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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON'’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein:

1. Life support devices to systems are devices or systems 2. A critical component is any component of a life sup-

which, are intended for surgical implant into the body port device or system whose failure to perform can be
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup-
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti-
use provided in the labeling, can be reasonably expec- veness.

ted to result in a significant injury to the user.
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INTRODUCTION

SGS-THOMSON TELEPHONE SET: THE BROADEST PRODUCT RANGE

SGS-THOMSON has been designing and producing dedicated telephone set pro-
ducts since the first voice circuits were introduced in the 1970s. Today, at the be-
ginning of the nineties, the company offers the widest telephone product range in
the world and ships more than 50 million dedicated ICs per year, plus some ten mil-
lion protection devices.

This comprehensive product.family covers not just all the telephone functions, but
the various national standards, too. A complete kit solution for a basic telephone
- speech circuit, dialer and ringer - is available for each country. Moreover, thanks
to families of pin-compatible devices it is easy to adapt a design to different standards.

In addition to the basic telephone kits SGS-THOMSON provides circuits designed
to allow modular expansion, adding features such as loudspeaking or handsfree ca-
pability. '

For the early nineties SGS-THOMSON is readying advanced telephone components
using advanced mixed technologies. By the time you read this note samples may be
available. Stay in touch with SGS THOMSON to keep up to date with the state of the art

BASIC TELEPHONE
SPEECH [ paLER

CIRCUIT +

LOUDSPEAKING TELEPHONE

+ RINGER

BASIC TELEPHONE . LOUDSPEAKING

AMPLIFIER

HANDS-FREE TELEPHONE

LOUDSPEAKING TELEPHONE + H&élfllggglﬁgli

" MODULAR APPROACH. The SGS-THOMSON telephone product range includes a basic, telephone kit
for each national standard plus add-on function ICs that turn a basic phone into a feature phone.
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INTRODUCTION

- ADVANCED TECHNOLOGY. Using an advanced mixed technology SGS-THOMSON has already pro-

duced a custom single-chip telephone for a major telecom manufacturer.
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Type . Page
Number Function Number
1.5KE Series 1500 W/1ms expo - Uni and Bidirectional Devices. ........ 613
BZWO04 Series 400 W/1ms expo - Uni and Bidirectional Devices.......... - 595
BZW50 Series 5000 W/1ms expo - Uni and Bidirectional Devices......... 619
EFG7189 DTMF Generator for Binary Coded Hexadec. Data. . ...... 17
EFG71891 DTMF Generator for Binary Coded Hexadec. Data........ 17
L3100B/B1 Unidirectional Programmable Voltage and Current Suppressor 649
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LS356 Telephone Speech Circuit with Multifrequency Tone.
Generator Interface . ...l 203
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LS1241 Electronic Two-Tone Ringer . .......... .. ..o, 375
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LS5060B Bidirectional Trisil ............... e 645
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M761E Dual Tone Multifrequency Generator . .............. e -27 .
M764A Tone RiNger ... .oooviii ittt ittt i e 379
M3540 Single Number Pulse Tone Switchable Dialer with Save
Facility . ... e 51°
M3541 Single Number Pulse Tone Switchable Dialer............. 63
M3561 PUISE DIaler « .ottt e 37
MK5370 Single Number Pulse Tone Switchable Dialer............. 75
MK5371 Single Number Pulse Tone Switchable Dialer............. 85
MK5375 Ten-Number Repertory Tone/Pulse Dialer................ 97 -
MK5376 Ten-Number Repertory Tone/Pulse Dialer................ 109
MK53721 Tone/Pulse World Dialer with LNR...................... 117
MK53731 Single Number Pulse Tone Switchable Dialer............. 129
MK53760 Dialer with 4 Emergency Numbers. ..................... 139
MK&3761 Repertory Dialer. .............oo i, 149
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Number Function Number
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TEC1033 Bipolar Dual Operational Amplifier...................... 535
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TPA Series Trisil . PPN 637
TPB Series Trisil ..o et 641
TS271 CMOS Single Operational Amplifier..................... 555
TS272 CMOS Dual Operational Amplifier ...................... 565
TS274 CMOS Quad Operational Amplifier ..................... 575
TS27L2 CMOS Dual Operational Amplifier ...................... 565
TS27L4 CMOS Quad Operational Amplifier ..................... 575
TS27M2 CMOS Dual Operational Amplifier ...................... 565
TS27M4 CMOS Quad Operational Amplifier ..................... 575
TS372 CMOS Dual Comparator . ........covviieeinnnennnnnnn, 585
TS374 CMOS Dual Comparator . .............oiuiiiieannnn.. 589
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DIALER CIRCUITS

szfér Description Page
EFG7189 DTMF generator for binary codec hexadecimal data 17
EFG71891 DTMF generator for binary codec hexadecimal data............... 17
M761E DTMF generator ....... .ottt i i eeeiaennn 27
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MK5370 Single number tone/pulse dialer .............. ... ..o ool 75
MK5371 Single number tone/pulse dialer ............................... 85
MK5375 Ten-numbers repertory tone/pulse dialer ......................... 97
MK5376 Ten-numbers repertory tone/pulse dialer ........................ 109
MK53721 Single number tone/pulse “WORLD DIALER™ .................... 117
MK53731 . Single number tone/pulse dialer .............. ... . ool 129
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MK53761 Ten-numbers repertory tone/pulse dialer ........................ 149
MK53762 Ten-numbers repertory tone/pulse dialer ........................ 157
MK53763 Thirteen-numbers repertory tone/pulse dialer. . ................... 167

SPEECH CIRCUITS

NI%p:er Description Page
L3280 Very low voltage telephone speech circuit ....................... 171
LS156 Telephone speech circuit with multifrequency interface ............ 177
LS256 Telephone speech circuit with multifrequency interface ............ 189
LS285 Telephone speech Circuit . . ..........oviiineiiin ... 195
LS356 Telephone speech circuit with multifrequency interface ............ 203
LS588 Programmable telephone speech circuit. ... ..................... 217
LS656 Telephone speech circuit with multifrequency interface ............ 227
PBL3726 series | Mask-programmable speech circuits .. .......................... 243
TEA7037 Speech + tone generator circuit. .................... ... ..., 279
TEA7050 Speech circuit for France high-range ........................... 299
TEA7052 Speech circuit for France with power management................ 315
TEA7053 Speech circuit for France................. N 329
TEA7062 Programmable speech circuit with power management ............ 341
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TONE RINGERS

Type -

Number Description Page
ML8204/5 Electronic two-tones ringer. ........... ... ..o i 353
L3240 Electronic two-tones ringer with complementary outputs. ........... 367
LS1240 Electronic twotones ringer. . . ... i i i e 371
LS1240A Electronic two-tones ringer. . . ... .. . i 371

.| LS1241 Electronic two-tones ringer. .. ......... . i i e 375
|| M764A Electronic three-tones ringer ............ .. ... ... .o il 379
. | SAA1094 Electronic three-tones ringer ............ ... ... ... ... e 389
- | LB1006 Telephone ringing detector . .............ceverernernnnnn.. o 395
i
SPEAKERPHONE CIRCUITS
Type s

Nu¥1pber Description Page
TEA7031 Monitor amplifierand ringer. .......... ... i i i 405
TEA7531 Monitor amplifier........... ... . o i e P 427
TEA7532 Monitor amplifier. . ...... ... . i 445
TEA7540 Hands-free circuit . ...... ... 461

SPECIAL FUNCTIONS

NIynpbeer Description Page
LS188 Microphone amplifier ......... ... .. . i 469
L3845 Trunk interface ........ ... i 473
TEA7868 Lineinterface ............. ... ... oL, S 477
LH1028 Telephone interface circuit. .. ....... ... ... i 487
LH1056 Single-pole high-voltage solid-staterelay ........................ 493
LH1061 Double-pole high-voltage solid-state relay........................ 501
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CMOS COMPARATORS

Operating Supply Current Input Offset Responde Time (Typ)
Type Configuration Main Feature Single Supply Voltage Range | (Max per Amplifier) | Voltage (Max) (with overdue= 5mV) | Page
(mA) (mV) (ns)
TS372 Dual Low Power Yes 31016 0.4 10 600 585
TS374 Quad Low Power Yes 3t0 16 0.4 10 600 589
Characteristics specified at Vo= +10V
BIPOLAR OP-AMPs
M;:im:.lm Supply Current | Input Offset |Gain-Bandwidth | Slew Rate Noise Voltage
Type Configuration | Main Feature | Single Supply Vollt,:g{a (per Amplifier) | Voltage (Max) | Product (Typ) (Typ) (IR )g Page
v (mA) (mv) (MHz) (Vips)
TEB1033 Dual High Stability No +18 0.75 1 25 1 6 535
TEB4033 Quad High Stability No +18 - 075 1 25 1 6 545
LS204 Dual High Stability Yes +18 0.6 25 2.5 1 8 513
LS404 Quad High Stability Yes +18 0.5 25 25 1 8 523

Characteristics specified at Vog= +15V
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CMOS OP-AMPS

Operating Su;;:nlgxcsgent Input Offset | Gain-Bandwidth Slew Rate
Type Configuration Main Feature Single Supply | Voltage Range Amplifier) Voltage (Max) | Product (Typ) (Typ) Page
V) ) (mv) (MHz) (ns)
TS271 Single Programmable Yes 3to16 0.015t0 1.5 10 0.1t025 0.01 to 45 555
TS271A Single Programmable Yes 3to 16 0.015t0 1.5 5 0.1to 25 0.01 to 45 555
T1S271B Single Programmable Yes 31016 0.015t0 1.5 2 0.1t025 0.04 to 45 555
TS27L2 Dual, Very Low Power Yes 310 16 0.015 10 0.1 1.04 565
TS27L2A Dual Very Low Power Yes 3to 16 0.015 5 0.1 1.04 565
TS27L.2B Dual Very Low Power Yes 31016 0.015 2 0.1 1.04 565
TS27M2 Dual Low Power Yes 31016 02 10 1 0.5 565
TS27M2A Dual Low Power Yes 3to 16 0.2 5 1 0.5 565
TS27M28B Dual Low Power Yes 3to 16 02 2 1 0.5 565
TS272 Dual High Speed Yes 31016 15 10 35 5.5 565
TS272A Dual High Speed " Yes 3to 16 1.5 5 35 5.5 565
TS2728B Dual High Speed Yes 3to 16 15 2 35 5.5 565
TS27L4 Quad Very Low Power Yes 3to 16 0.015 10 0.1 0.04 575
TS27L4A Quad Very Low Power Yes 3to 16 0.015 5 0.1 0.04 575
TS27L4B Quad Very Low Power Yes 3to 16 0.015 2 01 - 0.04 575
TS27M4 Quad Low Power Yes 31016 0.2 10 1 0.6 575
TS27M4A Quad Low Power Yes 3to0 16 0.2 5 1 0.6 575
TS27M48B Quad Low Power Yes 3to 16 0.2 2 1 0.6 575
TS274 Quad High Speed Yes 3to 16 15 10 35 5.5 575
TS274A Quad High Speed Yes 31016 15 5 35 5.5 575
TS274B Quad High Speed Yes 31016 15 2 35 55 575

Characteristics specified at Voc= +10V

3aIND NOILO33S



SELECTION GUIDE

TRANSIL PROTECTIONS

Types

P, \'/ Case Page

P W) R (V) Unidirectional Bidirectional 9

400/1 ms 5.8 to 376 BZW04../BZW04P.. ~ | BZW04..B/BZW04P..B | F126 595

600/1 ms 5.8 to 376 P6KE.. P,A P6KE..CP, CA CB-417 601

700/1 ms 10 to 110 P7T... P7T...B CB-417 607
1500/1 ms 5.8 to 376 1.5KE...P,A. 1.5KE...CP,CA CB-429 613
5000/1 ms 10 to 180 BZWS50... BZW50...B AG 619

TRISIL PROTECTIONS
Ipp (A) Vgr (V) Types I Case | Page
MONO FUNCTION
100/8-20 us 58 to 270 TPA series F126 637
150/8-20 us 58 to 270 TPB series CB-429 641
500/8-20 us 17 to 120 LS5018B/LS5060B/L.S5120B,B1 MINIDIP 645
TRIGGERED FUNCTION
250/8-20 us 255 L3100B1 MINIDIP | 649
SURFACE MOUNT TRANSIL PROTECTIONS
Pp ( V Vv Types

Case Page

P (W) Am (V) Unidirectional Bidirectional 9

600/1 ms 5.5 to 188 SM6T...,A — CB-472 625

5.5 to 171 — SM6T...C,A CB-472
1500/1 ms 5.5 to 188 SM15T..., A — CB-473 631
5.5 to 171 . — SM15T...C,A CB-473
r' SGS-THOMSON
Y/ ICROELECTRONICS
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SGS-THOMSON
MICROELECTRONIGS

EFG7189
EFG71891

' - DTMF GENERATOR FOR BINARY

CODED HEXADECIMAL DATA

» GENERATES 16 STANDARD DTMF TONE
PAIRS

= USES LOW COST 3.579 MHz CRYSTAL

= DIRECT MICROPROCESSOR INTERFACE

a ACCEPTS 4 BIT DATA IN SERIAL OR PARAL-
LEL FORMAT ‘

= DATA IS STORED DURING TRANSMISSION
PERIOD

= LOW HARMONIC DISTORTION

» HIGH GROUP PRE EMPHASIS

» LOW POWER CONSUMPTION IN STANDBY
MODE

= PULL-UP TO V* ON ALL LOGIC INPUTS

DESCRIPTION

This CMOS circuit is designed specifically to pro-
vide, with a minimum number of external compo-
nents, a low cost DTMF dialer for microprocessor
controlled telephone sets operating in accordance
with existing standards. The 4 bits identifying the fre-
quency pair to be generated may be supplied via ei-
ther 5 connections between the EFG7189 and the
microprocessor in parallel format or in serial format
through 3 connections linking the EFG71891 to the
microprocessor. This feature eliminates the neces-
sity to simulate keyboard type inputs normally requi-
red by standard DTMF generators. Input data is sto-
red on trailing edge of ISA signal. The tone pair se-
lected by this code is generated while ISA remains
low. With ISA high, the oscillator is inhibited and the
device is in standby mode. SA pin is connected to
V~while device is outputting any tone pair.

November 1988

MINIDIP

DIP14

ORDER CODES : EFG71891PD (Minidip)
EFG7189PD (DIP14)

PIN CONNECTIONS (top view)
T c N\

ISA

14 MF OQUT

1

2 13
3 12
4 EFG7189 ¢,

NC
v-

OSC IN 1) 10

O O ®™ » T

NC
0sC ouUT

6 9
7 3

OO0 Mm
| D W Oy OO NSy S O

Ny

1 MF OUT

H

MnM

9
1SA  EFG71891

V™ 3

D N

A

o

0 g oy §

0OSC OuT

OSC IN 4

110
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EFG7189-71891

BLOCK DIAGRAM

ISA v*
|
|
|
0sC OUT | I
| |
EEEER |
e |
© Ia?:fln:s F MF ouT
B —p— g
.S i
| |
| ] I
I I
H—fp— |
|
i Programmable Mute '
" divider logic SA
e e e & —
v-
PIN DESCRIPTION
Ne° Name Function Description
1 v+ Supply Voltage Positive Supply
4 \' Supply Voltage oV
11 B Logic Input Parallel input for hexadecimal code allowing the selection of 2
10 C Logic Input frequencies constituting the DTMF signal (see attached table).
9 D Logic Input
12 A Logic Input Serial or Parallel Input for Hexadecimal Code
13 H Serial Input Clock- | Clock Input for Hexadecimal Code Serial Input Register on Pin A
Furthermore, it allows for the selection of the serial or parallel
operating mode of this code.
When ISA input goes low, the validated code is :
« the parallel input code if input H is high.
« the serial input code if input H is low.
2 ISA Logic Input This pin allows for the inhibition of the analog output MF OUT :
« when ISA is high, output MF OUT is idle and connected to V™.
» when ISA is low, the hexadecimal code is validated and MF OUT
output is activated.
8 SA Logic Output This pin indicates the state of the analog output :
« if ISA is low, SA is a low impedance output at V~.
- if ISA is high, SA is a high impedance output.
14 MF OUT Analog Output This pin is the DTMF signal output.
5 OSC IN Oscillator Input This pin corresponds to the input of the inverter of the oscillator.
The nominal frequency of the oscillator is 3.579 MHz.
7 OSC OUT | Oscillator Output | This pin corresponds to the output of an inverter with sufficient loop
gain to start and maintain the crystal oscillating.
2/10 ‘— SGS-THOMSON
Y/ raucRosLECTRONICS
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EFG7189-71891

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
A Supply Voltage - 03to+55 Vv
Vin Digital Input Range -03toV*+03 V_
Tstg Storage Temperature Range -55to + 125 °C
ELECTRICAL OPERATING CHARACTERISTICS
All voltages referenced to V
Symbol Parameter Min. Typ. Max. Unit
v+ Positive Supply Voltage 3 - 5.25 \"
Toper Operating Temperature Range -25 - 70 °C
fe Crystal Frequency - 3.579545 - MHz
DC ELECTRICAL CHARACTERISTICS
Tamb =—25 C 1070 °C, V* =-310 5.25 V, f, = 3.579 MHz (all voltages are referenced to V-)
Symbol Parameter Min. Typ. Max. Unit
lop Operating Current in Transmission Mode (V* =4 V, output - 0.6 1 mA
not loaded) :
ISB Standby Current (ISA, H, A, B, C, D open circuit or - - 10 pA
connected to V*)
Vi Input Low Voltage (ISA, H, A, B, C, D) 0 - 0.3 V* Vv
Vin Input High Voltage (ISA, H, A, B, C, D) 0.7 V* - A \
Rt Pull up Resistor on Logic Inputs ISA, H, A, B, C, D 100 - - kQ
loLsA SA Output Gurrent (VoLsa = 0.5 V) 500 - - pA
lesa SA Leakage Current, Open Current (Vousa =5 V) - - 2 A
A.C. ELECTRICAL CHARACTERISTICS
Tamb =—25 C to 70 °C, V+ -3 V.t0 5.25 V, f; = 3.579 MHz
Symbol Parameter Min Typ. Max. Unit
te ts Rise/Fall Time on Input Signals - - 50 ns .
TISAon | Transmission Delay - - 5 ms
TISAore | Blocking Delay - - 5 ms
Th Clock Period 10 - - us
THH High Level Clock Width 5 - - ps
The Low Level Clock Width 5 - - ns
TeH Set-up Time of A Related to Clock 1 - - us’
Twmu Hold Time of A Related to Clock 7 - - us
Tpisa Set-up Time of the Code or Clock Related to ISA 1 - - ps
Tmisa Hold Time of Code Related to ISA 2 - - ps
657 SisTonsoN
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EFG7189-71891

TRANSMISSION CHARACTERISTICS T,y = —25 °C to 70 °C, V* 3 V10 5.25 V, f, = 3.579

Symbol Parameter Min. Typ. Max. Unit
DFH DFB | High and Low Frequency Precision - - 1 %
AFB Low Frequency Transmission Level (V* =4 V) - Note 1 -8 -7 -6 dBm
GBH High Band Pre-emphasis 23 2.7 3.1 dB
D Output Distortion - - -20 dB
Note : 1.0dBm = 0.775 Vims
These specifications are related to the following loads.
Figure 1.
MIXED LOAD RESISTIVE LOAD
MFOUT
MFOUT
R
R
R > 33ks2 C:any CT R >z 120 k$2 v
C <22nF R:any ’
viorv
v#
MFOUT
R
R > 33 k2

FUNCTIONAL DESCRIPTION

With ISA input at logic level "1", the device is in low
power mode. The oscillator is inhibited and analog
output MF OUT is at ground level. DTMF input da-
ta is detected on trailing edge of ISA. This transition
enables both the oscillator and the analog output
then the data is stored and corresponding DTMF
pair is generated during the low state interval of the
ISA signal. Any modification to H, A, B, C and D si-
gnals during this period will not have any further ef-
fect on DTMF pair generated.

The device accepts input data in two different for-
mats :

w Parallel format : this requires 4 connections (A,
B, C, D) between the microprocessor and the cir-
cuit.

= Serial format : in this case data is supplied to the
circuit by the microprocessor via 2 connections
A and H (see typical application diagram).

4110 : L7 S5s-THOMSON

Pre-emphasis is applied to high group tone and both
tones of DTMF pair are supplied through analog out-
put pin.

DATA ACQUISITION LOGIC

This section includes : A 4-bit shift register, an 8-line

to 4-line multiplexer and a 4-bit storage register.

» The 4-bit shift register has its input connected to
pin A and is enabled by the signal applied to pin
H. Its outputs are AS, BS, CS and DS signals.

= The multiplexer is enabled by signal H and ope-
rates according to the following law : Al = H.AP
+ H.AS.

= The 4-bit storage register operates on trailing
edge of ISA signal. Al, Bl, Cl, Dland AL, BL, CL,
DL are its inputs and outputs respectively.

During the low state period of ISA input, AL, BL, CL
and DL signals determine the DTMF pair to be ge-
nerated.

MICROELECTRONICS
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EFG7189-71891

Figure 2 : Example of Parallel Operating Mode.

SUESEESSSE

o%e et e 202 e 20 20 005

— ) R T T TR
8 R A SRS

MFoUT { 170 - 1477 \ L €97 + 1209 \
Stored data (H = 1) Stored data (H = 1)
AL=0 0
BL=1 [}
cL=1 o
oL=0 1

Note : If the circuit operates permanently in parallel mode, then the H input may be left floating (internally pulled-up to V*) or tied to logic 1.
With ISA at logic 0, H,A,B,C, and D inputs cannot modify the generated DTMF pair.

Figure 3 : Example of Serial-Operating Mode.

MFOUT

eaee
SNganass
ks

I R ¥ L esreams )

HH KO ————
HHO = —————
MO == ——
O == ® ———
MK K - ——
XY= O —
X=OO ———
~000 —

an oo

2335

Stored data (H = 0) Stored data (H = 0)

AL = AS =0 0
BL = BS -1 [}
CL=Cs -1 o
DL =DS =0 1

Notes : 1. With ISA atlogic 0, H, A, B, C and D signals cannot modify the generated DTMF pair. As a result, in serial operating mode, it is pos-

sible to enter AS, BS, CS and DS data while another DTMF pair is being generated.
2. Firstdata to be entered is DS.

