1, the modem transmits any data on TXD when
CTS becomes active. In constant carrier mode, RTS should be set the same
time as DTR and then left ON. in controlled carrier operation, independent
operation of RTS turns the carrier ON and OFF. The responses to RTS are
shown (assume the modem is in data mode).

Leased or Dial Line! RTS Off RTS On

Controlled Carrier CTS OFF Carrier ON
Carrier OFF 210 to 275 ms Scrambled 1's
Transmitted
CTSON

Constant Carrier CTS OFF CTSON
Carrier ON Carrier ON
Scrambled 1's  Data Transmitted
Transmitted

Note:
1. After handshake 1s complete.

For ease of use in constant carrier mode, RTS should be turned ON the
same time as DTR.

The SPEED status bits reflect the speed at which the modem is operating.
The SPEED bit representations are shown

Speed
0-300
600
1200
2400

N X-RTS
~ o =0 0

Note:
The SPEED bits are not active in analog loopback and leased line mode.
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Table 11. Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

SSD

ST

3DB

™

TONE

TXCLK

Send Space Disconnect

Self Test

3 dB Loss to Receive
Signal

Test Mode

Tone Detect

Transmit Clock Select

1'D:0

0,1)A:4

1:B.2

0:8:1

1:C:(5,6)

When configuration bit SSD is a 1, it causes the modem to transmit
approximately 4 seconds of spaces before disconnecting, when DTR goes
from active to inactive state.

When configuration bit ST is a 1, self test is activated. ST must be a 0 to end
the test. It is possible to perform self test in analog loopback with or without a
DTE connected During any self test, TXD and RTS are ignored. Self test does
not test asynchronous-to-synchronous converter circuits in either the
transmitter or receiver.

Error detection is accomplished by monitoring the self test error counter in
the RAM. If the counter increments during the self test, an error was made.
The counter contents are available in the diagnostic register when the RAM
access code 00 is loaded in the diagnostic control register (0:F).

Self Test End-to-End (Data Mode)

Upon activation of self test an internally generated data pattern of- aitemate
binary ones and zeros (reversals) at the selected bit rate are applied to the
scrambler. An error detector, capable of identifying errors in a-stream of.

reversals are connected to the output of the descrambler.

Self Test with Loop 3

Loop 3 1s applied to the modem as defined in Recommendation V. 54 Self
test 1s activated and DCE operation is as in the end-to-end test, In this test
DTR is ignored. .

Self Test with Loop 2 (Data Mode)

The modem is conditioned to instigate a loop 2 at the remote modem as
specified in recommendation V.54. Self test is activated and DCE operation
is as in the end-to-end test

ST does not function in 300 bps.

When configuration bit 3DB is a 1, it attenuates the received signél 3dB.
This is only used if the modem will see 0 dBm or greater line signal at the
receiver input. Insertion of the 3 dB loss will then prevent saturation.

When status bit TM is a 1, it indicates that the modem has comple(ed \he .
handshake and is in one of the following test modes: AL or RDL.

TONE follows the energy detected in the 340 to 640 Hz frequency band. The
user must determine which tone is present on the line by determining the _
duty cycle of the TONE bit. TONE is active only when CRQ in chip 0 is'a 1.

Detection Range: -10 to -43 dBm
Response Time: 17 t2 ms

TXCLK allows the user to designate the origin of the transmitter data clock, -
as shown below
Configuration Word
Transmit Clock

Internal
External
Slave

- - O &
- 00 in

If external clock is chosen the user clock must be input at XTCLK. The clock
characteristics must be the same as TDCLK. The external clock will be
reflected by TDCLK.

If slave clock is chosen the transmitter is slaved to the receive clock. Thls xs
also reflected by TDCLK. E -
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In a microprocessor environment it is necessary to know how
long various functions last or what the response times of certain
functions are. Since the modem is a part of the microprocessor
environment its timing and response times are necessary.
Table 12 provides the timing relationships between interface

memory bits and modem functions.

Table 12.

Internal Modem Timing

Parameter

Time Interval

NEWC bit checked
Transmitter
Receiver

NEWC bit set by host until
modem action

Transmitter

Receiver

Control, Configuration bits read
Transmitter
Receiver

Status bits updated
Transmitter
Receiver

Status change reflected by
NEWS, IRQ
Transmitter

Receiver

Memory status reflected to
modem pin

Transmitter

Receiver

Once per sample’
Once per baud?

=< One baud time
One baud time

Only after NEWC is set
ST, RSD—every sample,
all others after NEWC set

Once per sample
Once per baud

MIN < one sample time
MAX one sample time
MIN one sample time
MAX one baud time

33.33 us

33.33 us

1. Sample Time = 7200 Hz

2. Baud Time = 600 Hz

R2424 2400 bps Full-Duplex Modem
Table 11. Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
TX LEVEL Transmit Level 1'B:(5-7) TX LEVEL allows the user to change the transmit level at TIP and RING
(assuming the DAA has 10 dBm attenuation in the transmit path).
Configuration
Word Transmit Level (£ 1.0 dBm)
7 6 5 (at TIP and RING)
0 0 0 -10 dBm
0 0 1 -12 dBm
(] 1 0 -14 dBm
0 1 1 -16 dBm
1 0 0 -18 dBm
1 0 1 ~20 dBm
1 1 0 -22 dBm
1 1 1 -24 dBm
Internal Modem Timing AUTO DIAL SEQUENCE

The following flow chart defines the auto dial sequence via the
microprocessor interface memory.

SET DTMF ‘
1 = TONES
0 = PULSES
‘ Y
LOAD DIAL
CRQ =1 DIGIT INTO
D.D. REG.
N
DTR = 1
Y
-
INTO
D.D. REG.
Y

S,

Figure 13. Auto Dial Sequence Flow Diagram

Note: The modem timing for the auto dialer accounts for inter-
digit delay for pulses and tones.
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SIGNAL PROCESSOR RAM ACCESS

RAM AND DATA ORGANIZATION

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32-bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word is organized into a real part (16-bits) and an
imaginary part (16-bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. The entire contents of XRAM
and YRAM may be read by the host processor via the microproc-
essor interface.

Interface Memory Locations

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP I/0 bus. The SP logic unit normally transfers a word
from RAM to interface memory once each clock cycle of the SP
device. In the transmitter, a word is transferred from SP RAM to
the interface memory every sample time. In the receiver, aword is
transferred from RAM to the interface memory every sample time
as well. Each RAM word transferred to the interface memory is
32-bits long. These bits are written by the SP logic unit into inter-
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain
the most significant byte and least significant byte, respectively,
of the XRAM data. Registers 5 and 4 contain the most and least
significant bytes of YRAM data, respectively.

RAM Access Codes

The SP logic unit determines the SP RAM address to read from,
or write to, by the code stored in the RAM Access bits of interface
memory register F (RAM Access R in the receiver 0:F and RAM
Access T in the transmitter 1:F).

Only the transmitter (chip 1) allows data to be transferred from
interface memory to SP RAM. When set to a 1, bit 1:F:7 signals
the SP logic unit to disable transfer of SP RAM data to the inter-
face memory, and instead, to transfer data from interface mem-
ory to SP RAM. When writing into SP RAM, 32 bits of data in the
XRAM and YRAM registers will be written into the appropriate
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SP RAM location as specified by the RAM access code (82-86) in
register 1:F (Table 13). Once the data is written into the RAM
access register 1:F, the XRAM registers 1:2 and 1:3 or the YRAM
registers 1:4 and 1:5, set the NEWC bit 1:E:3to a 1. This action
causes the information to be transferred from interface memory
into SP RAM. Bit 7 of register 1:F is cleared to a 0 by the modem
after the RAM is read. New data can be written into the SP RAM
after the NEWC bit is reset to a 0 by the SP.

Note:

Any transmitter RAM Write operation must always be pre-
ceded by a RAM read from the desired location. This is to
guarantee that the correct information is written into the 16
unchanged bits, since all transmitter RAM operations are
32 bit transfers with typically only 16 of the bits used.

Both the transmitter and receiver (chips 1 and 0, respectively)
allow data to be transferred from SP RAM into the interface mem-
ory. A0 in transmitter bit 1:F:7 enables the SP to transfer 32 bits
of data from SP RAM to the XRAM and YRAM registers (16 bits
each) in the interface memory as specified by the RAM access
code in register 1:F. A 0 in receiver bit 0:F:7 enables the SP to
transfer 32 bits of data from SP RAM to the XRAM and YRAM
registers (16 bits each) in the interface memory as specified by
the access code in register O:F. To read the SP RAM in chip 1
(transmitter), load into 1:F the RAM access code which identifies
the 32 bits of data to transfer to the XRAM and YRAM registers.
Next, set the NEWC bit 1:E:3 to a 1. After transferring the data
from RAM to the XRAM or YRAM registers, the NEWC bit is reset
to a 0 by the SP. Chip 0 (receiver), on the other hand, will provide
the XRAM and YRAM data one sampis time foliowing the 1oad-
ing of the RAM access code into register 0:F, and will continue to
provide the same data at one sample time intervals until a new
RAM access code is loaded.

When reading from or writing into RAM, no bits are provided for
handshaking or interrupt functions. The NEWGC bit can be used
as a mechanism to provide sample and baud intervals. Since the
NEWC bit is checked, once per baud in chip 0 and once per
sample in chip 1, the user can set the NEWC bit and wait for it to
be cleared. Depending on which chip the NEWC bit was set, the
time interval from the setting to the clearing of the NEWC bit will
be either one sample or one baud time. This, however, will not
guarantee that the action of reading and writing the XRAM and
YRAM will occur in the middle of an actual sample or baud time.
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Table 13. RAM Access Codes
RAM Access Code
Node Function RAM Read RAM Write Chip Reg. No
1 Demodulator Output 56 - 0 2,3,45
2 Low Pass Filter Output 40 - 0 2,3,4,5
3 Input Signal to Equalizer Taps 41-4D - 0 2,3,4,5
4 AGC Gain Word 14 - 0 2,3
5 Equalizer Tap Coefficients 01-0D - 0 2,3,4,5
6 Equalizer Output 53 - 0 2,345
7 Rotated Equalizer Output 11 - 0 2,345
(Received Point Eye Pattern)
8 Decision Points 51 - 0 2,3,4,5
(Ideal Eye Pattern)
9 Rotated Error 52 - 0 2,3,4,5
10 Rotation Angle 12 - 0 4,5
1 Phase Error 10 - 0 2,3
12 Self Test Error Counter 00 - 0 2,3
DTMF Tone Duration 02 82 1 4,5
DTMF Interdigit Delay 03 83 1 2,3
Pulse Interdigit Delay 03 83 1 4,5
Pulse Relay Make Time 04 84 1 2,3
Pulse Relay Break Time 04 84 1 4,5
Handshake Abort Counter 05 85 1 4,5
Handshake Abort Timer 06 86 1 2,3
CTS Off-Time 07 87 1 2,3
NOTE: 1. All the chip 1 access codes are not valid before R5310-18.
2. Access codes are hexadecimal.
3. Only chip 1 RAM can be written
4. CTS Off-Time Is not valid before R5310-22.
Table 15. BER Summary
ERROR RATES R2424 Signal to Noise Ratio
. R | fthe th h h Data Rate | Bit Error Rate | Originate Mode | Answer Mode
Bit error fate_(B R) is a measure 0 t.et roughput of dataoqt e 2400 bps 1 x 10-5 19.0 4B 17348
communication channel. It is the ratio of the number of received 5
bits in error to the number of transmitted bits. This number 1200 bps 1 x10” 8.3dB 8.1d8B
increases with decreasing signal-to-noise ratio (SNR). The type 600 bps 1 x 1075 5.0 dB 5.0 dB
of line disturbance and the modem configuration affect the BER. 300 bps 1 x 10-5 10.4 dB 72dB
Test Condition: Signal Level = - 43 dBm,

Tables 14 through 16 summarize the BERs for various condi-

tions. Figure 14 shows the BER measurement setup.

Table 14. BER Summary

Async for 300 bps,
With 3002 Unconditioned Line.

Sync for 2400 bps, 1200 bps, 600 bps,

Table 16. BER Summary

R2424 Signal to Noise Ratio R2424 Signal to Noise Ratio
Data Rate | Bit Error Rate | Originate Mode | Answer Mode Data Rate | Bit Error Rate | Originate Mode | Answer Mode
2400 bps 1 x 10°5 16.6 dB 16.2 dB 2400 bps 1x 1078 17.0 dB 16.6 dB
1200 bps 1 x 10-% 8.2dB 7.9 dB 1200 bps 1 x 1078 7.7 dB 7.9 dB
600 bps 1 x 1078 5.0 dB 5.0 dB 600 bps 1 x 10°5 4.6 dB 4.5 dB
300 bps 1 x 10°% 9.2dB 7.0 dB 300 bps 1 x 1078 9.3dB 6.2 dB

Test Condition: Signal Level = -30 dBm,

Sync for 2400 bps, 1200 bps, 600 bps,

Async for 300 bps,
With 3002 Unconditioned Line.

Test Condition: Signal Level = -40 dBm,

Async for 300 bps,
Back-To-Back.

Sync for 2400 bps, 1200 bps, 600 bps,
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Table 17. Modem Power Requirements

Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vdc +5% 390 mA <455 mA

+12 Vdc +5% 25 mA < 30 mA

-12 Vdc +5% 4 mA < 5mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 18. Modem Environmental Restrictions

Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F)
Storage - 40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude -200 feet to + 10,000 feet

Table 19. Modem Mechanical Considerations

Parameter Specification
DIN Connector Version Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated.
Board Structure. The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.
Mating Connector: Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.
PCB Dimensions:
DC Version
Width 3.937 in. (100 mm)
Length 4.725 in. (120 mm)
Height 0.75 in. (19 mm)
M Version
Width 3.937 in. (100 mm)
Length 3.328 in. (82 mm)
Height 0.40 in. (10.2 mm)
Weight (max): 0.45 Ibs. (0.20 kg.)
Lead Extrusion (max.): 0.100 in. (2.54 mm)
DIP Connector Version
Board Structure Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration.
Dimensions
Width 2.0 in. (50.8 mm)
Length 3.5 n. (88.9 mm)
Height 0.2 In. (5.08 mm) above, 0.13 in. (3.30 mm) below
Weight (max.) 2.6 oz. (739g)
Pin Length (max.) 0.53 in. (13.5 mm) above
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Figure 15. R2424 Modem Dimensions and Pin Locations
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R2424 MODEM INSTALLATION AND
MAINTENANCE

This section contains installation instructions and maintenance
procedures for the Rockwell R2424DC Modem. It also contains a
special notice from the Canadian Department of Communica-
tions (DOC) for Canadian operation and from the Federal Com-
munications Commission (FCC) for United States operation.

GENERAL DESCRIPTION

The Rockwell R2424DC modem is designed to be used with the
United States or Canadian Telephone Switched Networks in
2-wire full-duplex dial-up operation. The modem requires protect-
ive circuitry registered with the Federal Communications Com-
mission (FCC) Part 68 which allows direct connection to the U.S.
switched telephone network. This circuitry also complies with
the Canadian Department of Communications (DOC) Terminal
Attachment Program (TAP) which similarly defines their
switched telephone network requirements.

The R2424DC features automatic dial and answer capabilities
along with surge suppression and hazardous voltage and longitu-
dinal balance protection. Its maximum output signal level at the
telephone interface is set at — 10 dBm +1 dBm (permissive
mode of operation).

Two standard telephone jack connectors (RJ11s) are mounted
side by side on one edge of the board and are wired in parallel.
One is for connection to the telephone line network and the other
for the telephone headset connection.

INSTALLATION AND SIGNAL ROUTING
INSTRUCTIONS

PHYSICAL MOUNTING

The modem module may be physically incorporated into the cus-
tomer’s end product by utilizing the four corner 0.156” diameter
mounting holes (for the self-hooking plastic type standoffs or for
bolting it down to some rigid structure) or by installing the module
into card guides.

ELECTRICAL INTERFACING INSTRUCTIONS

The electrical interfacing is accomplished via the DIN (Euro) con-
nector (for external power inputs and digital logic signals) and
the telco connectors (for the telephone network connection).
Note that the telephone interface connectors are physically sepa-
rated from the modem interface control connector and extreme
care must be taken in routing the telephone interface leads from
the modem to the telephone network (line connector jack in the
wall).
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FCC RULES PART 68 REQUIREMENTS

The FCC Rules Part 68 requires that the telephone interface
leads shall:

1. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use the same connector as
leads or metallic paths connecting to power connections.

Note

Power connections are defined as the connections
between commercial power and any transformer, power
supply rectifier, converter or other circuitry associated
with the modem. The connections of the interface pins
(including the + 12 Vdc, — 12 Vdc and + 5 Vdc) are not
considered power connections.

2. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use adjacent pins on the
same connector as metallic paths that lead to unregistered
equipment, when specification details provided to the FCC do
not show that the interface voltages are less than nonhazar-
dous voltage source limits in Part 68.

Note

All the DIN connector interface voltages to the modem
have been established as non-hazardous.

ROUTING OF TELEPHONE INTERFACE LINES

In routing the telephone interface leads from the modem tele-
phone connector jacks to the telephone line network connection,
the following precautions should be strongly considered for
safety.

1. The telephone interface routing path should be as direct and
as short as possible.

2. Any cable used in establishing this path should contain no
signal leads other than the modem telephone interface leads.

3. Any connector used in establishing this path shall contain not
commercial power source signal leads, and adjacent pins to
the TIP and RING (T and R) pins in any such connector shall
not be utilized by any signals other than those shown in this
document.

MAINTENANCE PROCEDURE

Under the FCC Rules, no customer is authorized to repair
modems. In the event of a Rockwell modem malfunctioning,
return it for repair to an authorized ROCKWELL INTERNA-
TIONAL distributor (if in Canada) or send it directly to the Semi-
conductor Products Division, Rockwell International Corpora-
tion, El Paso, Texas 79906.
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SPECIAL INSTRUCTION TO USERS

If the Rockwell modem has been registered with the Federal
Communications Commission (FCC), you must observe the fol-
lowing to comply with the FCC regulations:

A. All direct connections to the telephone lines shall be made
through standard plugs and telephone company provided
jacks.

B. It is prohibited to connect the modem to pay telephones or
party lines.

C. You are required to notify the local telephone company of the
connection or disconnection of the modem, the FCC registra-
tion number, the ringer equivalence number, the particular line
to which the connection is made and the telephone number to
be associated with the jack.

Note

If the proper jacks are not available, you must order the
proper type of jacks to be installed by the telephone
company (VSOC RJ11 for permissive mode of opera-
tion).

D. You should disconnect the modem from the telephone line if it
appears to be malfunctioning. Reconnect it only if it can be
determined that the telephone line and not the modem is the
source of trouble. If the Rockwell modem needs repair, return
itto the ROCKWELL INTERNATIONAL CORPORATION. This
applies to the modem whether it is in or out of warranty. Do not
attempt to repair the unit as this is a violation of the FCC rules
and may cause danger to persons or to the telephone net-

ararl,
WO,

TELEPHONE COMPANY RIGHTS
AND RESPONSIBILITIES

-A. The Rockwell modem contains protective circuitry to prevent
harmful voltages to be transmitted to the telephone network. If
such harmful voltages do occur, then the telephone company
may temporarily discontinue service to you. In this case, the
telephone company should:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation which
caused the discontinuance.

3. Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

B. The telephone company may make changes in its facilities
and services which may affect the operation of your equip-
ment. Itis, however, the telephone company’s responsibility to
give you adequate notice in writing to allow you to maintain
uninterrupted service.

LABELING REQUIREMENTS

A. The FCC requires that the following label be prominently dis-
played on the outside surface of the customer’s end product
and that the size of the label should be such that all the
required information is legible without magnification.
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Sample label below:

Unit contains Registered Protective Circuitry which com-
plies with Part 68 of FCC Rules.

FCC Registration Number: AMQ9SQ-14211-DM-E
Ringer Equivalence: 0.9B
Note

The Rockwell modem module has the FCC registration
number and ringer equivalence number permanently
affixed to the solder side of the PCB and any unit con-
taining this modem shall use this information for the
label requirements.

SPECIAL NOTICE FROM THE CANADIAN
DEPARTMENT OF COMMUNICATIONS

The Canadian Department of Communications label identifies
certified equipment. This certification means that the equipment
meets certain telecommunications network protective, opera-
tional and safety requirements. The Department does not guar-
antee the equipment will operate to the user’s satisfaction.

Before installing this equipment, users should insure that it is
permissible to be connected to the facilities of the local telecom-
munications company. The equipment must also be installed
using an approved method of connection. In some cases, the
company’s inside wiring associated with a single line individual
service may be extended by means of a certified jack-plug-cord
ensemble (telephone extension cord). The customer should be
aware that the compliance with the above conditions may not
prevent degradation of service in some situations. Existing tele-
communications company requirements do not permit their
equipment to be connected to customer-provided jacks except
where specified by individual telecommunications company tar-
iffs.

The Department of Communications requires the Certificate
Holders to identify the method of network connection in the user
literature provided with the certified terminal equipment.

Repairs to certified equipment should be made by an authorized
Canadian maintenance facility designated by the supplier. Any
repairs or alterations made by the user to this equipment, or
equipment malfunctions may give the telecommunications com-
pany cause to request the user to disconnect the equipment.

Users should ensure for their own protection that the electrical
ground connections of the power utility, telephone lines and inter-
nal metallic water pipe system, if present, are connected
together. This precaution may be particularly important in rural
areas.

CAUTION

Users should not attempt to make such connections them-
selves, but should contact the appropriate electric inspec-
tion authority, or electrician, as appropriate.
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INTRODUCTION

The Rockwell R201/26DP is a synchronous, 2400/1200 bits per
second (bps) modem. It is designed for half duplex operation
over the public switched telephone network or (PSTN) full duplex
operation over unconditioned leased lines.

The modem satisfies the telecommunications requirements
specified in CCITT Recommendation V.26 bis Alternate A or B,
and Bell Specification 201B/C.

The R201/26DP is optimized for point-to-point applications and
is suitable for network applications where the optimum in data
transfer is needed. Its small size and low power consumption
offer the user flexibility in creating a 2400/1200 bps modem cus-
tomized for specific packaging and functional requirements.

Data can be transferred between the host computer either
serially over the CCITT V.24 (RS-232-C) interface or in parallel
over an 8-bit microprocessor bus.

The R201/26DP is a member of Rockwell’s family of plug
compatible integral modems.

FEATURES

Configurations:

— CCITT V.26, V.26 bis

— Bell 201B/C

Full-duplex (4-wire) over Leased Lines
Half-duplex (2-wire) over PSTN

Ideal for point-to-point applications

Synchronous Operation:

— 2400 bps (with fall-back) +.01%

— 1200 bps *.01% .

Dual Tone Multi-Frequency (DTMF) Generation
Programmable Tone Generation

Call Progress Tone Detection

Programmable Output Level: —1 dBm to -15 dBm
Equalization

— Automatic Adaptive

— Compromise Cable and Link (Selectable)

DTE Interface:

— Microprocessor Bus

— CCITT V.24 (RS-232-C Compatible)

Local and Remote Test Configurations

Selectable Scrambler/Descrambler (V.27 bis)
Dynamic Range: 0 dBm to —43 dBm

Diagnostic Capability

— Provides Telephone Line Quality Monitoring Statistics
Small Size: 100 mm x 120 mm (3.94 in. x4.73 in.)
Low Power Consumption: 3W (Typical)

TTL and CMOS Compatible

R201/26DP Modem

Document No. 29200N23

Data Sheet

Order No. MD23
Rev. 1, January 1987
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER AND SIGNALING
FREQUENCIES

The transmitter carrier and _signaling frequencies of the
R201/26DP are listed in Table 1.

Table 1. Transmitter Carrier and Signaling
Frequency Specifications
Frequency
Function (Hz £0.01%)

Carrier frequency 1800
CCITT Echo Suppression 2100
and Answering Tone Frequencies

BELL Echo Suppression 2025
and Answering Tone Frequencies

DTMF GENERATION

The R201/26DP is capable of generating Dual Tone Multifre-
quency (DTMF) signals. The duration of the DTMF signal is 95 ms
and the interdigit delay is 70 ms. The amplitude of the lower
frequencyis — 5.8 dBM and of the higher frequency is — 3.8 dBM.

Table 2 lists the Dial Digit Register (DDR) codes necessary for
DTMF dialing and the corresponding tone pairs.

Table 2. Dial Digits/Tone Pairs

Dial Digit Register (DDR) Dial Digit Tone Pair
Hexadecimal Code (H2)
00 (4] 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1338
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
0B # 941 1477
TONE GENERATION

Under control of the host processor, the R201/26DP can gener-
ate voice band tones up to 4800 Hz with a resolution of 0.15 Hz
and an accuracy of 0.01%. Tones over 3000 Hz are attenuated.

TONE DETECTION

The R201/26DP features a Tone Detector receiver configuration. .

The tone detector responds to energy in the 345 + 10 Hz to 650
+ 10 Hz frequency range. The presence of a tone is indicated by
the zero state of a status bit. The tone detector response time is
10 £5 ms.

SIGNALING AND DATA RATES

The data signaling and modulation rates for normal and fallback

operation are listed in Table 3.
Table 3. Signaling/Data Rates

Specification
Parameter (£0.01%)
Signaling Rate: Normal Operation 1200 Baud
Data Rate: 2400 bps
Signaling Rate: Fallback Operation 1200 Baud
Data Rate: 1200 bps
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DATA ENCODING

At either 2400 bps or 1200 bps the R201/26DP operates at
1200 baud.

At 2400 bps the data stream is encoded into dibits. Two different
methods of coding are used in accordance with CCITT Recom-
mendation V.26 A/B. The V.26B method is compatible with
Bell 201 B/C modems.

At 1200 bps the data stream is encoded into single bits in
accordance with CCITT Recommendation V.26 bis.

EQUALIZERS

The modem provides equalization functiuons that improve per-
formance when operating over low quality lines.

Cable Equalizers — Selectable compromise cable equalizers in
the receiver and transmitter are provided to optimize performance
over different lengths of non-loaded cable of 0.4 mm diameter.

Link Equalizers — Selectable compromise link equalizers in the
receiver optimize performance over channels exhibiting severe
amplitude and delay distortion. Two standards are provided: U.S.
survey long and Japanese 3-link.

Automatic Adaptive Equalizer — An automatic adaptive
equalizer is provided in the receiver circuit. The equalizer can be
configured as either a T or a T/2 equalizer.

TRANSMITTED DATA SPECTRUM

The transmitted spectrum occupies the bandwidth between
800 Hz and 2800 Hz and is shaped by a square root of 90% raised
cosine filter.

SCRAMBLER/DESCRAMBLER

The R201/26DP incorporates a self-synchronizing scrambler/
descrambler. This facility is in accordance with CCITT Recom-
mendation V.27 bis and V.27 ter. The scrambler/descrambler is
optionally enabled by interface memory bits.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit of the R201/26DP can adapt to received
frequency errors of up to + 10 Hz with less than 0.5 dB degra-
dation in BER performance.

RECEIVE LEVEL

Thereceiver circuit of the modem satisfies all specified perform-
ance requirements for received line signal levels from 0 dBm to
-43 dBm. The received line signal level is measured at the
receiver analog input (RXA).