. 5/10
57 Sis:Tiomson .



EFG7189-71891

Figure 4 : Data Acquisition Logic.
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|
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|
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610 LS5 SGS-THOMSON
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EFG7189-71891

TIMING DIAGRAM
Figure 5 : Rise/Fall Time on Input Signalé.

4 v - — —
A.B.C,D o9V :
0IVS — — — — — —
1sA \
= 0.1 v*
MFOUT 2 =
l_ - oot
Teisa | TISAQN TISAQFE

T™MisA

Figure 7 : Serial Operating Mode.

, o8V \—7(0”‘\{ [o'w'\o.sv'L !1\0.9\,'/ \ / \

A

TeH TMH TH | THH
1sA

0.9V*
0av*
Tpisa
MFOUT ‘—

TISAQN "TISAQFF
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EFG7189-71891

Table 1
DTMF Specification | Frequencies Derived from | Division % Deviation from
(Hz) a 3.579 MHz Quartz (Hz) Rank Standard
1 697 701.3 5104 0.62
f2 770 771.4 4640 0.19
3 852 857.2 4176 0.61
f4 941 935.1 3828 - 0.63
5 1209 1215.9 2944 0.57
6 1336 1331.7 2688 - 0.32
7 1477 1471.9 2432 -0.35
8 1633 1645 2176 0.74
Table 2
Keyboard Hexadecimal Code ISA Generated Frequencies
Code A B c D f(Hz) f(Hz)
X X X X X 1
1 0 0 0 1 T 697 1209
2 0 0 1 0 T 697 1336
3 0 0 1 1 T 697 1477
4 0 1 0 0 T 770 1209
5 0 1 1 1 LT 770 1336
6 0 1 1 0 T 770 1477
7 0 1 0 1 LT 852 1209
8 1 0 1 0 L 852 1336
9 1 0 1 1 LT 852 1477
0 1 0 0 0 T 941 1336
. 1 0 1 1 T 941 1209
# 1 1 1 0 T 941 1477
A 1 1 0 1 T 697 1633
B 1 1 1 0 T 770 1633
Cc 1 1 1 1 T 852 1633
D 0 0 0 0 T 941 1633
8/10 LNy SGS-THOMSON
Y/ WicRoELECTRONICS
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|
|

TYPICAL APPLICATION (european standards)
Figure 8 : Parallel Connection.

1
i
i
i
|
i
\ Regulated voltage pw—
) Second ordet _o DTMF
ISA vt MFOUT low-pass output
filter
EF6BHC
04P3
or A
ETC EFG7189
9410 B
c
D) v’
Note : H may be left open or connected to logic 1.
Figure 9 : Serial Connection.
1
Regulated voltage P—
DTMF
ISA v' MFOUT S d order autput
low-pass filter
EF68HC H
04P3
or A EFG7189
ETC
9411
v
| Note : B, C and D may be left floating or connected to logic 1.
" :
|
LSy SGS-THOMSON 910
Y/ ricroELECTRONICS
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SECOND ORDER LOW-PASS FILTERS
Figure 10 : With Transistor (gain = 1).

v
o
1000 pF
£10%
11
11
56 k2 56 ksl
£2%
MFOUT O————}

+2% 4‘)
L S—

vi-vT =avio2v

' I\:mmsa
o DTMF
OUuTPUT
680 pF
0% ] 10 k2
£10%
V- v’
Figure 11 : With Op. Amp. (gain = 1).
56 k2
+2%
I
T d
470 pF
£10%
56 ks 56 k2
£2% 2%
MFOUT O—-{"}—— (- -
DTMF °
TOB358 N
1500 PF anler N OUTPUT
£10% I +
33 k2 39 k2
. £10% £10% .
v b— 33— v vt _vT=avi02Vv
\
10710 37 SGS:THOMSON
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M761E

DUAL TONE MULTIFREQUENCY GENERATOR

m 24 TO 4V SUPPLY RANGE

= VERY LOW POWER CONSUMPTION

u ON-CHIP CRYSTAL CONTROLLED OSCILLA-
TOR (fo = 4.433619 MHz) WITH INTEGRATED
FEEDBACK RESISTOR AND LOAD CAPACI-
TORS

» LOW HARMONIC DISTORTION (<2 %)

= FIXED PRE-EMPHASIS ON HIGH-GROUP
TONES

= FAST START-UP TIME

= LOW POWER CONSUMPTION IN STANDBY
MODE

= MUTE OUTPUT

= ONE CONTACT PER KEY

DESCRIPTION

The M761 provides all the tone frequency pairs re-
quired for a DTMF Dialling System. Tones are ob-
tained from an inexpensive TV crystall (fo =
4.433619 MHz) followed by two independent pro-
grammable dividers. The dividing ratio is controlled
by the selected key. Keyboard format is 4 rows x 4
columns and a key is valid when a column and a row
are connected together.

Internal logic prevents the transmission of illegal
tones when more than one key is pressed. If no key
is selected the oscillator turns off and the linear parts
are strobed to decrease the total power consump-
tion.

As any buttom is pressed row and column inputs are
scanned internally, to identify the activated ones.
Electrically, row and column inputs are activated on
high level voltage.

Single tone output cannot be emitted by a "1" an a
row or column only. For single tone emission see
"Single tone procedure".

A debounce output is available to indicate that a key
has been selected. D/A conversion is accomplished
by a capacitive network allowing very low power
consumption, very low distortion and an exceptional
stability of tone level against temperature variations.

The tones are mixed in a resistive network ; a unity
gain amplifier is provided to realize a two pole ac-
tive filter with only four external passive compo-
nents.

November 1988

DIP18

ORDER CODE : M761EB1

The M761 can be interfaced with the speech circuit
family LS156, LS356, LS656 with MF interface avoi-
ding the need of the common spring set.

The M761 utilizes low voltage CMOS technology _
and is available in 18 pin dual in-line plastic
package.

PIN CONNECTION (top view)

Voo
osc.
FILTER IN
FILTER OUT
MUTE oUT
COLUMNS
R1
R2
ROWS
N.C. R3
MIXER OUT 1[Jra
v DIG. FREG.
(3 ourt

19
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BLOCK DIAGRAM

*MUTE QUTPUT

1 LOW FREQUENCY cLock
DsCN OSCILLATOR ‘—— PRESCALER | . | procRAMMABLE FREQUENCY |——O k)
S —]  counren output Ay REOUENCY
Oo— s8Iv MIXER OUTPUT
] swerrecisten
KEYBOARD cmﬁgt B LOW FREQUENCY FILTER INPUT
LoGIC "  puase || L  siNE-wavE —
F- eeir - ANALOGUE
SHIFT REGISTER ANALOGUE FILTER FILTER
MIXER i outPut
I | O ]
ABLE GENERATOR
COUNTER
SINEND
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vop |- Supply Voltage -05t0+55 \'
vV, Input Voltage —0.3to Vpp + 0.5 \
Ptot Power Dissipation . 400 mw
Top Operating Temperature Range - 2510+ 70 °C
Tstg Storage Temperature Range - 5510+ 125 °C
THERMAL DATA
| Rithj-amb | Thermal Resistance Junction-ambient Max 100 | °C/W l
i L3y SGS-THOMSON
Y/ sacRorLECTRONICS
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M761E

ELECTRICAL CHARACTERISTICS (all parameters are tested at T, = 25 °C)

Test Conditions

Parameter (see note 1)

Min. Typ. Max. Unit

DC CHARACTERISTICS

Vpp Voltage Supply 24 3 4 \'
Voltage
Ipp Operating Supply Vpp =24V 1.8 mA
Current
Ippo Stand-by Supply Vppo =255V . 0.3 mA
Current '

Supply

Input Voltage Levels

Vi Logical "1 80%of | Vpp+03| V
Row and : (Vbp-Vss)
Column Inputs|V,_  Logical "0" Vss 20 % of Y
—03V | (Vpp-Vss)
Civ Input Capacitance Any 75 pF
Pin

Iy High Level Input Vop =25V Vn=25V 1
Current

I Low Level Input Vpp =25V Vi =0V 1
Current

pA
A
lon High Level Output Vpp =25V Vouy=2V — 100 — 500 pA
pA
pA

Oscillator

lo. Low Level Output Vpp =25V VoL=05V 100 500
Current

Digit. lo. Low Level Output Vpp=25V VoL=1V 100

Freqg. Current

Outp. (open drain output)

Vo Output DC Voltage Vpp =25V 200 mv
Without Tones

Filter Vo Output DC + AC Vpp =25V (see note 2) 0.63 0.84 1.05 TV

Voltage with (see fig. 1)
2 Tones :

Mute lon Output Drive Current |Vpp =25V Vpoy =15V |- 100 pA
Output  [5 " Output Sink Current | Vpp =25V VoL =1V 20 A

Notes : 1. Thisdevice has been designed to be connected to the DTMF interface of the speech circuit family LS156, LS356, LS656 from which
ittakes a Voo = 2.4 V min. Therefore many parameters are tested at this value.
2. The value of DC output component at two different conditions of supply voltage, with two tones activated, can be related as
follows :

Vobe' = Voc Voor

Vo
3. The value of AC output components (Vir, Vkr) at two different conditions of supply voltages can be related as follows :

Voo Vi = Vi Vo2
'bo Voo
The values are measured with two tone at the output.

Vir=Vie

3/9
(o7t Al \
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ELECTRICAL CHARACTERISTICS (all parameters are tested at Tamp = 25 °C)

Test Conditions
Parameter (see note 1) Min. Typ. Max. Unit
AC CHARACTERISTICS
Rr  Feedback Oscillator 1.5 45 MQ
Resistance
. Ci Input Capacitance 9.5 10.5 pF
Oscillator to Voo
Co Output Capacitance 10.5 115 pF
to Vpp
Zo1 Output Dynamic Vpp =25V 10 KQ
Mixer Impedance with
2 Tones
Zo2> Output Dynamic Vpp =25V 25 KQ
Filter Impedance with
2 Tones .
A F Max. Output Tone At Crystal Frequency
F . Derivation from f = 4.433619 MHZ
Standard
R1 697 Hz + 0.5 %
R2 770 Hz -02 %
R3 852 Hz +0.5 %
R4 941 Hz - 06 %
C1 1209 Hz + 0.6 %
C2 1336 Hz -04 %
C3 1477 Hz -03 %
C4 1633 Hz +1.1 %
Vir Low Frequency Tones |Vpp =25V (see note 3) | 124 148 mVpp
Amplitude at Filter Out (see fig. 2)
Vue High Frequency Tones |Vpp =25V (see note 3) | 157 187 mVep
Amplitude at Filter Out (see fig. 2)
Tone Pre-emphasis 1.25 2 2.75 dB
Characteristics
p Unwanted Frequency
Components
at f =3.4 KHz - 33 dBm
at f =50 KHz - 80 dBm
Total Harminic Vop =25V 5 %
Distortion for
a Single Frequency
ts  Start-up Time Vop +25V 3 5 ms
(see fig. 4) (see fig. 5)
tr  Supply Voltage Rise Vpp =25V 250 ms
Time

Notes : 1. Thisdevice has been deslgned to be connected to the DTMF interface of the speech cwcultlamlly LS156, LS356, LS656 from which

it takes a Voo = 2.4 V min. Therefore many parameters are tested at this value.

2. The value of DC output component at two different conditions of supply voltage, with two tones activated, can be related as

follows :

Voc = Vo Voo

DD
3. The value of AC output components (Vir, Vir) at two different conditions of supply voltages can be related as follows :
VirF = Ve

Voo
'bd

ViF =Vir

Voo
()

The values are measured with two tone at the output.

4/9
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FUNCTIONAL DESCRIPTION

OSCILLATOR (OSC. IN - OSC. OUT)

The oscillator circuit has been designed to work
with a4.433619 MHz crystal ensuring both fast start-
up time and low current consumption.

When Vpp is applied and a key is activated two in-
verters are paralleled (see fig. below) to decrease
the total ron resistance.

After oscillations have started one of the two buffers

is switched off and the current consumption is redu- -
ced to 2/3 of the initial value.

Feedback resistance and load capacitances are in-
tegrated onthe chip ensuring good temperature per-
formance.

When the device is supplied but no key is activated,
the oscillator is in the stand-by mode to minimize po-
wer consumption.

Vop

NSC.N

THREE STATE
INPUT

Voo

1

osc.our

5-3808

KEYBOARD INPUTS
(C1,C2, C3, C4 - R1, R2, R3, R4)

Each keyboard input has an internal protection cir-
cuit ; when a button is pressed, the oscillator starts

MIXER OUTPUT

The two reconstructed sine waves are buffered then
mixed in a resistive array network that also restores
the DC output level.

and dynamic scanning of keyboard is realised.
This allows to the detection of which button has
been pressed.
When two or more column or row inputs are activa- DIGITAL
ted no tone is generated. . FREQUENCY
| | l | OuTPUT
DIGITAL FREQUENCY OUTPUT !
This output is intended for testing only ; when a sin- $-3806
gle tone is activated, at this output is available a di-
gital signal whose frequency s 16 times the selected
output tone frequency. This output is an open col-
lector N-channel transistor.
Vbp Voo
ANA UE HF ANALOGUE
:.rfPUNI' HOOLE INPUT
20K 10KN 10K 0L 20K
e

5/9
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FILTER (Filter Input, Filter Output)

A unity gain amplifier is available to realize a two
pole active filter (see fig. below). The output of this
amplifier is held low until tones are valid, it than rises
toabout0.85VatVop=25V.

Tones are superimposed on this DC.

The output DC component is very precise and sta-
ble to allow DC coupling with the LS156 speech cir-
cuit with MF interface.

The output dynamic impedance of the filter is abbUt
2.5 KQ.

Voo
15KQ

S-3805

The following equivalent circuit should be applied
during filter design :

The following values are suggested :

R1=56KQ+2%
R2=33KQ+2 %
C1=22nF+10%
C2=056nF+10%

MUTE OUTPUT

Mute output becomes active when a key is activa-
ted eliminating keyboard bounces and remains ac-
tive for all the duration of tone transmission.

If the key is released before the oscillator produces
the correct control signals, mute output is disabled.

SINGLE TONE PROCEDURE

This is accomplished through the following steps :

1) Activate simultaneously R1, R4, C1, C4 inputs,
appling logic 1'S. This implies the use of logic le-
vel sources. The single contact keyboard does
not allow this procedure.

2) The device enters the "test mode" Now any sin-
gle row or column frequency (or both) can be
activated at output applying logic "1" to corres-
pondant input (inputs).

3) To get out from "test mode" reply R1, R4, C1, C4,
activation or power off/power on.

c1
il

" Rz FILTERINPUT 2g5¢q

FILTER
ouTPUT

S-38°21

It is evident that R1 and R2 should be kept high to
avoid undue influence of Mixer and Filter output im-
pedances.

6/ L3 S6S:THOMSON

0SC.0UT. N_" o -_]__— ‘—lmm—

5-3809
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Figure 1 : DC + AC Out Level Measurement Test Set.

L
|
1
Voo !
i
1
1
i
1
our '
our  |FLTER !
1
Yout !
J. I
1
) 1
| :
| "
| !
| !
; 1
EE O Sy J

; $-5538

This measurement is performed with both row and column tones at output.

Figure 2 : Out Tone Level Measurement Test Set.

Vop

~N
| x
‘ FILTER OUT L
our —-"——9—4 PEAK DETECTOR}——-
2
z T T"our
-L <

S-5539

This measurement is performed with both row and column tones at output.

(37 SGS-THOMSO n
Y/ gm%?r@tsn.mm@mucg
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Figure 3 : THD Measurement Test Set.

VoD

——

PEAK :
D.U.T. ~_|
u — DETECTOR TVOUT

l S-38011

High pass filters characteristics : F1 :fo= 1400 Hz 100 dB/dec
F2 :fo=2500 Hz 100 dB/dec

—
N
L,

THD measurement is made by sensing the level of harmonic components after suppression of the fundamental.
Two different high pass filters are used for low and high frequency tones.

. Figure 4 : Start-up time Measurement Test Set. Figure 5 : Start-up time Definition.

FROM

TEST

MACHINE
2mA

B
FROM - 1.8mA
TEST — -~ —— Iop |/
MACHINE 1.8mA 7
—_—
L 7
47V O.U.T. v /
0JuF out
t
S-3802n L s S-3803/2

8/ L7 SGS:THOMSON
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TYPICAL APPLICATIONS

Figure 6 : M761 application circuit with electronic speech circuit.
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M3561

PULSE DIALER

» OPERATION FROM 1.5V TO 5.5 SUPPLY

» STATIC STANDBY OPERATION DOWN TO 1V

= LOW CURRENT CONSUMPTION : 100uA, 1.5V

= LOW STATIC STANDBY CURRENT : MAX
500nA

» LAST NUMBER REDIAL FUNCTION

= 32 DIGIT CAPACITY, INCLUDING ACCESS
PAUSES

u ON-CHIP RC OSCILLATOR USING THREE EX-
TERNAL COMPONENTS

= DIALING RATE CAN BE VARIED BY CHAN-
GING THE DIAL RATE OSCILLATOR FRE-
QUENCY

= DIALING PULSE MARK/SPACE RATIO SE-
LECTABLE:1.5:10R2:1

= CIRCUIT RESET FOR LINE POWER BREAKS
>220ms '

» ACCESS PAUSE GENERATION VIATHE KEY-
BOARD -

u» ACCESS PAUSE RESET VIA THE KEYBOARD

DESCRIPTION

The M3561 is a single chip silicon-gate C-MOS in-
tegrated circuit. It is intended to convert push button
keyboard entries into streams of correctly-timed line
current interruptions. The input data is derived from
a telephone keyboard with a 3 x 4 push button ma-
trix. Numbers with up to 32 digits can be retained in
a RAM for redial. Access pause can be stored via
the keyboard.

January 1989

DIP18
(0,25mm)

ORDER CODE : M3561B

PIN CONNECTION

18 [ X3
17 X2
16 [ X1
15 |1 APE
14 [11DS
13 [ VvDD
12 E™M/S
11 g Mt
10 [ VSS

A0
O @©@ N O U N N

M89M3561-01

113
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M3561

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Voo Supply Voltage +7 \
VN Voltage on any Pin (Vss —0.3) to (Vpp + 0.3) \A
Tor Operating Temperature (—25to + 70) °C
Tst Storage Temperature (— 65 to + 150) °C

BLOCK DIAGRAM
RD CD RE IDS M/S
Y Y
A
|| PROGRAMMABLE TIMING »| RESE CE
OSCILLATOR DIVIDER 1 [Lcounrer SET N
A A
1
K ]
READ
32x481T | ADDRESS +H it —]
RAM DECODER
ADDRESS CONTROL . —
ey K “losic P
WRITE
INPUT/ ADDRESS K —e——APE
OUTPUT COUNTER
OUTPUT U v
COUNTER DD
KEYBOARD C> ACCESS
DECODER PAUSE
Vss
Y LAdhdd
bP X1 X2 X3 Y1 Y2 Y3 Y4

2/13
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M3561

|
!!
{; ELECTRICAL CHARACTERISTICS

i (VDD =25V; VSS =0V; fosc = 2.4KHz ;Tamb =

—25°C to + 70°C, unless otherwise specified)

:| Value
¢ [Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Voo Operating Supply Voltage 15 55 \
VbR Data Retention Voltage CE =Vpp 1 . v
Iop Operating Supply Current CE=Vgs ;Vop =15V | 100 pA
CE =Vgs ;Vpp =55V 500 pA
| Tamb =25 °C
! lobo Standby Supply Current CE =Vpp ;Vop =15V 500 nA
; M/S =Vpp ;
i IDS = APE = Vss
i Vi Input Voltage Low 15V<Vpp <55V Vss 20 %
| -03V of Vpp
{1 Vi | Input Voltage High 15V<Vpp <55V 80 % Vop
! ) of Vpp +03V
| | =l | Input Leakage Current GE Low CE =Vss 100 nA
i lin ) CE High CE =Vpp 100 nA
! - Pull-up Input Current M/S V| =Vss 0.4 4 pA
Rkon | Keyboard "ON" Resistance Contact ON 1 kQ
| Rkorr | Keyboard "OFF" Resistance Contact OFF 1 MQ
i I Input Current for Xn, "ON" Vi = Voo 30 pA
‘ i | Input Current for Yn, "ON" Vi =Vpp 30 pA
= Input Current for Xn "OFF" V) =Vss 220 HA
— I | Input Current for Yn "OFF" Vi =Vss 220 pA
lo. | Outputs M1, DP : Sink Current VoL =05V 1 6 mA
—lon | Source Current Vo =20V 1 6 mA
f Oscillator Frequency Vpp =15V 10 KHz
Af Frequency Deviation (%) 15V<Vpp<35V 4 %
Af = [f(1.5 V) — (3.5 V) fixed R¢ Oscillator
f(2.5 V) Components :
R4 =715 kQ
Re =750 kQ
C1 =270 pF
Tamb =25 °C
| (7 SGS-THOMSON a3
“ Y/ wicROELECTRONIGS
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- TIMING CHARACTERISTICS

(Vop = 1.510 5.5V ; Vgg = 0 ; fosc = 2.4KHz ; Tams = 25°C)

Symbol Parameter Test Conditions Value Unit
“foL Clock Pulse Frequency 30 x fpp 300 Hz
fop Dialing Pulse Frequency ~ 1/Tpp IDS =Vss 10 Hz
tm Make Time 2/5 x Tpp | M/S =Vpp 40 ms
tm 1/3 x Tpp | M/S =Vss 33.3 ms
ty Break Time 3/5x Tpp | M/S =Vpp 60 ms

tp - 2/3x Tpp | M/S =Vss 66.6 ms
tig " Inter Digit Pause 8 x Tpp IDS =Vss 800 ms
tpd Pre Digit Pause 8.4 xTpp | IDS =Vss 840 ms
trg Reset Delay Time 223 . ms
te min Debounce Time Min. 13.3 ms
te max N Max. 16.7 ms
ten max | Clock Enable Time 1 ms
tonmax | Clock Start-up Time 1 ms
tityp | Initial Data Entry Time ton + te 16 ms

GENERAL DESCRIPTION

1. Pin Description
Y4 ;Y3;Y2; Y1 (pins 1 through 4)
Row keyboard input pins

CE (pin 5)

Chip Enable input pin. It is used to initialize the sys-
tem, to select between the operational mode and
the static standby mode, to handle line power
breaks.

RE ; CD ; RD (pins 6 through 8)

Oscillator pins. These pins are used to connect ex-
ternal resistors RD, RE and capacitor CD to form a
R-C oscillator that generates the time base for the
Key Pulser. The output dialing rate and IDP are de-
rived from this time base.

DP (pin 9

Dial Pulse output pin. This signal is provided to drive
the external line switching transistor or relay. The
output will be "low" during "space" and "high" other-
wise.

i L7 SGS-THOMSON

VSS (pin 10
Negative supply input pin.
M1 (pin 11)

Mute output pin. This signal can be used to mute the
receiver during the dialling sequence.

M/S (pin 12)

Mark/Space selection input pin. This pin controls the
mark to space ratio of the line pulses : -

M/S = VSS (33.3/66.6) ; M/S = VDD (40/60).
M/S has an internal pull-up resistor.

VDD (pin 13)

Positive Supply input pin.

IDS (pin 14)

This pin must be connected to Vss.

APE (pin 15

This pin must be connected to Vss.
X1 ;X2 ; X3 (pins 16 through 18)
Column keyboard input pins.

MICROELECTRONICS
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Table1 : Table for selecting oscillator component values for desired dialing rates and inter-digit pauses.

Osci. -RD . RE CD Dial Rate (pps) IDP (ms)
'[:,Zf"z‘]' ‘ a Ko [oF] IDS = Vss IDS = Vss
1.32 55 1454
1.44 6 1334
1.56 6.5 1230
1.6 Sel in th indicated in table of electrical ! 1z
1.80 s:eici:fticﬁ;l;}::\onem in the ranges indicated in table of electrica 75 1066
1.92 . 8 1000
2.04 85 . 942
2.16 -9 888
2.28 95 842
“2.40 715 | 750 270 10 800
f - £/0.24 1920/
Table 2 : Input Pin Selection.
Function Pin Input Level Selection
Mark/space Ratio M/S Vss 1:2
Vpp 1:15
Chip Enable CE Vss Off-hook
Voo On-hook

2. Clock Oscillator

This device contains an oscillator circuit that requires
three external components : two resistors (RD and
RE) and one capacitor (CD). All internal timing is de-
rived from this master time base. To eliminate clock
interference in the talk state, the oscillator is only ena-
bled during key closures and during the dialing state.
Itis disabled at all other times, including the "on hook"
condition. For a dialing rate of 10 pps, the oscillator
should be adjusted to 2400Hz. Typical values of ex-
ternal components for this are RD = 715Kohm and
RE = 750Kohm and CD = 270pF.

It is recommended that the tolerance of resistors be
1%, and that of the capacitor be 5%, toinsure a+ 10%
tolerance of the dialing rate in the system.

3. Chip Enable (CE)

The CE input is used to initialize the chip system.
CE = High provides the static standby condition. In
this mode, the clock oscillator is off, and internal re-
gisters are clamped in reset, with the exception of
WRITE ADDRESS COUNTER (WAC). The keyboard
input is inhibited, but data previously entered is saved
in the RAM.

When CE = Low, the clock oscillator is again off but
the internal registers are enabled and data can be
entered from the keyboard. After the first keyboard
entry the clock oscillator starts.

If the CE input is taken to a High level for more than

‘7_1 SGS-THOMSON

the time trd (see figures 3 and 4 and timing data), an
internal reset pulse will be generated at the end of the
trd period. The system is then is the static standby
mode.

Short CE pulses of < trd will not affect the operation
of the circuit. No reset pulses are then produced.

4. Debouncing Keyboard Entries

The column keyboard inputs to the integrated circuit
(Xn) and the row keyboard inputs (Yn) are for direct
connection to a 3 x 4 single contact keyboard matrix
(with or without common contact), as shown in fig. 1,
or to a double contact keyboard with a common
connected to VDD (see figure 2). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder
when one column input is connected to one row in-
put, or when one column input and one row input are
set High. Any other input combinations will be judged
to not be valid and will not be accepted.

Valid inputs are debounced on to the leading and trai-
ling edges, as shown in figure 3 : Keyboard entries
are only decoded into 4-bit binary keycodes and writ-
ten into the RAM if the keyboard contact remains clo-
sed for four or five clock pulse periods (entry period
te). The next keyboard entry will not be accepted un-
til the previously closed contact has been open for
three or four clock pulse periods. The one clock pulse
period of uncertainty in the debouncing process arises
because keyboard entries are not detected until the
trailing edge of the first clock pulse after the entry.

5/13
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Figure 1 : Single Contact Keyboard. : Figure 2 : Double Contact Keyboard.
(1) common (connected to VDD).
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X2 L x2

$-8997 x S-8998 .

# Key : Redial or Set/Reset Access Pause.

Figure 3.
Timing diagram showing clock start- up, keyboard entry debouncing and the effect of interrupting the supply.
to CE during the transmission of dialing pulses.
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(2) Dialing Mode.
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5. Data Storage and Data Retrieval

After each keyboard entry hasbeen debounced and
decoded, the keycode is written into the RAM and
the WAC is incremented by one to select the next
RAM location where the next keycode will be sto-
red. As each keycode is recalled from the RAM for
line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM lo-
cation of the next keycode to be recalled. Conse-
quently, the difference between the contents of the
WAC and of the RAC represents the number of key-
codes that have been written into the RAM, but not
yet converted into line pulses.

If more than 32 keycodes are written into the RAM,
memory overflow results and the excess keycodes
replace the data in the lower-numbered RAM loca-
tions. In this event, since an erroneous number is
stored, automatic redialing is inhibited until the WAC
has been reset by the first digit entry of the next
telephone call.

If the first push button to be pressed is not redial (#),
the WAC is reset during entry time te, the correspon-
ding keycode is written into the first RAM location
and the WAC is then incremented by one to select
the next RAM location. Consequently, if the first
push button pressed is not redial, the data stored
previously in the RAM cannot be redialed anymore.

If the first push button is redial (#), the WAC is not
reset and the keycodes stored in the RAM are se-
quentially recalled and converted into correctly ti-
med dialing pulses at output DP. If the redial push
button (#) is operated again during the redialling se-
quence, it will be decoded as an Access Pause Re-
set. This function will be described later during the
description of the access pause system of the
M3561. During and after redial, new keyboard en-
tries will be accepted, and converted into correctly
timed dialing pulses. These new keyboard are not
stored in RAM.

6. Dialing Sequence

The dialing sequence can be initiated under the fol-
lowing conditions :

- The supply to the integfated circuit is derived from
the telephone lines via the cradle contacts (power
supply before keyboard entry) ; see fig. 4.

Then, approximately 1ms (ten) after CE goes Low,
the clock pulse generator is enable, and the circuit
is in the conversation mode, while the subscriver
waits for the dialing tone. When the first digit of the
required number is entered at the keyboard, the
clock oscillator starts and data entry period te be-
gins.

The further dialing sequence will be described with
the aid of fig. 4. When the keyboard entry has been
decoded and written into the RAM, M1 goes LOW
to mute the telephone with a delay of about one In-
ter Digit Pause time (1.1 *tid), the RAC addresses
the RAM and the first keycode is loaded into the re-
gister of the output counter, which generates the ap-
propriate number of correctly timed dlahng pulses at
output DP.

When the digit has been pulsed out, M1 goes HIGH,
at least for one IDP, the RAC is incremented by one,
and the procedure repeats until the WAC and RAC
contents are equal (all digits pulsed out). -

When M1 is High, the circuit assumes the conver-
sation mode. The circuit reverts to the static stand-
by mode if CE goes High for more-than the reset
delay time (trd) at any time during the conversation
or dialing mode (e.g., because the handset is repla-
ced). CE remains High although VDD is maintained
by a backup supply (e.g., because an external diode
isolates CE from the back-up supply connected to
VDD). The RAM retains its contents for subsequent
automatic redialing as long as the back-up supply
maintains VDD above VDR = 1V. .

LYy SGS-THOMSON 3
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Figure 4.

Timing diagram of dialing sequence with Vpp and CE Low before keyboard entry (e.g., supply via the cra-

dle contacts).
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MODE
HBINI5E1-83

(1) Oscillator off. All registers except WAGC reset. Keyboard input inhibited. Number stored in RAM until Vpp >= 1V.

7. Storage and Regeneration of Access Pauses

A dial sequence may require an extended Inter Digit
Pause if it is necessary to wait for the dial tone. Du-
ring the keyboard entry, whenever an access pause
is needed, a pause code can be stored in the RAM,
via the keyboard (# key) for a later redial sequence.
When an access pause is regenerated during redia-
ling, it can be terminated via keyboard ( # key).

A pause code takes one position in the RAM like a
digit. The number of digits plus the number of ac-
cess pauses cna therefor bu up to 32.

8/13
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7.1. MANUAL PAUSE. Access pause codes can be
stored in the RAM at appropriate positions by pres-
sing the access pause key (# key). A manual pause
code can be stored after any digit. The maximum
number of manual pause codes is not limited.
Consecutive manual pause codes will generate a
single pause during redial.

During the redial sequence the manually stored
codes will automatically generate pauses. The du-
ration of the manual pause is unlimited. Whenever
amanual pause code is read from the RAM, the nor-
mal Inter Digit Pause is extended until it is termina-
ted manually by presssing key #.
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8. Summary of Special Keyboard Functions

Key # : Inserts a manual pause code, if activated
after a number key, or terminates a manual
pause, if activated during the pause.

Key # : Starts the redial sequence, if activated as
first key after off-hook.

10. Selection of Extra Digits Ddring or After Redial

Case 1

1th selection

9. Statc Standby Operation

CE : HIGH turns off the oscillator and resets all in-
ternal registers, with the exception of the WRITE
ADDRESS COUNTER and the RAM. All input pull-
up and pull-down devices are switched off. The cur-
rent consumption is reduced in this condition such
that the supply voltage required to hold the data sto-
red in the RAM can be provided by a capacitor.

Keyboard 1 2 3 4
Emission 1 2 3 4
RAM 1 2 3 4
Redial
Keyboard # 8 9
Emission 1 2 3 8 9
RAM 1 2 3 4

Comment : The key entries

and E

after "Redial" are dialed buty not memorized.

L3y SGS:THOMSON 13
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Case 2

1st selection

Keyboard 1 2 3
Emission 1 2 3
RAM 1 2 3

Redial
Keyboard # 8 # | | #
Emission 1 2 3 8
RAM 1 2 3

Comment : The first key is used as "Redial", the other keys E are ignored
because no manual pause was memorized during the first selection.

1013 L7 SGs-THOMSON
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Case 3

1st selection

Keyboard 1 2 # # # 3
Emission 1 2 a8
~ RAM 1 2 # 3
i
1 Redial
1
\
Keyboard # 8 # # 9
Emission 1 2 # 3 8 9
RAM 1 2 # 3

Comment : during the first selection if many keys E are pressed consecutively only one is memo-
rized in the RAM. In the second selection the first key is used as Redial, the second is ignored
since the emission is still going and the third ends the manual pause inserted in the first selection.

11113
c_ SGS-THOMSON
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11. Multiple Key Pressing
If two keys are pressed at the same time, the following operation will take place.

Case 1

OFF ON OFF

a" key

'

OFF ON OFF
"b" key

1Mgso3561-64

These key inputs will be completely ignored.

 Case 2
OFF ON OFF
"a" key I—
|
I
I
OFF | | ON | OFF
"b" key Y
| 1189113561 -85
_The "a" key input wil be ignored. The "b" key input will be read from this point ( : )
Case 3
OFF ON OFF
"a" key
I
!
i
' OFF ON OFF
"b" key :

' H885M3561-86

The "a" key input will be read from this point ( Il ) The "b" key input will be ignored.

121138 (37 SGS-THOMSON
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Case 4

OFF
key

a

OFF

Lov |

ON

OFF

OFF

"b" key
|
1

The "b" key input will be read from this point ( ll

Consequently the "b" key is read once and the "a" key is ignored.

11839113561 -67

)

ON

Case 5
OFF
"a" key
1
i
|
OFF ! |
nbn key 1

The "a" key input wil be read from 1st point( I )

OFF

ON OFF

Consequently the "a" key and the "b" key are read once each.-

&7

SGS-THOMSON
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183113561 -68

The "b" key input will be read from 2nd point ( : )

13/13

49






GS-TH . |
ST R e M350

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER
WITH SAVE FACILITY

PRELIMINARY DATA

m SELECTABLE LOOP DISCONNECT OR DTMF
DIALLING MODES

= ALLOWS USER TO SWITCH FROM LD TO
DTMF DIALLING DURING A CALL

= LNR FACILITY ALLOWS UP TO 32 DIGITS TO
BE RETAINED FOR REDIALLING

= SELECTABLE MAKE/BREAK RATIOS 2 : 1
AND3:2

» SELECTABLE INTERDIGIT PAUSE 500ms OR
800ms

= USES INEXPENSIVE 560KHz RESONATOR

= TIMED BREAK RECALL (timed flash)

» OPERATES WITH INEXPENSIVE SINGLE
CONTACT KEYPAD

= CAPABLE OF BATTERY-LESS OPERATION.
LOW POWER CMOS PROCESS ALLOWS DI-
RECT OPERATION FROM TELEPHONE
LINES

ORDER CODE : M3540B

PIN CONNECTION

P 1 28 []C4a
DESCRIPTION SELECT [ 2 18 O R4
The M3540 is a keypad switchable LD/DTMF dialer mAsk O 3 18 PR3
devices designed for use in low cost, dual dialing osc ouT 4 4 17 P R2
mode telephone instruments. It is suitable for sen- osc INO S 16 [0 R1
ding telephone numbers without limit and an on-chip FILTINO 6 15 1 ¢3
memory allows numbers of up 32 digits to be retai- FILTOUT (] 7 14 O c2
ned for redialling later. The low power CMOS de- HSW [ B 130 ¢c1
sign allows the number in the memory to be vss O s 12 b nute
maintained indefinitely (until overwritten) by a mini- ubb M 18 11 b wF oout
mal current leaked from the telephone line. A parti- L

cular feature of this device is the facility for the user
to switch dialling mode from LD to DTMF via the key-
pad during the course of a call. This is intended for
uses such as home banking, access to long dis-
tance trunk service, credit card verifications and
other applications which require data to be sent at
low speed once a connection has been established.

February 1989

M88N3548-81

1711

51



M3540

ABSOLUTE MAXIMUM RATINGS*

Symbol| - P Value Uni
ymbo arameter Min. Tvp. Max. nit
Supply Voltage Vpp - Vss ’ -03 6.5 \Y
Voltage on any Pin Except HSW " | Vgs - 0.3 Vpp + 0.3 \"
Voltage on Pin HSW (current limited to < 100pA) Vgs = 0.3 \')
Current at any Pin Except FILTOUT and FILTIN -1 +1 mA
Current at Pin FILTIN 0 0.1 mA
Current at Pin FILTOUT -5 0 mA
Operating Temperature -10 + 55 °C
Storage Temperature 4 - 55 . +125 °C

" Stresses above the listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only func-
tional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not im-
plied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

D. C. ELECTRICAL CHARACTERISTICS
(at 2.5V, 25°C unless otherwise stated)

Symbol ’ Parameter Valus Unit
Min. Typ. Max.

Supply Voltage - Off-hook 25 55 Vv
Supply Voltage - On-hook 2.0 55 \"
Supply Current - On-hook at 2.0V 1000 nA
Supply Current - Off-hook (idle) 15 15.0 pA
Supply Current - MF tone sending 1.0 mA
Supply Current - LD impulsing 200 HA
Hookswitch Input - On-hook : 0.2 Vpp
Hookswitch Input - Off-hook 0.8 Vpp
MASK, MUTE and IMP Outputs, Load — 1mA 2.2 : \
MASK, MUTE and IMP Outputs, Load + 1mA 0.3 \")
MF OUT D.C. Level During Tone Sending 0.9 Vpp
MF OUT Output Resistance 3 kQ
Darlington Pair Current Gain at
lg = 100pA, Vee =2V 600

A.C. ELECTRICAL CHARACTERISTICS
(at Vpp = 2.5V, 25°C unless otherwise stated)

Symbol P t Value
Y arameter Min. Typ. Max. Unit

Tone Amplitude Low Group } o Load 57 64 mVrms

Tone Amplitude High Group no Loa 81 91 mVrms

Ratio of High to Low Group Amplitude 1.5 2 2.5 dB

Total Harmonic Distortion : 0 - 4 kHz 2 %
0- 10kHz 25 %
0- 50kHz 5 %
0- 200kHz 6.5 10 %

2111
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PIN FUNCTIONS

Pin Name Function
ROW 1 ‘
ROW 2
ROW 3
Fé%vlil: Connections for 16 Buttons, Single Contact Keyboard
COL 2
CoL 3
COL 4
Voo Positive Supply
Vss Negative Supply . ,
SELECT LD/MF Selection, IDP and B/M Ratio Programming
OSCIN . .
0SCOUT Oscillator Connection
HSW .- Hookswitch. A logic '1' voltage at this pin is used to indicate 'off-hook'.
MASK Output to disable speech circuit during pulse dialling and recall (see note 1).
IMP 'Loop Disconnect' Dialling Output )
MF OUT Unfiltered, Dual Tone Output
FILTOUT Unity Gain Amplifier Input and Output for 2-pole Filter
FILTIN
MUTE Output Active During Keying and Tone Transmission (see note 2)

Notes : 1. The MASK output may be used to disconnect the whole speech circuit in order to maintain the break condition whilst on-hook, du-

ring a TBR (timed flash) operation or for LD dialling.

2. The MUTE output is provided to disable the microphone while maintaining the loop condition during DTMF transmission.

KEYPAD OPERATION KEYPAD FORMAT
The device will accept keypad inputs only in the "off- c1C2 c3 c4
hook’ condition when the key is pressed for more
than 14ms. Any key pressed during the 'on-hook’ Ril 112131 18R
condition will be ignored and the oscillator inhibited.
This ensures that the current drain 'on-hook’ is low R21 4 | 5| 6 [ReDIAL
and used only for memory retention.

R3] 7 8 9 | SAVE

R4| x| © | # |TONE

TBR = Timed Break Recall (Timed Flash)

SAVE = Save digits dialled since going off-hook

REDIAL = Redial digits in 'save’ store

TONE - =Change dialling mode from LD to DTMF

* and # are available in DTMF mode only

311
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LD/DTMF MODE SELECTION
The initial dialling mode after the telephone goes off-hook is determined as follows :
DTMF - Connect SELECT pin to Vbp

LD -
Option Conne.ct SE.LECT
pin to :
IDP B/M Ratio

800ms 2:1 Vss

500ms 2:1 COL 1 LD dialing is at 10 p.p.s. for all options

500ms 3:2 COL 2

800ms 3:2 COL 3

KEYPAD LD/DTMF MODE CHANGE

Pressing the TONE key at any time after going off- gnalled to the chip, further dialling is set to the initial
hook will cause subsequently entered digits to be mode again.
dialled in DTMF. If the TBR (Timed Flash) key is In order to signal an ELR operation to the chip, the

Pressed, or an Earth Loop Recall operation is si- following configuration should be adopted :
Figure 1.
‘ M3546
' C3
A
T
22Q
USS
H89M3548-83

A

'SAVE’ STORE OPERATION

The 'save’ store is 31 digits long. If the user attempts to pause at this point and the speech circuit will be
to save a number of more than 31 digits the store is reactivated. If the REDIAL key is then pressed

inhibited. The contents of the 'save’ store are main- again, the remaining digits in the store will be redial-
tained until overwritten. led in DTMF.
To load the 'save’ store : ' If the redial feature is invoked after going off-hook,

At any time whilst off-hook the SAVE key may be the digits in the 'save’ store will be redialled as des-
pressed. This action causes digits dialled since cribed above. If the redial feature is not invoked af-
going off-hook to be retained, and the previous ter going off-hook, it is possible to first key in digits
contents of the store are overwritten. Further digits ~ and then press REDIAL. If the digits keyed in corres-
may be dialled after pressing the SAVE key but pon'd. with the first digits in the 'save’ store, the re-
these will not be retained. ;na;mnq digits (;Mg tbe ﬁlutomaticalll)‘/( rqdiall?d (this
. . , , . eature is provided to allow manual keying of an ac-
To redial the number in the 'save’ store : cess code followed by a pause before dialling out
Whilst in the speech mode, press REDIAL once. the rest of the number). If, however, a digit is keyed
However, if an LD to DTMF mode change was ef- which differs from the corresponding digit in the
fected when the number was originally dialled, a  Store number, then redialling is inhibited.

marker* in the 'save’ store will cause the redialling This marker requires one location of the 31 digit store

411 :
Lyy SGS-THOMSON
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LAST NUMBER REDIAL

The function of the Last Number Redial store is to
automatically retain the last number dialled so that
it can be redialled later simply by pressing the LNR
key. Either LD or MF numbers will be retained in the
store. When numbers containing an LD part follo-
wed by an MF part are dialled, only the LD part will
be retained in order that security codes, etc., dialled
in MF are not automatically stored.

To redial a number, go off-hook and press LNR.

once. Alternatively, digits may be keyed manually
before LNR is pressed. If-the digits keyed corres-
pond with the first digits in the LNR store, the remai-
ning digits will be automatically redialled when LNR
is pressed (this feature allows manual keying of an
access code followed by a pause before dialling out
the rest of the number). If, however, a digit is keyed
which differs from the corresponding digit in the sto-
red number, then redialling is inhibited.

HOOKSWITCH OPERATION

The hookswitch input is used to inform the M3540
of whether the telephone is on- or off-hook. When
the telephone is on-hook the M3540 will adopt a sta-
tic low power mode in which dialling functions are
inhibited and only a minimal current is consumed to
maintain the store contents.