' RECEIVE TIMING

The R48DP/208 provides a data derived Receive Data Clock
(RDCLK) output in the form of a squarewave. The low to high
transitions of this output coincide with the centers of received data
bits. The timing recovery circuit is capable of trackinga +0.01%
frequency error in the associated transmit timing source. RDCLK
duty cycle is 50% *1%.

TRANSMIT LEVEL

The transmitter output level is accurate to +1.0 dB and is
programmable from — 1.0 dBm to —15.0 dBm in 2 dB steps.
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TRANSMIT TIMING

The R201/26DP provides a Transmit Data Clock (TDCLK) out-
put with the following characteristics:

1. Frequency. Selected data rate of 2400 or 1200 Hz (+ 0.01%).
2. Duty Cycle. 50% +1%

Input data presented on TXD is sampled by the R201/26DP at
the low to high transition of TDCLK. Data on TXD must be stable
for at least one microsecond prior to the rising edge of TDCLK
and remain stable for at least one microsecond after the rising
edge of TDCLK.

EXTERNAL TRANSMIT CLOCK

The R201/26DP is capable of tracking an external transmit clock
signal on input XTCLK. This input signal must equal the desired
data rate +0.01% with a duty cycle of 50% = 20%.

TRAIN ON DATA

When train on data is enabled, the receiver trains on data in
less than 3.5 seconds.

TURN-ON SEQUENCE

A total of 13 selectable turn-on sequences can be generated
by the R201/26DP. These are listed in Table 4. The Turn-on
Sequence data are written to the Turn On Sequence select field
in chip 0.

Table 4. Turn-On Sequences

Turn On

Sequence CTS Response

Number | Compatibility Time (ms) Comments
0000 V.26 bis 0
0001 V.26 bis 6.67
0010 V.26 bis 8.33
0011 V.26 bis 30.0
0100 V.26 bis 30.0 Scrambler inserted
0101 V.26, V.26 bis 90.0
0110 V.26, V.26 bis 90.0 Scrambler inserted
0111 Bell 201C 148.3
1000 Bell 201C 148.3 Scrambler inserted
1001 V.26 bis 220.0
1010 V.26 bis 220.0 Scrambler inserted
1011 V.26 bis 800.0
1100 V.26 bis 800.0 Scrambler inserted

*NOTE: The scrambler bits, DDIS and SDIS must also be set to insert
or disable the scrambler.

TURN-OFF SEQUENCE

The R201/26DP turn-off sequence consists of a maximum of
6 ms of remaining data and scrambled ones at 1200 baud.

CLAMPING

The Received Data (RXD) signal is clamped to a constant mark
(one) whenever the Received Line Signal Detector (RLSD) is off.

RESPONSE TIMES OF CLEARTO-SEND (CTS)

The time between the off-to-on transition of Request-To-Send
(RTS) and the off-to-on transition of CTS is determined by the
modem configuration and its associated turn-on sequence.

These times are listed in Table 4. If training is not enabled
RTS/CTS delay is less than 2 baud times.

The time between the on-to-off transition of RTS and the on-to-
off transition of CTS in the data state is a maximum of 2 baud
times for all configurations.
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RECEIVED LINE SIGNAL DETECTOR (RLSD)

The off-to-on (on-to-off) response time of the RLSD signal and the
CDET bit is defined as the time period between the sudden con-
nection (removal) of the received line signal to (from) the
modem’s receiver, and the subsequent on (off) transition of car-
rier detect. Table 5 shows the carrier detect response times.

Table 5. Carrier Detect Response Times

Carrier Detect Transition

Off-to-on
On-to-off

Response Time (ms)
14+1
8+3

The RLSD on-to-off response time ensures that all valid data
bits have appeared on RXD. .

Four threshold options are provided for carrier detect and are
selected by writing to the Receiver Threshold (RTH) bits in the
interface memory. Table 6 shows the relationship betweeen the
setting of the RTH bits and the carrier detect thresholds.

Table 6. Carrier Detect Levels

RTH RLSD On RLSD Off

00 > -43 dBm < —48 dbm

01 > -33 dBm < -30 dbm

10 > ~26 dBm < -31 dbm

1 > -16 dBm < -21 dbm
NOTE

Performance may be at a reduced level when the received
signal is less than —43 dBm.

A minimum hysteresis action of 2 dB exists between the actual
off-to-on and on-to-off transition levels. The threshold levels and
hysteresis action are measured with an unmodulated 2100 Hz
tone applied to the receiver’s audio input (RXA).

MODES OF OPERATION

The R201/26DP is capable of being operated in either a serial
or a parallel mode of operation.

SERIAL MODE

The serial mode uses standard V.24 (RS-232-C compatible)
signals to transfer channel data. An optional USRT device shown
in the Functional Interconnect Diagram (Figure 1) illustrates this
capability.

PARALLEL MODE

The R201/26DP has the capability of transferring channel data
up to eight bits at a time via the microprocessor bus.

MODE SELECTION

Selection of either the serial or parallel mode of operation is by
means of a control bit. To enable the parallel mode, the control
bit must be set to a 1. The modem automatically defaults to the
serial mode at power-on. In either mode the R201/26DP is con-
figured by the host processor via the microprocessor bus.
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Figure 1. R201/26DP Functional Interconnect Diagram

FULL/HALF DUPLEX MODES

The R201/2G0F ieceiver Gan be vuniigured for eitner fuii dupiex
operation over four-wire leased lines or for half duplex operation
over the switched telephone network. Full duplex or half duplex
operation is selected by writing the appropriate configuration
code into the receiver configuration register. When configured
for half duplex operation, the receiver is squelched and
unsquelched by setting and resetting of a control bit. When the
receiver is squelched, RLSD is turned off and RXD is clamped
to the marking state. When the receiver is unsquelched, it
searches for a 20 ms period of silence before entering the
training state. This prevents line echoes from interfering with
the proper reception of training sequence.

INTERFACE CRITERIA

The modem interface comprises both hardware and software
circuits. Hardware circuits are assigned to specific pins in a
64-pin DIN connector. Software circuits are assigned to specific
bits in a 48-byte interface memory.

HARDWARE CIRCUITS

Signal names and descriptions of the hardware circuits, including
the microprocessor interface, are listed in Table 7. In the table,
the column titled ‘Type’ refers to designations found in the Hard-
ware Circuit Characteristics. Figure 2 shows the Microprocessor
Interface Timing Diagram. The microprocessor interface is
designed to be directly compatible with an 8080 microprocessor.
With the addition of a few external logic gates, it can be made
compatible with 6500, 6800, or 68000 microprocessors. Table 8
lists the timing parameters of the microprocessor interface.
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Table 7. R201/26DP Hardware Circuits

NMama I
~ame |
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YRS |

Bim Aa
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Panaciadiae
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A. OVERHEAD:

Ground (A) | AGND 31C,32C Analog Ground Return

Ground (D) | DGND | 3C,8C,5A,10A |Digital Ground Return

+5 volts PWR | 19C,23C,26C,30C | +5 volt supply

+12 volts | PWR 15A +12 volt supply

—12 volts | PWR 12A —12 volt supply

POR 1108 13C Power-on-reset

B. MICROPROCESSOR INTERFACE:

D7 1/0A 1C

D6 I/OA 1A

D5 1/0A 2Cc

D4 1/OA 2A

D3 1/OA 3A Data Bus (8 Bits)

D2 I/0A 4C

D1 I/0A 4A

DO I/OA 5C

RS3 1A 6C

RS2 1A 6A Register Select

RS1 1A 7C (4 Bits)

RSO 1A 7A

CSo 7 10C Chip Select
Transmitter Device

Cs1 1A 9C Chip Select Receiver
Sample Rate Device

Ccs2 1A 9A Chip Select Receiver
Baud Rate Device

READ 1A 12C Read Enable

WRITE 1A 11A Write Enable

iRQ 0B 11C Interrupt Request
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Table 7. R201/26DP Hardware Circuits (Cont.) MICROPROCESSOR TIMING
Name ] Type [ Pin No. 1 Description
C. V.24 INTERFACE: READ WRITE
RDCLK oc 21A | Receive Data Clock TCcs ~
TDCLK oC 23A Transmit Data Clock Csi
XTCLK 1B 22A External Transmit Clock (i = 0-2) |
RTS 1B 25A Request-to-Send
CTs oC 25C Clear-to-Send — TCH TCS + = TCH
TXD B 24C | Transmitter Data TCS -+ [~
RXD oC 22C Receiver Data RSi
RLSD ocC 24A | Received Line Signal Detector . 3'
D. ANCILLARY CIRCUITS: (=0-3
- — TCH TCS e —> TCH
RBCLK ocC 26A Receiver Baud Clock
TBCLK oC 27C | Transmitter Baud Clock y
E. ANALOG SIGNALS: WRITE \ /
TXA AA 31A Transmitter Analog Output ]
RXA AB 32A Receiver Analog Input — <+ TWR
AUXIN AC 30A Auxiliary Analog Input
F. DIAGNOSTIC: READ j \
EYEX oC 15C Eye Pattern Data—X Axis K
EYEY oC 14A Eye Pattern Data—Y Axis
EYECLK | OA | 14C | Eye Pattern Clock TDA |+ —~{|~- TDH [+ TWDS
EYESYNC | OA 13A Eye Pattern Synchronizing Signal Di Y
|
(i = 0-7)
—»| j+ TWDH

EYE PATTERN GENERATION

The four hardware diagnostic circuits, identified in Table 7, allow
the user to generate and display an eye pattern. Circuits EYEX
and EYEY serially present eye pattern data for the horizontal
and vertical display inputs respectively. The 8-bit data words are
shifted out most significant bit first, clocked by the rising edge
of the EYECLK output. The EYESYNC output is provided for
word synchronization. The falling edge of EYESYNC may be
used to transfer the 8-bit word from the shift register to a holding
register. Digital to analog conversion can then be performed for
driving the X and Y inputs of an oscilloscope.
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Figure 2. Microprocessor Interface Timing Diagram

Table 8. Critical Timing Requirements

Characteristic Symbol | Min | Max | Units
CSi, RSi setup time prior
to Read or Write TCS 30 — nsec
Data access time after Read TDA — 140 | nsec
Data hold time after Read TDH 10 50 nsec
CSi, RSi hold time after
Read or Write TCH 10 — nsec
Write data setup time TWDS 75 — nsec
Write data hold time TWDH 10 — nsec
Write strobe pulse width TWR 75 | “— | nsec
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HARDWARE CIRCUIT CHARACTERISTICS

Digital Interface Characteristics

Table 9 lists the parameters associated with the digital interface
provided by the R201/26DP.

Table 9. Digital Interface Characteristics

Input/Output Type
Symbol Par t Units 1A 1B Ic OA oB oc 110 A IoB
ViH Input Voltage, High \ 2.0 Min. 2.0 Min. 2.0 Min. 2.0 Min. 5.25 Max
20 Min.
Vi Input Voltage, Low V | 0.8Max. | 0.8 Max. 0.8 Max. 0.8 Max. 0.8 Max.
Von | Output Voltage, High \ 2.4 Min.1 2.4 Min.' | 2.4 Min3
VoL | Output Voltage, Low v 0.4 Max.2| 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.5
Iin Input Current, Leakage A | £2.5 Max. +2.5 Max.4
lon Output Current, High mA —-0.1 Max.
lou Output Current, Low mA 1.6 Max. | 1.6 Max. 1.6 Max.
I Output Current, Leakage | pA +10 Max.
lpy Pull-up Current —240 Max. | —240 Max. -240 Max. —-260 Max.
(Short Circuit) A -10 Min. | -10 Min. —10 Min. —100 Min.
CL Capacitive Load pF 5 5 20 10 40
Cp Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain 3-State | Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Pull-up
Notes
1. I Load = —100 pA 3. | Load = -40 4A 5. | Load = 036 mA
2. | Load = 1.6 mA 4. Viy = 04to 24 Vdc, Vg = 5.25 Vde

Anaiog inierface Characteristics

Table 10 lists the parameters associated with the analog inter-
face provided by the R201/26 DP.

Table 10. Analog Interface Characteristics

Name | Type Characteristics

TXA AA The transmitter output is 604 ohms * 1%.

RXA AB The receiver input impedance is 60K ohms
+23%.

AUXIN | AC The auxiliary analog input allows access to the

transmitter for the purpose of interfacing with
user provided equipment. Because this is a
sampled data input, any signal above 4800 Hz
will cause aliasing errors. The input impedance
1s 1K ohms, and the gain to transmitter output is
the TLVL setting +0.6 dB — 1.4 dB. If unused,
this input must be grounded near the modem
connector. If used, it must be driven from a low
Impedance source.

SOFTWARE CIRCUITS

The R201/26DP comprises three signal processor chips. Each
of these chips contains 16 registers to which an external (host)
microprocessor has access. Although these registers are within
the modem, they may be addressed as part of the host
processor’'s memory space. The host may read data out of or
write data into these registers. The registers are referred to as
interface memory. Registers in chip 1 update at half the modem
sample rate (2400 bps). Registers in chip 0 and 2 update at the
baud rate (1200 bps).
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When information in these registers is being discussed, the
format Y:Z:Q is used. The chip is specified by Y(0-2), the
register by Z(0 - F), and the bit by Q(0-7, 0=LSB).

Status Control Bits

The operation of the R201/26DP is affected by a number of soft-
ware control inputs. These inputs are written into registers within
the interface memory via the host microprocessor bus. Modem
operation is monitored by various software flags that are read
from interface memory via the host microprocessor bus. All status
and control bits are defined in the Interface Memory tables
(tables 12-14). Bits designated by a dash (—) are reserved for
modem use only and must not be changed by the host. Table
15 describes the function of each bit in the interface memory.

RAM Data Access

The R201/26DP provides the user with access to much of the
data stored in the modem’s memories. This data is useful for
performing certain diagnostic functions.

Two RAM access registers in chip 1 allow user access to RAM
locations via the X word registers (1:3 and 1:2) and the Y word
registers (1:1 and 1:0). Comparable registers in chip 2 provide
access to chip 2 RAM locations. The access code stored in RAM
ACCESS XS (1:5) selects the source of data for RAM DATA XSM
and RAM DATA XSL (1:3 and 1:2). Similarly, the access code
stored in RAM ACCESS YS (1:4) selects the source of data for
RAM DATA YSM and RAM DATA YSL (1:1 and 1:0). Chip 2
registers are associated in the same way.
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Reading of RAM data is performed by storing the necessary
access codes in 1:5 and 1:4 (or 2:5 and 2:4), reading 1:0 (or 2:0)
to reset the associated data available bit (1:E:0 or 2:E:0), then
waiting for the data available bit to return to a one. Data is now
valid and may be read from 1:3 through 1:0 (or 2:3 through 2:0).
The contents of registers 2:3 and 2:1 are also available serially
on outputs EYEX and EYEY, respectively, unless the IFIX bit

(1:6:7) is set to a one. When IFIX is a one, EYEX and EYEY
remain fixed on the rotated equalizer output.

AUTO DIAL SEQUENCE

The flowchart shown in Figure 3 defines the auto dial sequence
via the microprocessor interface memory.

START

L

0 —RTS (0:7:7)

]

Y

WRITE DTMF CONFIGURATION
CODE: $04 — 0:6

'

—

1 — TSB (0:E:3)

!

FIRST DIGIT — DDR (0:0)

'

1 ~RTS (0:7:7)

|
]
il

ey Y

Y

>

AT M

TBA (0:E:0) = 1

>

i

—

NEXT DIGIT — DDR (0:0)

l

Y

LAST DIGIT >

"y

I $FF — DDR (0:0) I

<

Y

< TBA (0:E:0) = 1

>N

i

| 0 — RTS (0:7:7) I

Figure 3.
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Auto Dialing Sequence Flowchart
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RAM Access Codes

The RAM access codes defined in Table 11 allow the host proc-
essor to read diagnostic information within the modem.

Table 11. RAM Access Codes
0. Function Chip|X Access(Y Access|Register
1 |Received Signal Samples | 1 Co Not Used 2,3
4 2 |Demodulator Output 1 Cc2 42 0,1,2,3
| 3 |Low Pass Filter Output 1 D4 54 0,1,2,3
4 |Average Energy 1 DC Not Used 2,3
5 [AGC Gain Word 1 81 Not Used 2,3
6 |Equalizer Input 2 co 40 0,1,23
7 |Equalizer Tap Coefficients| 2 | 81-90 | 01-10 | 0,1,2,3
8 |Unrotated Equalizer
Output 2 Et 61 0,1,2,3
9 |Rotated Equalizer Output | 2 A2 22 0,1,2,3
(Received Points)
10 |Decision Points 2 E2 62 0,1,2,3
(Ideal Data Points)
11 |Error 2 E3 63 0,1,2,3
12 |Rotation Angle 2 {Not Used 00 0,1
13 |Frequency Correction 2 AA  |Not Used 2,3
14 |[EQM 2 A7  |Not Used 2,3
15 |Dual Point 2 AE 2E 0,1,2,3
NOTE

In the interface memory tables that follow, those columns
marked by a dash (—) indicate reserved and are for

modem use only.

Table 12. Transmitter Interface Memory Chip 0 (CS0)

Bit
7 6 5 4 3 2 1 0
Register
F RAM ACCESS XT
E TIA — — — | TSB | TIE — | TBA
D — - — — — — — —
c — — — — — — — —
B — — — — — — — —
A — — — — — — — —
9 — — — — — — — —
8 — — — — — — — —
7 RTS |TTDIS| SDIS |MHLD [DWTR|TPDM |XCEN | DTMF
6 TTONEl — | TVv26 | TBPS |TURN-ON SEQUENCE SELECT
5 — — CEQ LAEN [LDEN| A3L | D3L
4 L3ACT|L4ACT | L4HG TLVL — |LCEN
3 FREQM
2 FREQL
1 RAM DATA XTM
0 RAM DATA XTL/TRANSMITTER DATA/DDR
Register
7 6 5 4 3 2 1 []
Bit
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Table 13. Receiver Interface Memory Chip 1 (CS1)

Bit
7 6 5 4 3 2 1 (]
Register
F |RTSD|SQH |[SQHT| — | — | — | — | —
E |RSA| — | — | — |RSB|RSIE| — |RSDA
D — — — J— — — p— —_—
C — p— —_ — —_— —-— — —_
B - | -] =-'=1-=1-1] - |COET
A |TOOF| — | — | = | = | = | = | =
9 — | FED | — - — |TONE| — -
8 - -— - —-— - - — p—
7 RTH DDIS | RPDM |WSRD (WBRD| T2 |RTDIS
6 IFIX [Too RV26 | — | TDET |HD2W | RLRT | RBPS
5 RAM ACCESS XS
4 RAM ACCESS YS
3 RAM DATA XSM
2 RAM DATA XSL
1 RAM DATA YSM
0 RAM DATA YSL/RECEIVER DATA
Register
7 6 5 4 3 2 1 0
Bit

Table 14. Receiver Interface Memory Chip 2 (CS2)

Bit
7 6 5 4 3 2 1 ]
Register
F —_ —_ —_ — — — — —
E RBIA| — — - — |RBIE| — |RBDA
D — — — — - — — —
c — — - — — — —_ —
B — —_ —_ — —_ — — —
A — — — — — — — —
9 — — — — — — — —
8 — —_ —_ —_ — — — —
7 — — — — — — — —
6 — — —_ —_ — —_ — —
5 RAM ACCESS XB
4 RAM ACCESS YB
3 RAM DATA XBM
2 RAM DATA XBL
1 RAM DATA YBM
0 RAM DATA YBL
Register
7 6 5 4 3 2 1 ]
Bit
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Table 15. R201/26DP Interface Memory Definitions

Memory
Mnemonic Name Location Description
A3L Amplitude 3-Link 0:5:1 A3L is used in conjunction with LAEN. When A3L is a one the Japanese 3 link equalizer
Select is selected and when A3L is a zero the U.S. Survey Long link equalizer I1s selected
CDET Carnier Detector 1:B:0 When zero, status bit CDET indicates that passband energy is being detected, and
that a training sequence is not in process. CDET goes to a zero at the start of the
data state, and returns to a one at the end of the received signal. CDET activates up to
1 baud time before RLSD and deactivates within 2 baud times after RLSD.
CEQ Cable Equalizer 0:5:4,5 The CEQ Control field simultaneously controls amplitude compromise equalizers in both
_ Field the transmit and receive paths. The following tables list the possible cable equahzer
selection codes and responses.
CEQ Cable Length (0.4 mm diameter)
(4] 0.0
1 1.8 km
2 3.6 km
3 7.2 km
) Cable Equalizer Nominal Gain
E CEQ CODE 1
F y Gain Relative to 1700 Hz (dB)
(H2) Transmitter Receiver
700 -0.99 -0.94
1500 -0.20 -0.24
= 2000 +0.15 +0.31
3000 +1.43 +1.49
CEQ CODE 2
Frequency Gain Relative to 1700 Hz (dB)
(Hz) . Transmitter Receiver
700 -2.39 -2.67
1500 -0.65 -0.74
2000 +0.87 +1.02
3000 +3.06 +3.17
CEQ CODE 3
F Gain Relative to 1700 Hz (dB)
(Hz) Transmitter Receiver
700 -3.93 -3.98
1500 -1.22 -1.20
2000 +1.90 +1.81
3000 +4.58 +4.38
Unless a problem with training or high bit error rate is encountered, most applications
operate successfully with no cable equalizer selected.
DDIS Descrambler Disable | 1:7:5 When control bit DDIS is a one, and at device reset the receiver descrambler circuit is
removed from the data path.
DTMF Dual Tone Multi- 0:7:0 When this bit is set to a one, the DTMF mode is selected. To initiate DTMF tone
frequency Select generation, the TSB bit must be set to a one for each tone pair desired. Although the
R201/26DP will perform a 95 ms timeout on the tone pair, it does not notify the host
that the tone is completed. Thus the host must perform its own 95 ms timeout to know
when to start the next tone pair. DTMF is reset to zero by device reset.
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Table 15. R201/26DP Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
DWTR Diagnostics Write 0:7:3 To write data into the internal memory of the Transmitter Interface Memory Chip 0, the
to RAM DWTR bit is used. Note that setting DWTR to a one takes the modem out of data mode

(important because RAM DATA XTL and TRANSMITTER DATA share the same

address). DWTR is reset to zero by device reset.

The proper operational sequence for DWTR is given below:
1. Set' DWTR bit to one.
2. Load RAM ACCESS CODE (see Table 11) into RAM ACCESS XT Register.
3. Load new data into RAM DATA XTM and RAM DATA XTL Registers.
4. Set TBA bit to zero to actually write data.
5. Wait for TBA bit to return to a one to insure that the new data is loaded correctly.
6. Repeat steps 2, 3, 4, and 5 until finished loading data.
7. Set DWTR bit to a zero.

D3L Delay 3-Link Select 0:5:0 D3L is used in conjunction with LDEN. When D3L is a one the Japanese 3 link
equalizer is selected and when D3L is a zero the U.S. Survey Long link equalizer is
selected.

FED Fast Energy 1:9:6 When status bit FED is a zero, it indicates that energy above the receiver threshold is

Detector present in the passband.
(None) FREQL/FREQM 0:2:0-7, The host processor conveys tone generation data to the transmitter by writing a 16-bit
0:3:0-7 data word to the FREQL and FREQM registers in the interface memory space, as
shown below:
FREQM Register (0:3)
Bit: 7 6 5 4 3 2 1 [}
Data Word: | 215 214 213 212 21 210 29 28
FREQL Register (0:2)
Bit: 7 6 5 4 3 2 1 o
Data Word: | 27 26 25 24 23 22 21 20
The frequency number (N) determines the frequency (F) as follows:
F = (0.146486) (N) Hz £0.01%
Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are
given below:
Frequency (Hz) FREQM FREQL
462 oC 52
1100 1D 55
1650 2C 00
1850 31 55
2100 38 00
HD2W Half Duplex 1:6:2 When control bit HD2W is a zero and at device reset, full duplex (4-wire) operation is
(Two Wire) enabled. When it is a one, half duplex (2-wire) operation is enabled.
IFIX Eye Fix 1:6:7 When control bit IFIX is a one, the serial data on EYEX and EYEY reflect the rotated

equalizer output and do not follow the data selected by RAM ACCESS XB and RAM
ACCESS YB. IFIX is reset to 0 by device reset.
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Table 15. R201/26DP Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description
LAEN Link Amplitude 0:5:3 The link amplitude equalizer enable and select bits control an amplitude compromise
Equalizer Enable equalizer in the receive path according to the following table:
LAEN A3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link amplitude equalizer responses are given in the following table.
Link Amplitude Equalizer
F Gain Relative to 1700 Hz (dB)
(H2) U.S. Survey Long Japanese 3-Link
1000 -0.27 -0.13
1400 -0.16 -0.08
2000 -0.33 +0.16
2400 -1.54 +0.73
2800 -5.98 -2.61
3000 —-8.65 +3.43
LCEN Loop Clock Enable 0:4:0 When control bit LCEN is a one, the transmitter clock tracks the receiver clock. LCEN is
reset to 0 by device reset.
LDEN Link Delay 0:5:2 The link delay equalizer enable and select bits control a delay compromise equalizer in
Equalizer Enable the receive path according to the following table:
LDEN D3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link delay equalizer responses are given in the following table.
Link Delay Equalizer
Delay Relative to
F 1700 Hz (Microseconds)
(Hz) U.S. Survey Long Japanese 3-Link
800 —498.1 —653.1
1200 -188.3 -398.5
1600 -15.1 -30.0
1700 +0.0 +0.0
2000 -39.8 +11.7
2400 -423.1 -117.1
2800 -672.4 -546.3
L3ACT Local Analog 0:4:7 When control bit L3ACT is a one, the transmitter analog output is coupled to the
Loopback Activate receiver analog input through an attenuator in accordance with CCITT recommendation
V.54 loop 3. L3ACT is reset to 0 by device reset.
L4ACT Remote Analog 0:4:6 When control bit L4ACT is a one, the receiver analog input is connected to the trans-
Loopback Activate mitter analog output through a variable gain amplifier in a manner similar to recommen-
dation V.54 loop 4. L4ACT s reset to 0 by device reset.
L4HG Loop 4 High Gain 0:4:5 When control bit L4HG is a one, the loop 4 variable gain amplifier is set for +16 dB,

and when at zero the gain is zero dB. L4HG is reset to 0 by device reset.

1-75




R201/26DP

2400/1200 bps Data Pump Modem

Table 15. R201/26DP Interface Memory Definitions (Continued)

Time

Memory
Mnemonic Name Location Description

MHLD Mark Hold 0:7:4 When control bit MHLD is a one, the transmitter input data stream is forced to all marks
(ones). MHLD is reset to 0 by device reset.

(None) RAM Access XB 2:5:0-7 Contains the RAM access code used in reading chip 2 RAM locations via word X (2:3
and 2:2).

(None) RAM Access XS 1:5:0-7 Contains the RAM access code used in reading chip 1 RAM locations via word X (1:3
and 1:2).

(None) RAM Access XT 0:F:0-7 Contains the RAM access code used in reading chip 0 RAM locations via word (0:1 and
0:0).

(None) RAM Access YB 2:4:0-7 Contains the RAM access code used in reading chip 2 RAM locations via word Y (2:1
and 2:0).

(None) RAM Access YS 1:4:0-7 _Contains the RAM access code used in reading chip 1 RAM locations via word Y (1:1
and 1:0).