‘7_, SGS-THOMSON

The M3540 recognises the on-hook condition when
the hookswitch input (HSW) goes from logic 1’ (the
off-hook condition) to logic ‘0’ for greater than
300ms. Short line voltage interruptions of less than
200ms, such as those created by the exchange du-
ring connection, will not be recognised by the M3540
as an on-hook indication.

The MASK output will go to logic '0’ instantly when-
ever, and for as long as, the hookswitch input is at
logic 0’ in order to disconnect the speech circuit.
This conserves current so that the store contents
are not lost.

POWER-ON RESET

A Power-on Reset is internally generated when po-
wer is applied to the chip and causes the number
store to be cleared.

LOOP DISCONNECT MODE

In this mode the MASK output is used to disable the
speech circuit during dialling. The MASK output is
at logic ‘0’ during impulsing and interdigit pauses.

. The IMP output signals a break to line when at logic

'0’ (Vss). Make periods and I.D.P. times are signal-
led by logic "1’ on the output. During the non-dialling
period the impulsing output is at logic '0’. Timing of
the output is shown below.

5/11
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Figure 2 : Timing Diagram.

HOOK
SUITCH i
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.
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g T4t ‘ T TBR’ "8' ON-HOOK
t“—>
AASK [ | [ 1 | TIMEOUT
188mS
o7 =T I
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. (PARTIAL)
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MFOUT (LOW)
N89NM3541-84
Figure 3 : Timing Data.
1 t1 ! 1! 3 > L—td‘ "’
) ¥ £5 K

imp
1
|
ﬁ t2

! 188115413 -84
t1 = Pre-digit pause (= ts)
t2 = Break period (60ms or 67ms)
ts = Make period (40ms or 33ms)
t4 = Post-digit make (= ta)
ts = Inter-digit pause (500 or 800ms)
ot L57 SGS-THOMSON
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DTMF MODE
The MUTE output goes'to logic "1’ when a key is ac- tone transmission.
tivated and remains active for the duration of the The tone rate will be 100ms on, 100ms off minimum.

TONE FREQUENCIES

Keypad R1 R2 R3 R4 c1 c2 c3
Nominal Frequency (Hz) 697 770 852 941 1209 1336 1477
Deviation from Nominal (%) | - 0.07 - 0.10 -0.19 - 0.15 -0.17 -0.20 - 0.22

There will be an additional error due to the deviation of the oscillator frequency from 560KHz.
Figure 4 : Timing Diagram. ‘
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[
rgr TAl "TBR' rgr

MASK I | |
188ms |
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-
TIMEOUT

MUTE [ | | [ |
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TONE OUTPUT .

Facility has been made for tone filtering as shown tional to the chip supply voltage, Vop, and can be
below. This also allows the user to adjust tone am- adjusted by changing the ratio of Rs and R4
plitudes as required. The tone amplitude is propor-

Figure 5.
|
MF
GENERATOR
ON CHIP
———————— —| MF OUT }
EXTERNAL
CIRCUIT
R3
——
T ©2 oUTPUT
MB8M5413-86 R4
TYPICAL VALUES
R =56KQ —0 USS
R:  =56KQ
Ra+ R4 =10KQ
Cq =1.3nF
Cz =470pF

‘The filter components shown have been chosen to give a second order Butterworth response with a cut-off frequency of
about 3.5KHz. The pass-band insertion loss is nominally 0.5dB.

DTMF APPLICATION CIRCUITS

The DTMF circuit in figure 2 uses a constant current it may be used to power the M3540 Diode D1 pre-
supply and a 2.5V reference diode to produce the vents the speech circuit from taking current whilst
stabilised supply voltage which determines.the MF the telephone is on-hook, and D2 compensates for
tone level of the M3540. If the speech circuit pro- the voltage dropped across D1 when off-hook.
vides a stabilised voltage, then figure 3 shows how

8/11
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Figure 6.
HODK SWITCH .
] -
LINE |-»+ 03 &)
568 A 4
; 4.7K
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Figure 7.
HODK SWITCH
] -
LINE |-»+ 03 &)
2 4.7k
(] 2.2n [j 478K
D4
—¢ |
UDD SELECT | Tubp LINEs!
HSU  MUTE )T MUTE |
R 1(2|3]| 18R | FILT oUuT MF INPUT !
470 = %5.1V L | i
~ 415 |6 [REDIALI—] ) 1.2n \ SPEECH :O
HOBEE HF ouT 1 CIRCUIT!
*|8|#n| N 2x56K : .
[— FILT IN -L479 ] | o156 ',:I]
0 ‘__ M3549 i it ! X
476K — MASK ——K !
1ok " 02 LINE- 1
D2
82pF 2% 159
d 18INI548 87

7]

SGS-THOMSON
MICROELECTRONICS

9/11

59



M3540

SWITCHABLE LD/MF APPLICATION CIRCUITS

The circuit in figure 4 uses a constant current sup-
ply to take current from the telephone line which is
used to power the M3540. The 2.5V reference diode
produces a stabilised supply voltage which deter-
mines the MF tone level of the M3540.

In figure 5, a stabilising voltage from the speech cct
is used to supply-the M3540 during MF dialling to
give accurate tone levels.

The M3540 is powered via the 150K resistor during
TBR operations and LD dialling breaks, and via Q1
during dialling makes. This configuration minimises.
the component count at the expense of allowing a
leakage current of about 450pA during dialling
breaks. The 47uF reservoir capacitor maintains and
smooths the supply to the chip.

Figure 8.
HOOK SWITCH
LINE |-+ &) a2
) 4
T 568 . £5.50[] 4.5
2.2H 478K . Y 1sex
01 Y
MF \ LD o
UDD SELEC! | LINE+ ':
HSW  MUTE :Tx MUTE
TBR — I
470 == K2.50 : ; anm.—— MF OUT M OINPUT
7|89 s _ ] 1 speecH
FRSK 4f) | CcIRCUIT
*x|e|n| & Q4 t '
| — | :[]
| — M3548 ' Ls156 ‘
. 1
478K 2 i
i s 1 e
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Figure 9.
HOOK SWITCH
LINE |-t 02 M)
T 4.7k
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M3541

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER

= SELECTABLE LOOP DISCONNECT OR DTMF
DIALLING MODES

» ALLOWS USER TO SWITCH FROM LD TO
DTMF DIALLING DURING A CALL

= LNR FACILITY ALLOWS UP TO 32 DIGITS TO
BE RETAINED FOR REDIALLING

s SELECTABLE MAKE/BREAK RATIOS 2:1 AND -

3:2

= SELECTABLE INTERDIGIT PAUSE 500ms OR
800ms

= USES INEXPENSIVE 560KHz RESONATOR

= TIMED BREAK RECALL (timed flash)

= OPERATES WITH INEXPENSIVE SINGLE
CONTACT KEYPAD

n CAPABLE OF BATTERY-LESS OPERATION.
LOW POWER CMOS PROCESS ALLOWS DI-
RECT OPERATION FROM TELEPHONE
LINES

DESCRIPTION

The M3541 is a keypad switchable LD/DTMF dialer
devices designed for use in low cost, dual dialing
mode telephone instruments. It is suitable for sen-
ding telephone numbers without limit and an on-chip
memory allows numbers of up 32 digits to be retai-
ned for redialling later. The low power CMOS de-
sign allows the nurber in the memory to be main-
tained indefinitely (until overwritten) by a minimal
current leaked from the telephone line. A particular
feature of this device is the facility for the user to
switch dialling mode from LD to DTMF via the key-
pad during the course of a call. This is intended for
uses such as home banking, access to long di-

stance trunk service, credit card verificatios and .

other applications which require data to be sent at
low speed once a connection has been established.

February 1989

PRELIMINARY DATA

ORDER CODE : M3541B

DIP20 .

PIN CONNECTION

me1 ~ 2efpca
SELECT [ 2 18 [0 R4
MASK ] 3 18 [J R3
0SC ouT [] 4 17 [ R2
osc INO 5 16 [J R1
FILTIN ] 6 15 [0 €3
FILTOUT (] 7 14 [ C2
Hsu [] 8 13 [0 c1
uss [] 9 12 [1 MUTE
uDD [ 18 11 [J MF ouT

1n89M3541-61
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M3541

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Min. Typ. Max.

Supply Voltage Vpp - Vss - 0.3 6.5 \
Voltage on any Pin Except HSW Vgs — 0.3 Vpp + 0.3 \Y
Voltage on any Pin HSW (current limited to < 100pA) Vgs — 0.3 \
Current at any Pin Except FILTOUT and FILTIN -1 +1 mA
Current at Pin FILTIN 0 0.1 |mA
Current at Pin FILTOUT -5 0 mA
Operating Temperature -10 + 55 °C
Storage Temperature - 55 +125 °C

* Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other condition above those indicated in the opera-
tional sections of this specification is not implied. Exposure to absolute maximum ratings for extended periods may affect

device reliability.

D. C. ELECTRICAL CHARACTERISTICS
(at 2.5V, 25°C unless otherwise stated)

Value

64

Symbol Parameter Unit
Min. Typ. Max.
Supply Voltage - Off-hook 25 55 \
Supply Voltage - On-hook 20 55 v
S(fpply Current - On-hook at 2.0V 1000 nA
Supply Current - Off-hook (idle) 1.5 15.0. HA
Supply Current - MF tone sending 1.0 mA
Supply Current - LD impulsing 200 HA
Hookswitch Input - On-hook 0.2 Vpp
Hookswitch Input - Off-hook 0.8 Vpp
_MASK, MUTE and IMP Outputs, Load — 1mA 22 Vv
MASK, MUTE and IMP Outputs, Load + 1mA 0.3 v
MF OUT D.C. Level During Tone Sending 0.9 Vpp
MF OUT Output Resistance 3 kQ
Darlington Pair Current Gain at
lg = 100pA, Vee =2V 600
A. C. ELECTRICAL CHARACTERISTICS
(at Vpp = 2.5V, 25°C unless otherwise stated)
Symbol . Parameter Value Unit
Min. Typ. Max.
Tone Amplitude Low Group } no Load 57 64 mVrms
Tone Amplitude High Group 81 91 mVrms
Ratio of High to Low Group Amplitude 1.5 2 2.5 dB
Total Harmonic Distortion :0- 4 kHz 2 %
0- 10kHz 25 %
0- 50kHz 5 %
0-200kHz 6.5 10 %
2 LSy SGS-THOMSON
Y/ HiCROELECTRONICS




M3541

PIN FUNCTIONS

Pin Name Function
ROW 1
ROW 2 |
ROW 3
%%\ALI;‘ Connections for 16 Buttons, Single Contact Keyboard
COL 2
COL 3
COL 4
\4) Positive Supply
Vss Negative Supply
SELECT LD/MF Selection, IDP and B/M Ratio Programming
OSCIN . .
0SCOUT Oscillator Connection
HSW Hookswitch. A logic '1' voltage at this pin is used to indidcate 'off-hook'.
MASK Output to disable speech circuit during pulse dialling and recall (see note 1).
IMP 'Loop Disconnect' Dialling Output
MF OUT Unfiltered, Dual Tone Output
FILTOUT Unity Gain Amplifier Input and Output for 2-pole Filter
FILTIN
MUTE Output Active During Keying and Tone Transmission (see note 2)

Notes : 1. The'MASK output may be used to disconnect the whole speech circuit in order to maintain the break condition whilst on-hook, du-

ring a TBR (Timed Flash) operation or for LD dialling.

2. The MUTE output is provided to disable the microphone while maintaining the loop condition during DTMF transmission.

KEYPAD OPERATION

The device will accept keypad inputs only in the 'off-
hook’ condition when the key is pressed for more
than 14ms. Any key pressed during the 'on-hook’
condition will be ignored and the oscillator inhibited.
This ensures that the current drain 'on-hook’ is low
and used only for memory retention.

Ly SEmoee

KEYPAD FORMAT

R1
R2
R3

R4

C1 C2 C3 c4

112] 3 [TBR
4 15| 6 |LNR
18189
x|oe|#

nggn3s41-62

LNR = Redial digits in "LNR"store
TBR = Timed Break Recall (timed flash)

311
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M3541

LD/DTMF MODE SELECTION

The initial dialling mode after the telephone goes off-hook is determined as follows :

DTMF - Connect SELECT pin to Vbp

LD -
. Connect SELECT
Option pin to :
IDP B/M Ratio
800ms 21 Vss
500ms 2:1 COL 1
500ms 3:2 CcoL 2
800ms 3:2 COL 3

KEYPAD LD/DTMF MODE CHANGE

If the initial dialling mode is LD, pressing either the *
or # key will cause all subsequently entered digits to
be dialled in DTMF. The first press of either * or #
will not cause a digit to be dialled, but once in MF
mode, pressing * or # will cause the appropriate tone
pair to be transmitted.

Figure 1.

LD dialling is at 10 i.p.s. for all options

If the TBR (Timed Flash) key is pressed, or an Earth
Loop Recall operation is signalled to the chip, fur-
ther dialling is set to the initial mode.

In order to signal an ELR operation to the chip, the
following configuration should be adopted :

C3

M3541

22Q

T

Uss

1189113541-83

LAST NUMBER REDIAL

The function of the Last Number Redial store is to
automatically retain the last number dialled so that
it can be redialled later simply by pressing the LNR
key. Either LD or MF numbers will be retained in the
store. When numbers containing an LD part follo-
wed by an MF part are dialled, only the LD part will
be retained in order that security codes, etc., dialled
in MF are not automatically stored.

To redial a number, go off-hook and press LNR

am LyF S5S-THOMSON

once. Alternatively, digits may be keyed manually
before LNR is pressed. If the digits keyed corres-
pond with the first digits in the LNR store, the remai-
ning digits will be automatically redialled when LNR
is pressed (this feature allows manual keying of an
access code followed by a pause before dialling out
the rest of the number). If, however, a digit is keyed
which differs from the corresponding digit in the sto-
red number, then redialling is inhibited.

MICROELECTRONICS
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M3541

HOOKSWITCH OPERATIbN

The hookswitch input is used to inform the M3541
of whether the telephone is on- or off-hook. When
the telephone is on-hook the M3541 will adopt a sta-
tic low power mode in which dialling functions are
inhibited and only a minimal current is consumed to
maintain the store contents.

The M3541 recognizes the on-hook condition when
the hookswitch input (HSW) goes from logic '1’ (the
off-hook condition) to logic '0’ for greater than
300ms. Short line voltage interruptions of less than
200ms, such as those created by the exchange du-
ring connection, will not be recognized by the M3541
as an on-hook indication.

The MASK output will go to logic '0’ instantly when-
ever, and for as long as, the hookswitch input is at
logic '0’ in order to disconnect the speech circuit.

This conserves current so that the store contents
are not lost.

POWER-ON RESET

A Power-on Reset is internally generated when po-
wer is applied to the chip and causes the number
store to be cleared. .

LOOP DISCONNECT MODE

In this mode the MASK output is used to disable the
speech circuit during dialling. The MASK output is
logic 0’ during impulsing and interdigit pauses.
The IMP output signals a break to line when at logic
'0’ (VSS). Make periods and I.D.P. times are signal-
led by logic '1’ on the output. During the non-dialling
period the impulsing output is at logic '0". Timing of
the output is shown below.

Ly SGS-THOMSON 511

MICROELECTRONMICS
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M3541

Figure 2. : Timing Diagram

HOOK
SUITCH I

KEY PRESS

[1 [1

mls

COLUMN I ”“” "l““

e

InP

v
-a--

rngyrs415-64

RO 111 i [l
5 r4qt 'TER' '8' ON-HOOK
<+
AASK |'_l I I TIMEOUT
188mS
VoL 1
'5' '4' lgl
(PARTIAL)
MUTE(LOW)
MFOUT (LOW)
MHB9N3541 -84
Flgure 3. : Timing Data
' 1 1 1 3 ' L—td 1
——— e L s et
1 [} [} 1

I O

t = Pre-digit pause (=ts)

t2 = Break period (60ms or 67ms)

ts = Make period (40ms or 33ms)

t4 = Post-digit make (= ts)

ts = Inter-digit pause (500 or 800ms)

6/11
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M3541

DTMF MODE

The MUTE output goes to logic '1"when a key is ac- tone transmission.
tivated and remains active for the duration of the  The tone rate will be 100ms on, 100ms off minimum.

TONE FREQUENCIES

Keypad R1 R2 R3 R4 C1 Cc2 C3
Nominal Frequency (Hz) 697 770 852 941 1209 1336 1477
Deviation from Nominal (%) | — 0.07 —0.10 - 0.19 —-0.15 -0.17 —0.20 —-0.22

There will be an additional error due to the deviation of the oscillator frequency from 560KHz.

Figure 4 : Timing Diagram.

HOOK

SUITCH [
KEY PRESS 1 ] 1] [

ROU 1 O [l [l

'5' 141 ITBR' lg’]

!

MASK | | I

188ms 1

IMP(LOUV) :
ON-HOOK

t—

TIMEOUT

MUTE ] ]

.

~ g T4 { "B' (SHORTENED)
MFOUT [— A | ﬂ—
| : 1 ﬁl !
1 1 !
1szQ 1mQSB 1m959 N89N3541-85
r SGS-THOMSON 7
’l MICROELECTRONICS
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TONE OUTPUT

Facility has been made for tone filtering as shown tional to the chip supply voltage, Vpp, and can be
below. This also allows the user to adjust tone am- adjusted by changing the ratio of R3 and R4.
plitudes as required. The tone amplitude is propor-

Figure 5.
1
MF : . {uop |- -
GENERATOR |
ON CHIP !
’ 1
I
———————— { mF outT }------—{ FILTIN }----FILTOUT |~~+4--~
R1 R2
¢
EXTERNAL c1
CIRCUIT il
R3
———
C
2 OUTPUT
HB8H5413-86 R4
TYPICAL VALUES
Ri = 56kQ $- +———0 USS
Rz = 56kQ
Ra+ Ra = 10kQ
Ci1=1.3nF
Ca = 470pF

The filter components shown have been chosen to give a second order Butterworth response with a cut-off frequency of
about 3.5KHz. The pass-band insertion loss is nominally 0.5dB.

DTMF APPLICATION CIRCUITS

The DTMF circuit in figure 6 uses a constant current it may be used to power the M3541. Diode D1 pre-
supply and a 2.5V reference diode to produce the vents the speech circuit from taking current whilst
stabilised supply voltage which determines the MF the telephone is on-hook, and D2 compensates for
tone level of the M3541. If the speech circuit pro- the voltage dropped across D1 when off-hook.
vides.-a stabilised voltage, then figure 7 shows how

8/11
" Ly SEmoen




M3541

Figure 6.
HOOK SUITCH
LINE |-b+ a3 1)
L 560 y
v 4.7k
. 188K
| 2.2n [] 478K 01,
UDD SELECT :"_LTNE?"?
HSU  MUTE { TX MUTE |
1[2[3] e }H FILT ouT ' ME INPUT !
v = K2.5V ! I
(e 3 4|56 [eora 1,200 | SPEECH :O
HOE . HF ouT i CIRCUIT !
+Tsts 2x56K : '
o | FILT IN T ! :___[j
l— m3541 = 478pF : LS156
U 178K | AR B '
1ok ~102,  LINE- !
Tl
BZDF 158
pF
1ng9N3s541-86
Figure 7.
HODK SWITCH
] -~
LINE [+ 63 )
L
} 4,7k
] 2.2H [] 470K
D1
UDD SELECT :uoB"EfN?—:T".
HSU  MUTE 1 TX NUTE |
1]2[3] e <  FILT ouT ''MF INPUT !
a7p = E5.10 - | !
4| 5|6 |rREDIAL. 1.2n : SPEECH :G
783 MF oUT | CIRCUIT}
o7 2x56K x 1
T FILT IN T ' Cﬂ
[ — M3541 == 478pF ! LS156
]
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M3541

SWITCHABLE LD/MF APPLICATION CIRCUITS

The circuit in figure 8 uses a constant current sup-
ply to take current from the telephone line which is
used to power the M3541. The 2.5V reference diode
produces a stabilised supply voltage which deter-
mines the MF tone level of the M3541.

In figure 9, a stabilising voltage from the speech is
used to supply the M3541 during MF dialling to give
accurate tone levels.

The M3541 is powered via the 150K resistor during
TBR operations and LD dialling breaks, and via Q1
during dialling makes. This configuration minimises
the component count at the expense of allowing a -
leakage current of about 450pA during dialling
breaks. The 47pF reservoir capacitor maintains and
smooths the supply to the chip.

Figure 8.
HODK SWITCH
_—_— -~
LINE |-® ) a2
L 568 Y K 5.6 [] 4.7
[] 2.2n  [] a7ex - ¥ sppk
01 Sh—4——
. nF \ LD Ll
UDD SELECT :--_LENE_*_- i
HSU  MUTE § TX MUTE
1|2([3] rer } ! 1
= - | 1
a7p R K2.5v| o] | nF ouT | MFINPUT I
>89 o : SPEECH:C]
FiRSK 4L 1 cIRcuIT!
x|(B|#a n4\v '
T ' Lerss 1
M3541 1 LS156 ¢
]
478K Tl ! !
[] uss IMP “\t’ 03 oLme
oscin] o 0SCoUT
158
82pF
T T DF - Mn89M3541-88
- 1011
c_ SGS-THOMSON
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Figure 9.
HODK SWITCH
LINE |9t Q2 ()
i 2.2M 478K 7K
: 568 A
MF \ LD D1
) t¢ ol .
VDD SELELL 'UDD LINE+
HSW  MUTE 1 TX MUTE |
a7p == &s.1u| FHEELTR MF oUT :nr INPUT |
Gk 4156 peora— | SPEECH |
|
71819 — -3 (
RASK —{[[} | CIRCUIT ‘:Cj
x|o|n ae~ X
E____‘ 1
— w3541 i LS156 {l:l]
J ! I
[] 47ex Inp Afhaz | | !
~r Lo LINE- !
0SCIN 0SCOUT
l I D2
BZpF 159
ng9n3s41 -89
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MK5370

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER

= STAND-ALONE DTMF AND PULSE SIGNA-
LING

= RECALL OF LAST NUMBER DIALED (up to
28 digits long)

= FORM-A AND 2-of -7 KEYBOARD INTERFACE

= PACIFIER TONE

» POWERED FROM TELEPHONE LINE, LOW
OPERATING VOLTAGE FOR LONG LOOP AP-
PLICATIONS

DESCRIPTION

The MK5370 is a Silicon Gate CMOS IC that pro-
vides necessary signals for either DTMF or loop dis-
connect (pulse) dialing. The MK5370 buffers up to
28 digits into memory that can be later redialed with

* asingle key input. This memory capacity is sufficient

for local, long distance, overseas, and even compu-
terized long-haul networks. Users can store all 12
signaling keys and redial them using either the *or
# as the first key entry after going off-hook.