(None) RAM Data XBL 2:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 2.

(None) RAM Data XBM 2:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 2.

(None) RAM Data XSL 1:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 1.

(None) RAM Data XSM 1:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 1.

(None) RAM Data XTL 0:0:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 0.

(None) RAM Data XTM 0:1:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 0.

(None) RAM Data YBL 2:0:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 2.

(None) RAM Data YBM 2:1:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 2.

(None) RAM Data YSL 1:0:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 1. Shared
by parallel data mode for presenting channel data to the host microprocessor bus. See
‘Receiver Data.’

(None) RAM Data YSM 1:1:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 1.

RBDA Receiver Baud 2:E:0 Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit

Data Available goes to a zero when the host processor reads data from register 2:0.
RBIA Receiver Baud 2:E:7 This status bit is a one whenever the receiver baud rate device is driving IRQ low.
Interrupt Active
RBIE Receiver Baud 2:E:2 When the host processor writes a one in the RBIE control bit, the TRQ line of the
Interrupt Enable hardware interface is driven to zero when status bit RBDA is a one.
RBPS Receiver Data Rate 1:6:0 When control bit RBPS is a one and at device reset, the receiver data rate is set to
(bps) 2400 bps. When control bit RBPS is a zero, the receiver data rate is set to 1200 bps.
(None) Receiver 1:6:0-5 The host processor configures the receiver by writing a control code into the receiver
Configuration configuration field in the interface memory space (see RSB).
The bits included in this field and their initial values are RBPS (1: 2400 bps), RLRT
(0: RLSD Response Time = 6 ms), RV26 (0: V.26 Alternate B), HD2W (0: Full Duplex,
4-Wire), and TDET (0: Tone Detector Off).

(None) Receiver Data 1:0:0-7 The host processor obtains channel data from the receiver in the parallel data mode
by reading a data byte from the receiver data register. The data is divided on baud
boundaries as is the transmitter data. When using receiver parallel data mode, the
registers 1:3 through 1:0 can not be used for reading the chip 1 RAM.

RLRT RLSD Response 1:6:1 When control bit RLRT is a zero and at device reset, the RLSD Response Time is set

to 6 ms. When control bit RLRT is a one, the RLSD Response Time is set to 14 ms.
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Table 15. R201/26DP Interface Memory Definitions (Continued)

Interrupt Active

Memory
Mnemonic Name Location Description
RPDM Receiver Parallel 1:7:4 When control bit RPDM is a one, the receiver supplies channel data to the receiver
Data Mode data register (1:0) as well as to the hardware serial data output. (See Receiver Data).
RPDM is reset to 0 by device reset.

RSB Receiver Setup Bit 1:E:3 When the host processor changes the receiver configuration field or writes a one in the
SQH or SQHT control bits, the host processor must write a one in the RSB control bit.
RSB goes to zero when the changes become effective. Worst case setup time is 2 baud
times.

RSDA Receiver Sample 1:E:0 Status bit RSDA goes to a one when the receiver writes data to register 1:0. RSDA

Data Available goes to a zero when the host processor reads data from register 1:0.
RSIA Receive Sample 1:E:7 This status bit is a one whenever the receiver sample rate device 1s driving IRQ to zero.
Interrupt Active
RSIE Receiver Sample 1:E:2 When the host processor writes a one in the RSIE control bit, the IRQ line of the
Interrupt Enable hardware interface is driven to zero when status bit RSDA is a one.
RTDIS Receiver Training 1:7:0 When control bit RTDIS is a one, the receiver is prevented from recognizing a training
Disable sequence and entering the training state. RTDIS is reset to 0 by device reset.
RTH Receiver Threshold 1:7:6,7 The receiver energy detector threshold is set by the RTH field according to the following
Field . codes (see RSB):
RTH RLSD On RLSD Off
00 > -43 dBm < -48 dBm
01 > -33 dBm < -38 dBm
10 > -26 dBm < ~-31dBm
11 >-16 dBm < -21dBm
The RTH bits are reset to 00 by device reset.

RTS Request-to-Send 0:7:7 When control bit RTS is set to a one, the modem begins a transmit sequence. It
continues to transmit until RTS is reset to zero, and the turn-off sequence has been
completed. This input bit parallels the operation of the hardware RTS control input.
These inputs are ORed by the modem. RTS is reset to 0 by device reset.

RTSD Request-to-Send/ 1:F:7 When control bit RTSD is a zero and at device reset, the receiving circuits are enabled.

Disable Receiver When control bit RTSD is a one, the receiving functions are put in an idle mode. This
function is intended to be used for half duplex (2-wire) modem operation and gives the
user the ability to turn off the receiver when transmitting.

RV26 Receiver V.26 Alt. 1:6:5 When control bit RV26 is a zero and at device reset, V.26 Alternate B is selected. When

A/Alt. B Select control bit RV26 is a one, V.26 Alternate A is selected.

SDIS Scrambler Disable 0:7:5 When control bit SDIS is a one, and at device reset, the transmitter scrambler circuit is
removed from the data path. This bit must match the selection in the turn-on sequence
selection field (see table 4) i.e. the scrambler must be either enabled or disabled in
both.

SQH Receiver Squelch 1:F:6 When control bit SQH is set to a one, the receiver is squeliched, RLSD is turned off
and RXD is clamped to all marks. SQH only affects the receiver operation when a half
duplex receiver configuration has been selected. (see RSB.)

SQHT Receiver Squelch 1:F:5 This bit controls the duration of the squelch clamping (see SQH). If SQHT is a zero, the

Time squelch lasts for 100 ms, but if it is a one, the squelching lasts for 148 ms. SQHT is
reset to zero by device reset.

TBA Transmitter Buffer 0:E:0 This status bit resets to zero when the host processor writes data to transmitter data

Available register 0:0. When the transmitter empties register 0:0, this bit sets to a one.
TBPS Transmitter Data 0:6:4 When control bit TBPS is a one and at device reset, the transmitter data rate is set to
Rate (bps) 2400 bps. When control bit TBPS is a zero, the transmitter data rate is set to 1200 bps.
TIA Transmitter 0:E:7 This status bit is a one whenever the transmitter is driving IRQ to a zero.
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Table 15. R201/26DP Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description
TIE Transmitter 0:E:2 When the host processor writes a one in control bit TIE, the IRQ line of the hardware
Interrupt Enable interface is driven to zero when status bit TBA is at a one.
TDET Tone Detector 1:6:3 When control bit TDET is a one, the tone detector is disabled. TDET is reset to zero by
Enable device reset. :
TLVL Transmitter Level 0:4:2-4 The transmitter analog output level is determined by eight TLVL codes, as follows:
Field
TLVL Transmitter Analog Output*
000 —-1dBm £1dB
001 -3dBm +1dB
010 -5dBm +1dB
011 -7 dBm £1dB
100 -9dBm *1dB
101 -11dBm +1dB
110 -13dBm +1dB
11 -15dBm +1dB
*Each step above is a 2 0.2 dB change
The TLVL bits are reset to 000 by device reset.

TOD Train-on Data 1:6:6 When control bit TOD is a one, it enables the train-on-data algorithm to converge the
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still
recognizes a training sequence and enters the force train state. A BER of approximately
10-3 for 0.5 seconds initiates train-on data. TOD is reset to 0 by device reset.

TODF Train-On Data Flag 1:A:7 Indicates Train On Data in process.

TONE Tone Detect 1:9:2 TONE indicates with a zero the presence of energy in the 345-650 + 10 Hz frequency
range. For call progress purposes, the user may determine which tone is present by
determining the duty cycle of the TONE bit. .

TPDM Transmitter Paralle! 0:7:2 When control bit TPDM is a one, the transmitter accepts data for transmission from the

Data Mode transmitter data register (0:0) rather than the serial hardware data input. TPDM is reset
to 0 by device reset. '

(None) Transmitter 0:6:0-7 The host processor configures the transmitter by writing a control byte into the

Configuration transmitter configuration register in its interface memory space. (See TSB)
The bits included in this field and their initial values are DTMF (0: DTMF Generation = Off),
TTONE (0: Transmit Tone = Off), TV26 (0: V.26 Alternate B), TBPS (1: Transmitter Data
Rate = 2400 bps, and Turn-on Sequence Selector (2: see Table 4).
(None) RAM DATA XTL/ 0:0:0-7 The host processor conveys output data to the transmitter in the parallel mode by writing
Transmitter a data byte to the transmitter data register.
Data/DDR When the transmitter is configured for DTMF dialing, this register becomes the Dial Digit
Register (DDR). Refer to figure 3 for the proper Auto Dialing Procedure.
TSB Transmitter 0:E:3 When the host processor changes the transmitter configuration field (DOTMF, TTONE,
Setup Bit TV26, TBPS, or the Turn-on sequence selector field), the host must write a one in this
control bit. TSB resets to zero when the change becomes effective. Worst case setup
time is 2 baud + turnoff sequence + training (if applicable).
TTDIS Transmitter Train 0:7:6 When control bit TTDIS is a one, the transmitter does not generate a training sequence

Disable

at the start of transmission. With training disabled, RTS/CTS delay is less than two baud
times. TTDIS is reset to 0 by device reset.
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Table 15. R201/26DP Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description
TTONE Transmit (Single) 0:6:7 When this bit is set to a one, the single tone output mode is selected. To initiate a tone,
Tone Output Select the TSB bit must be set to a one for each tone desired. The R201/26DP does not
perform a timeout on the tone; thus the host must perform its own timeout to know
when to start the next tone. TTONE is reset to zero by device reset.
The proper operational sequence to generate a tone is given below"
1. Set the TTONE bit.
2. Load the desired value into FREQM/FREQL (see FREQL/FREQM)
3. Set the TSB bit.
4. Wait for desired timeout.
5. Repeat steps 2, 3, and 4 until all desired tones have been generated.
6. Reset the TTONE bit.
(None) Turn-on Sequence 0:6:3-0 Selects the turn-on sequence timing and whether or not the scrambler is in the circuit.
Selector Field See ‘SDIS’ and Table 4. This field 1s set to 0010 (Turn-on sequence number 2) by
device reset.
TV26 Transmitter V.26 1:6:5 When control bit TV26 is a zero and at device reset, V.26 Alternate B is selected. When
Alt. A/Alt. B Select control bit TV26 Is a one, V.26 Alternate A is selected.
T2 T/2 Equalizer 1:7:1 When control bit T2 is a one, an adaptive equalizer with two taps per baud is used.
Select When T2 is a zero, the equalizer has one tap per baud. The total number of taps
remains the same for both cases. T2 is reset to 0 by device reset.
WBRD Write to Baud Rate 1:7:2 When control bit WBRD is a one, data is written into receiver device 2. WBRD is reset
Device (Receiver #2) to zero by device reset.
WSRD Write to Sample Rate 1:7:3 When control bit WSRD is a one, data is written into receiver device 1. WSRD is reset
Device (Receiver #1) to zero by device reset.
XCEN External Clock 0:7:1 When control bit XCEN is a one, the transmitter timing is established by the external
Enable clock supplied at the hardware input XTCLK, pin 22A. XCEN is reset to 0 by device
reset.

POWER-ON INITIALIZATION

When power is applied to the R201/26DP, a period of 50 to
350 ms is required for power supply settling. The power-on-reset
signal (POR) remains low during this period. Approximately
10 ms after the low to high transition of POR, the modem is ready
to be configured, and RTS may be activated. If the 5 Vdc power
supply drops below 3.5 Vdc for more than 30 msec, the POR
cycle is generated.

At POR time the modem defaults to the following configuration:
V.26B/Bell 201B/C, short train, full-duplex, T, no echo protec-
tor tone, serial data mode, internal clock, transmitter output level
setto —1dBm =+ 1 dB, receiver threshold set to —43 dBm, eye
pattern selectable, train-on data disabled, the tone generator
is off, RLSD response time set to 6 ms, the tone detector is off,
no extended squelch, and squelch clamping set to 100 ms.

POR can be connected to a user supplied power-on-reset signal
in a wire-or configuration. A low active pulse of 3 usec or more
applied to the POR pin causes the modem to reset. The modem
is ready to be configured 10 msec after POR is removed.

PERFORMANCE

Functioning as either a Bell 201 or a V.26/V.26 bis type modem,
the R201/26DP provides the user with excellent, reliable
performance.

TYPICAL BIT ERROR RATES

The Bit Error Rate (BER) performance of the modem is specified
for a test configuration conforming to that specified in CCITT
recommendation V.56. Bit error rates are measured at a received
line signal level of —20 dBm as illustrated in Figures 4 & 5.
Figure 6 shows the BER test equipment set up.

TYPICAL PHASE JITTER

At 2400 bps (V.26 Alternate A or B), the modem exhibits a bit
error rate of 10-6 or less with a signal-to-noise ratio of 12.5 dB
in the presence of 15° peak-to-peak phase jitter at 150 Hz or
with a signal-to-noise ratio of 15 dB in the presence of 30° peak-
to-peak phase jitter at 120 Hz (scrambler not inserted, equalizer
not inserted).
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Figure 6. BER Performance Test Set-up
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GENERAL SPECIFICATIONS

Table 10. Modem Power Requirements
Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vde +5% 550 mA <700 mA
+12 Vdc +5% 5 mA < 10 mA
-12 Vde +5% 25 mA < 50 mA

Note: All voitages must have ripple <0.1 volts peak-to-peak.

Modem Environmental Restrictions

Altitude

Relative Humidity:

Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F)
Storage —40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)

Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
—200 feet to + 10,000 feet

Modem Mechanical Considerations

Parameter

Specification

DIN Connector Version
Board Structure:

Mating Connector:

Dimensions:
Width
Length
Height

Weight (max):

Lead Extrusion (max.):

Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated.
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.

3.937 in. (100 mm)
4.725 in. (120 mm)
0.40 in. (10.2 mm)
3.6 oz. (100 g)
0.100 in. (2.54 mm)

0.156 10.003 DIA (6 PL) MALE 64-PIN
(3.96) / DIN CONNECTOR
y . & -
t rf
3.937
(100) 0.496
3.700 T [ v2e)
(94)
' 0.19 '
3) H
| SN
3.275 0.483
83 12.3
4.100 3 (2.3
4
725 1Y
(120)
0.200 MAX
0.200 0.437
(5.1) 11.)
——{“"““"’"_"';j_‘::j_!__ﬂ ' uNiTs; INCHES
________________ mm
0.130 MAX
| 0.062 TYP (33)
(1.6) COMPONENT AREA

R201/26DP Board Dimensions and Pin Locations
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RC1212 1200 bps Full Duplex Modem

o RTS »O
o CTs o
XD
TDCLK ]
XTCLK
V.24 prve— >
wrerFace  oe—HS2 4 |
AXD
ADCLK |
S — s T—
Dee DSR O
Pﬂ—————om RCCT
D10 | TELEPHONE
OH DAA LINE
READ o RD o -
WRITE
DATA BUS ()
RC1212
HosT o ADDRESS BUS (5) g MODEM RXA ANALOG
PROCESSOR = TXA__ ol  INTERFACE
(DTE)
TBCLK
|___RBCLK __{  ANCILLARY
b1 e
R INTERFACE
oRG
O+————0
+5V -
+12v
POWER —12v
SUPPLY AGND
DGND

RC1212 Modem Functional Interconnect Diagram
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RC2424 2400 bps Full Duplex Modem |

o RTS »O
e 5
TXD
TDCLK '
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RC2424 Modem Functional Interconnect Diagram
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RDAA

Integral Modems

N

Rockwell

ROCKWELL DATA ACCESS
ARRANGEMENT MODULE

RDAA

SECTION 1 — INTRODUCTION

This document is an aide to customers installing, operating and
troubleshooting the Rockwell Data Access Arrangement (RDAA)
Module designed and manufactured by Rockwell International.

THE RDAA MODULE

The RDAA Module enables the modem user to make direct con-
nections of their modems to the domestic switched telephone
network. The RDAA is completely registered with the Federal
Communications Commission under Rules Part 68. Therefore,
no user re-registration of OEM data communication equipment
is necessary when used with the RDAA. This means a definite
cost-savings for the OEM equipment designer.

In addition to establishing your desired data transmission path,
the RDAA also features an automatic answering function, line
surge and hazardous voltage protection, switch hook status
indication, ringing indication and automatic signal level control.
Automatic dialing can be performed by pulsing the OH relay or
by transmitting tone pairs.

FEATURES

o Pre-registered (under FCC Rules, Part 68) for direct connec-
tion to dial telephone network

Integral Data Access Arrangement (DAA)

Automatic dialing—pulse or tone

Establishes data transmission path

Automatic answering function

Surge and hazardous voltage protection

Switch hook status indication

Ringing indication

Automatic line signal output limiting

Programmable or Permissive (strap selectable) connection
arrangements

e Small size (approximately 3.95” by 3.84") {100 mm. by
100 mm.)

RDAA Module

Document No. 29220N49

Product Description

Order No. 649
Rev. 1, January 1987
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The RDAA s easily incorporated into the users end product by
either using the provided mounting holes, and/or using the card-
guides without card-edge connector. The small size of the RDAA
makes it ideal for piggyback type mounting.

The Rockwell RDAA printed circuit board is 3.94 inches (100
mm.) in width and 3.94 inches (100 mm.) in depth.

SELECTABLE CONFIGURATIONS

As a prerequisite, telephone companies require that the signal
level received at their local central office not exceed —12 dBm.
Several different connection arrangements have been estab-
lished (as documented in the FCC Rules, Part 68) to meet this
requirement.

By jumper selection (Figure 1) the RDAA can be configured to
operate in either the Programmable (PG) or Permissive (PM)
connection arrangement. This is accomplished by placing the
jumper in either the W2 or W1 locations for the desired mode.
W1 jumper in, W2 jumper out for the permissive mode. W2
jumper in, W1 jumper out for the programmable mode.

3.94 3.275

Figure 1. RDAA Module Jumper Selection Location

When using the Programmable connection arrangement, the
maximum signal level allowed to be transmitted across T and
R is set by a resistor installed by the telephone company in their
wall jack (RJ45S or RJ41S) at the customer location. The resistor
interacts with the RDAA through the leads PR and PC to pro-
gram the maximum output level in one dB steps between —12
dBm and 0 dBm. Selection of the resistor from thirteen possible
values is based on loop loss measurements performed by the
telephone jack installer. The Programmable arrangement pro-
vides for the transmission of the maximum allowable amount of
power. Therefore, this arrangement offers optimum perfor-
mance over long loops.
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When the Permissive connection arrangement is employed, the
maximum signal output level across T and R is fixed at —9 dBm.
The Permissive jacks (RJ11C) used for line connections are the
same jacks used for standard voice installations. Therefore, this
arrangement provides for greater mobility of user equipment.

RDAA DIMENSIONS

The dimensions for the RDAA Module are given in Figure 2.

MATING CONNECTORS
The mating connectors of the RDAA are as follows:

1. Two row (14 pins) ribbon type connectors .1” spacing between
pins.

3.94
3.70
25 -
3.94 3.275
o—W2
w1
Q00000 0000000 58

Figure 2. RDAA Module Dimensions
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SECTION 2 — INTERFACE DESCRIPTION
INTERFACE CIRCUIT DESCRIPTION

The following paragraphs describe in detail the RDAA interface
circuits shown in the block diagram (Figure 3) and the interface
circuits listing (Table 2-1). g

PR)-
PC)-
™ vy
600 OHM
Ao 3 " ool o IO N SRS
E: :
T>
I * RE *
EIVE »
: y BUCﬁFIER RXA
azanoous -
CONTROL PROTECTION
< OH
RING SIGNAL
DETECTOR AND LEVEL
BUFFER LIMITER _——;—<SG
ro
-+ RD/
v ¥
. |——————Reer
2y > Lo -
-2V
+5V Y
P WA "l,> > SH
MIC Y A——
Figure 3. RDAA Functional Block Diagram
Table 2-1. RDAA Interface Circuits
Signal Direction To:
Lead Designation User RDAA Both Function
RT X Transmission leads for data signals.
M, MIC X Leads to telephone set switch hook.
PR, PC X Leads to programming resistor.
+5V, +12V, —-12v . X DC power required.

SG X Signal ground required.

RD/ X Ringing signal present indication.
RCCT X To request data transmission path cut through.

OH X To control Off-Hook relay.

SH X Status of telephone set switch hook.
CCT/ X Transmission path cut through indication.
TXA X Lead to modem output.

RXA X Lead to modem input.
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SG

The SG (Signal Ground) is the common reference for all modem
interface signals.

RD/

RD/ (Ring Detect) indicates to the user by an ON (Low) condi-
tion that a ringing signal 1s present. The RD/ signal will not
respond to momentary bursts of ringing less than 125 ms in dura-
tion, or to less than 40V rms, 15 to 68 Hz appearing across Tip
and Ring with respect to ground. RD/ is also used to disable
the transmission path. The electrical characteristics of the RD/
signal are shown in Table 2-2.

Table 2-2. Output Signals RD/
SH and CCT/ Characteristics

Output
Logic State Output Levels
LOW 0.0 to 0.4V while sinking < 1.6 ma
HIGH 2 4 to0 5.0V while sourcing < 40 pA
RCCT

RCCT (Request Coupler Cut-Through) is used to request that
a data transmission path through the RDAA be connected to
the telephone line. When RCCT goes OFF (Low), the cut-through
buffers are disabled and CCT will go OFF (High) within 1 millisec-
ond. RCCT must be OFF (Low) during dial pulsing but ON (High)
for tone address signaling. The electrical characteristics of the
RCCT signal are shown in Table 2-3.

Table 2-3. Input Signals RCCT and OH Characteristics

Input

Logic State Input Levels
OFF or LOW 0.0 to 0.8V, load current < 0.36 ma
ON or HIGH RCCT = 2.0 to 5.0V, load current < 20 pa

OH = 2.0V, load current < 100 pa
5.0V, load current < 250 pa

OH

OH controls the OFF-HOOK relay. Applying an ON (High) signal
to OH closes the OH relay and establishes a DC path between
T and R. Maximum delay between the ON signal to OH and the
close of the OH relay 1s 10 ms. When originating a call, an ON
(High) signal is used to request dial tone. After detecting dial
tone, OH can be pulsed to generate the dial pulses corre-
sponding to the number of the called station (see Section 4.2).
On incoming calls, an ON (High) signal to the OH lead Initiates
the answering sequence (see Section 4.1). The characteristics
of the OH signal is shown in Table 2-3.

NOTE

WARNING. If OH 1s asserted to a logic high before the
incoming call ring signal is completed, the OH reed relay
switch contacts may suffer degradation.

SH

An ON (High) signal on the SH lead indicates to the user that
the associated telephone (if used) 1s in the talk mode t.e., a con-
tact closure exists between Ml and MIC. The characteristics of
the SH signal are shown in Table 2-2.

CCT/

CCT/ is the Coupler Cut Through. An ON (Low) signal to the
CCT/ lead indicates to the user that the data transmission path
through the RDAA is connected. The ON (Low) state does not
indicate the status of the telephone line or connection. The
characteristics of the CCT/ signal are shown in Table 2-2.

TXA

TXA (Transmit Analog) is the lead from modem transmitter out-
put. This lead should be tied to GND when the modem is in the
receive only mode.

RXA

RXA (Receive Analog) is the lead to modem receiver input. This
lead may be left open when the modem is in the transmit-only
mode.

POWER REQUIREMENTS
The following power must be provided at the RDAA interface.

A. +12VDC +5% @ 15 ma with a maximum ripple of 50 mv
peak-to-peak

B. +5VDC +5% @ 20 ma with a maximum ripple of 100 mv
peak-to-peak

C. —12 VDC * 5% @ 15 ma with a maximum ripple of 50 mv
peak-to-peak.

HAZARDOUS VOLTAGE PROTECTION

Lightning induced surge voltages and other hazardous voltages
are limited to 10.0 volts peak between the secondary leads of
the coupling transformer T1. The isolation between the relay
contacts and coils provides the protection of the telephone line
from hazardous voltages appearing on any control lead.
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RING DETECTOR AND TIMER

When the Ring Detector detects the presence of a ringing signal
ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS
across Tip and Ring (T and R) leads, after a delay of 125 ms
to 500 ms, it will send an RD/ (Ring Detect) signal to the user’s
data terminal equipment (DTE). If the DTE is conditioned for
answering, the DTE will return an ON signal on OH and RCCT.
The OH signal closes the OH relay and starts a timer. The timer
is used to provide a quiet interval of more than two seconds
between the ¢losing of OH relay and the connection of data
transmission path. This allows the telephone company to prop-
erly engage their billing equipment. After this delay the CCT/
interface lead goes ON (Low) and data transmission may begin.

RD/ will go OFF (High) in less than 400 MSEC after the ringing
signal is stopped. The ring detector is disabled when OH is ON
(High) or SH is ON (High).

SIGNAL LEVEL LIMITER AND GAIN
CONTROL CIRCUITRY

The limiter monitors the signal level applied to the RDAA input
lead TXA and is unaffected by the level of receive signal. When
the applied signal amplitude becomes greater than +7 dBm for
a period of 1.3 to 3 seconds, the transmission path is discon-
nected via the transmit and receive buffers, and the output signal
CCT/ will go OFF (High).

NOTE

The off-hook relay is not affected by the limiting function,
therefore, so triggering the limiting function need not result
in call termination.

Reducing the input signal amplitude to less than +7 dBm will
reset the limiter in less than 4 milliseconds, restore the data
transmission path, and cause the signal CCT to go ON (Low).

In order not to activate the limiter during normal operation, care
must be taken to ensure that the maximum signal amplitude into
the RDAA input TXA never exceeds +6 dBm. If the modem
output has a tolerance of + 1 dB, then it is recommended to set
the modem output to +5 dBm (= 1 dB), so that the maximum
signal amplitude into TXA is 6 dBm.

1-90

The output control circuitry contains a variable gain buffer which
reduces the RDAA output to the maximum allowed level across
T and R. When the RDAA s jumpered to operate in the Pro-
grammable mode, the resistor in the telephone company wall
jack sets the output level to one of thirteen possible values. If
the RDAA is jumpered to operate in the Permissive mode, then
an internal resistor will set the output to a fixed value. The rela-
tionship between the RDAA input amplitude (in dBm) across
TXA and GND and the nominal RDAA output level across T and
R is given below:

A. For Programmable mode: output level across T and R =
(input amplitude at TXA -7 dB + (Programmed level set by
wall jack resistor).

B. For Permissive mode: output level across T and R = (input
amplitude at TXA) - 16 dB.

IMPEDANCE SPECIFICATIONS

On-Hook DC: The DC resistance between T and R,
and between either T or R and signal
ground are greater than 10 megohms

for DC voltages up to 100 volts.

On-Hook AC: The on-hook AC impedance
measured between T and R is less

than 40K ohms (15.3 Hz minimum).

Off-Hook DC: Less than 100 ohms.

Off-Hook AC: 600 ohms nominal when measured

between T and R.

2 megohms typical (operational
amplifier voltage follower input
impedance).

TXA and GND:

RXA and GND: 75 ohms typical (operational amplifier

voltage follower output impedance).

INSERTION LOSS

There is no insertion loss for the RDAA. The RDAA contains a
receive buffer which compensates for transformer insertion loss.
For this reason, additional receive buffering is not necessary.
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SECTION 3 — INSTALLATION/CHECKOUT

RDAA CONNECTION TO TELEPHONE LINE

Connection of the telephone line interface pins of the RDAA to
the network shall be made via standard jacks and plugs as
shown in Figure 4. Cable color codes are also shown in Figure
4. A number of telephone line cord manufacturers produce the
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir-
ginia Plastics, Roanoke, VA, etc.)