ORDER CODE : MK5370N00

A ~or # key input automatically redials the last num-
ber dialed if it is the first key entered after a transi-
tion from on-hook to off-hook (HKS input switched
from a high to low logic level). Auto-dialing is mo-
mentarily interrupted (during interdigital pause pe-
riod or intersignal period) while manual keys are de-
pressed, however these inputs are not stored into
memory.

PIN CONNECTION (top view)
KEYPAD CONFIGURATION
vo v ~ sp ewse
1 2 3 M,?éi’ 0z 1700 el
o [s3 B[] Al
A 5 6 2 [a 5[] R
& (s 14[] R3
7 3 9 v- [s 13[] Ra
osct  []7 12[] WUTEr
% i oscz []s nQ PAGEIER
LND LND ic 0o 0[] F
OUTPUT
Mn88MK5376-61
ABSOLUTE MAXIMUM RATINGS *
Parameter Value Unit
DC Supply Voltage 6.5 Vv
Operating Temperature 0to + 60 °C
Storage Temperature —55t0 + 125 °C
Maximum Power Dissipation (25 °C) 500 mwW
Maximum Voltage on any Pin (V+) + 0.3, (V-) - 0.3 \

November 1988

1/9
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MK5370

'

ELECTRICAL OPERATING CHARACTERISTICS

otherwwise stated.

Y

* All specifications are for 2.5 Volt operation and full operating temperature range unless

|
,‘ DC CHARACTERISTICS
I, N° |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
K V+ DC Operating Voltage (all functions) . 25 6.0 Vv
Vmr | Memory Retention Voltage 15 \ 1,6
Is Standby Current 0.2 1.0 A 1
Imm Memory Retention Current 0.1 075 | pA 5,6
; Vmute | Mute Output Operating Voltage 1.8 Vv 7
i It | Operating Current (tone) 300 | 600 | pA 2
Ip Operating Current (pulse) 225 | 350 pA 2
ImL Mute Output Sink Current (V+ =2.5 V) 1.0 2.0 mA 3
. lpL Pulse Output Sink Current 1.0 2.0 mA 3
: lpc Pacifier Tone Sink/Source 250 | 500 HA 4
Kru | Keypad Pull-up Resistance 100 kQ
KrD Keypad Pull-down Resistance 750 Q
Vi Keypad Input Level-low 0 03V+| V
Vi Keypad Input Level-High 0.7 V+ V+ Vv

Notes : 1. Allinputs unloaded Quiescent Mode (oscillator off).
. All outputs unloaded single key input.

. Vour = 0.4 Volts

. Memory Retention Voltage is the point where memory is guaranteed but circuit operation s not.
. Proper memory retention is guaranteed if either the minimum Iur is provided or the minimum Vug. The design does not have to pro-

1
2
3
4. Sink Current for Vout = 0.5 volts. Source Current for Vour = 20 Volts.
5.
6.

vide both the minimum current or voltage simultaneously.
7. Minimum supply voltage where activation of mute output with key entry is ensured.

i AC CHARACTERISTICS — KEYDAP INPUTS, PACIFIER TONE

N°  |Symbol Parameter . Min. | Typ. | Max. | Unit |Notes
3 Tkp Keypad Debounce Time 32 ms 1
- Fks Keypad Scan Frequency 250 Hz 1
| - TRL Two Key Rollover Time 4 ms 1
- Fet Frequency pacifier Tone 500 Hz 1
4 Tet Pacifier Tone Duration 30 ms 1

¢ Notes : 1. Crystal oscillator accuracy directly affects these times.

AC CHARACTERISTICS — PULSE MODE OPERATION

N°  [Symbol Parameter Min. | Typ. [ Max. | Unit |Notes
- Pr Pulse Rate 10 PPS 1
5 PDP | Predigital Pause 40 ms 2
6 IDP Interdigital Pause 940 ms 2
7 Tmo | Mute Overlap Time 2 ms 2
8 T Break Time 60 ms 2
Notes : 1. 10 PPSis the nominal rate.
2. Figure 5 illustrates this relationship.
3/9
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MK5370

ELECTRICAL OPERATING CHARACTERISTICS (continued)

AC CHARACTERISTICS — TONE MODE

N°  |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
- Tk Tone Output No Key Down —80 | dBm 1
-13 | -12 | —-11 | dBm | 1,2

- Tod Tone Output (dependent) —173| 194 | 218 |mVims| 5
- PEg4 Pre-emphasis, High Band 2.3 2.7 3.1 dB

- DCy Tone Output DC Bias (V+ = 2.5) 1.0 1.2 \

- Re Tone Output Load 10 kQ 5
- Tris | Tone Output Rise Time 0.1 1.0 ms

- DIS Output Distortion 5.0 8.0 %

- Tx Tone Signaling Rate 5.0 1/sec

1 Tesp | Pre-signal Delay 100 ms 7
2 Tisp Inter-signal Delay 100 ms’

Notes : 1. 0dBm equals imW power into 600 ohms or 775 mVolts.

Important Note : The mk5370 is designed to drive a 10 Kohms load. The 600 ohms load is only for reference.

. Supply voltage ? 2.5 to 6 Volts. Re-10 kohms.
Re = 10 Kohms.

. Time from initial key input until beginning of signaling.

N oA WN

FUNCTIONAL DESCRIPTION
V+

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements. (see Electrical Specifications).

MODE/TEST

Input. Pin 2. MODE/TEST determines the dialer's
default operating mode. When the device is powe-
red up or the hookswitch input is switched from on-
hook (V+) to off-hook (V-) the default determines
the signaling mode. A V+ connection selects to
pulse mode operation.

Pin 2 also forces the device into test mode.

C1,C2,C3,R4,R3, R2, R1
Keyboard Input. Pins 3, 4, 5, 13, 14, 15, 16. The
MK5370 interfaces with either the standard 2-of-7
with negative common or the inexpensive single-
contract (Form A) keyboard.

A valid keypad entry is either a single Row connec-
ted to a single Column or V- simultaneously presen-
ted to both a single Row and Column. In its quies-
cent or standby state, during normal off-hook ope-

4/9 . -
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. Single tone (low group). varies when used in subscriber set.

. Supply voltage = 2.5 Volts. These specifications are supply-dependent.
. Time from beginning of tone output wavefform to 90 % of final magnitude of either frequency Crystal parameters suggested for pro-
per operation are Rs = 1000 ohms Lm =96 mH Cm- 0.2 pF Cm= 5pF f =3.5679545 MHz and C; = 18 pF.

ration, either the Rows or the Columns are at a lo-
gic level 1 (V+). Pulling one input low enables the
on-chip oscillator to begin scanning the keypad.
Scanning consists of Rows and Columns alternate-
ly switching high through on-chip pull-ups.

After both a Row and Column key have been detec-
ted, the debounce counter is enabled and any noise
(bouncing contacts, etc.) is ignored for a debounce
period (Tdb) of 32 ms. At this time, the keyboard is
sampled and if both Row and Column information
are valid, the information is buffered into the LND lo-
cation. If switched on-hook (pin 17 to pin 1), the key-
board inputs all pull high through on-chip pull-up re-
sistors.

IC - .
Input. Pin 9 Internal connection. This pin should be
left during for normal operation.

V—

Input. Pin 6 is the negative supply input to the de-
vice. This is the voltage reference for all specifica-
tions.




MK5370

0SC1, 0SC2

Input/Output. Pins 7, 8. OSC1 and OSC2 are inputs
to an on-chip inverter used as the timing reference
for the circuit. It has sufficient loop gain to oscillate
when ‘used with a low-cost television color-burst
crystal. The nominal crystal frequency is
3.579545 MHz and any deviation from this standard
is directly reflected in the Tone output frequencies.
The crystal oscillator provides the time reference for
all circuit functions. -

DTMF OUTPUT

Outpdt. Pin 10. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column tones.
Figure 4 shows the timing at this pin.
The DTMF OUTPUT is the summation of a single
Row frequency and a single Column frequency. A
typical single tone sine wave is shown in Figure 1.
This waveform is synthesized using a resistor tree
with sinusoidally weighted taps.
The MK5370 is designed to operate from a regula-
ted supply and the row (low group) TONE LEVEL is
related to this supply by either of the following equa-
tions :
To1 =20 LOG [(0.0776 V+) / 0.775] dBm

- Tot =0.0776 (V+) VRMS
The DC component of the DTMF output while ac-
tive is described by the following equation :

Vbci =0.66 V +-0.6 Volts

Figure 1 : Single Tone. -

PACIFIER TONE OUTPUT

Output. Pin 11. A 500 Hz square wave is activated
on pin 11 upon acceptance of a valid key input, af-
ter the 32 ms debounce time. The square.wave ter-
minates after a maximum of 30 ms or when the va-
lid key is no longer present. In pulse mode, all key
entries activate the pacifier tone. In tone mode, on-
ly a redial entry activates the pacifier tone. The pa-
cifier tone provides audible feedback, confirming
that the key has been properly entered and accep-
ted.

Figure 2: Dual Tone.

Figure 3 : Spectral Reponse.

MAKER 700.0 Hz
RANGE 398mV 191 mv

REF 398 mVv

10 dB/DIV

START .0 Hz
RWB 30 Hz

STOP 5 000.0 Hz

VBW 30 Hz ST 17.4 SEC
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MUTE1

Output. Pin 12. This pin is the Mute Output for both
tone and pulse modes. Timing is dependent upon
mode.

The output consists of an open drain N-channel de-
vice. During standby, the output is high impedance
and generally has an external pull- up resistor to the
‘positive supply.

In tone mode, MUTE1 removes the transmitter and
the receiver from the_network during DTMF signa-
ling. During dialing, MUTE1 is active continuously
until dialing is completed.

In pulse mode, MUTE1 removes the receiver or the
network from the line. Different circuitry is required
for tone and pulse muting external to the IC and ap-
plications using_both modes would not necessarily
share circuitry. MUTE1 timing is shown in Figure 5
for pulse mode signaling and Figure 4 for tone mode
signaling.

HKS

Input. Pin 17. Pin 17 is the hookswitch input to the
MK5370. This is a high-impedance input and must
be switched high for on-hook operation or low for
off-hook operation. A transition on this input causes
the on-chip logic to initialize, terminating any opera-

tion in progress at the time. The signaling mode de- .

faults to the mode selected at pin 2.

PULSE OUTPUT

Output. Pin 18. This pin has a dual function deter-
mined by the dialing mode selected. In Pulse Mode,
the pin is an output consisting of an open drain N-
channel device with zener protection. The break ti-
ming at this output meets Bell Telephone and EIA
specifications for loop disconnect signaling. Fi-
gure 4 shows this timing.

Table 1 : DTMF Output Frequency.

DEVICE OPERATION (tone mode)

When the MK5370 is not actively dialing, it
consumes very little current. While on-hook, all key-
pad input pins are pulled high. Key entries are not
recognized unless they utilize a keypad common
connection to force the respective Row and Column
inputs low. These inputs assume opposite states
off-hook. The circuit verifies that a valid key has -
been entered by alternately scanning the Row and
Column inputs. If the input is still valid following
32 mis of debounce, the digit is stored into memory,
and dialing begins after a pre-signal delay of 100
ms. Each digit buffered into the RAM is dialed out
with a 98 ms burst of DTMF and an intersignal time
of 102 ms.

One important feature of the dialer is its ability to
buffer data into the RAM before signaling. This fea-
ture allows less expensive keyboards to be used be-
cause signal distortion and double digit entry cau-
sed by bouncing and bounding of the keypad are
eliminated. This design also ensures that data sto-
red in the buffer exactly matches the digits actually
dialed.

NORMAL DIALING (off-hook)

DIGIT 1 DIGIT 2 DIGIT 2 ...ETC

Normal dialing is straightforward, all keyboard en-
tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND

Last number dialing is accomplished by entering the
* or # key as the first entry after coming off-hook.

Key Input Standard Frequency ~ Actual Frequency % Deviation
"ROW 1 697 699.1 - © 4+ 0.31
2 . . 770 766.2 —0.49
3 852 847.4 * —0.54
4 941 948.0 + 0.74
COL 1 - 1209 1215.9 + 0.57
2. 1336 13317 - 0.32
3 1477 1471.9 - 0.35
6/9
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Figure 4 : Tone Mode Timing.
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Figure 6 : Pulse and Tone Mode Timing.
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TYPICAL APPLICATION

The MK5370 Pulse Tone dialer provides both cost-
effective telephone-line interface and the logic re-
quired for DTMF (Tone) and Loop Disconnect
(Pulse) signaling.

Pulse dialing originated with the rotary dial tele-
phone. The MK5370 Pulse Tone dialer provides the
same capability as the rotary dial telephone and the
convenience of pushbutton entry. The subscriber
set (telephone) is powered by loop current supplied
by the telephone company. Signaling, in Pulse
- Mode, is accomplished by repeatedly interrupting
the low current. The central office senses, times,
and counts each line "break" the number of
breaks corresponds to the digit dialed. The duration
of the break period, the dialing rate, and the sepa-
ration between consecutive digits (IDP time) are
controlled by the Pulse Tone dialer IC. Loop discon-
nect dialing is nearly a world-standard concept.

DTMF signaling consists of modulating the tele-
phone line with a signal comprised of two fundamen-
tal frequencies. Each frequency pair represents one
of sixteen possible digit (or key) entries. Twelve of
these frequency pairs are commonly used (0, 1, 2,
...y, #). The MK5370 Pulse Tone dialer provides
DTMF signalling capability controlling signal dura-
tion, separation, level, and rate.

The typical application circuit in Figure 7 illustrates
one way the Pulse Tone dialer can be used. The

8/9 173 SGS-THOMSON

pulse output provides the signal to break the line to
transistor Q3. Q3 switches off, eliminating the base
current to Q4, which also switches off. The majority
of the loop current is then eliminated, resulting in a
break condition. The IC dialer must be protected
from large voltage fluctuations, such as that caused
by interrupting the loop current. Transistor Q1 along
with R2, C1, and Z1 regulate the voltage to the dia-
ler. The Mute Output signal is active while signalling
each digit to mute popping noises at the receiver
(earpiece or speaker).

The DTMF tone output drives the base of Q8, which
modulates the line. The tone level at tip and ring is
determined by the effective impedance of the tele-
phone line and the speech network.

Mode of operation is controlled by switch S1 (which
sets the default dialing mode).

Resistor R1 provides a small memory-retention bias
current to prevent the device from powering down
while on hook. The current required for long term
memory retention is less than 1pA.

A ceramic sounder can also be interfaced to pin 11
(PACIFIER TONE) of the device. A pacifier tone si-
gnal is activated for each key entry in pulse mode.
This feature provides an audible indication for each
valid key entry. Keys may be entered faster than the
maximum signalling rate allows. Audible feedback

confirms proper key entry.

MICROELECTRONICS
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MK5371

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER

= STAND-ALONE DTMF AND PULSE SIGNA-
LING

= SOFTSWITCH AUTOMATICALLY SWITCHES
SIGNALING MODE

= RECALL OF LAST NUMBER DIALED (UP TO
28 DIGITS LONG)

» FLASH KEY INPUT INITIATES TIMED HOOK
FLASH

= MICROPROCESSOR INTERFACE (BDC IN-
PUTS) FOR SMART TELEPHONES

= TIMED PABX PAUSE

= FORM-A AND 2-OF-8 KEYBOARD INTERFACE

= PACIFIER TONE

= POWERED FROM TELEPHONE LINE, LOW
OPERATING VOLTAGE FOR LONG LOOP AP-
PLICATIONS

DESCRIPTION

The MK5371 is a monolithic, integrated circuit ma-
nufactured using Silicon Gate CMOS process.
These circuits provide necessary signals for either
DTMF or loop disconnect (Pulse) dialing. The
MK5371 buffers up to 28 digits into memory that can
be later redialed with a single key input. This memo-
ry capacity is sufficient for local, long distance, over-
seas, and even computerized long-haul networks.
Users can store all 12 signaling keys and access se-
veral unique special functions with single key en-
tries. These functions include : Last Number Dialed
(LND), Softswitch (Mode), Flash, and Pause.

A LND key input automatically redials the last num-
ber dialed. Keys entered during auto-dialing se-
quence will not be stored or dialed. However, auto-
dialing is momentarily interrupted (during interdigi-
tal pause period or intersignal period) while manual
keys are depressed. .

The mode key simplifies the process of alternating
dialing modes. This input automatically toggles the
immediate dialing mode. The function is also stored
in memory. During auto-redial, the signaling mode
is toggled each time the Mode code appears in the
digit sequence. The signaling mode always defaults
to the mode selected (hardwire or switch) at Pin 2
(MODE) after a Power-Up-Clear initialization or a
transition from on-hook to off-hook (HKS input swit-
ched from a high to low logic level). Switching modes

January 1989

ORDER CODE : MK5371N00

KEYPAD CONFIGURATION

1 2 3 [FLASH
4 1 5| b [MODE
/1 819 |pausE
X 1 6| # |wNo

1M88NMK5371-61

through Pin 2 toggles the immediate dialing mode
and changes the default, but it is not stored in me-
mory.

Two features simplify PABX dialing. The pause key
stores a timed pause in the number sequence. Re-
dial is then delayed until an outside line can be ac-
cessed or some other activity occurs before normal
signaling resumes. The Flash key simulates a hook
flash to transfer calls or to activate other special fea-
tures provided by the PABX or a central office. The
MK5371 ensures exact timing for the hook flash.

In addition to interfacing with standard keypads, the
MK5371 also accepts parallel BCD inputs. This fea-
ture simplifies interfacing a microprocessor-based
design to the telephone line. The MK5371 buffers
28 bytes'of information, including special functions.

1711
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ABSOLUTE MAXIMUM RATINGS

Parameter Value Unit
DC Supply Voltage 6.5 v
Operating Temperature —30to + 60 °C
Storage Temperature —-55t0 + 125 °C
Maximum Power Dissipation (25 °C) 500 mW
Maximum Voltage on Any Pin (V+) + 0.3, (V=) - 03 Vv

* Stresses greater than those listed under "Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress rating on-
ly and functional operation of the device at these or any other conditions above those indicated in the operating sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device rehability.

ELECTRICAL OPERATING CHARACTERISTICS

(all specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated)

DC CHARACTERISTICS
Symbol Parameter Min. | Typ. | Max. | Unit | Notes
V+ DC Operating Voltage 25 6.0 \]
VMR Memory Retention Voltage 15 \") 1,6
Is Standby Current 02 |0.750 | pA 1
IMR Memory Retention Current 0,10 | 0.75 | pA 5,6
IT Operating Current (tone) 300 | 600 | pA 2
Ip Operating Current (pulse) 225 | 350 | pA 2
ImL Mute Output Sink Current 1.0 2.0 mA 3
IpL Pulse Output Sink Current 1.0 20 mA 3
lpc Pacifier Tone Sink/Source 250 | 500 A 4
Kru Keypad Pullup Resistance 100 kQ
Krp keypad Pulldown Resistance 750 Q
ViL BCD/Keypad Input Level-low 0 02V+| V
Vi BCD/Keypad Input Level-high 0.7 V+ V+ \

Notes : 1. Allinputs unloaded. Quiescent Mode (oscillator off). V+2.5 V.
. All outputs unloaded. Single key input.

. Vour 0.5 Volts. V-25V.

. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not.
. Proper memory retention is guaranteed if either the minimum Iur is provided or the minimum Vur. The design does not have to pro-

1
2
3
4. Sink Current for Vour 0.5. Source Current for Vour 2.0 Volts.
5
6.

vide both the minimum current or voltage simultaneously.

AC CHARACTERISTICS - PULSE MODE OPERATION

Symbol Parameter Min. | Typ. | Max. [ Unit |Notes
Pr Pulse Rate 10 PPS
Tepp | Predigital Pause 140 ms 1
Tiop | Interdigital Pause 940 ms 1
Twmo Mute Overlap Time 4 ms 1
Ts Break Time 60 ms 1

Note : 1. Figure 6 illustrates this relationship.

3/11
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ELECTRICAL OPERATING CHARACTERISTICS (continued)
AC CHARACTERISTICS - KEYPAD INPUTS, PACIFIER TONE

Symbol Parameter Min. | Typ. | Max. | Unit | Notes
Tkp | Keypad Debounce Time 32 ms 1
Fks Keypad Scan Frequency 250 Hz 1
TRL Two Key Rollover Time 4 ms 1
Fpr | Frequency Opacifier Tone 500 Hz 1
Tpt | Pacifier Tone Duration 30 ms 1
Turp | Hookflash Timing 600 ms 1
Fsgr | BCD Strobe Rate 124 | 1/sec 1
Tps Data Set up 2 us 1
Tou Data Hold 1 us 1
Tst Strobe Width 2 96000| ps 1
Tss Strobe Separation 9 ms

Notes : 1. Crystal oscillator accuracy directly affects these times.
2. Figure 1 illustrates this timing relationship.

AC CHARACTERISTICS - TONE MODE

|symbol Parameter

Min. | Typ. | Max. [ Unit [Notes

Tnk | Tone Output No Key Down

—80 | dBm 1

Tod | Tone Output (dependent)

-18 | -12 (-11 | dBm | 1,2
1783 | 194 | 218 |mVims| 5

PEq4 Pre-Emphasis, High Band

2.3 2.7 3.1 dB

DCyq | Tone Output DC Bias 1.0 1.2 \Y% 4
Re | Tone Output Load 10 KQ | 5
Tris Tone Output Rise Time 0.1 1.0 ms 6
DIS Output Distortion 5.0 8.0 % 3
TR Tone Signaling Rate -5.0 1/sec
Tpsp | Pre-signal Delay 100 ms 7
Tisp | Inter-signal Delay 100 ms

Notes : 1. OdBm equals 1 mW power into 600 ohms (775 mVolts). Important Note : The MK5371 is designed to drive a 10 kohm load.

The 600 ohm load is only for reference.
. Single tone (low group).
. Supply voltage = 2.5 to 6 Volts. Re = 10 kohms.
Re = 10 k ohms. V+ = 2.5 Volts. :

N ous®N

. Time from Mute active to beginning of signaling.

FUNCTIONAL DESCRIPTION

The following pin descriptions are numbered accor-
ding to the 24-pin package. Pin numbers for the 18-
pin version are listed in parenthesis under each pin
name.

V+

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements. (see Electrical Specifications).

4/11
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. Supply voltage = 2.5 Volts. These specifications are supply-dependent.
. Time from beginning of tone output waveform to 90 % of final magnitude of eitheir frequency. Crystal parameters suggested for pro-
per operation are Rs < 100 Q. Lm = 96 mH. Cm = 0.02 pF. Ch = 5 pF. f = 3.579545 MHz and C. = 18 pF.

MODE

Input. Pin 2. MODE determines the dialer’s default
operating mode. When the device is powered up or
the hookswitch input is switched from on-hook, (V+),
to off-hook, (V-), the default determines the signa-
ling mode. A V+ connection defaults to Tone Mode
operation and a V—.connection defaults to Pulse
Mode operation.

MICROELECTRONICS
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A Softswitch (Mode) code entered in a number se-
quence can temporarily modify the signaling mode.
After encountering a first Softswitch code in a num-
ber sequence, the Signaling Mode toggles and is
opposite the default determined by Pin 2. A second
Softswitch toggles the Signaling Mode a second
time, returning the mode back to the default condi-
tion. Note that the Softswitch code performs atog-
gle function on the default state ; switching the state
of Pin 2 while dialing changes the default state as
well as the immediate signaling mode.

C1/STROBE, C2, C3, C4, R4, R3, R2, R

Keyboard input. Pins 3, 4, 5, 9, 13, 14, 15, 16. The
MK5371 interfaces with standard keypads as well
as a microprocessor-driven 4-bit bus.

A valid keypad entry is either a single Row connec-
ted to a single Column or V- simultaneously pre-
sented to both -a single Row and Column. In its
quiescent or standby state, during normal off-hook
operation, either the Rows or the Columns are at a
logic level 1 (V+). Pulling one input low enables the
on-chip oscillator. Keyboard scanning then begins.
Scanning consists of Rows and Columns alternate-
ly switching high through on-chip pullups. After both
a Row and Column key have been detected, the de-
bounce counter is enabled and any noise (boucing
contacts, etc.) is ignored for a debounce period
(Tdb) of 32 ms. At this time, the keyboard is sam-
pled and if both Row and Column information is va-
lid, the information is buffered into the LND location.
If switched on-hook, the keyboard inputs all pull high
through on-chip pull-up resistors. Information may
still be entered into memory butitis not signaled and
the keyboard scan is disabled. If users desire to en-
ter data while on-hook, a 2-of-8 keypad with nega-
tive common is required.

A key entry during LND interrupts the sequence
when it reaches the redial period until the key is re-
leased. Dialing then resumes. The key entered is
not stored or dialed.

Table 1 : Binary Input Codes.

The keyboard inputs become highimpedance when
the Binary Input Mode is selected. As shown in Ta-
ble 1, Row pins become inputs for the Binary codes
from a microprocessor in this mode. Table 1
equates the Binary Codes to the keyboard digits and
special functions. The C1 input pin now provides an
input for a strobe strobe used to clock the valid
codes into the LND buffer. Dialing proceeds at the
specified rates. The strobe duration must be active
for at least 2 s to ensure proper acceptance of the
information. If the strobe remains high for longer
than 96 ms false dialing may occur. A minimum of
8 ms must separate each strobe. Figure 1 illustrates
the required strobe/data timing. Valid encoded si-
gnaling information must be present until the strobe
goes low. Information entered during an on-hook
operation is stored but signaling is inhibited. Chan-
ging between BCD and keyboard mode can only oc-
cur when the HKS input is high, or upon power-up.
Caution, a power supply transient may be interpre-
ted as a power-up condition, and the logic level on
pin 11 at that time will be interpreted as a valid
BCD/Keyboard selection.

V-

Input. Pin 6. Pin 6 is the negative supply input to the
device. This is the voltage reference for all specifi-
cations.

0OSC1, 0SC2

Input/Output. Pins 7, 8. OSC1 and OSC2 are inputs
to an on-chip inverter used as the timing reference
for the circuit. It has sufficient loop gain to oscillate
when used with a low-cost television color-burst
crystal. The nominal crystal frequency is
3.579545 MHz and any deviation from this standard
is directly reflected in the Tone output frequencies.
The crystal oscillator provides the time reference for
all circuit functions.
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Figure 1 : BCD Mode Strobe Interface Timing.
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Table 2 : DTMF Qutput Frequency.

KEY INPUT STANDARD FREQUENCY ACTUAL FREQUENCY % DEVIATION
ROW 1 697 699.1 + 0.31
2 770 766.2 -0.49
3 852 847.4 - 0.54
4 941 948.0 + 0.74
COL 1 . 1209 1215.9 + 0.57
2 1336 1331.7 -0.32
3 1477 1471.9 -0.35
DTMF OUTPUT Figure 2 : Single Tone.

Output. Pin 10. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column Tones
together. Figure 4 shows the timing at this pin.

PACIFIER TONE OUTPUT/BCD MODE

Input/Output. Pin 11. A 500 Hz square wave is ac-
tivated at this pin upon acceptance of a valid key in-
put, after the 32 ms debounce time. The square
wave terminates after a maximum of 30 ms or when
the valid key is no longer present. In the Pulse mode
the PACIFIER TONE is activated for all key entries.
The PACIFIER TONE provides audible feedback,
confirming that the key has been properly entered
and accepted. In Tone mode, only the LND key ac-
tivates the PACIFIER TONE.

This pin is normally high impedance until a key is
entered. Connecting this pin high through a resistor
causes the circuit to accept BCD inputs through the

61 o7 SGS-THOMSON
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Figure 3 : Dual Tone.‘ Figure 4 : Spectral Reponse.
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ROW pins. In Binary Mode, as mentioned in the key-
board interface description, the keyboard inputs are
all high impedance. Keypad inputs in this mode are
not recognized. Connecting this pin low enables the
keyboard scan circuitry, which allows entries. The
mode of operation is selected upon power-up, and
thereafter may only occur when HKS pin 17 is high.

MUTEH

Output. Pin 12. This pin is the Mute Output for both
Tone and Pulse Modes. Timing is dependent upon
mode.

The output consists of an open drain N-channel de-
vice. During standby, the output is high impedance
and generally has an external pullup resistor to the
positive supply.

In Tone Mode, MUTE1 removes the transmitter and
the receiver from the network during DTMF signa-
ling. During dialing, MUTE1 is active continuously
until dialing is completed.

In Pulse Mode, MUTE1 removes the receiver or the
network from the line. Different circuitry is required
for Tone and Pulse muting external to the IC and
applications using both modes would not necessa-
rily share circuitry. MUTE1 timing is shown in Figure
6 for Pulse Mode signaling and Figure 5 for Tone
Mode signaling.

HKS

Input. Pin 17. Pin 17 is the hookswitch input to the
MK5372. This is a high impedance input and must
be switched high for on-hook operation or low for
off-hook operation. A transition on this input causes
the on-chip logic to initialize, terminating any opera-
tion in progress at the time. The signaling mode de-
faults to the mode selected at Pin 2.

PULSE OUTPUT

Output. Pin 18. This pin has a dual function deter-
mined by the dialing mode selected. In Pulse Mode,
the pin is an output consisting of an open drain N-
channel device with zener protection. The break ti-
ming at this output meets Bell Telephone and EIA
specifications for loop disconnect signaling. The
Make/Break ratio is not user selectable in the 18-pin
version. PULSE OUTPUT also provides the break
timing for the hook flash function. Figure 6 shows
this timing.

DEVICE OPERATION (Tone Mode)

When the MK5371 is not actively dialing, it
consumes very little current. While on-hook, all key-

8 L7 SGS-THOMSON

pad input pins are pulled high. Key entries are not
recognized unless they utilize a keypad common
connection to force the respective Row and Column
inputs low. These inputs assume opposite, states
off-hook. The circuit verifies that a valid key has
been entered by alternately scanning the Row and
Column inputs. If the input is still valid following
32 ms of debounce, the digit is stored into memory,
the Mute Output is activated, and dialing begins af-
ter a pre-signal delay of 100 ms. Each digit buffered
into the RAM is dialed out with a 98 ms burst of
DTMF and an intersignal time of 102 ms.

One important feature of the dialer is its ability to
buffer data into the RAM before signaling. This fea-
ture allows less expensive keyboards to be used be-
cause signal distortion and double digit entry cau-
sed by bouncing and bounding of the keypad are
eliminated. This design also ensures that data sto-
red in the buffer exactly matches the digits actually
dialed.

NORMAL DIALING (off-hoof)

D D D ....ETC

Normal dialing is straightforward, all keyboard en-
tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND

Last Number Dialing is accomplished by entering
the LND key.

PABX PAUSE

D PAUSE D ....ETC

A pause may be entered into the dialed sequence
at any point by keying in the special function key,
Pause. Pause inserts a 1.1-second delay into the
dialing sequence. The total delay, including pre-di-
gital and post-digital pauses is shown in Table 3.
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HOOK FLASH

D FLASH D ...ETC

HOOK: FLASH may be entered into the dialed se-
quence at any point by keying in the function key,
Flash. The flash function is stored in the LND buff-
er just like any other digit, but it will not be redialed,
and acts much like Pause. The MK5371 has a

HOOK FLASH time of 600 ms.
SOFTSWITCH
D MODE D ...ETC

Table 3 : Special Function Delay Periods.

Softswitch allows the user to easily switch from
Pulse to Tone Mode while dialing a number se-
quence. For example, the first digits may be ente-
red in Pulse Mode. Signaling will proceed in Pulse
Mode until a Softswitch (Mode) entry is encounte-
red. Any subsequent digits are dialed using DTMF
signals. A hookswitch transition or a second Softs-
witch entry returns dialing to the original Default
Mode.

Each special function provides a built-in delay be-
fore auto-dialing resumes. The fixed delay introdu-
ced by the function is 1.1 seconds. In addition, the
fixed delay is preceded and followed by the stand-
ard interdigital pause period that depends on the se-
lected signaling mode. Table 3 lists the actual de-
lays produced by each function.

INPUT

KEYBOARD
s U

Function Delay Pulse Mode Tone Mode
PAUSE IDP + 1.1 + IDP + IDP 1.5 sec
SOFTSWITCH IDP + 1.1 + IDP 29 sec 1.3 sec
FLASH 6 2.1 sec 2.1 sec
Figure 6 : Pulse Mode Timing.
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Figure 7 : Pulse And Tone Mode Timing.
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TYPICAL APPLICATION

The MK5371 Pulse Tone dialer provides both cost-
effective telephone-line interface and the logic re-
quired for DTMF (Tone) and Loop Disconnect
(Pulse) signaling.

Pulse dialing originated with the rotary dial tele-
phone. The MK&E371 Pulse Tone dialer provides the
same capability as the rotary dial telephone and the
convenience of pushbutton entry. The subscriber
set (telephone) is powered by loop current supplied
by the telephone company. Signaling, in Pulse
Mode, is accomplished by repeatedly interrupting
the loop current. The central office senses, times,
and counts each line "break" ; the number of breaks

10111
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corresponds to the digit dialed. The duration of the
break period, the dialing rate, and the separationbe-
tween consecutive digits (IDP time) are controlled
by the Pulse Tone dialer IC. Loop disconnect dia-
ling is nearly a world-standard concept.

DTMF signalling consists of modulating the tele-
phone line with a signal comprised of two fundamen-
tal frequencies. Each frequency pair represents one
of sixteen possible digit (or key) entries. Twelve of
these frequency pairs are commonly used (0, 1, 2,
<ees’y #). The MK5371 Pulse Tone dialer provides
DTMF signalling capability controlling signal dura-
tion, separation, level, and rate.

MICROELECTRONICS
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The typical application circuit in Figure 8 illustrates
one way the Pulse Tone dialer can be used. The
pulse output provides the signal to break the line to
transistor Q3. Q3 switches off, eliminating the base

" current to Q4, which also switches off. The majority

of the loop current is then eliminated, resulting in a
break condition. The IC dialer must be protected
from large voltage fluctuations, such as that caused
by interrupting the loop current. Transistor Q1 along
with R2, C1, and Z1 regulate the voltage to the dia-
ler. The Mute Output signal is active while signalling
each digit to mute popping noises at the receiver
(earpiece or speaker).

' The DTMF tone output drives the base of Q8, which

modulates the line. The tone level at tip and ring is
determined by the effective impedance of the tele-
phone line and the speech network.

Figure 8 : MK5371 Typical Application.

Mode of operation is controlled by switch S1 (which
sets the default dialing mode) and the keypad. A
change of dialing mode with a Mode (Softswitch)
key input is stored in memory and will be repeated
when the LND (last number dialed) feature is acti-
vated.

Resistor R1 provides a small memory-retention bias
current to prevent the device from powering down
while on hook. The current required for long term
memory retention is less than 1 pA.

A ceramic sounder can also be interfaced to pin 11
(BCD/PACIFIER TONE) of the device. A pacifier
tone signal is activated for each key entry. This fea-
ture provides an audible indication for each valid key
entry. Keys may be entered faster than the maxi-
mum signalling rate allows. Audible feedback
confirms proper key entry.
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MK5375

TEN-NUMBER REPERTORY TONE/PULSE DIALER

» CMOS TECHNOLOGY PROVIDES LOW-
VOLTAGE OPERATION

» CONVERTS PUSH-BUTTON INPUTS TO
BOTH DTMF AND LOOP-DISCONNECT SI-
GNALS

= STORES TEN 16-DIGIT TELEPHONE NUM-
BERS, INCLUDING LAST NUMBER DIALED

= PACIFIER TONE AND PBX PAUSE

» LAST-NUMBER-DIALED (LND) PRIVACY

» MANUAL AND AUTO-DIALED DIGITS MAY BE
CASCADED

= ABILITY TO STORE AND DIAL BOTH ™" AND
"#" DTMF SIGNALS

= VARIABLE DIALING RATE

u ON-CHIP POWER-UP-CLEAR GUARANTEES
DATA INTEGRITY

DESCRIPTION

The MK5375 is a monolithic, integrated circuit ma-
nufactured using Silicon Gate CMOS process. This
circuit provides the necessary signals for either
DTMF or loop disconnect dialing. It also allows for
the storage of ten telephone numbers, including as
many as 16 digits each, in on-chip memory.

The MK5375 accepts rapid keypad inputs (up to 25
key entries per second) and buffers these inputs in
the FIFO (First-In-First-Out) LND (Last-Number-
Dialed) register. Each digit entry is accompanied by
a pacifer tone. Which is activated after the digit has
been debounced, decoded, and properly stored. Si-
gnaling occurs at a rate determined by externally
connected components, allowing the dialing rate to
be adjusted for any system.

PIN CONNECTION

The flexibility of the dialer makes possible a variety
of applications, such as "scratchpad" number sto-
rage. In "scratchpad" applications, the MK5375 in-
hibits signaling during entry, without interrupting a
conversation.

Privacy is also an important feature. The MK5375
allows the LND (Last-Number-Dialed) buffer to be
cleared following a call, without affecting data sto-
red in other permanent memory locations. The me-
mory in the permanent locations may be easily pro-
tected from inadvertent key entries with the addition
of a simple "memory lock" switch to the application.

All of these options plus additional features are dis-
cussed in more detail in the following sections. the
first section contains a brief detailed description of
each pin function. The second section describes the
device operation. This is followed by the DC and AC
Electrical Specifications, and a few application sug-
gestions.

ORDER CODE : MK5375N00

vi 1de — pe
MODE SELECT 2] D17
coL1  3(] 16
coLz 4[] 1
coLs 50 bu
.ov- sQ 13
RATE CONTROL 7 [] 12
osct 80 1
0sc2  9[]
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BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION
V+ (pin 1)
Pin 1 is the positive supply for the circuit and must

meet the maximum and minimum voltage require-
ments as stated in the electrical specifications.  _

MODE SELECT (pin 2)

In normal operations. Pin 2 determines the signa-
ling mode used : a logic level 1 (V+) selects Tone
Mode operation. While a logic level 0 (V-) selects
Pulse Mode operation. This input must be tied to
one of the supplies to guarantee proper dialing.

KEYBOARD INPUT : COL1, COL2, COL3, ROW4,
ROW3, ROW2, ROW1 (pins 8, 4, 5, 13, 14, 15, 16)
The MK5375 keypad interface allows either the
standard 2-of-7 keyboard with negative common or
the in-expensive single-contact (FORM-A) key-
board to be used (Figure 1). A valid key entry is de-

2/11

‘7—1 %GS-THDMSON

fined by either a single Row being connected to a
single Column or by V™ being presented to both a
single Row and Column. In standby mode either all
the rows will be a logic 1'(V+) and all the columns
will be a logic 0 (V-) or vice versa.

The keyboard interface logic detects when an input
is pulled low and enables the RC (Rate Control) os-
cillator and keypad scan. Scanning consists of alter-
nately strobing the rows and columns high through
on-chip pullups. After both valid row and column key
closures have been detected, the debounce coun-
teris enabled.

Breaks in contact continuity (bouncing contacts,
etc.) are ignored for a debounce period (Tab) of
32.ms. At this time the keypad is sampled, and if
both row and column information is valid, this infor-
mation is buffered into the LND location.

ICROELECTRONICS
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Figure 1 : Keypad Schematics.
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RATE CONTROL (pin 7) this standard is directly reflected in the Tone Output

The Rate Control input is a single-pin RC oscillator.
An external resistor and capacitor determine the
rate at which signaling occurs is both Tone and
Pulse modes. An 8 kHz oscillation provides the no-
minal signaling rates of 10 PPS (Pulses per second)
in Pulse Mode and 50 TPS (Tones per second) in
Tone Mode ; the Tone duty cycle is 98 ms on,
102 ms off. The RC values on this input can be ad-
justed to a maximum oscillation frequency of 16 kHz
resulting in an effective-Pulse rate of 20 PPS an a
Tone rate or 10 TPS.

The frequency of oscillation is épproximated by the
following equation :

Fosc = 1/ (1.49RC) (1.0)

The value suggested for the capacitor (C) should be
a maximum of 410 pF to guarantee the accuray of
the oscillator. The resistor is then selected for the
desired signaling rate. Nominal frequency (8 kHz) is
achieved with component values of 390 pF and
220 kohms. Parasitics must be taken into account.

OSCIN, OSCOUT (pins 8, 9)

Pins 8 and 9 are the input and output, respectively,

of an on-chip inverter with sufficient loop gain to os-
cillate when used in conjunction with a low-cost te-

frequencies.

This oscillator is under direct control of the reperto-
ry dialer and is enabled only when a tone signal is
to be transmitted. During all other times it remains
off, and the input has high impedance. The input
OSCIN may be driven by an external source.

DTMF OUTPUT (pin 10)

The DTMF Output pin is connected internally to the
emitter of an NPN transistor, which has its collector
tied to V+, as shown onthe functional block diagram.

The base of this transistor is the output of an on-chip
operational amplifier that mixes the Row and Co-
lumn Tones together. ’

The level of the DTMF Output is the sum of a single
row frequency and a single column frequency. A ty- -
pical single-tone sine wave is shown in Figure 2.
This waveform is synthesized using a resistor tree
with sinusoidally weighted taps.

The tone level of the MK5375 is a function of the
supply voltage. The voltage to the device may be
regulated to achieve the desired tone level, whichis
related to the supply by either of the following equa-
tions :

levision color-burst crystal. The nominal crystal fre- Ti0 =20 LOG[(0.078V +)/0.775] dBm  (2.0)
quency is 3.579545 MHz, and any deviation from Tio) = 0.078(V+) VRMS. (row tones) (2.1)
‘ 311
- 0
TR Rl s
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PACIFIER TONE OUTPUT / CHIP DISABLE
(pin 11)

This pin normally has highimpedance. Upon accep-
tance of a valid key input, and after the 32 ms de-
bounce time, a 500 Hz square-wave will be output
on this pin. The square-wave terminates after a
maximum of 30 ms or when the valid key is no lon-
ger present. The purpose of this pacifier tone is to
* provide to the user audible feedback taht a valid key
has been entered. This feature is useful particular-
ly for on-hook storage and pulse-mode signaling.

The pacifier tone is not enabled when manually dia-
ling in tone mode. this eliminates any confusion be-
tween the audible DTMF feedback and the pacifier
tone, and prevents distortion of the DTMF signal by
any of the pacifier tone frequency components. In
both cases, the tone confirms that the key has been
properly entered and accepted : whereas without
the tone the user will not know if the keys have been
properly entered. '

IMPORTANT : This pin also serves as a chip-disa-
ble pin. pulling this input high through a resistor will
disable the keypad (high impedance) and initialize
all counters and flip-flops (memory remains undis-
turbed). Pulling the input low through the same re-
sistor enables the circuit. For the device to function
properly, the resistor to V- (pin ) is required.

This feature is useful in several applications, as des-
cribed in the application notes section.

Figure 2A : Typical Sine Wave Output - Single
Tone.

am : L7 SGs-THOMSON

MUTE OUTPUT (pin 12)

This pin is the Mute output for both-Tone and Pulse
modes of operation. The timing is dependent upon
which mode is being used. The output consists of
an open-frain, N-channel device. During stanby, the
output has high impedance and generally requires
an external pullup resistor to the positive supply.

In Tone Mode, the Mute output is used to remove
the transmitter and the receiver from the network
during DTMF signaling. The output will mute conti-
nuously while auto-dialing and during manual DTMF
signaling until each digit entered has been signaled.
In Pulse Mode of operation, the Mute output is used
to remove the receiver or even the entire network
from the line. These timing relation ships are shown
in Figure 4.