TELEPHONE SET AND JACK
ORDERING INFORMATION

If it is desirable to have manual call origination or alternate voice
capability, an exclusion key telephone set may be ordered from
a local teiephone company. The telephone line may be trans-
ferred to the telephone set by lifting both the handset and the
exclusion key, if the telephone is configured as Data Set Con-
trols Line. This operation is for manuai origination or alternate
voice transfer (refer to paragraph 4.4 for manual origination pro-
cedure). A call may be terminated by replacing the handset in
its cradle and taking OH low if OH is not already low.
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The ringer of the telephone set may be disconnected by the
telephone company to prevent the bell from ringing.

The telephone company provides an exclusion key telephone
under the Universal Service Order Code (USOC) RTC. This tel-
ephone set has the following customer options:

. A1 - Telephone set controls line

. A2 - Data set controls line

. B3 - Aural monitoring not provided

. B4 - Aural monitoring provided (See Note 1)

C5 - Touch tone dial

C6 - Rotary dial

. D7 - Switch hook indication

. D8 - Voice mode indication only (See Note 2)

I @ TTMmMOOm»

NOTES

1. The aural monitoring feature allows the telephone
handset to be used for listening to line signals without
interfering with data transmission.

2. In this option the make contact of the exclusion key and
a make contact on the switchhook are connected in
series and to the mode indication leads MI and MIC of
the data jack. Therefore, the SH signal of the RDAA
goes ON only when the exclusion key is lifted.

When ordering this telephone, specify the USOC number RTC
and the following options:

A. A2 - Data set controls line

B. B3 - Aural monitoring not provided
or
B4 - Aural monitoring provided

C. C5 - Touch tone dial telephone (503C)
or
C6 - Rotary dial telephone (2503C)

D. D8 - Voice mode Indication only

Another telephone set provided by the telephone company is
the Model 502 with exclusion key. To order this telephone set,
specify the following:

A. Modem 502 with exclusion key

B. Data set controls line

A summary of the information for ordering telephone and jacks

is given in Table 3-1. Examples of typical installation are given
in Figure 3-2.

Table 3-1. Telephones and Jacks Ordering Information
Output Optional FCC Ringer Telephone Jack Telephone Set
Configuration Telephone Set Reg. No. Equivalent USOC No. USOC No.
Programmable With AMQ9SQ .8B 'RJ36X and RTC or 502
Telephone Set 67943 2:3RJ455 with exclusion key
DP-E
Without AMQ9SQ .8B 23R4458 N.A.
Telephone Set 67943
DP-E
Permissive With AMQ9SQ .8B 'RJ36X and RJ16X RTC or 502
Telephone Set 67943 or with exclusion key
DP-E “RJA2X and RJ11C
Without AMQ9SQ .8B RJ11C N.A.
Telephone Set 67943
DP-E
Notes:

costs less

of lines required when ordering.

1. RJ36X is an 8 position miniature jack into which the telephone plugs. Rather than using an RJ36X jack, the telephone company may use a

connecting block to connect the telephone set and data jack to the telephone line.
2. RJ41S 1s a universal data jack. It may be used for either Programmable or Fixed-Loss Loop mode The RJ45S jack is preferred, because it
3. For multiple connections, the RJ45M jack should be ordered. The letter M indicates multiple single line jack for up to 8 lines. Specify the number

4. RJA2X is the adapter shown in Figure 3-1. The use of the RJ36X and RJ16X jacks Is recommended.
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Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex)

MODEM INTERFACE

There are 4 possible two-wire modes of operation configura-
tions: recetve-only, transmit-only, and receive and transmit (half
duplex) and full-duplex (using two different frequencies simul-
taneously) as described below:

A. For the half-duplex and full-duplex configurations, the inter-
face connection circuitry could be as shown in Figure 5.

B. For the receive-only configuration, the connection circuitry is
the same as that shown in Figure 5, except that the RDAA
input lead TXA is grounded rather than connected to the
modem transmitter output.

C. For the transmit-only configuration, the RDAA lead RXA is
left open rather than connected to the modem receiver as
shown in Figure 5.

For a 4-wire full-duplex configuration, 2 RDAA modules and 2
telephone lines are required. The connection circuitry consists
of one 2-wire receive-only connection, and one 2-wire transmit-
only connection.
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MODULE MOUNTING AND SECURING

The RDAA may be physically incorporated into the OEM's end
product by using the four corner (0.156 inch diameter) mounting
holes and self-locking plastic standoffs, or by bolting the RDAA
module to a rigid structure. The RDAA module may also be
mounted using card guides without card edge connector.

A number of manufacturers such as Richlock Corporation, Chi-
cago, IL., produce plastic standoffs (Part Number CBS-3N).

ELECTRICAL INTERFACE

Electrical connection to the RDAA module is made through
ribbon type connectors. The connector(s) interface pins (Figure
2) are contained on the component side of the board. There are
two test points brought out to the interface connector of the
board. Therefore care must be taken to prevent shorting test
points with any of the other interface signals.

The RDAA telephone line interface connector pins are physically
separated from the RDAA DTE interface connector pins, as
shown in Figure 2 and described in Table 3-2.

Table 3-2. RDAA Telephone and
Modem Interface

Type RDAA
Interface Connectors/ Interface
Circuit Pin No. Circuit/Signal
P2-1 CCT/
P2-2 RXA
P2-3 TXA
P2-4 OH
P2-5 RCCT
P2-6 RD/
P2-7 -12v
II:r’1.tr<-:"5rface P2-8 SH
Connections p2-9 GND
P2-10 TP2 EXCESSIVE
POWER DETECT
P2-11 +12V
P2-12 +5V
P2-13 N/U
P2-14 TP1 BILLING
DELAY TIME
P1-4 PC
P1-3 PR
Ifrzp“me P1-1 MIC
Interface Pr4s9) & (11-12) (ot Used)
Connections P1-9, 10 R
P1-13, 14 T
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Care must be taken in routing the telephone interface pins to
the telephone jack. The FCC (Rules, Part 68) requires that the
telephone interface leads shall be separated from the leads or
metallic paths connecting to power connections.

NOTE

Power connections are those connections between com-
mercial power and any transformer, power supply rectifier,
converter, or other circuitry associated with the RDAA.
The connection of the interface pins (including the =12V
and +5V) shown in Figure 2 are not power connections.

The telephone interface leads shall not be routed in the same
cable (or use the same connector) as leads or metallic paths
connecting to commercial power.

FCC (Rules, Part 68) also requires that the telephone leads T
and R be separated from metallic paths to leads connecting to
non-registered equipment, when specification details provided
to FCC do not show that the interface voltages are less than
non-hazardous voltage source limits in Part 68. T and R shall
not be routed in the same cable (or use adjacent pins on the
same connector) as metallic paths to leads which are not con-
sidered non-hazardous. All DTE interface connector signals
shown in Table 3-2 have been established as non-hazardous.

Therefore, in routing the telephone interface leads from the
RDAA P1 connector to the telephone jack, the following pre-
cautions must be strictly adhered to. The telephone jack inter-
face routing path should be as direct as possible. Any cable
used in establishing this path should contain no signal leads
other than possibly the (previously established as non-haz-
ardous) DTE interface signals shown in Table 3-2. Any con-
nector used in establishing this path should contain no
commercial power source signal leads, and adjacent pins to the
T and R (Tip and Ring) pins in any such connector should not
be utilized by any signals other than possibly those shown in
Table 3-2. Also the DTE interface routing path should be made
as short as possible.

INSTALLATION PROCEDURE

A. Check the telephone line interface cable(s) plug(s) and jack(s)
(Figure 4). If the USOC RJ418S jack is used for the Program-
mable mode, ensure that the jumper W2 is installed and W1
jumper is removed for the programmable mode of operation.

B. Make sure the telephone company installer has measured
the loop loss correctly and has selected the proper program-
ming resistor in the RJ45S or RJ418S jack.

NOTE

You have the right to know the method used by the
installer for measuring loop loss and selecting the pro-
gramming resistor.
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C. Check the power supplies to see if they meet the proper
requirements specified in paragraph 2.2.

D Insert the telephone cable plug into the jack, and make the
DTE interface connection. Then switch on the power supplie s.

OPERATIONAL CHECKOUT PROCEDURE

The following procedures check out the RDAA in association
with a modem, a data terminal, a telephone set and an auto-
matic dialer. The telephone set Is required only in the manual
origination mode (refer to paragraph 4.4) or if alternate voize
communication is desired. The automatic dialer is required or:ly
In the automatic dial mode (refer to paragraph 4.3).

AUTOMATIC ANSWER MODE
A. Set the:modem transmitted output level to +5 dBm.
. Call the local modem from a remote station.

B
C. Follow the instructions given in Figure 6.
D

. Transmit data from the local terminal to the remote terminal
and monitor the CCT/ signal. It should stay low.

E. Terminate the call sequence and verify the received data.

AUTOMATIC ORIGINATE MODE
A. Set the modem transmitted output level to +5 dBm.

B. Follow the procedure of Figure 8 for touch tone origination
or Figure 7 for pulse dial origination.

C. Transmit data from the local terminal and monitor the CCT/
signal. It should stay low.

D. Terminate the call sequence and verify the received data.

MANUAL OPERATION MODE

A. Set the modem transmitted output level to +5 dBm.

B. Follow the instructions given in paragraph 4.4.

C. Transmit data from the local terminal. CCT should stay low.
D. Terminate the call sequence and verify the received data.

SPECIAL INSTRUCTIONS TO USER

Your Rockwell Data Access Arrangement has been registered
with the Federal Communications Commission (FCC). To comply
with the FCC regulations you are requested to observe the
following:
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A. All direct connections to the telephone lines shall be made
through standard plugs and jacks as specified in Figure 4
and Table 3-1.

B. It is prohibited to connect the RDAA to pay telephones or
party lines.

C. You are required to notify the local telephone company of
the connection or disconnection of the RDAA, the make, the
modem number, the FCC registration number, the ringer
equivalence number (refer to Table 3-1) and the particular
line to which the connection is made. If the proper jacks are
not available, you must order the type of jacks to be used
from the telephone company. (Refer to Table 3-1 for the
proper jacks and telephones.)

D. You should disconnect the RDAA from the telephone line If
it appears to be malfunctioning. If the RDAA needs repair,
return it to Rockwell International. This applies to equipment
both in and out of warranty. Do not attempt to repair the unit
as this will violate the FCC rules.

E. The RDAA contains protective circuitry to prevent harmful
voltages being transmitted to the telephone network. If how-
ever, such harmful voltages do occur, then the telephone
company has the right to temporarily discontinue your ser-
vice. In this case, the telephone company shall:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation that
caused the discontinuance.

3 Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

F. The telephone company also has the right to make changes
In their facilities and services which may affect the operation
of your equipment. However, you shall be given notice in
writing by the telephone company adequate to allow you to
maintain uninterrupted service.

G. Labeling Requirements:

1. The FCC requires that the following label be prominently
displayed on an outside surface of the OEM’s end product:

Unit contains Registered Protective Circuitry
which complies with Part 68 FCC Rules

FCC Registration Number:

Ringer Equivalence: .8B

2. The size of the label should be such that all the required
information is legible without magnification.
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AUTOMATIC ANSWER

The connection of the data transmission path for automatic
answer is as described in paragraph 2.4. To disconnect the data
transmission path, just turn off OH and/or DA, as shown in
Figure 6.

IDLE

RD/ ON

*OH & RCCT - ON

2:SECOND MINIMUM DELAY

CCT/- ON

ANSWER TONE

> » ©
[

DATA TRA ON

*OH & RCCT - OFF

CCT/ - OFF

v

IDLE

*DA MAY BE ON PERMANENTLY FOR AUTOMATIC ANSWER.

Figure 6. Automatic Answering Sequence

AUTOMATIC DIAL

DIAL PULSE ORIGINATION

The DTE must provide the logic to turn ON the OH and DA
leads, detect dial tone (or time for 3 seconds to ensure dial tone
present), then turn OFF the DA lead and generate the dial
pulses corresponding to the called number (Figure 7). The
2-second delay period between OH and DA going ON and the
response of CCT going ON wili not be invoked in the origination
mode. The DTE should monitor for call progress indication (dial
tone, busy tone, answer tone, and call intercept).

Requirements for proper call establishment exist on the pulse
repetition rate (8 to 11 pulses per second), off duty cycle
(60 percent nominal), interdigital delay timing (600 ms to
2 seconds) and chatter and spurious makes and breaks. The
RDAA off-hook relay is a Reed relay designed to long life. Bell
System requirements for pulse and touch-tone dialing are
described in their Communications reference ‘‘Electrical
Characteristics of Bell System Network Facilities at the Inter-
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SECTION 4 — OPERATING INSTRUCTIONS

IDLE

OH & RCCT - ON

CCT/ - ON

DETECT DIAL TONE'

RCCT - OFF2

CCT/ - OFF3

Y

R OH PULSES FOR NO. D

RCCT - ON

A ccT/ - oN3

DETECT ANSWER TONE?

DATA TRANSMISSION

OH & RCCT - OFF

CCT/ - OFF

v

IDLE

NOTES.

. DIAL TONE DETECTION IS NOT PROVIDED WITHIN THE RDAA.
ALTERNATIVELY, DTE MAY START FROM.IDLE, TURN ON OH,
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT
AND PULSE OH FOR NUMBER.

DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT
ALL OTHER TIMES.

THE DA TO CCT RESPONSE TIME IS LESS THAN 1 MS.
ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED
WITHIN THE RDAA.

Figure 7. Dial Pulse Origination Sequence

»

»w

face with Voiceband Ancillary and Data Equipment”
(PUB 47001).

The following is an example for pulse dialing the digit #2 through
the OH lead.

+5V/MAKE

OV/BREAK

INTERDIGITAL
INTERVAL
600ms TO 2 SEC

ON-HOOK OFF HOOK
100 ms ——pml<a—- 100ms
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The OH lead can be pulsed directly via microprocessor port, or
a commercially available “binary to dial pulse” LSI device such
as the Rockwell CRC 8000, the General Instrument AY-5-9151
series, or the Motorola MC 14408. These devices can accept
4-bit binary digital inputs, buffer these digits, and output the OH
dial pulses upon command. Also available from numerous
semiconductor manufacturers (National, Mostek, General
Instrument, Motorola, etc.) are LS| devices capable of inter-
facing directly to a key board and producing suitable dial pulses.

TOUCH-TONE ORIGINATION

The user’s terminal must provide the logic to turn ON the OH
and RCCT signals, detect the dial tone (or time for 3 seconds
to ensure dial tone present) and transmit the tone-address
signals via the TXA lead (Figure 8). The 2-second delay period
between OH and RCCT going ON and CCT/ going ON is not
invoked in the origination mode. The DTE should monitor for
call progress indications (dial tone, busy tone, answer tone, and
call intercept).

It should be noted that tone address signaling method is sig-
nificantly more complicated in terms of hardware requirements
than simple pulse dialing. The necessary tone pair generators
must be added by the user. A number of semiconductor man-
ufacturers produce monolithic LS| tone generators (AMI, Mostek,
Motorola, National, General Instrument, Intersil, etc.). These
tone pair generators are designed to interface with keyboards
or digital ports and may require varying degrees of additional
low pass filtering to reduce harmonic distortion. Touch-tone
dialing is significantly faster than pulse dialing, but it may not be
available in some locations.

IDLE

*OH& DA -ON

CCT -ON

**DETECT DIAL TONE

|
TRANSMIT TONE
ADDRESS SIGNALS D

***DETECT ANSWER TONE
DATA TRANSMISSION

*OH & DA - OFF

» » O

CCT - OFF

IDLE

*DA MAY BE PERMANENTLY ON

**ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO
ENSURE DIAL TONE PRESENT

#** ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED
WITHIN THE RDAA

Figure 8. Touch-Tone Origination Sequence
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Bell System requirements exist on minimum and maximum tone
pair transmit power for proper call address signaling. When the
RDAA is in the programmable mode, the gain of the RDAA
transmit leg Is set by a programming resistor in the telephone
jack (over thirteen possible values). This makes establishment
of the tone pair signal level to be input to the RDAA (at TXA)
which meets the Bell System requirements difficult. It is there-
fore necessary to operate the RDAA in the Permissive mode for
touch-tone origination. In this event the proper input power level
(per frequency pair) to the RDAA (at TXA) would be +15 dBM
(nominal). This level 1s well above the RDAA automatic
limiter threshold. But the RDAA limiter activates (cuts off trans-
mission path) only if threshold power level is continuously
exceeded for about one second minimum, and quickly resets
itself if the power level drops below threshold. If the tone pair
duration time is restricted to significantly under one second (the
minimum duration requirement 1s only 50 milliseconds) and the
minimum interdigital time requirement (45 milliseconds) is
observed, the limiter will not be activated. These requirements
are easily met if the tone pair generation is under logic control.
If the generation I1s controlled via keyboard input, the limiter will
be activated if a key is depressed and held for more than a
second, but will recover during the interval between key clo-
sures. However, the possibility exists that transients occurring
at limiter activation and resetting may endanger proper call
origination.

AUTOMATIC CALLING UNIT

Automatic dialing capability may also be added to a data trans-
mission system simply by purchasing or leasing a separate box
termed an “Automatic Calling Unit” (ACU). Such units are avail-
able from a variety of manufacturers. ACU’s are available uti-
lizing pulse or tone dialing. Connections of ACU to the data
transmission system may be different for different ACUs. The
standard protocol involved in interfacing between the user's
data terminal equipment and an ACU is documented in CCITT
Recommendation V.25 and also in EIA Standard RS-366.
“Interface Between Data Terminal Equipment and Automatic
Calling Equipment for Data Communication.” It should be re-
emphasized that a separate ACU is not necessarily required for
automatic dial capability. The RDAA and some external hard-
ware and/or software (as previously described) can suffice.

MANUAL ORIGINATION

For manual origination a telephone set with an exclusion key
must be ordered from the local telephone company (refer to
Table 3-1). After lifting both the handset and the exclusion key,
a call may be originated or answered in the same manner as
normal telephone service. When the handset and the exclusion
key are lifted (Ml is shorted to MIC), the signal SH is turned ON.
If the user's data terminal is ready, it may respond with OH and
RCCT. The RDAA will then turn ON the CCT/ signal. When
answer tone is heard, the operator replaces the handset in its
cradle. the SH signal will go Low and the data transmission path
is connected. When data transmission is completed, the terminal
turns OFF the OH signal and returns to the idle state.
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SECTION 5 — FAULT ISOLATION

CUSTOMER REPAIR LIMITATIONS

Under the FCC Rules, no customer is authorized to repair an
RDAA module. In the event of an RDAA malfunction, return the
faulty RDAA to Rockwell International. It is recommended that
the following fault 1solation instructions provided in this section
be performed prior to returning a suspected RDAA module. A
periodic check of the DC power supplies is also recommended.

FAULT ISOLATION

The fault isolation flow chart (Figure 9) has been prepared spe-
cifically as an aid to the user for locating possible network and/
or RDAA module malfunctions.

MODEM INTER-
FACE OR ADAA
FAULT

NO

MODEM
RDAA oKk

RDAA FAULT

NETWORK
OR
RDAA FAULT

RDAA OR
NETWORK
FAULT

MODEM INTER
FACE OR DTE/
MODEM FAULT

SIGNAL

NO
LEVEL OVER
LMt

>

Y

€S
REDUCE —_
MODEM RDAA FAULT
OUTPUT LEVEL

RDAA FAULT

MODEM INTER
FACE OR DTE/
MODEM FAULT

Figure 9. RDAA Fault Isolation Flow Chart
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4800, 9600, 14400 bps DATA MODEMS
Leading the Industry with High Performance and Quality

Rockwell’s broad line of 4800, 9600 and 14400 bit-per- the world, customers can be assured that Rockwell modems
second (bps) modem products can easily be incorporated into have been designed, built and tested to ensure operation over
standalone or system level products at a minimal cost while world-wide phone lines.
offering the end user high performance, quality and reliability. Rockwell offers these products in the Euro-size DIN
This line of modems uses the latest technology to provide connector modules. Additionally, a Euro-card module that
customers with the smallest, most integrated designs available utilizes surface mount technology (SMT) and dual in-line pins
on the market. is available. This DIP module can be handled like any DIP type

Our high and ultra-high speed modems are designed to integrated circuit during board assembly and wave soldering.
meet the Bell standard as well as the rigid CCITT Its small size is ideal for integration into personal computers
recommendations. Whether operating at 4800 bps or and work-stations as well as the traditional standalone or rack
14400 bps, and transmitting data across the street or across mount applications.

PSTN/
Data Speed Leased 2/4-Wire
Model (bps) Line Half/Full-Duplex Sync/Async Compliance
R208/201 4800, 2400, P/L 2WHD, 4WFD Sync Bell 201B/C, 208A/B
1200 CCITT V.27 bislter, V.26, V26 bis
R48DP/208 4800, 2400 P/L 2WHD, 4WFD Sync Bell 208A/B
CCITT V.27 bis/ter
R48DP 4800, 2400 P/L 2WHD, 4WFD Sync CCITT V.27 bis/ter
R96DP 9600, 7200, P/L 2WHD, 4WFD Sync CCITT V.29, V.27 bisfter
4800, 2400
R96FT 9600, 7200, P/L 2WHD, 4WFD Sync CCITT V.29, V.27 bislter,
4800, 2400 V.21 Channel 2,
Proprietary Fast Train
R96FT/SC 9600, 7200, P/L 2WHD, 4WFD Sync CCITT V.29, V.27 bis/ter,
4800, 2400, V.21 Channel 2,
75 Proprietary Fast Train,
Secondary Channel
R144DP 14400, 12000, P/L 2WHD, 4WFD Sync CCITT V.33, V.29
9600, 7200,
4800
R9696DP 9600, 4800, P/L 2WFD Sync/Async CCITT V.32,
2400, 1200, V.22 bis, V.22, V.21;
300 Bell 212A, 103
R1496MM 14400, 12000, P/L 2WFD, 4WFD Sync/Async CCITT V.33, V.32, V.29;
9600, 4800,
2400, 1200,
300
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INTRODUCTION

The Rockwell R208/201 is a synchronous 4800 and 2400 bits per
second (bps) modem. It is designed for operation over the public
switched telephone network (PSTN) as well as leased lines
through the appropriate line termination.

The modem satisfies the telecommunications requirements
specified in Bell 208A/B, Bell 201C, CCITT V.27, and CCITT
V.26. The R208/201 can operate at speeds of 4800 and
2400 bps. Employing advanced signal processing techniques,
the R208/201 can transmit and receive data even under
extremely poor line conditions.

User programmable features allow the R208/201 to be tailored to
support a wide variety of functional requirements. The modem’s
small size, low power consumption, and serial/parallel host inter-
face simplify system design and allow installation in a compact
enclosure. The modem module is available with a DIN connector
for connection to a mating connector or with dual-in-line pins
(DIP) for direct plug-in installation onto a host module.

FEATURES

e Compatible with
— Bell 208A/B, Bell 201C
— CCITT V.27 and V.26
Automatic Configuration during Synchronizing Sequence
2-Wire Half-Duplex, 4-Wire Full-Duplex
Programmable Tone Generation
Programmable DTMF Tone Dialer
Dynamic Range: —43 dBm to 0 dBm
Equalization
— Automatic Adaptive
— Compromise Cable and Link (Selectable)
e DTE Interface
— Functional: CCITT V.24 (RS-232-C)(Data/Control) and
Microprocessor Bus (Data/Configuration/Control)
— Electrical: TTL and CMOS Compatible
¢ Diagnostic Capability
¢ Programmable Transmit Output Level
* Loopbacks
— Local and Remote Analog
— Remote Digital
e Small Size
— DIN Connector Version:
100 mm x 120 mm (3.94 in. x 4.73in.)
— DIP Connector Version:
82 mm x 100 mm (3.23 in. x 3.94in.)
e Power Consumption: 3 W (Typical)

e o o o o o

R208/201 DIN Connector Version

R208/201 DIP Connector Version

Document No. 29200N26

Data Sheet

Order No. MD26
February 1987
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER FREQUENCIES

The supported transmitter carrier frequencies are listed in
Table 1.

Table 1. Transmitter Carrier Frequencies
Frequency
Function (Hz £0.01%)
Bell 208A/B and Bell 201C 1800
CCITT V.27 and V.26 1800

TONE GENERATION

Under control of the host processor, the modem can generate
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and
an accuracy of 0.01%. Tones over 3000 Hz ‘are attenuated.
DTMF tone transmission capability is provided to allow the
modem to operate as a programmable DTMF tone dialer.

SIGNALING AND DATA RATES
The supported signaling and data rates are listed in Table 2.

Table 2. Signaling/Data Rates

Baud Rate |Bits Per| Data Rate |Symbol

Specification | (Symbols/sec.) | Baud |(bps)(10.01%)| Points
Bell 208A/B 1600 3 4800 8
CCITT V.27 1600 3 4800 8
Bell 201C 1200 2 2400 4
CCITT V.26 1200 2 2400 4
CCITT V.26 1200 1 1200 2

DATA ENCODING

The modem data encoding conforms to Bell 208A/B, Bell 201C,
CCITT V.27, and CCITT V.26.

EQUALIZERS

The modem provides equalization functions that improve per-
formance when operating over low quality lines.

Cable Equalizers — Selectable compromise cable equalizers in
the receiver and transmitter are provided to optimize performance
over different lengths of non-loaded cable of 0.4 mm diameter.

Link Equalizers — Selectable compromise link equalizers in the
receiver optimize performance over channels exhibiting severe
amplitude and delay distortion. Two standards are provided: U.S.
survey long and Japanese 3-link.

Automatic Adaptive Equalizer — An automatic adaptive equal-
izer is provided in the receiver circuit. The equalizer can be con-
figured as either a T or a T/2 equalizer.

TRANSMITTED DATA SPECTRUM

If the cable equalizer is not enabled, the transmitter spectrum is
shaped by the following raised cosine filter functions:

1. 7200 Baud. Square root of 90 percent
2. 1600 Baud. Square root of 50 percent
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The out-of-band transmitter power limitations meet those speci-
fied by Part 68 of the FCC’s rules, and typically exceed the
requirements of foreign telephone regulatory bodies.

SCRAMBLER/DESCRAMBLER

The modem incorporates a self-synchronizing scrambler/
descrambler. This facility is in accordance with V.27 bis/ter.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The modem receiver circuit can adapt to received frequency
error of up to + 10 Hz with less than 0.2 dB degradation in BER
performance.

RECEIVE LEVEL

The modem receiver circuit satisfies all specified performance
requirements for received line signal levels from 0 dBm to
—43 dBm. The received line signal level is measured at the
receiver analog input (RXA).

TRANSMIT LEVEL

The transmitter output level is accurate to +1.0 dB and is pro-
grammable from — 1.0 dBm to — 15.0 dBm in 2 dB steps.

TRAIN ON DATA

When train on data is enabled, the receiver typically trains on
data in less than 3.5 seconds.

TURN-ON SEQUENCE

Selectable turn-on sequences can be generated as defined in
Table 3.