HKS INPUT (pin 17) .

This pinis a high-impedance input and must be swit-
ched high for on-hook operation or low for off-hook
operation. A transition on this input will cause the
on-chip logic to initialize, terminating any operation
in progress at the time. Signaling is inhibited while
on-hook, but key inputs will be accepted and stored
in the LND register. The information stored in the
LND register may be copied into an alternate loca-
tion only whil on-hook. A logic level may be presen-
ted to this input, independent of the position of the
hook-switch, allowing on-hook operations, such as
storage, to be performed off-hook.

Figure 2B : Typical Dual-tone Waveform
(Row 1, Col 1).
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Figure 2C : Spectral Analysis of Waveform in
Fig.5 (Vert.10 dB/div. Horizontal -
600 Hz/div.).

REF 398 mV
10 dB/DIV

MAKER 700.0 Hz
RANGE 398mV 191 mv

Vo g

TV
STOP 5 000.0 Hz
ST 17.4 SEC

START .0 Hz

RWB 30 Hz VBW 30 Hz

Table 1 : Output Frequency.

Key Standard Actual %
Input | Frequency | Frequency | Deviation
ROW 1 697 699.1 + 0.31

2 770 766.2 - 0.49
3 852 847.4 - 0.54
4 941 948.0 + 0.74
COoL 1 1209 1215.9 + 0.57
2 1336 1331.7 -0.32
3| 1477 1471.9 -0.35

PULSE (pin 18)

This is an output driven by an open-drain, N-chan-
nel device. In Pulse Mode operation, the timing at
this output meets Bell Telephone and EIA specifica-
tions for loop-disconnect signaling. The Make/Brake
ratio is set to 40/60 on the standard MK5375. The
pulse rate is determined By the RC values selected
for the Rate Control, Pin 7. Note : The standard
make/break ratio may not be suitable if the Pulse
dialing rate is accelerated.

DEVICE OPERATION

The Mk5375 can be used in low-priced phones with
basic 3x4 matrix keypads. the block diagram shows
the data'and control signal flow between the various
functional blocks. The keypad entries are decoded,
debounced, and if valid, they are storedinto the LND

(Last-Number-Dialed) buffer, which acts much like -
a FIFO (First-In-First-Out) register. Each sub-
sequent entry is stacked in the buffer. Typically, the
dialing sequence begins 172 ms after the first digit
is accepted in Pulse Mode operation and 132 ms in
Tone Mode operation. Each digit buffered into the
RAM is dialed out with a 98 ms burst of DTMF and
an inter-signal time of 102 ms.

Buffering the data into the RAM prior to signaling is
an important feature of the repertory dialer. It allows
forthe use of less expensive keypads, since the user
cannot enter the digits too quickly for the system,
and the pacifier tone can be used to provide audi-
ble feedback following each key entry not genera-
ting a DTMF signal. It also guarantees that the da-
ta stored in the RAM matches exactly the digits ac-
tually dialed.

Manual dialing and auto-dialing can be executed in
any order, consecutively or cascaded. The dialer
must complete auto-dialing the previous entry be-
fore another key is entered. Digits should not be en-
tered while the device is auto-dialing. Most digits
would be ignored unless preceded by a controlkey :
in which case, an error in dialing may occur.

Figure 3 : Keypad Configuration.

1 2 3
4 S 6
’ 8 9
SDTISARLE LND [pausE
1188NK5376-861
NORMAL DIALING

D * * D D

The "™"(STAR) key is used as the modifier to control
repertory functions. All numeric keys will signal nor-
mally unless preceded by a modifier. To signal ei:
ther a " or "#", these keys must be entered twice
in succession. The first entry is not signaled or sto-
red.

L7 S5S-THOMSON 51
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*LND PRIVACY

D D D * ON HOOK

A single ™" input prior to going on-hook or prior to
coming off-hook will erase the information stored in
the LND buffer.

AUTO DIALING (off-hook)
D D D * N
opt opt opt

The key sequence "*" followed by any digit, will auto-
dial the number sequence stored in the designated
address location while off-hook.

STORAGE (on-hook)

D D D * N

D is any data (telephone numbers) being entered or
dialed. N is the address (memory location) in which
numbers are stored. The number sequence stored
in the LND buffer can be transfered to one the other

nine permanent locations whith the simple se-
quence ™" followed by the address. New digits may
be written into the LND buffer while on-hook. To en-
ter either a ™" or "#" signal the digit must be ente-
red twice in succession.

PABX PAUSE (off-hook a_nd on-hook)

D D * # D

An indefinite pause is stored in a number sequence
by entering the "*" key modifier, followed by a "#" key
input. When the number sequence is redialed, the
dialer will pause when it encounters the "#" entry. A
key input will cause it to continue.

PULSE DIALING

Most of the Pulse key operations are the same as
they were in Tone Mode ; PABX Pause is the only
exception. In Pulse Mode, the pause may be stored
as in tone mode, "* #", or with a single "#" inputs will
store two pauses.

The "™" key exercises the control function ; two "*"
inputs will be the same as a single input (multiple in-
puts are not accepted).

Figure 4A : MK5375 Timing Diagram — Pulse Mode Off-hook Operation.
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Figure 4B : MK5375 Timing Diagram — Tone Mode.
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ABSOLUTE MAXIMUM RATINGS*
Parameter Value Unit
DC Supply Voltage V* 6.5 Y
Operating Temperature —30to + 60 °C
Storage Temperature —551t0 + 85 °C
Maximum Voltage Dissipation (25 °C) 500 mw
Maximum Voltage on any Pin (V*) +0.3, (V") -03 \

* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not
implied Exposure to absolute maximum ratings for extended periods may affect device reliability.

RECOMMANDED OPERATING CONDITIONS

POWER DISSIPATION DERATING CURVE

60
Ta 40
(°C) 504
0 DERATE AT 9 mW/°C
0 r T T — WHEN SOLDERED INTO
0 100 200 300 400 500 PC BOARD.
mwW
G5y SGS-THOMSON mn
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ELECTRICAL OPERATING CHARACTERISTICS
DC CHARACTERISTICS =30 C <Tp <60 C

Symbol . Parameter Min. Typ. Max. Unit Notes

A DC Operating Voltage 2.5 6.0 \%

lss Standby Current : 0.3 0.75 pA 1

VMR Memory Retention Voltage 1.5 Vv 2
ImR Memory Retention Current 750 200 nA 2
It Operating Current (tone) 0.5 1.0 mA 3
Ip Operating Current (pulse) 50 150 pA 3
ImL Mute Output Sink Current 1.0 3.0 mA 4
IpL Pulse Output Sink Current 1.0 3.0 mA 4
Ipc Pacifier Tone Sink/Source 250 | 500 pA 5

Kru Keypad Pullup Resistance 100 kQ

Krp Keypad Pulldown Resistance 500 Q

(All specifications are for 2.5 Volt operation, unless otherwise stated Typical values are representatlve values at room temperature and are not
tested or guaranteed parameters).
Notes: 1. Allinputs unloaded. Quescient Mode (Oscillator off).
- 2. Meeting these minimum supply requirements will guarantee the rentention of data stored in memory
3. Al outputs unloaded single key input.
4. Vour = 0.5 Volts.
5. Sink current for Vour = 0.5, source current for Vour = 2.0 Volts.

AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE

Symbol Parameter ) Min. Typ. Max. Unit Notes
Tkp Keypad Debounce Time 32 ms 1
Fks Keypad Scan Frequency 250 Hz 1
TrL Two Key Rollover Time 4 ms 1
Fpt Frequency Pacifier Tone 500 Hz 1

" Tpr Pacifier Tone 30 ms 1
Frc Frequency RC Oscillator -7.0 +25 +7.0 % 2

Notes: 1. Times based upon 8 kHz RC input for Rate Control.
2. Deviation of oscillator frequency takes into account all voltage (2.5 to + 60 Volts), temperature (30" to .60°C) and unit-to-unit varia-
tions. The tolerance of the external RC components or parasitic capacitance is not included.

AC CHARACTERISTICS — TONE MODE : '

Symbol Parameter Min. Typ. Max. Unit Notes

Tk Tone Output no Key down - 80 dBm 1
To Tone Output (row tones) -13 —12 - 11 dBm

173 194 218 [mV (RMS) 1
PE Pre-emphasis, High Band 2.2 2.7 3.2 dB 1
Vpe Average DC Bias Tone Out . 1.7 Vv
DIS Output Distortion 5.0 8.0 %
TR Tone Signaling Rate 5 10 1/SEC 2
PSD Pre-signal Delay 132 mSEC 2
ISD Inter-signal Delay 100 mSEC

Notes: 1. Load 10kQ.
2. These values are directly related to the RC input to Pin 7 nominally 8 kHz.

8/11
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MK5375

ELECTRICAL OPERATING CHARACTERISTICS (continued)
AC CHARACTERISTICS - PULSE MODE OPERATION

Symbol Parameter Min. Typ. Max. Unit Notes
Pr Pulse Rate 10 PPS 1
PDP Predigital Pause 172 ms 1
IDP Interdigital Pause 940 ms 1
Twmo Mute Overlap Time 2 ms 1

Notes : 1. Typicaltime assume nominal RC input frequency of 8 kHz. Anincrease in frequency results in an equal decrease in time values and

an equal increase in rate values.

APPLICATION CIRCUIT

The MK5375 integrated circuit provides the ability
to convert keypad inputs into either DTMF or loop-
disconnect signals compatible with most telephone
systems. Both modes of signaling utilise loop cur-
rents to transmit the desired signaling information to
the central office.

The circuit schematic in Figure 5 illustrates a typical
implementation of the MK5375 dialer IC along with
the necessary components required to interface
with the telephone line in a tone/pulse application.
In loop-disconnect signaling, each digit dialed
consists of a series of momentary interruptions of
loop current called "breaks" (i.e., a digit "1" consists
of a single break, a digit "2" consists of two breaks,
and so on. The Pulse output is dedicated to loop-
disconnect signaling and controls the flow of loop
current through the speech network switching trans-
istors, Q4 and Q5. The Mute output, through trans-
istors Q2 and Q3, removes the receiver and trans-
mitter to eliminate loud pops in the receiver caused
by switching current through the network. The Puise
and Mute output signals, as shown in Figure 4A,
consist of make, break, and interdigital time inter-
vals.

DTMF signaling requires that the loop current be
modulated, producing an analog signal on the tele-
phone line. Transistor Q1 modulates the loop cur-
rent by amplifying the DTMF signal coupled to its
base from the Tone Output. The Mute output re-
moves the receiver and transmitter by switching
transistors Q2 and Q3. This eliminates any interfe-
rence with the DTMF signal from the transmitter and
cuts down on the amplitude of the DTMF tone heard
at the receiver. The timing diagram in Figure 4B il-
lustrates the time relationship between key entries,
Tone Output, and Mute Output.

The voltage regulator circuit comprising resistor R2,
zener diode Z2, and transistor Q6 serves several
purposes. In tone mode operation, it provides the
regulated supply voltage to the MK5375 which de-
termines the DTMF signal amplitude at the Tone
Output. Varying the supply voltage will vary the
DTMF output signal. In pulse mode, it helps provide

some isolation from the transients caused by swit-
ching the speech network in and out.

During normal off-hook dialing, the MK5375 ope-
rates using current from the telephone line. On-hook
number storage and memory retention current are
supplied by the battery shown in Figure 5. Transis-
tor Q6 prevents the flow of battery current to the
speech network.

The rate at which dialing occurs is determined by
the values chosen for resistor R1 and capacitor C1.
These values can be predetermined using equation
(1.0) described above. The 3.5795 MHz crystal is
used as a reference for systhesizing the DTMF si-
gnals and is activated only for the short periods du-
ring which these tones are being generated.

The application circuit schematic in Figure 6 gives
an example of the various features which can be uti-
lized with the addition of several switches. the exam-
ple also shows that multiple devices may be used
to increase the effective storage capability of the te-
lephone design.

Much of the circuity used to modulate and pulse the
line, mute the speech network, and regulate the sup-
ply voltage is unchanged from the basic tone/pulse
switchable telephone described above.

The two devices in Figure 6 are hooked up in paral-
lel with on another except for their oscillator pins and
the Chip Disable inputs. A DPDT switch is used to
select between the two dialers through the Chip Di-
sable pin ; one device is activated while the other is
put on standby.

Some applications may include a memory lock
switch to prevent any of the data stored to be chan-
ged inadvertently. This memory lock switch can take
the form of a locking key switch, which would allow
only the person with the key to alter data stored in
memory. )

A scratchpad feature may be implemented to allow

off-hook programmming of the memory while inhi-
biting dialing. A switch is added in series with the te-
lephone hook-switch to allow the dialer to be forced
into its on)hook key entry mode while the telephone
set is off-hook.

L3y SES-THOMSON o
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- MK5376

TEN-NUMBER REPERTORY TONE/PULSE DIALER

= CONVERTS PUSH-BUTTON INPUTS TO
BOTH DTMF AND PULSE SIGNALS

= STORES TEN 16-DIGIT TELEPHONE NUM-
BERS INCLUDING LAST NUMBER DIALED

w PACIFIER TONE AND PBX PAUSE

» LAST NUMBER DIALED (LND) PRIVACY

= MANUAL AND AUTO-DIALED DIGITS MAY BE
CASCADED

» ABILITY TO STORE AND DIAL BOTH * AND #
DTMF SIGNALS

DESCRIPTION

The MK5376 is a monolithic, integrated circuit ma-
nufactured using Silicon Gate CMOS process. This
circuit provides the necessary signals for either
DTMF or loop disconnect dialing. Ten telephone
numbers of up to 16 digits each may be stored in
the on-chip RAM. Manual and auto-dialed numbers
may be cascaded in any order.

Additional functions available are a Pacifier Tone
output, PABX pause, external control of the signa-
ling rate, and total functional control with either a
standard 3 x 4 matrix keypad (FORM-A) or a 2-of-7
keyboard. A 13th key option allows control of the
dialer's repertory features. The telephone keypad

PIN CONNECTION

ORDER CODE : MK5376N00

then functions for signaling purposes only, inde-
pendent of the repertory functions. The 13th key
mode and the M-B (Make/Break) Ratio is user se-
lectable.

The dialer's flexibility provides for many applica-
tions, for example, off-hook programming, the use
of additional chips in parallel for 10, 20, and 30 num-
ber repertory phones, permanent memory protec-
tion and the option of a supply-independent or sup-
ply-dependent tone level.

v e o (] PULSE ouTPUT
MODE SELECT []2 23[7 13KEY
cour s 22 :] HKS
coz [Ja 21 [] Rowr
Ne. s 20 [] ROW2
coL3 E o 19 'J ROW3
v 18 [] ROW4
N.C. E 8 17 N.C.
RATE CONTROL []g 16 [] MUTE
z::::; o - j PAD%FAISEETONEICHIP
TONE On 14 [] DTMF OUTPUT
LEVEL SELECT 1, 13 [] M-8 SELECT
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FUNCTIONAL DESCRIPTION

V+

Pin 1. Pin 1 is the positive supply for the circuit and
must meet the voltage requirements defined in the
Electrical Specifications.

MODE SELECT

Input. Pin 2. In normal operation, Pin 2 determines

- the Signaling Mode ; a logic level 1 (V+) selects Tone
Mode, while a logic level 0 (V-) selects Pulse Mode
operation. To guarantee proper dialing, this input
must be tied to one of the supplies.

COL1, COL2, COL3, ROW4, ROW3, ROW2,
ROW1

Keyboard Input. Pins 3, 4, 6, 18, 19, 20, 21. The
MK5376 keypad interface allows users to add either
the standard 2-of-7 keyboard with negative common
or the inexpensive single-contact (Form-A) key-
board (see Figure 1). A valid key entry is either a
single Row connected to a single column or V- pre-
sented to both a single Row and Column. In Stand-
by Mode, either all the Rows pull to a logic 1 (V+)
and all the Columns are a logic 0-or vice versa.

The keyboard interface logic detects an input being
pulled low and enables the RC (RATE CONTROL)
oscillator and keypad scan. Scanning consists of
Rows and Columns altemnately strobing high
through on-chip pullups. After both a valid Row and
Column key closure have been detected, the de-
bounce counter is enabled Breaks in contact conti-
nuity (bouncing contacts, etc.) are ignored for a de-
bounce period (Tdb) of 32 ms. At this time, the key-

Figure 1B : Keyboard Schematics Standard Telephone Type Keypad.

pad is sampled. If both Row and Column informa-
tionis valid, this information is buffered into the LND.

V-

Input. Pin 7. This pin is the negative supply input to
the device. This is the voltage reference for all spe-
cifications.

RATE CONTROL

Input. Pin 9. RATE CONTROL is a single-pin RC os-
cillator. An external resistor and capacitor determine
signaling rates in both Tone and Pulse Modes. An
8 KHz oscillation provides nominal signaling rates
of 10 PPS (pulses per second) in Pulse Mode and

Figure 1A : Keyboard Schematics-Calculator
Type Keypad.
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MK5376

5 TPS (tones per second) in Tone Mode ; the tone
duty cycle is 98 ms on, 102 ms off. RC values on
this input can be adjusted to a maximum oscillation
frequency of 16 KHz, resulting in an effective Pulse
rate of 20 PPS and Tone rate of 10 TPS.

The following equation approximates the oscillation
frequency :

Fosc = 1/(1.49 RC)

The capacitor’s (C) suggested value should be a
maximum of 410 pF to guarantee accuracy of the
oscillator. The resistor (R) is then selected for the
desired signaling rate. The nominal frequency of 8
kHz is achieved with component values of 390 pF
and 220 K ohms.

0Osct, 0sc2

Input/Output. Pins 10, 11. Pins 10 and 11 are the in-
put and output, respectively, of an on-chip inverter.
They have sufficient loop gain to oscillate when used
with a low-cost television color-burst crystal. The no-
minal crystal frequency is 3.579545 MHz and any
deviation is directly reflected in the Tone Output fre-
quencies.

The repertory dialer directly controls the oscillator
and is only enabled for tone signal transmission. It
remains off at all other times and the input is high
impedance. An external source may also drive the
input.

TONE LEVEL SELECT

Input. Pin 12. The MK5376 has selectable tone le-
vels with supply-independent or supply-dependent
specifications. The tone levels available are similar
to those provided on Mostek’s industry standard
MK5380 and MK5089 DTMF generators (see Ta-
ble 1). The optimum tone scheme is application-de-
pendent.

Table 1 : Tone Level Select.

Tone Level T Ref Compatible
Select Input | ' one Reference With
V — (method 1) Supply MK5089
V + (method 2) |On-chip Reference| MK5380

Method 1 operates from a regulated supply. The
tone level is related to this supply by either of the fol-
lowing equations :
To =20 LOG [0.0776(V+)/0.775] dBm
To= 0.0776 (V+) Vrms
Method 2 provides a constant tone output and mo-
dulates its own supply in a minimum parts count

configuration. The tone level, when used in a subs-
criber set, is a function of the output resistor Re and

the telephone AC resistance RL. The low-group sin-
gle tone output amplitude is a function of Re and RL
described by the equation :

Vo = {1/[0.2+Re)/RL]}To
where Vo is the tone amplitude at the phone line and

" To/is the tone level at the DTMF OUTPUT pin. This

version may also be operated on a regulated sup-
ply, but.users must observe additional caution to
prevent signal distortion (clipping) on longer loops.

M/B SELECT

Input. Pin 13. In Pulse Mod, this pin selects the
Make/Break ratio, or the percentage Break time per
Pulse period (see Table 2).

Table 2 : Make/Break Ratio.

M-B Select
Input Break Time Make Time
V+ 68 32
V- 60 40

Figure 2 : Typical Sine Wave Output.

DTMF OUTPUT

Output. Pin 14. The DTMF OUTPUT pin is connec-
ted internally to an NPN transistor's emitter with a
collector tied to V+. The transistor base is the out-
put of an on-chip operational amplifier that mixes the
Row and Column Tones together.

The DTMF OUTPUT levelis the sum of a single Row
single tone sine wave is shown in Figure 2. This wa-
veform is synthesized using a resistor tree with si-
nusoidally weighted taps. DTMF output frequencies
are defined by Table 3.

PACIFIER TONE OUTPUT/CHIP DISABLE

Input/Output. Pin 15. A 500 Hz square wave is out-
put on this pin after acceptance of a valid key input

L3y SGS-THOMSON ks
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and after the 32 ms debounce time. The square
wave terminates after a maximum of 30 ms or when
the valid key is no longer present. The PACIFIER
TONE audibly signals a valid key entry. This feature
is particularly useful for on-hook storage and Pulse
Mode signaling. The PACIFIER TONE is not en-
abled when users manually dial in Tone Mode. This
eliminates any confusion between the audible
DTMF feedback and the PACIFIER TONE. In both
cases, the tone confirms that the key has been pro-
perly entered and accepted. Without the tone, users
do not know if the keys have been properly entered.

This pin is normally high impedance until a key is
entered. It also serves as a CHIP DISABLE pin. Pul-
ling this input high through a resistor disables the

. keypad (high impedance) and initializes all counters
and flip flops (memory remains undisturbed). Pul-
ling the input low through the same resistor enables
the circuit.

This feature is useful in several applications. It pro-
vides a convenient way to lock memory by connec-
ting this input through a resistor to HKS. When it is

Table 3 : Output Frequency.

on-hook, the device is then disabled and key inputs
are not recognized. The circuit will function normal-
ly off-hook. Information can only be entered into the
permanent memory locations by switching to Pro-
gram Mode. This requires that a switch and resistor
be added to connect to V-

MUTE

Output. Pin 16. This pin is the mute output for both
Tone and Pulse Modes. Timing depends on which
mode is used.

The output consists of an open drain N-channel de-
vice and zener input protection. During standby, the
output is high impedance and generally requires an
external pullup resistor to the positive supply.

In Tone Mode, MUTE removes the transmitter and
receiver from the network during DTMF signaling.
The output then mutes continuously while auto-dia-
ling and during manual DTMF signaling.