Tabie 3. Turn-On Sequences

RTS-CTS Turn-On Time
Echo Protector | Echo Protector
Specification Tone Disabled | Tone Enabled*
Bell 208A/B Long 150 355
Bell 208A/B Short 50 255
Bell 201C 26.4 ms Sync. Seq. 26.4 231.4
Bell 201C 148.3 ms Sync. Seq. 148.3 353.3
Bell 201C 220 ms Sync. Seq. 220 425
V.27 4800 Long 708 913
V.27 4800 Short 50 255
V.27 2400 Long 943 1148
V.27 2400 Short 67 272
V.26A 2400 90 ms Sync. Seq. 90 295
V.26 1200 90 ms Sync. Seq. 90 295
* For short echo protector tone, subtract 155 ms from RTS-CTS
turn-on time.

TURN-OFF SEQUENCE

For Bell 208A/B and CCITT V.27, the turn-off sequence consists
of approximately 7 ms and 10 ms, respectively, of remaining data
and scrambled ones. For Bell 201C and CCITT V.26, the turn-off
sequence consists of approximately 6 ms of remaining data and
scrambled ones.

CLAMPING

Received Data (RXD) is clamped to a constant mark (one) when-
ever the Received Line Signal Detector (RLSD) is off.
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MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of I/O points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small haif-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six groups
of modem operation: overhead signals, V.24 interface signals,
microprocessor interface signals, diagnostic signals, analog sig-
nals, and ancillary signals. Table 4 lists these groups along with
their corresponding connector pin numbers. The six groups of hard-
ware circuits are described in the following paragraphs. Table 5 lists
the digital interface characteristics.

POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-
plete. The modem POR sequence leaves the modem configured
as follows:

e Bell 208 Short

e Serial channel data

e T/2 equalizer

e Standard echo protector tone

e —43 dBm threshold

e Cable and link equalizers disabled
¢ Train-On-Data disabled

Fe—————-

USRT
(OPTIONAL) 1 XTCLK

e ———————————
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WRITE
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Figure 1. R208/201 Functional Interconnect Diagram
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Table 4. R208/201 Hardware Circuits

DIN DIP2 DIN DIP2
Name Type! | Pin No. | Pin No. Description Name Type! |Pin No. | Pin No. Description
A. OVERHEAD: C. V.24 INTERFACE:
Ground (A) [ AGND |31C,32C | 30,31 |[Analog Ground Return RDCLK oC 21A 23 |Receive Data Clock
Ground (D) | DGND | 3C,8C, |29,37,53 |Digital Ground Return TDCLK ocC 23A 46 | Transmit Data Clock
5A,10A XTCLK 1B 22A 51 External Transmit Clock
+5 volts PWR |19C,23C, | 1,45,61 | +5 volt supply RTS 1B 25A 50 |[Request-to-Send
26C,30C ' CTS ocC 25C 49 |Clear-to-Send
+12 volts PWR 15A 32 + 12 volt supply TXD 1B 24C 48  |Transmitter Data
—12 volts PWR 12A 36 —12 volt supply RXD oC 22C 26 |Receiver Data
POR 1/0B 13C 2 Power-on-reset RLSD oC 24A 27 |Received Line Signal
B. MICROPROCESSOR INTERFACE: Detector
D7 1/0A 1c 3 D. ANCILLARY CIRCUITS:
Dé I/0A 1A 4 RBCLK oC 26A 22 [Receiver Baud Clock
D5 I/OA 2C 5 TBCLK ocC 27C 47 | Transmitter Baud Clock
D4 1/0A 2A 6 Data Bus (8 Bits) .
D3 1/OA 3A 7 E. ANALOG SIGNALS:
D2 /OA 4C 8 TXA AA 31A 34  |Transmitter Analog Output
D1 1/OA 4A 9 RXA AB 32A 33 |Receiver Analog Input
Do /OA 5C 10 AUXIN AC 30A — |Auxiliary Analog Input
RS3 1A 6C 16 F. DIAGNOSTIC:
RS2 1A 6A 17 Register Select EYEX oc | 1s5C 56 |Eye Pattern Data—X Axis
RS1 1A 7C 18 (4 Bits) EYEY oC | 14A 55 |Eye Pattern Data—Y Axis
RSO 1A 7A 19 EYECLK OA | 14C 57 |Eye Pattern Clock
CSo 1A 10C 20 Chip Select EYESYNC | OA 13A 58 |Eye Pattern Synchronizing
_ Transmitter Device Signal
Cs1 1A 9C 21 Chip Select Receiver Notes:
- Sample Rate Device 1. Refer to Table 5 for digital circuit interface characteristics and
cs2 1A 9A 13 | Chip Select Receiver Table 7 for analog circuit interface characteristics.
Baud Rate Device 2. Pins not used on the DIP Version: 15, 24, 25, 28, 35, 38, 39,
READ 1A 12C 14 Read Enable 40, 41, 42, 43, 44, 52, 54, 59, 60
WRITE 1A 11A 12 | Write Enable
IRQ oB 11C 11 Interrupt Request
Table 5. Digital Interface Characteristics
Input/Output Type
Symbol Parameter Units 1A 1B Ic OA oB ocC 1/0 A /0B
Viy Input Voltage, High V | 2.0 Min. 2.0 Min. 2.0 Min. 2.0 Min. | 5.25 Max.
2.0 Min.
Vi Input Voltage, Low V | 0.8 Max 0.8 Max. 0.8 Max. 0.8 Max. 0.8 Max.
Vou | Output Voltage, High \' 2.4 Min.1 2.4 Min.' | 2.4 Min3
VoL | Output Voltage, Low \' 0.4 Max.2| 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.5
Iin Input Current, Leakage | wA | £2.5 Max. +2.5 Max.4
lon Output Current, High mA -0.1 Max.
loL Output Current, Low mA 1.6 Max. | 1.6 Max. 1.6 Max.
I Output Current, Leakage | pA +10 Max.
lpy Pull-up Current —240 Max. | - 240 Max. - 240 Max. —260 Max.
(Short Circuit) A -10 Min. | -10 Min. -10 Min. —100 Min.
C, Capacitive Load pF 5 5 20 10 40
Cp Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain | 3-State | Open-Drain
w/Pull-up | w/Pull-up w/Pull-up | Transceiver | w/Pull-up
Notes
1 lload = -100 xA 3. I Load = -404A 5. | Load = 0.36 mA
2. 1 Load = 1.6 mA 4. Viy = 0.4 t0 2.4 Vdc, Ve = 5.25 Vde
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This configuration is suitable for performing high speed data
transfer using the serial data port. Individual features are dis-
cussed in subsequent paragraphs.

V.24 INTERFACE

Eight hardware circuits provide timing, data, and control signals for
implementing a serial interface compatible with CCITT Recommen-
dation V.24. These signals interface directly with circuits using TTL
logic levels (OV, + 5V). These TTL levels are suitable for driving the
short wire lengths or printed circuitry normally found within stand-
alone modem enclosures or equipment cabinets. For driving longer
cables, the woltage levels and connector arrangement recom-
mended by EIA standard RS-232-C are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.

4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Transmitted Data (TXD)
The modem obtains serial data from the local DTE on this input.

Received Data (RXD)
The modem presents received data to the local DTE on this output.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. The responses to RTS are shown in Table 6.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which are present on TXD. CTS response times
from an ON condition of RTS are shown in Table 6.

The time between the on-to-off transition of RTS and the on-to-off

transition of CTS in data state is a maximum of 2 band times for
all configurations.

Table 6. RTS-CTS Response Times

RTS-CTS Turn-On Time

Echo Protector | Echo Protector
Specification Tone Disabled | Tone Enabled*
Bell 208A/B Long 150 355
Bell 208A/B Short 50 255
Bell 201C 264 ms Sync Seq 26.4 231.4
Bell 201C 148.3 ms Sync Seq 148.3 353.3
Bell 201C 220 ms Sync. Seq. 220 425
V.27 4800 Long 708 913
V.27 4800 Short 50 255
V.27 2400 Long 943 1148
V.27 2400 Short 67 272
V.26A 2400 90 ms Sync. Seq. 90 295
V.26 1200 90 ms Sync. Seq 90 295

* For short echo protector tone, subtract 155 ms from RTS-CTS
turn-on time.

Received Line Signal Detector (RLSD)

For Bell 208A/B and CCITT V.27, RLSD turns on at the end of the
training sequence. If training is not detected at the receiver, the
RLSD off-to-on response time is 15 £10 ms. For Bell 201C, RLSD
turnsonin10 +5 ms after the detection of energy above thresh-
old. The RLSD on-to-off response time for Bell 208A/B, CCITT
V.27 and Bell 201C is 10 £ 5 ms. Response times are measured
with a signal at least 3 dB above the actual RLSD on the thresh-
old or at least 5 dB below the actual RLSD off threshold.

The RLSD on-to-off response time ensures that all valid data bits
have appeared on RXD.

Four threshold options are provided:

1. Greater than — 43 dBm (RLSD on)
Less than — 49 dBm (RLSD off)

2. Greater than — 33 dBm (RLSD on)
Less than — 38 dBm (RLSD off)

3. Greater than — 26 dBm (RLSD on)
Less than — 31 dBm (RLSD off)

4. Greater than — 16 dBm (RLSD on)
Less than —21 dBm (RLSD off)

NOTE
Performance may be at a reduced level when the
received signal is less than — 43 dBm.

A minimum hysteresis action of 2 dB exists between the actual
off-to-on and on-to-off transition levels. The threshold level and
hysteresis action are measured with an unmodulated 2100 Hz
tone applied to the receiver’s audio input (RXA).

Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected data rate of 4800 or 2400 Hz (+0.01%).
2. Duty Cycle. 50 +1%.

TDCLK is provided to the user in synchronous communications
for USRT timing. In this case Transmit Data (TXD) must be stable
during the one us periods immediately preceding and following
the rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 * 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. RDCLK is provided to the user in synchronous communi-
cations for USRT timing. The timing recovery circuit is capable of
trackinga *.01% frequency error in the associated transmit tim-
ing source.
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MICROPROCESSOR INTERFACE

Eight hardware circuits provide address, data, control, and inter-
rupt signals for implementing a paralliel interface compatible with
an 8080 microprocessor. With the addition of a few external logic
gates, the interface can be made compatible with a wide variety
of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface allows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0-CS2) and
Register Selects (RS0-RS3)

The signal processor to be accessed is selected by grounding
one of three unique chip select lines, CS2, CS1 or CS0. The
selected chip decodes the four address lines, RS3 through RSO0,
to select one of sixteen internal registers. The most significant
address bit (23) is RS3 while the least significant address bit (20)
is RS0. Once the address bits have been decoded, the selected
register can be read from or written into via an 8-bit parallel data
bus, D7 through DO. The most significant data bit (27) is D7 while
the least significant data bit (20) is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ line
high or the WRITE line low. During a read cycle, data from the
selected register is gated onto the data bus by means of three-
state drivers. These drivers force the data lines high for a one bit
or low for a zero bit. When not being read, the three-state drivers
assume their off, high-impedance, state. During a write cycle,
data from the data bus is copied into the selected register, with
high and low bus levels representing one bits and zero bits,
respectively. The timing required for correct read/write cycles is
illustrated in Figure 2. Logic necessary to convert the single R/W

output from a 65XX series microprocessor to the separate READ .

and WRITE signals required by the modem is shown in Figure 3.

Interrupt Request (IRQ)

The final_signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
Is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to +5 volts is required at some
point on the IRQ line. The resistor value should be small enough
to pull the IRQ line high when all IRQ drivers are off (i.e., it must
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overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms *20%, 0.25 watt, is
sufficient.

ANALOG SIGNALS
The analog signal characteristics are described in Table 7.

Table 7. Analog Interface Characteristics

Name | Type Characteristics

TXA AA The transmitter output 1s 604 ohms +1%.

RXA AB The receiver input impedance 1s 60K ohms
+23%.

AUXIN | AC The auxiliary analog input allows access to the

transmitter for the purpose of interfacing with
user provided equipment. Because this is a
sampled data input, any signal above 4800 Hz
will cause aliasing errors. The input impedance
is 1K ohms, and the gain to transmitter output is
the TLVL setting +0.6 dB - 1.4 dB.

Transmitter Analog (TXA)

The TXA line is an output suitable for driving an audio trans-
former or data access arrangement for connection to either
leased lines or the public switched telephone network. The out-
put structure of TXA is a low impedance amplifier in series with
an internal 604 ohm * 1% resistor to match a standard tele-
phone load of 600 ohms.

Receiver Analog (RXA)

RXA is an input to the receiver from an audio transformer or
data access arrangement. The input impedance is nominally
60K ohms but a factory select resistor allows a variance of 23%.
The RXA input must be shunted by an external resistor in order to
match a 600 ohm source. A 604 ohm *1% resistor is
satisfactory.

Some form of transient protection for TXA and RXA is recom-
mended when operating directly into a transformer. This protec-
tion may take the form of back-to-back zener diodes across the
transformer or a'varistor across the transformer.

Auxiliary Input (AUXIN)

AUXIN provides a means of inserting audio signals into the
modem output stage. Because this input 1s summed with the
transmitter output prior to the transmitter low pass filter and com-
promise equalizers, the AUXIN signal is sampled by a compen-
sated sample-and-hold circuit at a rate of 9600 samples-per-
second. Any signal above 4800 Hz on the AUXIN line will be
aliased back into the passband as noise. The input impedance of
AUXIN is 1K ohm. The gain from AUXIN to TXA is the same as
the selected transmit level +0.6 dB — 1.4 dB. AUXIN must be
grounded if not used.
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CSi, RSi hold time after
Read or Write TCH 10 — ns
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Figure 2. Microprocessor Interface Timing Diagram
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Figure 3. R/W to READ WRITE Conversion Logic
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DIAGNOSTIC SIGNALS
EYEX, EYEY, EYECLK, and EYESYNC

Four card edge connections provide the timing and data neces-
sary to create an oscilloscope quadrature eye pattern. The eye
pattern is simply a display of the received baseband constella-
tion. By monitoring this constellation, an observer can often iden-
tify common line disturbances as well as defects in the modulation/
demodulation process.

The outputs EYEX and EYEY provide two serial bit streams con-
taining data for display on the oscilloscope X axis and Y axis,
respectively. Since this data is in serial digital form it must first be
converted to parallel digital form by two serial-to-parallel con-
verters and then to analog form by two D/A converters. A clock
for use by the serial-to-parallel converters is furnished by signal
EYECLK. A strobe for loading the D/A converters is furnished by
signal EYESYNC. Timing of these signals is illustrated in Fig-
ure 4. The EYEX and EYEY outputs furnish 9-bit serial words.
Since most serial to parallel conversion logic is designed for 8-bit
words, an extra storage flip-flop is required for 9-bit resolution.
However, the ninth bit is not generally needed for eyepattern gen-
eration, and eight-bit hardware can be used if data is copied on
the rising edge of EYECLK rather than the falling edge.

ANCILLARY SIGNALS

Transmitter Baud Clock (TBCLK) and
Receiver Baud Clock (RBCLK)

Two clock signals called TBCLK and RBCLK are provided at the
modem connector. These signals have no counterpartin the V.24

//

EYESYNC

L
L L

: X L;Bﬂ

e [

evev K X ’l\
MSB

Figure 4. Eye Pattern Timing
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or RS-232 recommendations since they mark the baud interval
for the transmitter and receiver rather than the data rate. The
baud clocks can be useful in identifying the order of data bits in a
baud (e.g., for multiplexing data, etc.). Both signals are high
active, meaning the baud boundaries occur on falling edges. The
first bit in each baud begins with the falling edge of the corres-
ponding baud clock.

SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load/
drive characieristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented in firmware running on three special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into areas.
These areas are partitioned into transmitter, baud rate, and sam-
ple rate devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal I/O bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. It is possible to enable a bit in register E to cause an inter-
rupt each time it sets. This interrupt can then be cleared by a read
or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 48 addressable registers in the modem are
shown in Figure 5. These registers may be read or written on any
host read or write cycle, but all eight bits of that register are
affected. In order to read a single bit or a group of bits in a register,
the host processor must mask out unwanted data. When writing
a single bit or group of bits in a register the host processor must
perform a read-modify-write operation. That is, the entire register
is read, the necessary bits are set or reset in the accumulator of
the host, then the original unmodified bits and the modified bits
are written back into the register of the interface memory.

Table 8 defines the individual bits in the interface memory. In the
Table 8 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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Transmitter Interface Memory Chip 0 (CS0)
Bit
7 6 5 4 3 2 1 0
Register
F RAM ACCESS T
E TIA — — — TSB TIE - TBA
D — — — — — — — —
c — — — — — — — —
B —_ —_ — — — — - —
A —_ — — — — — — —
9 — _ — — — — — —
8 _ - —_ - —_ —_ —_ —_
7 RTS |TTDIS | SDIS [MHLD | EPT | TPDM | XCEN | SEPT
6 TRANSMITTER CONFIGURATION
5 — —_ CEQ l LAEN I LDEN | A3L D3L
4 L3ACT | L4ACT L4Hﬂ TLVL L2ACT | LCEN
3 FREQM
2 FREQL
1 RAM DATA YTM
) RAM DATA YTL, TRANSMITTER DATA, DDR
Registe|
7 6 5 4 3 2 1 0
Bit
(—) Indicates reserved for modem use only.
Receiver Interface Memory Chip 1 (CS1) Receiver Interface Memory Chip 2 (CS2)
Bit Bit
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Register’ Register
F SQH — - — — — — — F — — — — — — — —
E RSIA — — — RSB | RSIE — | RSDA E RBIA — — — — RBIE — | RBDA
D — — — — — — — — D - — — — — — — —
[ — — — — — — — — [ — — — — — —_ —_ —
B — |PNDET| — — — — — |CDET B - - — - — - — —
A — — — — — — - — A — —_ —_ — — — — —_
9 — |FED| — | — |usMD|TONE| — | — 9 - -] -] == =]-=-1=-
8 — — — — | — |PaDET| — — 8 — [ - - | = — — —
7 RTH DDIS |RPDM | SWRT |BWRT | T2 |RTDIS 7 - - - - — - - -
6 IFIX | TOD RECEIVER CONFIGURATION 6 - - — — — — — -
5 RAM ACCESS XS 5 RAM ACCESS XB
4 RAM ACCESS YS 4 RAM ACCESS YB
3 RAM DATA XSM 3 RAM DATA XBM
2 RAM DATA XSL 2 RAM DATA XBL
1 RAM DATA YSM 1 RAM DATA YBM
0 RAM DATA YSL, RECEIVER DATA 0 RAM DATA YBL
Registe Registey
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Bit Bit
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 5. Interface Memory Map
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Table 8. R208/201 Interface Memory Definitions

Memory
Mnemonic Name Location Description
A3L Amplitude 3-Link 0:5:1 A3L is used in conjunction with LAEN. When A3L is a one the Japanese 3 link
Select equalizer is selected and when A3L is a zero the U.S. Survey Long link equalizer I1s
selected.
BWRT Baud Write 1:7:2 When control bit BWRT is a one, the RAM write operation is enabled for Chip 2.
CEQ Cable Equalizer 0:5:(4.5) The CEQ Control field simultaneously controls amplhitude compromise equalizers in both
Field the transmit and receive paths. The following tables list the possible cable equalizer
selection codes and responses.
CEQ Cable Length (0.4 mm diameter)
0 0.0
1 1.8 km
2 3.6 km
3 7.2 km
Cable Equalizer Nominal Gain
CEQ CODE 1
F y Gain Relative to 1700 Hz (dB)
(H2) Transmitter Receiver
700 -0.99 -0.94
1500 -0.20 ~0.24
2000 +0.15 +0.31
3000 +1.43 +1.49
CEQ CODE 2
Frequency Gain Relative to 1700 Hz (dB)
(Hz) Transmitter Receiver
700 -2.39 -2.67
1500 -0.65 -0.74
2000 +0.87 +1.02
3000 +3.06 +3.17
CEQ CODE 3
Frequency Gain Relative to 1700 Hz (dB)
(H2) Transmitter Receiver
700 -3.93 -3.98
1500 -1.22 -1.20
2000 +1.90 +1.81
3000 +4.58 +4.38
Unless a problem with training or high bit error rate is encountered, most applications
operate successfully with no cable equalizer selected.

CDET Carrier Detector 1:B:0 When zero, status bit CDET indicates that passband energy is being detected, and
that a training sequence is not in process. CDET goes to a zero at the start of the
data state, and returns to a one at the end of the received signal. CDET activates
up to 1 baud time before RLSD and deactivates within 2 baud times after RLSD. If the
FED bit goes to a zero and no P2 sequence is detected, the CDET bit goes to zero
within 5 to 25 ms indicating that the receiver has entered the data state without a
training sequence.

DDIS Descramble Disable 1:7:5 When control bit DDIS is a one, the receiver descrambler circuit is removed from the
data path.

DDR Dial Digit Register 0:0:0-7 DDR is used to tell the modem which DTMF digit to transmit (see Transmitter Data).

D3L Delay 3-Link Select 0:5:0 D3L is used in conjunction with LDEN. When D3L is a one the Japanese 3 link

equalizer is selected and when D3L is a zero the U.S. Survey Long link equalizer is selected.
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Table 8. R208/201 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
EPT Echo Protector 073 When control bit EPT is a one, an unmodulated carrier i1s transmitted for 185 ms
Tone (optionally 30 ms) followed by 20 ms of no transmitted energy at the start of transmission.
FED Fast Energy 196 When status bit FED 1s a zero, 1t indicates that energy above the receiver threshold is
Detector present In the passband, and the receiver is searching for the training sequence.
(None) FREQL/FREQM 0-2:0-7, The host processor conveys tone generation data to the transmitter by writing a 16-bit
0-3 0-7 data word to the FREQL and FREQM registers in the interface memory space, as
shown below:
FREQM Register (0:3)
Bit: 7 6 5 4 3 2 1 0
Data Word:| 215 214 213 212 2n 210 29 28
FREQL Register (0:2)
Bit: 7 6 5 4 3 2 1 0
Data Word: 27 26 25 24 23 22 21 20
The frequency number (N) determines the frequency (F) as follows:
F = (0.146486) (N) Hz +£0.01%
Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are
given below:
FREQM FREQL Frequency (Hz2)
oC 52 462
1D 55 1100
2C 00 1650
31 55 1850
38 00 2100
IFIX Eye Fix 1:6:7 When control bit IFIX is a one, the senal data on EYEX and EYEY reflect the rotated
equalizer output and do not follow the data selected by RAM ACCESS XB and RAM
ACCESS YB.
LAEN Link Amplitude 0:5:3 The link amplitude equalizer enable and select bits control an amplitude compromise
Equalizer Enable equalizer In the receive path according to the following table:
LAEN A3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link amplitude equalizer responses are given In the following table.
Link Amplitude Equalizer
Frequency Gain Relative to 1700 Hz (dB)
(Hz) U.S. Survey Long Japanese 3-Link
1000 -0.27 -0.13
1400 -0.16 -008
2000 +0.33 +0 16
2400 +1.54 +0.73
2800 +5.98 +2.61
3000 +8.65 +3.43
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Table 8. R208/201 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
LCEN Loop Clock Enable 0:4:0 When control bit LCEN is a one, the transmitter clock tracks the receiver clock
LDEN Link Delay 0:5:2 The link delay equalizer enable and select bits control a delay compromise equalizer in
Equalizer Enable the receive path according to the following table:
LDEN D3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link delay equalizer responses are given in the following table.
Link Delay Equalizer
Delay Relative to
Fr y 1700 Hz (Microseconds)
(H2) U.S. Survey Long Japanese 3-Link
800 —-498.1 —653.1
1200 -188.3 —-398.5
1600 -15.1 -30.0
1700 +0.0 +0.0
2000 -39.8 +11.7
2400 -423.1 -117.1
2800 -672.4 -546.3
L2ACT Remote Digital 0:4:1 When control bit L2ACT 1s a one, the receiver digital output is connected to the
Loopback Activate transmitter digital input in accordance with CCITT recommendation V.54 loop 2.
L3ACT Local Analog 0:4:7 When control bit L3ACT is a one, the transmitter analog output is coupled to the
Loopback Activate receiver analog input through an attenuator in accordance with CCITT recommendation
V.54 loop 3.
L4ACT Remote Analog 0:4:6 When control bit L4ACT is a one, the receiver analog input 1s connected to the transmitter
Loopback Activate analog output through a variable gain amplifier in a manner similar to recommendation
V.54 loop 4.
L4HG Loop 4 High Gain 0:4:5 When control bit L4HG is a one, the loop 4 variable gain amplifier is set for + 16 dB,
and when at zero the gain is zero dB.
MHLD Mark Hold 0:7:4 When control bit MHLD is a one, the transmuitter input data stream is forced to all marks
(ones).
PNDET Period N Detector 1:B:6 When status bit PNDET is a zero, it indicates a PN sequence has been detected. This
bit sets to a one at the end of the PN sequence.
P2DET Period Two 1:8:2 When status bit P2DET is a zero, it indicates that a P2 sequence has been detected.
Detector This bit sets to a one at the start of the PN sequence.
(None) RAM Access T 0:F:0-7 Contains the RAM access code used in reading or writing chip 0 RAM locations via
word Y (0:1 and 0:0).
(None) RAM Access XB 2:5:0-7 Contains the RAM access code used in reading or writing chip 2 RAM locations via
word X (2:3 and 2:2).
(None) RAM Access XS 1:5:0-7 Contains the RAM access code used in reading or writing chip 1 RAM locations via
word X (1:3 and 1:2).
(None) RAM Access YB 2:4:0-7 Contains the RAM access code used in reading or writing chip 2 RAM locations via
word Y (2:1 and 2:0).
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Table 8. R208/201 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
(None) RAM Access YS 140-7 Contains the RAM access code used In reading or writing chip 1 RAM locations via
word Y (1 1and 1-0)
(None) RAM Data XBL 2 2:'0-7 Least significant byte of 16-bit word X used in reading or writing RAM locations in chip 2
(None) RAM Data XBM 2 30-7 Most significant byte of 16-bit word X used in reading or writing RAM locations in chip 2
(None) RAM Data XSL 1-2 0-7 Least significant byte of 16-bit word X used In reading or wrniting RAM locations in chip 1
(None) RAM Data XSM 1:3.0-7 Most significant byte of 16-bit word X used in reading or writing RAM locations in chip 1
(None) RAM Data YBL 20 0-7 Least significant byte of 16-bit word Y used In reading or writing RAM locations in chip 2
(None) RAM Data YBM 2:1.0-7 Most significant byte of 16-bit word Y used in reading or writing RAM locations in chip 2.
(None) RAM Data YSL 1.0.0-7 Least significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 1. Shared by parallel data mode for presenting channel data to the host
microprocessor bus. See ‘Recelver Data’
(None) RAM Data YSM 1-1.0-7 Most significant byte of 16-bit word Y used in reading or writing RAM locations in chip 1.
(None) RAM Data YTL 0:0:0-7 Least significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 0. It is shared by parallel data mode and DTMF dialing (see Transmitter Data)
(None) RAM Data YTM 0:1:0-7 Most significant byte of 16-byte word Y used in reading or writing locations in chip 0
RBDA Receiver Baud 2'E:0 Status bit RBDA goes to a one when the receiver writes data into register 2: 0. The bit goes
Data Available to a zero when the host processor reads data from register 2-0.
RBIA Receiver Baud 2'E:7 This status bit 1s a one whenever the receiver baud rate device I1s dnving IRQ low In
Interrupt Active idle mode the interrupts from chip 2 occur at half the baud rate. During diagnostic access
in data mode, the interrupts occur at the baud rate.
RBIE Recelver Baud 2:E.2 When the host processor writes a one in the RBIE control bit, the IRQ line of the
interrupt Enable hardware interface is driven to zero when status bit RBDA 1s a one.
(None) Recelver 1°6.0-5 The host processor configures the receiver by writing a control code into the receiver

Configuration

configuration field in the interface memory space (see RSB).
Receiver Configuration Control Codes

Control codes for the modem receiver configuration are:

Configuration Code (Hex) Receiver Configuration
18 Bell 208/201 Auto. Configuration*
16 Bell 208A/B HDX
12 Bell 208A/B FDX
34 Bell 201C HDX 26.4 ms Sync. Seq.
30 Bell 201C FDX 26.4 ms Sync. Seq
35 Bell 201C HDX 148.3 ms Sync. Seq.
31 Bell 201C FDX 148 3 ms Sync Seq
14 Bell 201C HDX 220 ms Sync Seq.
10 Bell 201C FDX 220 ms Sync. Seq
26 V 27 4800 HDX Long
22 V.27 4800 FDX Long
25 V.27 2400 HDX Long
21 V.27 2400 FDX Long
06 V.27 4800 HDX Short
02 V.27 4800 FDX Short
05 V.27 2400 HDX Short
01 V.27 2400 FDX Short
15 V.26A 2400 FDX 90 ms Sync. Seq.
11 V 26 1200 FDX 90 ms Sync Seq
08 Tone Detector

*When this configuration is selected, the receiver will detect a Bell 208 or 201C handshake
and configure itself accordingly.
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Table 8. R208/201 Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description

(None) Receiver Data 1:0:0-7 The host processor obtains channel data from the receiver in the parallel data mode
by reading a data byte from the receiver data register. The data is divided on baud
boundaries as is the transmitter data. When using receiver parallel data mode, the
registers 1:3 through 10 can not be used for reading the chip 1 RAM.

RPDM Receiver Parallel 1:7:4 When control bit RPDM is a one, the receiver supplies channel data to the receiver data

Data Mode register (1:0) as well as to the hardware serial data output. (See Receiver Data)

RSB Receiver Setup Bit 1:E:3 When the host processor changes the receiver configuration or the RTH field, the host
processor must write a one in the RSB control bit. RSB goes to zero when the changes
become effective. Worst case setup time 1s 2 baud times.

RSDA Receiver Sample 1:E:0 Status bit RSDA goes to a one when the receiver writes data to register 1:0. RSDA

Data Available goes to a zero when the host processor reads data from register 1:0.
RSIA Receiver Sample 1:E:7 This status bit is a one whenever the receiver sample rate device I1s driving IRQ to zero.
Interrupt Active
RSIE Receiver Sample 1:E:2 When the host processor writes a one in the RSIE control bit, the IRQ line of the
Interrupt Enable hardware interface is driven to zero when status bit RSDA is a one.
RTDIS Receiver Training 1:7:0 When control bit RTDIS is a one, the receiver is prevented from recognizing a training
Disable sequence and entering the training state.
RTH Receiver Threshold 1:7:6,7 The receiver energy detector threshold is set by the RTH field according to the following
Field codes (see RSB):
RTH RLSD On RLSD Off
0 > ~43 dBm < -48 dBm
1 > -33 dBm < -38 dBm
2 > -26 dBm < -31dBm
3 > -16 dBm < -21dBm

RTS Request-to-Send 0:7:7 When control bit RTS goes to a one, the modem begins a transmit sequence. It
continues to transmit until RTS is reset to zero, and the turn-off sequence has been
completed. This input bit parallels the operation of the hardware RTS control input.
These inputs are ORed by the modem.

SDIS Scrambler Disable 0:7:5 When control bit SDIS is a one, the transmitter scrambler circuit is removed from the
data path.

SEPT Short Echo 0:7:0 When control bit SEPT is a one, the echo protector tone is 30 ms long rather than 185 ms

Protector Tone

SQH Receiver Squelch 1:F:7 When control bit SQH is set to a one, the receiver is squelched, RLSD is turned off and
RXD is clamped to all marks. SQH only affects the receiver operation when a half
duplex receiver configuration has been selected.

SWRT Sample Write 1:7:3 When control bit SWRT is a one, the RAM write operation is enabled for chip 1.

TBA Transmitter Buffer 0:E:0 This status bit resets to zero when the host processor writes data to transmitter data

Available register 0:0. When the transmitter empties register 0:0, this bit sets to a one. During a
RAM access in chip 0, when TBA 1s a one the host can perform either a RAM read or
write depending on the state of bit 0:6:3 (see Transmitter Configuration).

TIA Transmitter 0:E7 This status bit 1s a one whenever the transmitter 1s driving IRQ to a zero

Interrupt Active
TIE Transmitter 0:E-2 When the host processor writes a one Iin control bit TIE, the IRQ line of the hardware
Interrupt Enable interface is driven to zero when status bit TBA s at a one.
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Table 8. R208/201 Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description
TLVL Transmitter Level 04 2-4 The transmitter analog output level 1s determined by eight TLVL codes, as follows
Field TLVL  Transmitter Analog Output* TLVL  Transmitter Analog Output*
0 -1dBm +1dB 4 -9dBm +1dB
1 -3 dBm +1dB 5 -11dBm +1dB
2 -5dBm +1dB 6 -13dBm +1dB
3 —7 dBm +1dB 7 -15dBm =1 dB
*Each step above 1s a 2 dB change +0.2 dB

TOD Train-on-Data 1°6:6 When control bit TOD is a one, It enables the train-on-data algorithm to converge the
equalizer If the signal quality degrades sufficiently. When TOD 1s a one, the modem stili
recognizes a training sequence and enters the force train state A BER of approximately
103 for 0 5 seconds initiates train-on-date.

TONE Tone Detect 1°9-2 TONE indicates with a zero the presence of energy In the 345-650 + 10 Hz frequency
range. For call progress purposes, the user may determine which tone is present by
determining the duty cycie of the TONE bit.

TPDM Transmitter Parallel 072 When control bit TPDM i1s a one, the transmitter accepts data for transmission from the

Data Mode transmitter data register (0:0). When TPDM is a zero channel data from the senal hardware
input TXD 1s accepted and the chip 0 RAM access i1s enabled.

(None) Transmutter 0°6:0-7 The host processor configures the transmitter by writing a control byte into the transmitter

Configuration* configuration register in its interface memory space. (See TSB)

Transmitter Configuration Control Codes
Control codes for the modem transmitter configurations are:

Configuration Code (Hex)* Configuration
32 Bell 208A/B Long
12 Bell 208A/B Short
30 Bell 201C 26.4 ms Sync Seq.
31 Bell 201C 148.3 ms Sync Seq.
10 Bell 201C 220 ms Sync. Seq
22 V.27 4800 Long
02 V.27 4800 Short
21 V.27 2400 Long
01 V.27 2400 Short
15 V.26 2400 90 ms Sync Seq
11 V.26 1200 90 ms Sync. Seq.
80 Tone Transmit
08 DTMF Tone Transmit

*Note:
Bit 3 of the transmitter configuration register i1s used in the RAM access operation for
chip 0 When 0:6.3 1s a one, a RAM write operation will occur when TPDM 1s a zero,
and when 0:6.3 1s a zero, a RAM read operation will occur when TPDM 1s a zero

Configuration Definitions

Definitions of the eight Transmitter Configurations are:

1. Bell 208. When any of the Bell 208 configurations are selected, the modem operates
as specified in the Bell 208A/B Standard.

2. Bell 201C. When any of Bell 201C configurations are selected, the modem operates
as specified in the Bell 201C Standard.

3. V.27. When any of the V.27 configurations are selected, the modem operates as
specified in CCITT Recommendation V.27 ter.

4 V.26. When any of the V.26 configurations are selected, the modem operates as
specified in CCITT Recommendation V.26.

5 Tone Transmit. In this configuration, activating signal RTS causes the modem to
transmit a tone at a single frequency specified by two registers in the host interface
memory space containing the frequency code. The most significant bits are specified
in the FREQM register (0°3). The least significant bits are specified in the FREQL
register (0:2). The least significant bit represents 0 146486 Hz +0 01%. The frequency
generated 1s: f =0.146486 (256 FREQM + FREQL) Hz +0 01%.

6. DTMF Tone Transmit. In this configuration, activating signal RTS causes the modem
to transmit a Dual Tone Multi-Frequency (DTMF) tone specified by the code loaded
in the Dial Digit Register (DDR, 0°0). The twelve codes, their associated dial digits
and tone pairs are as follows:
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Table 8. R208/201 Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

(None)

TSB

TTDIS

T2

USMD

XCEN

Transmitter; DDR;
RAM Data YTL

Transmitter Setup
Bit

Transmitter Train
Disable

T/2 Equalizer
Select

Unscrambled Mark
Detection

External Clock
Enable

0:0:0-7

0:E:3

0:7:1

Dial Digit Register (DDR) Tone Pair

Hexadecimal Code Dial Digit (H2)

00 0 941 1336
01 1 697 1209
697 1336
697 1477
770 1209
770 1336
770 1477
852
852
852
41
o4

o
~N
W OONDO DA WON

Figure 6 shows the utilization of the DTMF Tone Transmit configuration in an auto
dialing application.

1. The host processor transmits data in the parallel mode by writing a data byte to the
transmitter data register. The data 1s divided on baud boundaries, as follows:

NOTE
Data is transmitted bit zero first.

Bits
5 | 4 | 3

Configuration

Bell 208A/B
V.27 4800

Bell 201C,V 26,
V.27 2400

7 [ s

Not Used

2 [ 1] o

Baud 1 Baud 0

Baud 3 Baud 2 Baud 1 Baud 0

2. Register 0:0 is used to transmit DTMF digits when the transmitter is configured in
the DTMF tone transmit mode.

3. Register 0:0 is a RAM data register used for reading or writing the least significant
byte of the 16-bit Y word in Chip 0 when TPDM is a zero and no tone or DTMF tone
transmission 1s occurring.

When the host processor changes the transmitter configuration, the host must write a
one in this control bit. TSB goes to a zero when the change becomes effective Worst
case setup time is 2 baud + turnoff sequence + training (if applicable).

When control bit TTDIS is a one, the transmitter does not generate a training sequence
at the start of transmission. With training disabled, RTS/CTS delay s less than two
baud times.

When control bit T2 is a one, an adaptive equalizer with two taps per baud 1s used
When T2 is a zero, the equalizer has one tap per baud. The total number of taps
remains the same for both cases.

When status bit USMD 1s a one, unscrambled mark as defined by Bell 201C has been
detected. The response time is 5 ms.

When control bit XCEN s a zero, the transmitter timing is established by the external
clock supplied at the hardware input XTCLK, pin 22A. The clock appearing at the
XTCLK nput will appear at the TDCLK output.
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SIGNAL PROCESSOR RAM ACCESS

RAM and Data Organization

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32 bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word 1s organized into a real part (16 bits) and an
imaginary part (16 bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. In the sample rate and baud
rate devices the entire contents of XRAM and YRAM may be read
from or written into by the host processor via the microprocessor
interface. Access to the YRAM is possible only in the transmitter
device.

Interface Memory

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP 1/O bus. The SP logic unit determines the RAM
address to read from or write into by the code stored in the RAM
ACCESS bits of interface memory registers. The SP logic unit
normally transfers a word from RAM to interface memory once
each cycle of the device code. Each RAM word transferred to the
interface memory is 32 bits long (16 bits in the transmitter). These
bits are written by the SP logic unit into interface memory regis-
ters 3, 2, 1, and 0 in that order. Registers 3 and 2 contain the
most and least significant bytes of XRAM data, respectively,
while registers 1 and 0 contain the most and least significant
bytes of YRAM data, respectively. As previously described for
paraliel data mode, the data available bits set to a one when
register 0 of the respective signal processor is written into by the

“device and resets to a zero when register 0 is read from by the
host. Since the parallel data mode transmitter and receiver data
register shares register 0 with the YRAM data, chip 0 and 1 RAM
access are disabled in parallel data mode. However, chip 2 RAM
access remains active in receiver parallel data mode.

The transmitter, sample rate device and the baud rate device
allow data to be transferred from interface memory to RAM.
When set to a one, bit SWRT (1:7:3) signals the chip 1 SP logic
unit to suspend transfer of RAM data to the interface memory,
and instead, to transfer data from interface memory to RAM. Bit
BWRT (1:7:2) performs the same function for chip 2 RAM. When
writing into the RAM, 32 bits are transferred. The 16 bits written
into XRAM come from registers 3 and 2, with register 3 being the
more significant byte. The 16 bits written into YRAM come from
registers 1 and 0, with register 1 being the more significant byte.
When only 16 bits of data are to be written, FF (a dummy RAM
location) must be stored in RAM ACCESS XS or RAM ACCESS
YS to prevent writing the insignificant 16 bits of registers 1:3
through 1:0 into a valid RAM location. When the host processor
writes into register 1:0 the RSDA bit (1:E:0) is reset to zero. When
the SP logic unit reads data from register 1:0, the RSDA bit
(1:E:0)is setto a one. in a similar manner, bit RBDA (2:E:0) resets

to zero when the host processor writes into register 2:0 and sets
to a one when the SP logic unit reads data from register 2:0.

When reading from RAM, or writing into RAM, the bits in regis-
ters 0:E, 1:E, 2:E can be used for handshaking or interrupt func-
tions as in parallel data mode. When not in parallel data mode,
the bits in register 1:E perform the handshake and interrupt func-
tions for RAM access. In both serial and parallel data modes, the
bits in register 2:E perform handshake and interrupt functions for
RAM access. When set to one, bit RBIE (2:E:2) enables RBDA to
drive the IRQ connector signal to zero volts when RBDA is a one.
Bit RBIA (2:E:7) identifies chip 2, the baud rate device, as a
source of IRQ interrupt. Bit RBIA is a one when both RBIE and
RBDA are set to one. In the event that other system elements may
cause IRQ to be driven low, the host must determine if modem
chip 2 1s causing an interrupt by reading RBIA.

Table 9 provides the available RAM access functions, codes, and
registers.

Auto Dial Sequence

The Figure 6 flowchart defines the auto dial sequence via the
microprocessor interface memory. The modem timing for the
auto dialer accounts for DTMF tone duration and interdigit delay.
The default tone duration is 95 ms and the default interdigit delay
is 71 ms. The default amplitudes for the high and low frequencies
are —4 dBmand -~ 6 dBm, respectively. The above four parame-
ters can be changed by performing a RAM write.

Table 9. RAM Access Codes

X Access | Y Access
Code Code
No. Function Chip| (Hex) (Hex) |[Register
1 {DTMF Low Frequency 0 — 88 0,1
Amplitude!
2 |DTMF High Frequency 0 —_ 08 0,1
Amplitude?
3 |Interdigit Delay! 0 —_ 89 0,1
4 | DTMF Tone Duration? 0 — 09 0,1
5 [Received Signal Samples | 1 Cco Not Used 2,3
6 | Demodulator Output 1 Cc2 42 0,1,2,3
7 |Low Pass Filter Output 1 D4 54 0,1,2,3
8 | Average Energy 1 DC Not Used 2,3
9 {AGC Gain Word 1 81 Not Used 2,3
10 {Equalizer Input 2 co 40 0,1,2,3
11 |Equalizer Tap Coefficients| 2 | 81-A0 | 01-20 | 0,1,2,3
12 |Unrotated Equalizer
Output 2 E1 61 0,1,23
13 | Rotated Equalizer Output | 2 A2 22 0,1,2,3
(Received Points)
14 | Decision Points 2 62 0,1,2,3
Ideal Points
15 {Error 2 E3 63 0,1,2,3
16 | Rotation Angle 2 | Not Used 00 0,1
17 | Frequency Correction 2 AA Not Used 2,3
18 |EQM 2 A7 Not Used 2,3
19 {Dual Point 2 AE 2E 0,1,2,3
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START

l 0 — RTS (0:7:7) J

1

$08 — 0:6
(DTMF TONE TX)

\

l 1 — TSB (O:E:S)J
v

WRITE FIRST
DIGIT IN DDR (0:0)

!

L 1 — RTS(0:7:7) J

il )

>l

= TBA (0:E:0) = 1?

WRITE DIGIT
IN DDR (0:0)

l 0 — RTS (0:7:7) ]

STOP

Figure 6. R208/201 Auto Dial Sequence
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PERFORMANCE

TYPICAL BIT ERROR RATES

The Bit Error Rate (BER) performance of the modem is specified
for a test configuration conforming to that specified in CCITT
Recommendation V.56, except with regard to the placement of
the filter used to bandlimit the white noise source. Bit error rates
are measured at a received line signal level of —20 dBm as
lustrated.

Typical BER performance is shown in Figure 7. Figure 8 shows a
typical test setup to measure BER.

TYPICAL PHASE JITTER

At 2400 bps, the modem exhibits a bit error rate of 10° or less
with a signal-to-noise ratio of 12.5 dB in the presence of 15°
peak-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio
of 15 dB in the presence of 30° peak-to-peak phase jitter at
120 Hz (scrambler inserted).

At 4800 bps, the modem exhibits a bit error rate of 10~ or less
with a signal-to-noise ratio of 19 dB in the presence of 15° peak-
to-peak phase jitter at 60 Hz.

BELL 201C

2400 BPS
107 Lo

BELL 208A/B
4800 BPS
v.27

10-8 \
10-4 \
10-5
10-6 |

6 8 10 12 14 16 18 20 22

SIGNAL-TO-NOISE RATIO dB

a) TYPICAL BIT ERROR RATE
(BACK TO BACK, T/2 EQUALIZER, -20 dBm)

BELL 201C

2400 BPS
10-2 - BELL 208A/B

4800 BPS

AN
NERVE

10-5 \
10-¢ \ J

6 8 10 12 14 16 18 20 22 24

SIGNAL-TO-NOISE RATIO dB

b) TYPICAL BIT ERROR RATE
(UNCONDITIONED 3002 LINE, T/2 EQUALIZER, -20 dBm)

Figure 7. R208/201 BER versus SNR
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LEVEL
METER
HP 3552A
3002 IMPAIRMENT
MODEM LINE SOURCE ATTENUATOR MODEM
L’,‘T"T'g SIMULATOR BRADLEY 2A HP 350D RECEIVER
SEG FA-1445 AND 2B
MODEM
TEST SET
PHOENIX NOTE
5000 SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING.

Figure 8. BER Performance Test Set-up
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GENERAL SPECIFICATIONS

Table 10. Modem Power Requirements

Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vde +5% 550 mA <700 mA

+12 Vdc +5% 5 mA < 10 mA

-12 Vdc +5% 25 mA < 50 mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 11. Modem Environmental Restrictions

Parameter Specification

Temperature

Operating 0°C to +60°C (32°F to 140°F)

Storage —40°C to +80°C (—40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude - 200 feet to + 10,000 feet

Table 12. Modem Mechanical Considerations
Parameter Specification

DIN Connector Version
Board Structure:

Mating Connector:

Dimensions:
Width
Length
Connector Height
Component Height
Top (max.)
Bottom (max.)
Weight (max):

Lead Extrusion (max.):

DIP Connector Version
Board Structure:
Dimensions:

Width
Length
Component Height
Top (max.)
Bottom (max.)
Weight (max.):
Pin Length (max.)

Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated.
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.

3.94 in. (100 mm)
4.725 in. (120 mm)
0.437 in. (11.1 mm)

0.200 in. (5.1 mm)
0.130 in. (3.3 mm)
3.6 0z. (100 g)
0.100 in. (2.54 mm)

Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration.

3.228 in. (82 mm)
3.937 in. (100 mm)

0.200 in. (5.1 mm)
0.130 in. (3.3 mm)
3.6 0z. (100 g)

0.53 in. (13.5 mm)
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Figure 9. R208/201 Modem Dimensions and Pin Locations
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R48DP/208

Integral Modems

Rockwell

R48DP/208
4800 bps Data Pump Modem

INTRODUCTION

The Rockwell R48DP/208 is a synchronous 4800 bits per second
(bps) modem. It is designed for operation over the public switched
telephone network (PSTN) as well as leased lines through the
appropriate line termination.

The modem satisfies the telecommunications requirements
specified in CCITT Recommendation V.27 bis/ter and Bell
208A/B. The R48DP/208 can operate at speeds of 4800 and
2400 bps. Employing advanced signal processing techniques,
the R48DP/208 can transmit and receive data even under
extremely poor line conditions.

The R48DP/208 is designed for use in point-to-point environ-
ments. User programmable features allow the modem operation
to be tailored to support a wide variety of functional require-
ments. The modem’s small size, low power consumption, and
serial/parallel host interface simplify system design and aliow
installation in a compact enclosure. The modem module is avail-
able with a DIN connector for connection to a mating connector
or with dual-in-line pins (DIP) for direct plug-in installation onto a
host module.

R48DP/208 DIN Connector Version

FEATURES

CCITT V.27 bis/ter and Bell 208A/B Compatible
Point-to-Point Applications
2-Wire Half-Duplex, 4-Wire Full-Duplex
Programmable Tone Generation
Programmable DTMF Tone Dialer
Dynamic Range: —43 dBm to 0 dBm
Equalization
— Automatic Adaptive
— Compromise Cable and Link (Selectable)
DTE Interface
— Functional: CCITT V.24 (RS-232-C)(Data/Control) and
Microprocessor Bus (Data/Configuration/Control)
— Electrical: TTL and CMOS Compatible
Diagnostic Capability
Programmable Transmit Output Level
Loopbacks
— Local and Remote Analog
— Remote Digital
Small Size
— DIN Connector Version:
100 mm x 120 mm (3.94 in. x 4.73in.)
— DIP Connector Version:
82mm x 100 mm (3.23in. x 3.94in.)
Power Consumption: 3 W (Typical)

R48DP/208 DIP Connector Version

Document No. 29200N14

Data Sheet
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER FREQUENCIES

The supported transmitter carrier frequencies are listed in
Table 1.

Table 1. Transmitter Carrier Frequencies
Frequency
Function (Hz £0.01%)
V.27 bis/ter and Bell 208 Carrier 1800

TONE GENERATION

Under control of the host processor, the modem can generate
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and
an accuracy of 0.01%. Tones over 3000 Hz are attenuated.

DTMF tone transmission capability is provided to allow the
modem to operate as a programmable DTMF tone dialer.

SIGNALING AND DATA RATES
The supported signaling and data rates are listed in Table 2.

Table 2. Signaling/Data Rates

Baud Rate |Bits Per| Data Rate |Symbol
Specification | (Symbols/sec.) | Baud |(bps)(x0.01%)| Points
v.27 1600 3 4800 8
Bell 208 1600 3 4800 4
v.27 1200 2 2400 4
DATA ENCODING

The data encoding conforms to CCITT Recommendation V.27
bis/ter and Bell 208A/B.

EQUALIZERS

The modem provides equalization functions that improve per-
formance when operating over low quality lines.

Cable Equalizers — Selectable compromise cable equalizers in
the receiver and transmitter are provided to optimize performance
over different lengths of non-loaded cable of 0.4 mm diameter.

Link Equalizers — Selectable compromise link equalizers in the
receiver optimize performance over channels exhibiting severe
amplitude and delay distortion. Two standards are provided: U.S.
survey long and Japanese 3-link.

Automatic Adaptive Equalizer — An automatic adaptive equal-
izer is provided in the receiver circuit. The equalizer can be con-
figured as either a T or a T/2 equalizer.
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TRANSMITTED DATA SPECTRUM

If the cable equalizer is not enabled, the transmitter spectrum is
shaped by the following raised cosine filter functions:

1. 1200 Baud. Square root of 90 percent
2. 1600 Baud. Square root of 50 percent

The out-of-band transmitter power limitations meet those speci-
fied by Part 68 of the FCC’s rules, and typically exceed the
requirements of foreign telephone regulatory bodies.

SCRAMBLER/DESCRAMBLER

The R96DP incorporates a self-synchronizing scrambler/
descrambler. This facility is in accordance with either V.27 bis/
ter or Bell 208A/B depending on the selected configuration.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit can adapt to received frequency error of up to
+ 10 Hz with less than 0.2 dB degradation in BER performance.

RECEIVE LEVEL

The receiver circuit of the modem satisfies all specified perform-
ance requirements for received line signal levels from 0 dBm to
—43 dBm. The received line signal level is measured at the
receiver analog input (RXA).

TRANSMIT LEVEL

The transmitter output level is accurate to +1.0 dB and is pro-
grammable from — 1.0 dBm to — 15.0 dBm in 2 dB steps.

TRAIN ON DATA

When train on data is enabled, the receiver typically trains on
data in less than 3.5 seconds.

TURN-ON SEQUENCE

Selectable turn-on sequences can be generated as defined in
Table 3.

Table 3. Turn-On Sequences

RTS-CTS Turn-On Time

Echo Protector | Echo Protector

Specification Tone Disabled Tone Enabled*
Bell 208 4800 bps long 150 ms 355 ms
Bell 208 4800 bps short 50 ms 255 ms
V.27 4800 bps long 708 ms 913 ms
V.27 4800 bps short 50 ms 255 ms
V.27 2400 bps long 943 ms 1148 ms
V.27 2400 bps short 67 ms 272 ms

* For short echo protector tone, subtract 155 ms from RTS-CTS
turn-on time.

TURN-OFF SEQUENCE

For V.27 ter and Bell 208, the turn-off sequence consists of
approximately 10 ms of remaining data and scrambled ones at
1200 baud or approximately 7 ms of data and scrambled ones at
1600 baud followed by a 20 ms period of no transmitted energy.

CLAMPING

Received Data (RXD) is clamped to a constant mark (one) when-
ever the Received Line Signal Detector (RLSD) is off.
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MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of I/O points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six groups
of modem operation: overhead signals, V.24 interface signals,
microprocessor interface signals, diagnostic signals, analog sig-
nals, and ancillary signals. Table 4 lists these groups along with
their corresponding connector pin numbers. The six groups of hard-
ware circuits are described in the following paragraphs. Table 5 lists
the digital interface characteristics.

POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-
plete. The modem POR sequence leaves the modem configured
as foliows:

Bell 208 4800 bps Short Train
Serial channel data

T/2 equalizer

Standard echo protector tone

— 43 dBm threshold

Cable and link equalizers disabled
Train-On-Data disabled

Femm—————
] O—ibo M
: IO<LO ScopE
i ' TXD A \
I X y
H USRT TDCLK EYEX _
I (OPTIONAL) 1 XTCLK EYEY - EYE
1 | PATTERN
' ALSD EVESYNC _ IGENERATOR
1 I Rxp - EYECLK
! . RADCIK =
! g«—o R48DP/208 <12V
(A <« TBCLK ] o
[YYY RBCLK - POWER
- <« SN2 SUPPLY
! READ > _ _1av
o WRITE o
- oatasus@®) . TXA
HOST ADDRESS BUS (4) _ | .. LINE
pn¢>(g$§)son -1 RSi axa | INTERFACE Iﬁ:'EEPHONE
DECODER iz csi - —
POR
POe+—0) AUXIN
iRQ -
(o= D
+5 —-'\I\/‘—T

Figure 1. R48DP/208 Functional Interconnect Diagram
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Table 4. R48DP/208 Hardware Circuits

DIN DIP2 DIN DIP2
Name Type! | Pin No. | Pin No. Description Name Type! |Pin No. | Pin No. Description
A. OVERHEAD: C. V.24 INTERFACE:
Ground (A) | AGND |31C,32C | 30,31 |Analog Ground Return RDCLK oC 21A 23 |Receive Data Clock
Ground (D) [ DGND | 3C,8C, |29,37,53 | Digital Ground Return TDCLK ocC 23A 46 | Transmit Data Clock
5A,10A XTCLK iB 22A 51 External Transmit Clock
+5 volts PWR |19C,23C, | 1,45,61 | +5 volt supply RTS B 25A 50 |Request-to-Send
26C,30C CTS oC 25C 49 |[Clear-to-Send
+12 volts PWR 15A 32 +12 volt supply TXD 1B 24C 48 | Transmitter Data
—12 volts PWR 12A 36 - 12 volt supply RXD oC 22C 26 |Receiver Data
POR /0B 13C 2 Power-on-reset RLSD ocC 24A 27 |Received Line Signal
B. MICROPROCESSOR INTERFACE: Detector
D7 1/OA 1c 3 D. ANCILLARY CIRCUITS:
D6 II0A 1A 4 RBCLK oc 26A 22  |Receiver Baud Clock
D5 I/OA 2C 5 TBCLK ocC 27C 47 | Transmitter Baud Clock
D4 I/OA 2A 6 Data Bus (8 Bits) .
D3 L/OA 3A 7 E. ANALOG SIGNALS:
D2 1/OA 4C 8 TXA AA 31A 34 | Transmitter Analog Output
D1 1/OA 4A 9 |RXA AB 32A 33 |Receiver Analog Input
DO I/OA 5C 10 AUXIN AC 30A —  |Auxiliary Analog Input
RS3 1A 6C 16 F. DIAGNOSTIC:
RS2 1A 6A 17 Register Select EYEX oc | 15C 56 |Eye Pattern Data—X Axis
RS1 1A 7C 18 (4 Bits) EYEY oc | 14A 55 |Eye Pattern Data—Y Axis
RSO . 1A 7A 19 EYECLK OA | 14C 57 |Eye Pattern Clock
Cso 1A 10C 20 Chip Select EYESYNC | OA 13A 58 |Eye Pattern Synchronizing
Transmitter Device Signal
Cs1 IA 9C 21 Chip Select Receiver Notes:
§ample Rate ngice 1. Refer to Table 5 for digital circuit interface characteristics and
Cs2 1A 9A 13 |Chip Select Receiver Table 7 for analog circuit interface characteristics.
Baud Rate Device 2. Pins not used on the DIP Version: 15, 24, 25, 28, 35, 38, 39,
READ 1A 12C 14 Read Enable 40, 41, 42, 43, 44, 52, 54, 59, 60
WRITE 1A 11A 12 Write Enable
IRQ oB 11C 11 Interrupt Request
Table 5. Digital Interface Characteristics
Input/Output Type
Symbol Parameter Units 1A B Ic OA oB (o] ] 1/0 A /0B
Vin Input Voltage, High V | 2.0 Min. 2.0 Min. 2.0 Min. 2.0 Min. 5.25 Max.
2.0 Min.
Vi Input Voltage, Low V | 0.8 Max. 0.8 Max. 0.8 Max. ) 0.8 Max 0.8 Max.
Vou | Output Voltage, High v 2.4 Min.1 2.4 Min.? 2.4 Min 3
VoL | Output Voltage, Low \" 0.4 Max.2| 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.2 | 0.4 Max.5
In Input Current, Leakage pA | £2 5 Max. +2.5 Max 4
loH Output Current, High mA —0.1 Max.
lou Output Current, Low mA 1.6 Max. | 1.6 Max. 1.6 Max.
I Output Current, Leakage | xA +10 Max.
lpy Pull-up Current - 240 Max. | —240 Max. —240 Max. —260 Max
(Short Circuit) A -10 Min. | —10 Min. =10 Min. -100 Min.
C. Capacitive Load pF 5 5 20 10 40
Cp Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain | 3-State | Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Pull-up
Notes
1. I Load = -100 A 3. I Load = -40 pA 5. 1 Load = 036 mA
2. ILoad = 1.6 mA 4. Viy = 0.4 to0 2.4 Vdc, Vg = 525 Vdc
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This configuration 1s suitable for performing high speed data
transfer using the serial data port. Individual features are dis-
cussed In subsequent paragraphs.

V.24 INTERFACE

Eight hardware circuits provide timing, data, and control signals for
implementing a serial interface compatible with CCITT Recommen-
dation V.24. These signals interface directly with circuits using TTL
logic levels (OV, +5V). These TTL levels are suitable for driving the
short wire lengths or printed circuitry normally found within stand-
alone modem enclosures or equipment cabinets. For driving longer
cables, the voltage levels and connector arrangement recom-
mended by EIA standard RS-232-C are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.

4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Transmitted Data (TXD)

The modem obtains serial data from the local DTE on this input.

Received Data (RXD)

The modem presents received data to the local DTE on this
output.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. The responses to RTS are shown in Table 6.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which are present on TXD. CTS response times
from an ON condition of RTS are shown in Table 6.

The time between the on-to-off transition of RTS and the on-to-off
transition of CTS in data state is a maximum of 2 band times for
all configurations.

Table 6. RTS-CTS Response Times

RTS-CTS Turn-On Time

Echo Protect Echo Protector

Specification Tone Disabled Tone Enabled*
Bell 208 4800 bps long 150 ms 355 ms
Bell 208 4800 bps short 50 ms 255 ms
V27 4800 bps long 708 ms 913 ms
V.27 4800 bps short 50 ms 255 ms
V27 2400 bps long 943 ms 1148 ms
V.27 2400 bps short 67 ms 272 ms

* For short echo protector tone, subtract 155 ms from RTS-CTS

turn-on time.

Received Line Signal Detector (RLSD)

For V.27 bis/ter or Bell 208, RLSD turns on at the end of the
training sequence. If training is not detected at the receiver, the
RLSD off-to-on response time is 15 10 ms. The RLSD on-to-off
response time for V.27 is 10 +5 ms. Response times are mea-
sured with a signal at least 3 dB above the actuai RLSD on the
threshold or at least 5 dB below the actual RLSD off threshold.

The RLSD on-to-off response time ensures that all valid data bits
have appeared on RXD.

Four threshold options are provided:

1. Greater than — 43 dBm (RLSD on)
Less than — 49 dBm (RLSD off)

2. Greater than —33 dBm (RLSD on)
Less than — 38 dBm (RLSD off)

3. Greater than —26 dBm (RLSD on)
Less than —31 dBm (RLSD off)

4. Greater than - 16 dBm (RLSD on)
Less than — 21 dBm (RLSD off)

NOTE

Performance may be at a reduced level when the
received signal is less than —43 dBm.

A minimum hysteresis action of 2 dB exists between the actual
off-to-on and on-to-off transition levels. The threshold level and
hysteresis action are measured with an unmodulated 2400 Hz
tone applied to the receiver’s audio input (RXA).

Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected data rate of 4800 or 2400 Hz (*0.01%).
2. Duty Cycle. 50 +1%.

TDCLK is provided to the user in synchronous communications
for USRT timing. In this case Transmit Data (TXD) must be stabie
during the one ps periods immediately preceding and following
the rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 £ 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. RDCLK is provided to the user in synchronous communi-
cations for USRT timing. The timing recovery circuit is capable of
tracking a +.01% frequency error in the associated transmit tim-
ing source.
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MICROPROCESSOR INTERFACE

Eight hardware circuits provide address, data, control, and inter-
rupt signals for implementing a paraliel interface compatible with
an 8080 microprocessor. With the addition of a few external logic
gates, the interface can be made compatible with a wide variety
of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface aliows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0-CS2) and
Register Selects (RS0-RS3)

The signal processor to be accessed is selected by grounding
one of three unique chip select lines, CS2, CS1 or CS0. The
selected chip decodes the four address lines, RS3 through RSO0,
to select one of sixteen internal registers. The most significant
address bit (23) is RS3 while the least significant address bit (20)
is RS0. Once the address bits have been decoded, the selected
register can be read from or written into via an 8-bit parallel data
bus, D7 through DO. The most significant data bit (27) is D7 while
the least significant data bit (2% is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ line
high or the WRITE line low. During a read cycle, data from the
selected register is gated onto the data bus by means of three-
state drivers. These drivers force the data lines high for a one bit
or low for a zero bit. When not being read, the three-state drivers
assume their off, high-impedance, state. During a write cycle,
data from the data bus is copied into the selected register, with
high and low bus levels representing one bits and zero bits,
respectively. The timing required for correct read/write cycles is
illustrated in Figure 2. Logic necessary to convert the single RIW
output from a 65XX series microprocessor to the separate READ
and WRITE signals required by the modem is shownin Figure 3.

Interrupt Request (IRQ)

The final signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to +5 volts is required at some
point on the IRQ line. The resistor value should be small enough

2-30

to pull the IRQ line high when all IRQ drivers are off (i.e., it must
overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms *20%, 0.25 watt, is
sufficient.

ANALOG SIGNALS
The analog signal characteristics are described in Table 7.

Table 7. Analog Interface Characteristics

Name | Type Characteristics

TXA AA The transmitter output is 604 ohms +1%.

RXA AB The receiver input impedance is 60K ohms
+23%.

AUXIN | AC The auxiliary analog input allows access to the
transmitter for the purpose of interfacing with
user provided equipment. Because this is a
sampled data input, any signal above 4800 Hz
will cause aliasing errors. The input impedance
is 1K ohms, and the gain to transmitter output is
the TLVL setting +0.6 dB —1.4 dB.

Transmitter Analog (TXA)

The TXA line is an output suitable for driving an audio trans-
former or data access arrangement for connection to either
leased lines or the public switched telephone network. The out-
put structure of TXA is a low impedance amplifier in series with
an internal 604 ohm £ 1% resistor to match a standard tele-
phone load of 600 ohms.

Receiver Analog (RXA)

RXA is an input to the receiver from an audio transformer or
data access arrangement. The input impedance is nominally
60K ohms but a factory select resistor allows a variance of 23%.
The RXA input must be shunted by an external resistor in order to
match a 600 ohm source. A 604 ohm *1% resistor is
satisfactory.

Some form of transient protection for TXA and RXA is recom-
mended when operating directly into a transformer. This protec-
tion may take the form of back-to-back zener diodes across the
transformer or a varistor across the transformer.

Auxiliary Input (AUXIN)

AUXIN provides a means of inserting audio signals into the
modem output stage. Because this input is summed with the
transmitter output prior to the transmitter low pass filter and com-
promise equalizers, the AUXIN signal is sampled by a compen-
sated sample-and-hold circuit at a rate of 9600 samples-per-
second. Any signal above 4800 Hz on the AUXIN line will be
aliased back into the passband as noise. One application for
AUXIN is to inject dual-tone multifrequency (DTMF) touch-tone
signals for dialing, however, the source of these tones must be
well filtered to eliminate components above 4800 Hz. The input
impedance of AUXIN is 1K ohm. The gain from AUXIN to TXA is
the same as the selected transmit level +0.6 dB — 1.4 dB.
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Characteristic Symbol | Min | Max | Units
CSi, RS1 setup time prior
to Read or Write TCS 30 — ns
Data access time after Read TDA — 140 ns
Data hold time after Read TDH 10 50 ns
CSi, RSi hold time after
Read or Write TCH 10 — ns
Write data setup time TWDS 75 — ns
Write data hold time TWDH 10 — ns
Write strobe pulse width TWR 75 — ns

Figure 2. Microprocessor Interface Timing Diagram

02

RIW

>

12¢ | Reap
R48DP/208
MODEM
1A WRITE

Figure 3. R/W to READ WRITE Conversion Logic
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DIAGNOSTIC SIGNALS
EYEX, EYEY, EYECLK, and EYESYNC

Four card edge connections provide the timing and data neces-
sary to create an oscilloscope quadrature eye pattern. The eye
pattern is simply a display of the received baseband constella-
tion. By monitoring this constellation, an observer can often iden-
tify common line disturbances as well as defects in the modulation/
demodulation process.

The outputs EYEX and EYEY provide two serial bit streams con-
taining data for display on the oscilloscope X axis and Y axis,
respectively. Since this data is in serial digital form it must first be
converted to parallel digital form by two serial-to-parallel con-
verters and then to analog form by two D/A converters. A clock
for use by the serial-to-parallel converters is furnished by signal
EYECLK. A strobe for loading the D/A converters is furnished by
signal EYESYNC. Timing of these signals is illustrated in Fig-
ure 4. The EYEX and EYEY outputs furnish 9-bit serial words.
Since most serial to parallel conversion logic is designed for 8-bit
words, an extra storage flip-flop is required for 9-bit resolution.
However, the ninth bit is not generally needed for eyepattern gen-
eration, and eight-bit hardware can be used if data is copied on
the rising edge of EYECLK rather than the falling edge.

ANCILLARY SIGNALS

Transmitter Baud Clock (TBCLK) and
Receiver Baud Clock (RBCLK)

Two clock signals called TBCLK and RBCLK are provided at the
modem connector. These signals have no counterpartin the V.24

EYESYNC

L
L LI

EYECLK l I |

evev 2K ;)( )X+ X L:B)@

/

Figure 4. Eye Pattern Timing
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or RS-232 recommendations since they mark the baud interval
for the transmitter and receiver rather than the data rate. The
baud clocks can be useful in identifying the order of data bits ina
baud (e.g., for multiplexing data, etc.). Both signals are high
active, meaning the baud boundaries occur on falling edges. The
first bit in each baud begins with the falling edge of the corres-
ponding baud clock.

SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load/
drive characteristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented In firmware running on three special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into areas.
These areas are partitioned into transmitter, baud rate, and sam-
ple rate devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal I/O bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. Itis possible to enable a bit in register E to cause an inter-
rupt each time it sets. This interrupt can then be cleared by a read
or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 48 addressable registers in the modem are
shown in Figure 5. These registers may be read or written on any
host read or write cycle, but all eight bits of that register are
affected. In order o read a single bit or a group of bits in a register,
the host processor must mask out unwanted data. When writing
a single bit or group of bits in a register the host processor must
perform a read-modify-write operation. That is, the entire register
is read, the necessary bits are set or reset in the accumuiator of
the host, then the original unmodified bits and the modified bits
are written back into the register of the interface memory.

Table 8 defines the individual bits in the interface memory. In the
Table 8 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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Transmitter Interface Memory Chip 0 (CS0)
Bit
7 6 5 4 3 2 1 0
Register
RAM ACCESS T
E TA | — - — | TSB | TE | — | TBA
D —_ — — - —_ —_ —_ —_
c — —_ — — — — —_ —_
B —_ —_ —_ —_ —_ — —_ —_
A —_ — —_ — —_ — — _
9 — — —_ _ —_ — — —
8 — p— — —_ — — — —
7 RTS |TTDIS | SDIS |MHLD | EPT | TPDM | XCEN | SEPT
6 TRANSMITTER CONFIGURATION
5 — | - ceq  [vaen [oen| st | paL
4 L3ACT | L4ACT | L4HG | TLVL L2ACT | LCEN
3 FREQM
2 FREQL
1 RAM DATA YTM
0 RAM DATA YTL; TRANSMITTER DATA, DDR
Registe
7 6 5 4 3 2 1 0
Bit
(—) Indicates reserved for modem use only.
Receiver Interface Memory Chip 1 (CS1) Receiver Interface Memory Chip 2 (CS2)
Bit Bit
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Register Register
F SQH | — — - — — — — F - - - — — — - —
E RSIA | — — — | RSB | RSIE | — |RSDA E RBIA | — — — — | RBIE| — |RBDA
D - — — - — — — — D — — — — — — — —
c - — — — — — — — c - - - - - — — —
B — |PNDET| — — — — — | CDET B - — — — — — — —
A - — - — — — — — A - - — - - = - —
9 — |FED | — — — |TONE| — — 9 — — — — - — — —
8 - | - -1 =1 = |PeDET| — | — 8 S I I 0 [ Qi
7 RTH DDIS |RPDM | SWRT [BWRT | T2 |RTDIS 7 — - — — - — - —
6 IFIX | TOD RECEIVER CONFIGURATION 6 — — — - - — — —_
5 RAM ACCESS XS 5 RAM ACCESS XB
4 RAM ACCESS YS 4 RAM ACCESS YB
3 RAM DATA XSM 3 RAM DATA XBM
2 RAM DATA XSL 2 RAM DATA XBL
1 RAM DATA YSM 1 RAM DATA YBM
0 RAM DATA YSL, RECEIVER DATA 0 RAM DATA YBL
Register Registe!
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Bit Bit
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 5. Interface Memory Map
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Table 8. R48DP/208 Interface Memory Definitions
Memory
Mnemonic Name Location Description
A3L Amplitude 3-Link 0:5:1 A3L is used in conjunction with LAEN. When A3L is a one the Japanese 3 link
Select equalizer is selected and when A3L is a zero the U.S. Survey Long link equalizer is
selected.
BWRT Baud Write 1:7:2 When control bit BWRT is a one, the RAM write operation is enabled for Chip 2
CEQ Cable Equalizer 0:5:45 The CEQ Control field simultaneously controls amplitude compromise equalizers in both
Field the transmit and receive paths. The following tables list the possible cable equalizer
selection codes and responses.
CEQ Cable Length (0.4 mm diameter)
0 0.0
1 1.8 km
2 3.6 km
3 7.2 km
Cable Equalizer Nominal Gain
CEQ CODE 1
Fr y Gain Relative to 1700 Hz (dB)
(Hz) Transmitter Receiver
700 ~-0.99 -0.94
1500 -0.20 -0.24
2000 +0.15 +0.31
3000 +1.43 +1.49
CEQ CODE 2
Fr y Gain Relative to 1700 Hz (dB)
(H2) Transmitter Receiver
700 -2.39 -2.67
1500 -0.65 -0.74
2000 +0.87 +1.02
3000 +3.06 +3.17
CEQ CODE 3
Freq y Gain Relative to 1700 Hz (dB)
(Hz) Transmitter Receiver
700 -3.93 -3.98
1500 -1.22 -1.20
2000 +1.90 +1.81
3000 +4.58 +4.38
Unless a problem with training or high bit error rate is encountered, most applications
operate successfully with no cable equalizer selected.

CDET Carrier Detector 1:B:0 When zero, status bit CDET indicates that passband energy is being detected, and
that a training sequence is not in process. CDET goes to a zero at the start of the
data state, and returns to a one at the end of the received signal. CDET activates
up to 1 baud time before RLSD and deactivates within 2 baud times after RLSD If the
FED bit goes to a zero and no P2 sequence is detected, the CDET bit goes to zero
within 5 to 25 ms indicating that the receiver has entered the data state without a
training sequence.

DDIS Descramble Disable 1:7:5 When control bit DDIS is a one, the receiver descrambler circuit 1s removed from the

' data path.
DDR Dial Digit Register 0:0:0-7 DDR is used to tell the modem which DTMF digit to transmit (see Transmitter Data).
D3L Delay 3-Link Select 0:5:0 D3L 1s used in conjunction with LDEN. When D3L is a one the Japanese 3 link

equalizer is selected and when D3L is a zero the U.S Survey Long link equalizer is selected.
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Table 8. R48DP/208 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
EPT Echo Protector 0:7.3 When control bit EPT i1s a one, an unmodulated carner is transmitted for 185 ms
Tone (optionally 30 ms) followed by 20 ms of no transmitted energy at the start of transmission.
FED Fast Energy 1.9.6 When status bit FED 1s a zero, 1t indicates that energy above the receiver threshold 1s
Detector present in the passband, and the receiver is searching for the training sequence.
(None) FREQL/FREQM 0 2:0-7, The host processor conveys tone generation data to the transmitter by writing a 16-bit
0.3 0-7 data word to the FREQL and FREQM registers in the interface memory space, as
shown below-
FREQM Register (0:3)
Bit: 7 6 5 4 3 2 1 0
Data Word: | 215 214 213 212 2n 210 29 28
FREQL Register (0:2)
Bit: 7 6 5 4 3 2 1 0
Data Word: 27 26 25 24 23 22 21 20
The frequency number (N) determines the frequency (F) as follows:
F = (0 146486) (N) Hz £0.01%
Hexadecimal frequency numbers (FREQL, FREQM) for commonly generated tones are
given below"
FREQM FREQL Frequency (H2)
ocC 52 462
1D 55 1100
2C 00 1650
31 55 1850
38 00 2100
IFIX Eye Fix 16:7 When control bit IFIX i1s a one, the serial data on EYEX and EYEY reflect the rotated
equalizer output and do not follow the data selected by RAM ACCESS XB and RAM
ACCESS YB.
LAEN Link Amplitude 0:5-3 The link amplitude equalizer enable and select bits control an amplitude compromise
Equalizer Enable equalizer in the receive path according to the following table:
LAEN A3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link amplitude equalizer responses are given in the following table.
Link Amplitude Equalizer
F y Gain Relative to 1700 Hz (dB)
(Hz) U.S. Survey Long Jap 3-Link
1000 -0.27 -0.13
1400 -0.16 -0.08
2000 +0.33 +0.16
2400 +154 +0.73
2800 . +5.98 +2.61
3000 +8.65 +343
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Table 8. R48DP/208 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
LCEN Loop Clock Enable 0:4:0 When control bit LCEN is a one, the transmitter clock tracks the receiver clock.
LDEN Link Delay 0:5:2 The link delay equalizer enable and select bits control a delay compromise equalizer in
Equalizer Enable the receive path according to the following table:
LDEN D3L Curve Matched
0 X No Equalizer
1 0 U.S. Survey Long
1 1 Japanese 3-Link
The link delay equalizer responses are given in the following tabie.
Link Delay Equalizer
Delay Relative to
Fr y 1700 Hz (Microseconds)
(H2) U.S. Survey Long Japanese 3-Link
800 —498.1 -653.1
1200 -188.3 —-398.5
1600 -15.1 -30.0
1700 +0.0 +0.0
2000 -39.8 +11.7
2400 -423.1 -117.1
2800 -672.4 -546.3
L2ACT Remote Digital 0:4:1 When control bit L2ACT is a one, the receiver digital output is connected to the
Loopback Activate transmitter digital input in accordance with CCITT recommendation V.54 loop 2.
L3ACT Local Analog 0:4:7 When control bit L3ACT is a one, the transmitter analog output is coupled to the
Loopback Activate receiver analog input through an attenuator in accordance with CCITT recommendation
V.54 loop 3.
L4ACT Remote Analog 0:4:6 When control bit L4ACT is a one, the receiver analog input is connected to the transmitter
Loopback Activate analog output through a variable gain amplifier in a manner similar to recommendation
V.54 loop 4.
L4HG Loop 4 High Gain 0:4:5 When control bit L4HG is a one, the loop 4 variable gain amplifier is set for + 16 dB,
and when at zero the gain is zero dB.
MHLD Mark Hold 0:7:4 When control bit MHLD is a one, the transmitter input data stream is forced to all marks
(ones).
PNDET Period N Detector 1:B:86 When status bit PNDET is a zero, it indicates a PN sequence has been detected. This
bit sets to a one at the end of the PN sequence.
P2DET Period Two 1:8:2 When status bit P2DET is a zero, it indicates that a P2 sequence has been detected.
Detector This bit sets to a one at the start of the PN sequence.
(None) RAM Access T 0:F:0-7 Contains the RAM access code used in reading or writing chip 0 RAM locations via
word Y (0:1 and 0:0).
(None) RAM Access XB 2:5:0-7 Contains the RAM access code used in reading or writing chip 2 RAM locations via
word X (2:3 and 2:2).
(None) RAM Access XS 1:5:0-7 Contains the RAM access code used in reading or writing chip 1 RAM locations via
word X (1:3 and 1:2).
(None) RAM Access YB 2:4:0-7 Contains the RAM access code used in reading or writing chip 2 RAM locations via

word Y (2:1 and 2:0).
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Table 8. R48DP/208 Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description

(None) RAM Access YS 1:4-0-7 Contains the RAM access code used in reading or writing chip 1 RAM locations via
word Y (1-1 and 1 0).

(None) RAM Data XBL 2 2:0-7 Least significant byte of 16-bit word X used in reading or writing RAM locations in
chip 2.

(None) RAM Data XBM 2:3:0-7 Most significant byte of 16-bit word X used in reading or writing RAM locations in
chip2

(None) RAM Data XSL 1-2-0-7 Least significant byte of 16-bit word X used in reading or writing RAM locations in
chip 1.

(None) RAM Data XSM 1:3:0-7 Most significant byte of 16-bit word X used in reading or writing RAM locations in
chip 1

(None) RAM Data YBL 2:0 0-7 Least significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 2.

(None) RAM Data YBM 2:1.0-7 Most significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 2.

(None) RAM Data YSL 1:0°0-7 Least significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 1. Shared by parallel data mode for presenting channel data to the host
microprocessor bus. See ‘Receiver Data.’

(None) RAM Data YSM 1:1-0-7 Most significant byte of 16-bit word Y used in reading or writing RAM locations in
chip 1.

(None) RAM Data YTL 0:0:0-7 Least significant byte of 16-bit word Y used In reading or writing RAM locations in
chip O It is shared by parallel data mode and DTMF dialing (see Transmitter Data).

(None) RAM Data YTM 0:1 0-7 Most significant byte of 16-byte word Y used in reading or writing locations in chip 0.

RBDA Receiver Baud 2:E:0 Status bit RBDA goes to a one when the receiver writes data into register 2:0. The bit

Data Available goes to a zero when the host processor reads data from register 2:0.
RBIA Receiver Baud 2:E:7 This status bit is a one whenever the receiver baud rate device Is driving IRQ low. In
Interrupt Active idle mode the interrupts from chip 2 occur at half the baud rate During diagnostic
access in data mode, the interrupts occur at the baud rate.
RBIE Receiver Baud 2:E:2 When the host processor writes a one in the RBIE control bit, the TRQ line of the
Interrupt Enable hardware Interface Is driven to zero when status bit RBDA is a one.
(None) Receiver 1:6:0-5 The host processor configures the receiver by writing a control code into the receiver
Configuration configuration field in the interface memory space (see RSB).
Receiver Configuration Control Codes
Control codes for the modem receiver configuration are:
Configuration Code (Hex) Receiver Configuration
16 Bell 208A/B HDX
12 Bell 208A/B FDX
26 V 27 4800 HDX Long
22 V.27 4800 FDX Long
25 V.27 2400 HDX Long
21 V.27 2400 FDX Long
06 V 27 4800 HDX Short
05 V.27 2400 HDX Short
02 V 27 4800 FDX Short
01 V.27 2400 FDX Short
08 Tone Detector

2-37




R48DP/208

4800 bps Data Pump Modem

Table 8. R48DP/208 Interface Memory Definitions (Continued)

Interrupt Enable

Memory
Mnemonic Name Location Description

(None) Receiver Data 1:0:0-7 The host processor obtains channel data from the receiver in the parallel data mode
by reading a data byte from the receiver data register. The data is divided on baud
boundaries as is the transmitter data When using receiver parallel data mode, the
registers 1:3 through 1:0 can not be used for reading the chip 1 RAM.

RPDM Receiver Parallel 1:7:4 When control bit RPDM is a one, the receiver supplies channel data to the receiver data

Data Mode register (1:0) as well as to the hardware serial data output (See Receiver Data)

RSB Receiver Setup Bit 1:E:3 When the host processor changes the receiver configuration or the RTH field, the host
processor must write a one in the RSB control bit. RSB goes to zero when the changes
become effective. Worst case setup time is 2 baud times

RSDA Receiver Sample 1:E:0 Status bit RSDA goes to a one when the receiver writes data to register 1:0. RSDA

Data Available goes to a zero when the host processor reads data from register 1:0.
RSIA Receiver Sample 1:E:7 This status bit is a one whenever the receiver sample rate device is driving IRQ to zero.
Interrupt Active
RSIE Receiver Sample 1:E:2 When the host processor writes a one in the RSIE control bit, the IRQ line of the
Interrupt Enable hardware interface is driven to zero when status bit RSDA Is a one.
RTDIS Receiver Training 1:7:0 When control bit RTDIS is a one, the receiver is prevented from recognizing a training
Disable sequence and entering the training state.
RTH Receiver Threshold 1:7:6,7 The receiver energy detector threshold is set by the RTH field according to the following
Field codes (see RSB):
RTH RLSD On RLSD Off
0 > -43 dBm < -48 dBm
1 >-33 dBm < -38 dBm
2 > -26 dBm < ~31dBm
3 >-16 dBm <-21dBm

RTS Request-to-Send 0:7:7 When control bit RTS goes to a one, the modem begins a transmit sequence. It
continues to transmit until RTS is reset to zero, and the turn-off sequence has been
completed. This input bit parallels the operation of the hardware RTS control input.
These inputs are ORed by the modem.

SDIS Scrambler Disable 0:7:5 When control bit SDIS is a one, the transmitter scrambler circuit is removed from the
data path.

SEPT Short Echo 0:7:0 When control bit SEPT is a one, the echo protector tone is 30 ms long rather than

Protector Tone 185 ms.

SQH Receiver Squeich 1:F:7 When control bit SQH is set to a one, the receiver is squelched, RLSD is turned off and
RXD s clamped to all marks. SQH only affects the receiver operation when a half
duplex receiver configuration has been selected.

SWRT Sample Write 1:7:3 When control bit SWRT is a one, the RAM write operation is enabled for chip 1.

TBA Transmitter Buffer 0:E:0 This status bit resets to zero when the host processor writes data to transmitter data

Available register 0:0. When the transmitter empties register 0:0, this bit sets to a one. During a
RAM access in chip 0, when TBA i1s a one the host can perform either a RAM read or
write depending on the state of bit 0:63 (see Transmitter Configuration).

TIA Transmitter 0.E:7 This status bit is a one whenever the transmitter is driving IRQ to a zero

Interrupt Active
TIE Transmitter 0:E-2 When the host processor writes a one in control bit TIE, the IRQ line of the hardware

interface is driven to zero when status bit TBA 1s at a one.
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Table 8. R48DP/208 Interface Memory Definitions (Continued)

Configuration*

Memory
Mnemonic Name Location Description
TLVL Transmitter Level 0°4:2-4 The transmitter analog output level is determined by eight TLVL codes, as follows*
Field
TLVL Transmitter Analog Output®

0 -1dBm *1dB
1 -3dBm *1dB
2 -5dBm +1dB
3 -7dBm *1dB
4 -9dBm =1dB
5 -11dBm +1dB
6 -13dBm %1 dB
7 -15dBm +1 dB
*Each step above 1s a 2 dB change +0.2 dB.

TOD Train-on-Data 1:6:6 When control bit TOD is a one, it enables the train-on-data algorithm to converge the
equalizer if the signal quality degrades sufficiently. When TOD is a one, the modem still
recognizes a training sequence and enters the force train state. A BER of approximately
10-3 for 0.5 seconds Initiates train-on-date.

TONE Tone Detect 1:9:2 TONE indicates with a zero the presence of energy in the 345-650 + 10 Hz frequency
range. For call progress purposes, the user may determine which tone is present by
determining the duty cycle of the TONE bit.

TPDM Transmitter Paraliel 0:7 2 When control bit TPDM is a one, the transmitter accepts data for transmission from the

Data Mode transmitter data register (0:0). When TPDM is a zero channel data from the serial hardware
input TXD is accepted and the chip 0 RAM access is enabled.

(None) Transmitter 0:6:0-7 The host processor configures the transmitter by writing a control byte into the transmitter

configuration register in its interface memory space (See TSB.)
Transmitter Configuration Control Codes

Control codes for the modem transmitter configurations are:

Configuration Code (Hex)* Tr itter Config
32 Bell 208A/B Long
12 Bell 208A/B Short
22 V.27 4800 Long
21 V.27 2400 Long
02 V.27 4800 Short
01 V.27 2400 Short
80 Tone Transmit
04 DTMF Tone Transmit

*Note:
Bit 3 of the transmitter configuration register is used in the RAM access operation for
chip 0. When 0.6°3 is a one, a RAM write operation will occur when TPDM is a zero,
and when 0:6:3 is a zero, a RAM read operation will occur when TPDM is a zero

Configuration Definitions

Definitions of the eight Transmitter Configurations are*

1 Bell 208. When a Bell 208 configuration has been selected, the modem operates as
specified in Bell 208A/B.

2. V.27. When a V.27 configuration has been selected, the modem operates as
specified in CCITT Recommendation V.27 ter.

3. Tone Transmit. In this configuration, activating signal RTS causes the modem to
transmit a tone at a single frequency specified by two registers in the host interface
memory space containing the frequency code. The most significant bits are specified
in the FREQM register (0 3). The least significant bits are specified in the FREQL
register (0.2). The least significant bit represents 0.146486 Hz +0.01%. The frequency
generated 1s* f =0.146486 (256 FREQM + FREQL) Hz +£0.01%.

4. DTMF Tone Transmit. In this configuration when the hex value of a DTMF digit is
stored in register 0 0, a DTMF tone will be transmitted If RTS is enabled.
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Table 8. R48DP/208 Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

(None)

TSB

TTDIS

T2

XCEN

Transmitter; DDR;
RAM Data YTL

Transmitter Setup
Bit

Transmitter Train
Disable

T/2 Equalizer
Select

External Clock
Enable

0:0:0-7

0:E:3

0:7:6

1:7:1

0:7:1

1. The host processor transmits data in the parallel mode by writing a data byte to the
transmitter data register. The data is divided on baud boundaries, as follows:

NOTE

Data is transmitted bit zero first.

Bits
5 | a | 3
Baud 1
Baud 1
Baud2 |

Configuration 7 6
Bell 208 4800 bps Not Used
V.27 4800 bps Not Used
V.27 2400 bps Baud 3

2 [ 1] o0

Baud 0

Baud 0
Baud 0

Baud 1 |

2. Register 0:0 is used to transmit DTMF digits when the transmitter is configured in
the DTMF tone transmit mode.

3. Register 0:0 is a RAM data register used for reading or writing the least significant
byte of the 16-bit Y word in Chip 0 when TPDM is a zero and no tone or DTMF tone
transmission is occurring.

When the host processor changes the transmitter configuration, the host must write a
one in this control bit. TSB goes to a zero when the change becomes effective. Worst
case setup time is 2 baud + turnoff sequence + training (if applicable).

When control bit TTDIS is a one, the transmitter does not generate a training sequence
at the start of transmission. With training disabled, RTS/CTS delay is less than two
baud times.

When control bit T2 is a one, an adaptive equalizer with two taps per baud is used.
When T2 is a zero, the equalizer has one tap per baud. The total number of taps
remains the same for both cases.

When control bit XCEN is a zero, the transmitter timing is established by the external
clock supplied at the hardware input XTCLK, pin 22A. The clock appearing at the
XTCLK input will appear at the TDCLK output.
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SIGNAL PROCESSOR RAM ACCESS

RAM and Data Organization

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32 bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word is organized into areal part (16 bits) and an
imaginary part (16 bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. In the sample rate and baud
rate devices the entire contents of XRAM and YRAM may be read
from or written into by the host processor via the microprocessor
interface. Access to the YRAM is possible only in the transmitter
device.

Interface Memory

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP 1/O bus. The SP logic unit determines the RAM
address to read from or write into by the code stored in the RAM
ACCESS bits of interface memory registers. The SP logic unit
normally transfers a word from RAM to interface memory once
each cycle of the device code. Each RAM word transferred to the
interface memory is 32 bits long (16 bits in the transmitter). These
bits are written by the SP logic unit into interface memory regis-
ters 3, 2, 1, and 0 in that order. Registers 3 and 2 contain the
most and least significant bytes of XRAM data, respectively,
while registers 1 and 0 contain the most and least significant
bytes of YRAM data, respectively. As previously described for
parallel data mode, the data available bits set to a one when
register 0 of the respective signal processor is written into by the
device and resets to a zero when register 0 is read from by the
host. Since the parallel data mode transmitter and receiver data
register shares register 0 with the YRAM data, chip 0 and 1 RAM
access are disabled in parallel data mode. However, chip 2 RAM
access remains active in receiver parallel data mode.

The transmitter, sample rate device and the baud rate device
allow data to be transferred from interface memory to RAM.
When set to a one, bit SWRT (1:7:3) signals the chip 1 SP logic
unit to suspend transfer of RAM data to the interface memory,
and instead, to transfer data from interface memory to RAM. Bit
BWRT (1:7:2) performs the same function for chip 2 RAM. When
writing into the RAM, 32 bits are transferred. The 16 bits written
into XRAM come from registers 3 and 2, with register 3 being the
more significant byte. The 16 bits written into YRAM come from
registers 1 and 0, with register 1 being the more significant byte.
When only 16 bits of data are to be written, FF (a dummy RAM
location) must be stored in RAM ACCESS XS or RAM ACCESS
YS to prevent writing the insignificant 16 bits of registers 1:3
through 1:0 into a valid RAM location. When the host processor
writes into register 1:0 the RSDA bit (1:E:0) is reset to zero. When
the SP logic unit reads data from register 1:0, the RSDA bit
(1:E:0) is setto a one. In a similar manner, bit RBDA (2:E:0) resets
to zero when the host processor writes into register 2:0 and sets
to a one when the SP logic unit reads data from register 2:0.
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When reading from RAM, or writing into RAM, the bits in regis-
ters O:E, 1:E, 2:E can be used for handshaking or interrupt func-
tions as in parallel data mode. When not in parallel data mode,
the bits in register 1:E perform the handshake and interrupt func-
tions for RAM access. In both serial and parallel data modes, the
bits in register 2:E perform handshake and interrupt functions for
RAM access. When set to one, bit RBIE (2:E:2) enables RBDA to
drive the IRQ connector signal to zero volts when RBDA is a one.
Bit RBIA (2:E:7) identifies chip 2, the baud rate device, as a
source of IRQ interrupt. Bit RBIA is a one when both RBIE and
RBDA are setto one. In the event that other system elements may
cause IRQ to be driven low, the host must determine if modem
chip 2 is causing an interrupt by reading RBIA.

Table 9 provides the available RAM access functions, codes, and
registers.

Auto Dial Sequence

The Figure 6 flowchart defines the auto dial sequence via the
microprocessor interface memory. The modem timing for the
auto dialer accounts for DTMF tone duration and interdigit delay.
The default tone duration is 95 ms and the default interdigit delay
is 71 ms. The default amplitudes for the high and low frequencies
are —4 dBmand - 6 dBm, respectively. The above four parame-
ters can be changed by performing a RAM write.

Table 9. RAM Access Codes

X Access | Y Access
Code Code
No Function Chip| (Hex) (Hex) |Register
1 | DTMF Low Frequency 0 -— 88 0,1
Amplitude
2 | DTMF High Frequency 0 — 08 0,1
Amplitude
3 [Interdigit Delay 0 — 89 0,1
4 | DTMF Tone Duration 0 — 09 0,1
5 | Received Signal Samples | 1 co Not Used 2,3
6 | Demodulator Output 1 Cc2 42 0,1,2,3
7 | Low Pass Filter Output 1 D4 54 0,1,2,3
8 | Average Energy 1 DC Not Used 23
9 | AGC Gain Word 1 81 Not Used 2,3
10 | Equalizer Input 2 co 40 0,1,2,3
11 |Equalizer Tap Coefficients| 2 | 81-A0 | 01-20 | 0,1,2,3
12 |Unrotated Equalizer
Output 2 E1 61 0,1,2,3
13 | Rotated Equalizer Output 2 A2 22 0,1,2,3
(Received Points)
14 | Decision Points 2 62 0,1,23
Ideal Points
15 | Error 2 E3 63 0,1,2,3
16 | Rotation Angle 2 | NotUsed 00 0,1
17 |Frequency Correction 2 AA Not Used 2,3
18 [EQM 2 A7 Not Used 2,3
19 | Dual Point 2 AE 2E 0,1,2,3
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START

l 0 — RTS (0:7:7) J
'

$04 — 0:6
(DTMF TONE TX)

'

l 1 — TSB (0:E:3) J

!

. WRITE FIRST
DIGIT IN DDR (0:0)

!
L 1 — RTS (0:7:7) ]

WRITE DIGIT
IN DDR (0:0)

I 0 — RTS (0:7:7) J

STOP

Figure 6. R48DP/208 Auto Dial Sequence
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PERFORMANCE TYPICAL PHASE JITTER
TYPICAL BIT ERROR RATES

The Bit Error Rate (BER) performance of the modem is specified
for a test configuration conforming to that specified in CCITT
Recommendation V.56, except with regard to the placement of
the filter used to bandlimit the white noise source. Bit error rates
are measured at a received line signal level of —20 dBm as
illustrated.

Typical BER performance is shown in Figure 7. Figure 8 shows a
typical test setup to measure BER.

At 2400 bps, the modem exhibits a bit error rate of 10 or less
with a signal-to-noise ratio of 12.5 dB in the presence of 15°
peak-to-peak phase jitter at 150 Hz or with a signal-to-noise ratio
of 15 dB in the presence of 30° peak-to-peak phase jitter at
120 Hz (scrambler inserted).

At 4800 bps the modem exhibits a bit error rate of 10° or less with
a signal-to-noise ratio of 19 dB in the presence of 15° peak-to-
peak phase jitter at 60 Hz.

10-2 - .
4800 BPS
v.27
BELL 208
10-3
w
= 2400 BPS
« v.27
S 10-*
£ \
[+
w
E
o
10-%
10~ 6 |

6 8 10 12 14 16 18 20 22
SIGNAL-TO-NOISE RATIO dB

a) TYPICAL BIT ERROR RATE
(BACK TO BACK, T/2 EQUALIZER, -20 dBm)

BIT ERROR RATE

2400 BPS
v.27 4800 BPS
1072 - V.27
BELL 208

\

10-3 \
\

10-4

10-%

10-¢ '
6 8 10 12 14 16 18 20 22 24

SIGNAL-TO-NOISE RATIO dB

b) TYPICAL BIT ERROR RATE
(UNCONDITIONED 3002 LINE, T/2 EQUALIZER, -20 dBm)

Figure 7. R48DP/208 BER versus SNR
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LEVEL
METER
HP 3552A
3002 IMPAIRMENT
MODEM LINE SOURCE ATTENUATOR MODEM
LT#‘ESF; SIMULATOR BRADLEY 2A HP 350D RECEIVER
SEG FA-1445 . AND 2B
MODEM
TEST SET
PHOENIX NOTE
5000 SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING.

Figure 8. BER Performance Test Set-up
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GENERAL SPECIFICATIONS

Table 10. Modem Power Requirements

Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vdc +5% 550 mA <700 mA

+12 Vdc +5% 5 mA < 10 mA

-12 Vdc +5% 25 mA < 50 mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 11. Modem Environmental Restrictions
Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F)
Storage —40°C to +80°C (—40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude —200 feet to + 10,000 feet
Table 12. Modem Mechanical Considerations
Parameter Specification

DIN Connector Version
Board Structure

Mating Connector

Dimensions:
Width
Length
Connector Height
Component Height
Top (max.)
Bottom (max )
Weight (max):

DIP Connector Version
Board Structure:
Dimensions:

Width
Length
Component Height
Top (max.)
Bottom (max )
Weight (max.):
Pin Length (max.)

Lead Extrusion (max.)’

Single PC board with a 3-row 64-pin rnight angle male DIN connector with rows A and C populated.
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.

3.937 in. (100 mm)
4.725 in. (120 mm)
0.437 in. (11.1 mm)

0200 In. (5.1 mm)
0.130 In (3.3 mm)
36 0z. (100 g)
0100 in. (2.54 mm)

Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration.

3228 in. (82 mm)
3.937 in. (100 mm)

0200 in. (5.1 mm)
0130 in. (3.3 mm)
36 0z. (100 g)

0.53 in (13.5 mm)
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0.156 0.003 DIA (6 PL) MALE 64-PIN
A DIN CONNECTOR
1
y & _
Ft e
3.937
(100) N 0.496
3.700 i (12.6)
(94)
o119 g
3) L H ©
4 ) - g
3.275 0.483
) (12.3)
4.100
4
a.725 1Y
(120)
0.200 MAX gaz

(5.1) e

T R

(33)
COMPONENT AREA
DIN CONNECTOR VERSION

| 0.062 TYP
(1.6)

0.250
‘.‘ (6.4)

I3
e 4
3.228 X
(82)
3.025
(76.8) 0.098 DIA (3 PL)
i (2.5)
.y “ -
0.100 *H* 0.100 (TYP) Toms
(2.54) @59 4o | (1.9)
0.100 |
(2554) agar 94 6’
(100)
0.53 MAX 0.025 SQ. PIN 0.200 MAX
f (13.6) (0.64) (61PL) 7 (5.1)

i E—— [

uNiTs: INCHES
mm

(3.3)
COMPONENT AREA
DIP CONNECTOR VERSION (PRELIMINARY)

Figure 9. R48DP/208 Modem Dimensions and Pin Locations
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INTRODUCTION

The Rockwell R48DP is a synchronous 4800 bits per second
(bps) modem. It is designed for operation over the public switched
telephone network (PSTN) as well as leased lines through the
appropriate line termination.

The modem satisfies the telecommunications requirements
specified in CCITT Recommendation V.27 bis/ter. The R48DP
can operate at speeds of 4800 and 2400 bps. Employing
advanced signal processing techniques, the R48DP can trans-
mit and receive data even under extremely poor line conditions.

The R48DP is designed for use in point-to-point environments.
User programmable features allow the modem operation to be
tailored to support a wide variety of functional requirements. The
modem’s small size, low power consumption, and serial/parallel
host interface simplify system design and allow installation in a
compact enclosure. The modem module is available with a DIN
connector for connection to a mating connector or with dual-in-
line pins (DIP) for direct plug-in installation onto a host module.

R48DP DIN Connector Version

FEATURES
CCITT V.27

Equalization

bis/ter Compatible

Point-to-Point Applications

2-Wire Half-Duplex, 4-Wire Full-Duplex
Programmable Tone Generation
Dynamic Range: —43 dBm to 0 dBm

— Automatic Adaptive

— Comprom

ise Cable and Link (Selectable)

e DTE Interface
— Functional: CCITT V.24 (RS-232-C)(Data/Control) and
Microprocessor Bus (Data/Configuration/Control)

— Electrical:

TTL and CMOS Compatible

¢ Diagnostic Capability
* Programmable Transmit Output Level

* Loopbacks
— Local and

Remote Analog

— Remote Digital

e Small Size
— DIN Conn

ector Version:

100 mm x 120 mm (3.94 in. x 4.73in.)
— DIP Connector Version:

82 mm x

100 mm (3.23in. x 3.94in.)

e Power Consumption: 3 W (Typical)

R48DP DIP Connector Version

Document No. 29200N08

Data Sheet
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER FREQUENCIES

The supported transmitter carrier frequencies are listed in
Table 1.

Table 1. Transmitter Carrier Frequencies
Frequency
Function (Hz £0.01%)
V.27 bisfter Carrier 1800

TONE GENERATION

Under control of the host processor, the modem can generate
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and
an accuracy of 0.01%. Tones over 3000 Hz are attenuated.

SIGNALING AND DATA RATES
The supported signaling and data rates are listed in Table 2.

Table 2. Signaling/Data Rates

Baud Rate |Bits Per| Data Rate |Symbol
Specification | (Symbols/sec.) | Baud |(bps)(10.01%)| Points
V.27 1600 3 4800 8
v.27 1200 2 2400 4
DATA ENCODING

The data encoding conforms to CCITT Recommendation V.27
bis/ter.

EQUALIZERS

The modem provides equalization functions that improve per-
formance when operating over low quality lines.

Cable Equalizers — Selectable compromise cable equalizers in
the receiver and transmitter are provided to optimize performance
over different lengths of non-loaded cable of 0.4 mm diameter.

Link Equalizers — Selectable compromise link equalizers in the
receiver optimize performance over channels exhibiting severe
amplitude and delay distortion. Two standards are provided: U.S.
survey long and Japanese 3-link.

Automatic Adaptive Equalizer — An automatic adaptive equal-
izer is provided in the receiver circuit. The equalizer can be con-
figured as either a T or a T/2 equalizer.

TRANSMITTED DATA SPECTRUM

If the cable equalizer is not enabled, the transmitter spectrum is
shaped by the following raised cosine filter functions:

1. 7200 Baud. Square root of 90 percent
2. 1600 Baud. Square root of 50 percent
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The out-of-band transmitter power limitations meet those speci-
fied by Part 68 of the FCC’s rules, and typically exceed the
requirements of foreign telephone regulatory bodies.

SCRAMBLER/DESCRAMBLER

The modem incorporates a self-synchronizing scrambler/
descrambler. This facility is in accordance with V.27 bis/ter.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit can adapt to received frequency error of up to
+ 10 Hz with less than 0.2 dB degradation in BER performance.

RECEIVE LEVEL

The receiver circuit of the modem satisfies all specified perform-
ance requirements for received line signal levels from 0 dBm to
—43 dBm. The received line signal level is measured at the
receiver analog input (RXA).

TRANSMIT LEVEL

The transmitter output level is accurate to +1.0 dB and is pro-
grammable from — 1.0 dBm to — 15.0 dBm in 2 dB steps.

TRAIN ON DATA

When train on data is enabled, the receiver typically trains on
data in less than 3.5 seconds.

TURN-ON SEQUENCE

Selectable turn-on sequences can be generated as defined in
Table 3.

Table 3. Turn-On Sequences
RTS-CTS Turn-On Time
Echo Protector Echo Protector”

Specification Tone Disabled Tone Enabled
V.27 4800 bps long 708 ms 913 ms
V.27 4800 bps short 50 ms 255 ms
V.27 2400 bps long 943 ms 1148 ms
V.27 2400 bps short 67 ms 272 ms

* For short echo protector tone, subtract 155 ms from RTS-CTS
turn-on time.

TURN-OFF SEQUENCE

For V.27 ter, the turn-off sequence consists of approximately
10 ms of remaining data and scrambled ones at 1200 baud or
approximately 7 ms of data and scrambled ones at 1600 baud
followed by a 20 ms period of no transmitted energy.

CLAMPING

Received Data (RXD) is clamped to a constant mark (one) when-
ever the Received Line Signal Detector (RLSD) is off.
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MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of 1/O points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six groups
of modem operation: overhead signals, V.24 interface signals,
microprocessor interface signals, diagnostic signals, analog sig-
nals, and ancillary signals. Table 4 lists these groups along with
their corresponding connector pin numbers. The six groups of hard-
ware circuits are described in the following paragraphs. Table 5 lists

the digital interface characteristics.

POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-
plete. The modem POR sequence leaves the modem configured

as follows:

V.27, 4800 bps Short Train

Serial channel data

T/2 equalizer

Standard echo protector tone

— 43 dBm threshold

Cable and link equalizers disabled
Train-On-Data disabled

R —— o
N o—>B1S o o AR
' 1 s ScopE
1 1 TXD A
1 T YR X Y
" USRT QO-«—TDCLK EYEX -
I (OPTIONAL) 1 XTCLK EYEY EYE
1  EEr——— 1 PATTERN
" D<ePLSD o EYESYNC _ IGENERATOR
1 1 RXD EYECLK S
i | —— O——————» |
! 34———ORD°LK R48DP <12V
b--- YYY) ;:ztz MODEM -t POWER
“ < CGND SUPPLY
READ _ —12v
o WRITE _
- pataBus(8) .. TXA o
HOST ADDRESS BUS (4) . | .. LINE
Pnc:gggson #{ RSi axa | INTERFACE I,E,:'EEPHONE
) cs - -
peEcoDER O~ csi
— AUXIN
iR -
o 9 5 D
+5 —'\I\/‘j

Figure 1. R48DP Functional Interconnect Diagram
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Table 4. R48DP Hardware Circuits
DIN DIP2 DIN DIP2
Name Type'! | Pin No. | Pin No. Description Name Type! |Pin No. | Pin No. Description
A. OVERHEAD: C. V.24 INTERFACE:
Ground (A) | AGND | 31C,32C | 30,31 |Analog Ground Return RDCLK (e]¢] 21A 23 |Receive Data Clock
Ground (D) {DGND | 3C,8C, |29,37,53 | Digital Ground Return TDCLK ocC 23A 46 | Transmit Data Clock
5A,10A XTCLK 1B 22A 51  |External Transmit Clock
+5 volts PWR |19C,23C, | 1,45,61 | +5 volt supply RTS 1B 25A 50 |Request-to-Send
26C,30C CTS oc 25C 49  |Clear-to-Send
+12 volts PWR 15A 32 +12 volt supply TXD 1B 24C 48 |Transmitter Data
—12 volts PWR 12A 36 — 12 volt supply RXD oC 22C 26 |Receiver Data
POR /0B 13C 2 Power-on-reset RLSD oC 24A 27  |Received Line Signal
B. MICROPROCESSOR INTERFACE: Detector
D7 1/OA 1c 3 - D. ANCILLARY CIRCUITS:
D6 1/0A 1A 4 RBCLK ocC 26A 22 |Receiver Baud Clock
D5 1/0A 2C 5 TBCLK ocC 27C 47  |Transmitter Baud Clock
D4 1/0A 2A 6 Data Bus (8 Bits) .
D3 J/OA 3A 7 - E. ANALOG SIGNALS:
D2 1/OA 4C 8 TXA AA 31A 34 | Transmitter Analog Output
D1 I/OA 4A 9 RXA AB 32A 33 |Receiver Analog Input
DO 1/OA 5C 10 J AUXIN AC 30A — | Auxihary Analog Input
RS3 1A 6C 16 T F. DIAGNOSTIC:
RS2 1A 6A 17 L Register Select EYEX oc | 15C 56 |Eye Pattern Data—X Axis
RS1 1A 7C 18 (4 Bits) EYEY oc | 14A 556 |Eye Pattern Data—Y Axis
RS0 1A 7A 19 |7 EYECLK OA | 14C 57 |Eye Pattern Clock
Ccso 1A 10C 20 Chip Select EYESYNC OA 13A 58 |Eye Pattern Synchronizing
Transmitter Device Signal
Cs1 1A 9C 21 Chip Select Receiver Notes:
. Sample Rate Device 1. Refer to Table 5 for digital.circuit interface characteristics and
Cs2 1A 9A 13 | Chip Select Receiver Table 7 for analog circuit interface characteristics.
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