In Pulse Mode, the MUTE removes the receiver or
even the entire network from the line. Timing is avai-

Key Input Standard Frequency Actual Frequency % Deviation
ROW 1 697 699.1 +0.31
2 770 766.2 - 049
3 852 847.4 -0.54
4 941 948.0 +0.74
CcoL1 ) 1209 1215.9 + 0.57
2 i 1336 1331.7 -0.32
3 1477 1471.9 -0.35
Figure 3A : MK5376 Timing Diagram - Pulse Mode Off-Hook Operation.
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Figure 3B : MK5376 Timing Diagram - Tone Mode.
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lable both as a continuous mute (provided by the DEVICE OPERATION

MK5376) or a mute that is active only when actual-
ly pulsing the line. Figure 3 depicts these timing re-
lationships.

HKS

Input. Pin 22. This pin is a high impedance input and
must be switched high for on-hook operation or low
for off-hook operation. A transition on this input ini-
tializes the on-chip logic. This stops the current ope-
ration. A logic level independent of the hookswitch
position may be presented to this input, which al-
lows on-hook operations, such as storage, to be per-
formed off-hook.

13KEY

Input. Pin.23. This pin is a high impedance input.
When it is tied permanently low, it indicates 12KEY
Mode. If users desire 13KEY operation, a switch to
the negative supply is attached to this pin, along with
an external pullup. This forces the repertory dialer
into 13KEY Mode. The dialer switches to 12KEY
mode if users depress the 13th key switch while si-

The MK5376 interfaces to two keypad configura-
tions - the 12KEY and 13KEY Modes (see Figures
4 and 5). This flexibility simplifies interfacing to exis-
ting keypads and products. The MK5376 can be
used in inexpensive telephones with basic 3x4 ma-
trix keypads to give them repertory dialer features.
In 13KEY Mode, the MK5376 allows the keypad to
be used for standard signaling and the special re-
pertory functions are only activated by using the
"control" (13th) key.

In both modes, keypad entries are decoded, de-
bounced, and (if valid) stored in the LND (Last Num-
ber Dialed) buffer that acts much like a FIFO (First-
In-First-Out) register. Each subsequent entry is
stacked in the buffer. The dialing sequence begins
100 ms after the first digit is accepted. Each digit
buffered into the RAM is dialed out with a 98 ms
burst of DTMF and a 102 ms intersignal time.

Figure 4 : Keypad Configuration 12Key Mode
(tone mode).

multaneously entering information through the key- 1 2 3
pad. The differences between these modes are pre-
sented in the Device Operation Section. 4 5 6
PULSE OUTPUT 2 8 9
Output. Pin 24. An open drain N-channel device T S p,
drives this pin. In Pulse Mode, the timing meets Bell STORE| | No |pause
Telephone and EIA specifications for loop discon- Py ——
nect signaling. The Make/Break ratio is user-selec-
table. RATE CONTROL regulates the dialing rate.
< 5/8
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Buffering data into the RAM before signaling is an
important feature. This allows less expensive key-
pads to be used since users cannot enter digits too
quickly for the system and the PACIFIER TONE can
provide audible feedback after each non-toned key
entry. It also guarantees that data stored in the RAM
exactly matches the digits actually dialed.

Users can perform consecutive manual and auto-
dialing, if auto-dialing is used to accomplish only a
part of the desired number sequence. However, ma-
nual and auto-dialing cannot be performed simulta-
neously.

NORMAL DIALING

D * * D D

In 12KEY Mode, the ™" (Star) key is the modifier
used to control repertory functions. All numeric keys
signal normally unless a modifier precedes them. To
signal either a ™" or "#" users must enter these keys
twice in succession. The first entry is not signaled or
stored.

LND PRIVACY

D D ON-HOOK * #

A ™" # input after going on-hook or prior to coming
off-hook with erase information stored in the LND
buffer.

AUTO-DIALING (Off-hoof))
D D - D * N
opt opt opt

The key sequence "™ followed by any digit auto-
dials the number sequence stored in the designa-
ted address location. Note auto-dial can take place
following manual key inputs.

STORAGE (On-hook)

D D D * N

PABX PAUSE (Off-hook and On-hook)

D D * # N

When users input "*" key followed by a "#", an inde-
finite pause is stored in a number sequence. Upon -
redialing the number sequence, the dialer will pause
when it encounters "#". A key input makes it conti-
nue.

KEYPAD CONFIGURATION 12KEY MODE
(pulse mode)

Most of the Pulse key operations are identical to
those in the 12KEY Tone Mode ; PABX Pause is the
only exception. In Pulse Mode, the pause is stored
with a single "#" input. Two "#" inputs store two
pauses. ‘

The " key exercises the control function ; two
inputs are the same as a single input (multiple in-
puts are not accepted).

nkn

Figure 5 : Keypad Sequence 13Key Cofiguration.

1121413
4 15}|6
718|8
x| 8| #

MBBNK5376-82A

NORMAL DIALING AND LND PRIVACY
OPTION (Off-hook)

D D D ...ETC Cc

Normal dialing is straightforward ; all keypad entries
are stored in the LND (Last Number Dialed) buffer
and signaled as eachis entered. All digits in the LND
register are maintained unless the final key prior to
going on-hook is "C". In the metal mask version, the
LND buffer is cleared unless users make a Control
entry before going on-hook.

AUTO-DIALING (Off-hook)

opt opt opt

The number sequence stored in the LND buffer can
be transferred to one of the nine other "permanent"
locations with the simple sequence "*" followed by
the address. New digits may be written into the LND
buffer while on-hook. To enter a "*" signal, users en-
ter the "*" key twice in succession as when dialed
off-hook.

6/8 L7 SGS-THOMSON

Cc N ADDRESS

To auto-dial, users enter the control key "C", follo-
wed by the address key, (shown here as "N", repre-
senting memory location N). As soon as the address
key is decoded and debounced, auto-dialing begins.
Address zero is used to auto-dial LND.

MICROELECTRONICS

114



" MK5376

STORAGE (On-hook)

PABX PAUSE

D - D |+ D Cc

N

D D

C #

ETC

To store data in a given location (LOC N) users sim-
ply enter digits into the LND buffer and copy them
to "N" by entering a control key "C" followed by the
desired address. Users can copy the last number

dialed before going on-hook to another location if input is received.

they make no entries before the copy operation.

ABSOLUTE MAXIMUM RATINGS*

Users may inject a pause at any point in the dialed
sequences by keying in "C" followed by "#". When
this number sequence is redialed, the dialer pauses
indefinitely and continues to dial when another key

Parameter Value Unit
DC Supply Voltage 6.5 Vv
Operating Temperature —30to + 60 °C
Storage Temperature -55t0 +85 °C
Maximum Power Dissipation (25 °C) 500 mw
Maximum Voltage on any Pin (V+) + 0.3, (V=) - 0.3 \
* Al specifications are for 2.5 V operation and full operating temperature range unless otherwise stated.
ELECTRICAL OPERATING CHARACTERISTICS
DC CHARACTERISTICS -30 C<TA<60 C
Symbol : Parameter Min. | Typ. | Max. | Unit |Notes
V+ DC Operating Voltage 2.5 6.0 Vv
lse Standby Current 0.3 1.0 pA 1
Vmr | Memory Retention Voltage 1.5 \Y 5
ImMr Memory Retention Current 750 | 200 nA 5
It Operating Current (tone)’ 0.5 1.0 mA | 2
Ip Operating Current (pulse) 50 150 pA 2
ImL Mute Output Sink Current 1.0 3.0 mA 3
lpL Pulse Output Sink Current 1.0 3.0 mA 3
lpc Pacifier Tone Sink/Source 250 | 500 A 4
Kru | Keypad Pullup Resistance 100 kQ
Krp | Keypad Pulldown Resistance 500 kQ
Notes : 1. Allinputs unloaded. Quiescent Mode (oscillator off).
2. Allinputs unloaded. single key input.
3. Vour=05V.
4. Sink Current for Vour = 0.5 Source Current for Vour = 2.0 V.
5. Meeting these minimum supply requirements guarantees the retention of data stored in memory.
L3 SEs;momMson
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ELECTRICAL OPERATING CHARACTERISTICS (continued)
CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE

Symbol Parameter . Min. | Typ. | Max. | Unit [Notes
Tkp Keypad Debounce Time - 32 ms 1
Fks Keypad Scan Frequency 250 Hz 1
TaL Two Key Rollover Time 4 ms 1
Fpr Frequency Pacifier Tone 500 Hz 1
Tet Pacifier Tone 30 ms 1
Frc Frequency RC Oscillator ~70 | +25|+70 % - 2

Notes : 1. Times based upon 8 kHz RC input for RATE CONTROL.
2. Deviation of oscillator frequency takes into account all voltage, temperature and unit-to-unit variations, but does not include the to-
lerance of external components.

CHARACTERISTICS — TONE MODE

Symbol Parameter Min. | Typ. | Max. | Unit |Notes
TNk Tone Output no Key Down - 80 dBm 1
Tod Tone Output (dependent) -13|-12 | =11 dBm 1,2

173 | 194 | 218 |mV(rms)
PEeg Pre-emphasis, High Band 2.7 - dB
Vpcs | Average DC Bias Tone out (V+ =2.5 V) 1.2 Vv
Toi Tone Output (independent) -12 dBm | 2,3
194 mV(rms)
PEi Pre-emphasis, High Band 2.0 dB 3
Vpci | Average DC Bias Tone out Rk 1.5 Vv
DIS Output Distortion 5.0 8.0 % 3
Re Tone Output Load 10 kQ 4"
TR Tone Signaling Rate 5 10 1/sec 5
PSD | Pre-signal Delay . 132 ms 5
ISD Inter-signal Delay 100 - ms 5
Notes : 1. ODBm equals 1 mWatt signal power into a 600 W load or 775 mV.

1
2. -Single tone (low group) V=2.5V.

3.+ Supply voltage =2.5t0 6 V. Rg = 10 KQ.

4. Maximum load which can be connected externally to pin 10 and maintain proper tone levels.

5. These values are directly related to the RC component values connected to Pin 7, the rate control frequency is nominally 8 kHz.

AC CHARACTERISTICS — PULSE MODE OPERATION

Symbol ' Parameter Min. | Typ. | Max. | Unit [Notes
Pgr Pulse Rate 10 PPS 1
PDP | Predigital Pause 172 ms 1
IDP Interdigital Pause 940 ms 1
Tmo Mute Overlap Time 2 ms 1

Note : 1. Typical times assume nominal RC input frequency of 8 kHz. An increase in frequency results in an equal decrease in time values
and increase in rate values.

8/8
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Kyy 553 THOMSON . MK53721

TONE/PULSE WORLD DIALER WITH LNR

» TWOSELECT PINS ALLOW THE USER TO SE-
. LECT 16 DIFFERENT COUNTRY OPTIONS
u SINGLE CHIP MIXED MODE DIALER ALLOWS
DIALING IN EITHER TONE OR PULSE
MODES. A * OR "SOFTSWITCH" KEY INPUT
CAN ALSO BE USED TO SWITCH FROM
PULSE TO TONE MODE OPERATION AND IS
\ STORED IN MEMORY
i . ga :DIGIT STORAGE WITH LNR (last numberre- - : DIP20
la
I
!

» P.LN. (personal |dent|fy number) PROTECTION
METHOD ORDER CODE : MK53721N00
= SLIDING CURSOR METHOD TO SIMPLIFY
PABX DIALING
: = HOOKSWITCH DEBOUNCE, TRANSIENTS PIN CONNECTION
DUE TO LINE REVERSALS AND DROP-OUTS
| CAN BE MASKED FOR A PERIOD DETERMI-
NED BY EXTERNAL RC
= POWERED FROM TELEPHONE LINE, LOW
STANDBY CURRENT AND OPERATING

VOLTAGE
» DTMF SIGNAL CONSISTENT WITH KEY EN- <
. TRY PERIOD « Voo [ 20 [ PULSE ouT
' = MINIMUM DTMF SIGNAL DURATION/SEPA- .MODE []2 18 [1 HKs
. RATION GUARANTEED G s 18 [] A
. "\I}I\O/Ise PABX PAUSE MAY BE STORED IN ME- @ s 70 m
= TIMED FLASH FOR EXTENDED TIMED e Qs e H -
' BREAK RECALL ss D 15 H
osc1t [7 14 [] MUTE OUT
osc2 [s 13 ] MASkouT
ca Os 12 [] DTMFouT
seta [Oio 11 [1 sews
DESCRIPTION

The MK53721 is a 20 pin CMOS mixed mode dia-
ler IC. This dialer provides signalling for both TONE
(DTMF) and PULSE (LD) modes of operation. All di-
gits entered are stored in a 28-digit buffer and can

ith a single LNR (last number redal
ES,I,?Z.'{E‘L:?}Q’" single LNR (last number redial) v pAD CONFIGURATION

The MK53721 can be switched from PULSE to 1 2 3 FLASH
~ TONE mode operation through the keypad with a 4 5 6 SS
*/# key input or softswitch (SS) key input. All key in- 7 8 9 PAUSE
| puts following a softswitch command will generate 0 R
DTMF signals. * #

January 1989 - 3 112
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DESCRIPTION (continued)

Two select pins (SELA, SELB) have been provided The MK53721 features a Sliding Cursor, Auto-
which allow the part to be customized for various Pause insertion (on some options), manual Pause,
markets. Rather than selecting and modifying indi- and Flash. The DTMF tone output has a guarenteed
vidual parameters which would take many pins or minimum duty cycle and extends to match the du-
mask options each select pin will select groups of ration of key inputs.

options which have been identified for particular

markets.

ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit
DC Supply Voltage . 6.5 \Y
Operating Temperature 0 to 60 °C
Storage Temperature —55t0 + 125 - °C
Maximum Power Dissipation (25°C) 500 mw
Maximum Voltage on any Pin . (VDD) +.3, (VSS) -3 \"
DC ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwise specified)
Symbol Parameter Value Unit | Notes
Min. Typ. Max.
VDDT | DC Operating Voltage Tone Mode 25 6.0 Vv
VDDP | DC Operating Voltage Pulse Mode 2.0 6.0 \
VMR Memory Retention Voltage 1.5 13 \Y 4,5
VMT | Mute Operation 1.8 \'
IDDP | Operating Current Pulse Mode ) .800 1.2 mA 2
IDDT | Operating Current Tone Mode .900 1.2 mA 2
ISS Standby Current 0.4 1.0 pA
IMR Memory Retention Current 0.2 0.8 pA 1,5
ISINK | Pulse/Mute/Mask Output Sink Current 1.0 mA 3
VOL | Output Low Voltage (ISINK = 1mAMP) : 0.5 Vv
KRU Keyboard Pullup Resistance 50 100 200 kQ
KRD Keyboard Pulldown Resistance 100 500 1000 Q
VIL Input Level Low .2VDD Vv
VIH Input Level High .8VDD Vv
Notes : 1. Allinputs unloaded. Quiescent mode (oscillator off).

1

2. All outputs unloaded, single key input.

3. Vout = 0.4 Volts.

4. Memory retention voltage is the point where memory is guaranteed but circuit operation is not.

5. lProper memory retention is guaranteed if either the minimum Imr is provided or the minimum Vmr. Both are not needed simultaneous-
y.

2/12
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AC ELECTRICAL CHARACTERISTICS(TA = 25°C unless otherwise specified)

Value

Symbol . Parameter Unit | Notes
Min. Typ. Max.
TNK | Tone Output no Key Down - 80 dBm 6
TO Tone Output (low group) -13 -12 - 11 dBm |6,7,8
173 194 218 | mVrms
VPE Pre-emphasis 20 log [VCOL/VROW] 2.0 2.75 dBm
TDC | Tone DC Bias 1.6 Vv
TLOAD | Tone Output Load 10 kQ
TRIS | Tone Output Rise Time 1.0 msec 9
TDIS | Tone Distortion 5.0 8.0 % 8

Notes : 6. 0dBm equals 1mWatt into 600Q or 775mV. The MK53721 is designed to drive a 10kOhm load. The 600Q load is only for reference.

TIMING SPECIFICATIONS (TA = 25°C unless otherwise noted)

7. Single tone (low group), as measured at pin 12.
8. Supply voltage from 2.5 to 6.0V. Rload = 10kOhms.

9. Time from beginning of tone output waveform to 90% of final magnitude.

Value

Symbol Parameter Unit | Notes
Min. Typ. Max.

TKD | Keyboard Debounce Time 24 mSEC
FKS | Keyboard Scan Frequency 250 Hz

TPSD | Tone Presignal Delay 40 mSEC

THFP | Hookflash Break Period mSEC

TISD | Tone Intersignal Delay mSEC 10
TDUR | Tone Burst Duration See table "A-Options” mSEC 10
PPS Pulses per Second (pulse rate) PPS 10
PDP Predigital Pause mSEC 10
IDP Interdigital mSEC 10
TMO | Mute Overlap Pulse [ ™ ] mSEC | 10/11

Notes : 1

1

0. The values of these parameters are dependent upon the option selected by SELA and SELB pins, see option tables A and B for ti-

ming values.
1. TM = Make Time ; 32 mS or 40 mS depending upon option selected.

K7 ST
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- MK53721

PIN DESCRIPTIONS

14 MUTE OUT
20 PULSE OUT

Pin # - Pin Name Description
1 VDD Positive Supply
6 VSS Negative Supply (ref for all voltages)
8 0OSC1 Oscillator Input for 3.579545MHz Crystal
9 0SC2 Oscillator Output
2 MODE Selects TONE or PULSE Default Operation
10 SELA Select Option Group A1-A16 by Connecting this Pin to the Appropriate Row or Col
11 SELB Selects Option Group B1-B8
19 HKS Hookswitch Detect, Logic 1 = 'off-hook’
12 DTMF OUT DTMF Output NPN Emitter Follower
13 MASK OUT Mask Output for Pulse Mode Operation, Nch Open Drain,Active High

Mute Output for Tone Mode Operation, Nch Open Drain, Active High
PULSE Output for Precise Break Timing, Nch Open Drain, Active High

3 -COL1- Column Keypad Connections

4. -COL2- :
"5 -COL3-

9 -COL4-

18 -ROW4- Row Keypad Connections

17 -ROW3-

16 -ROW2-

15 -ROW1-

TIMING DIAGRAMS

Figure 1 : Tone Mode Timing.
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Figure 2 : Pulse Mode Timing.
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GENERAL DESCRIPTION

A-OPTIONS ‘ :
The SELA pin is used to select groups of parame-
ters and modify the operation of some of the special

features. These groups are tailored for specific °

users. A major benefit of this approach simplifies the
design of telephones for the international market.
The option groups are selected by connecting the

[STR Al

SELA pin (number 10) to one of the row or column
pins for a total of eight possible choices. The Sel-B
option pin further defines an additional group of A-
options by connecting the Sel-B pin to either a co-
lumn, for options A1-A8, or to a row, for options A9-
A16. Options can only be changed while "on-hook".

5112
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Table 1 : A Options.

OPT PIN PPS M/B PDP IDP FLSH | TONE Functions

A1 [-ROW4-1 10 40/60 840 840 100 80/80 | API, SSxSS, FT = True

A2 |-ROW3-[ 10 32/68 240 840 100 98/98 | FT =True

A3 -ROW2- 10 32/68 240 840 300 80/80 | SSk# = True, *#PIN = True
A4 |-ROWi1-| 10 32/68 240 840 100 80/80 | SSx# = True, *x#PIN = True
A5 |-COL1- 16 40/60 240 840 600 98/98
A6 |-COL2- 10 32/68 240 840 100 80/80 | New Zealand Style Keypad
A7 |-COL3- 10 40/60 240 540 100 80/80 | Swedish Style Keypad

A8 |-COL4- 10 40/60 240 840 600 80/80
A9 -ROW4- 10 40/60 240 840 100 80/80
A10 |[-ROW3-| 20 32/68 240 840 100 98/98 | FT =True

A1l [-ROW2-| 10 32/68 540 540 100 | 70/140 | DM, SS*#, %#PIN = True
A12 |[-ROWi-| 10 32/68 240 540 300 80/80 | DM = True.

A13 [-COL1- 10 32/68 240 840 100 80/80 | AP, FT=T

A14 [-COL2-| .10 40/60 240 840 300 98/98 | Flash Option = F2

A15 | -COLS- 10 40/60 840 840 100 80/80 :
A16_ |-COL4-| 20 40/60 240 540 600 80/80

The default settings for any group, unless specified otherwise in the FUNCTIONS columnis :
API = False, DM = False, SS*# = False, PIN = True, FT = False, Flash Option = F1, D*#P = False,
Sweden keypad = False, New Zeland = False.

DEFINITIONS

TONE xx/yy : xx = Tone duration (TDUR), yy = Tone intersignal delay (TISD)

API = autopause insertion (True, False) .

DM = data mode, memory bypassed and part xmits tones as simple DTMF generator.
SS*# = transmit * or # key on input, even in pulse mode (True, False).

SS*SS = Softswitch sequence [bi-directional] required by Germany (True, False).

PIN = personal id number protection (True, False)

*#PIN = PIN protection is ignored if * or # is the first digit (True, False).

FT =flash can only be used in Tone mode (True, False)

F1 = flash option 1, keys following a flash will begin new sequence

F2 = flash option 2, keys following flash will be appended to current sequence and cannot be recalled.

The first group of A-Options are selected by B-options B1 througﬁ B4.

A1:0OPEN

A2: UK

A3 : FRANCE (PUBLIC)

A4 : FRANCE (PRIVATE) .

A5 : PANAMA/COLOMBIA (S. AMERICAN COUN-TRIES)
A6 : NEW ZEALAND

A7 : SWEDEN/SOME OF NORWAY '
A8 : USA - 10PPS

The second group of A-Options are selected by B-options B5 through B8.

A9 :HOLLAND/DENMARK
A10 : BELGIUM

A11 : SPAIN

A12 : FRANCE (Data mode)
A13 : AUSTRALIA

A14 : ISRAEL

A15:ITALY

A16 : USA - 20PPS

6/12
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B-OPTIONS

SELB pin is used to select a default pulse rate and
also determine the fixed delay time used for the

Table 2 : B Options.

PAUSE command.

There are four alternatives to choose from. Options
can be changed only when "on-hook".

Pause Duration(sec)

Option Pin A- OptionsGroup
B1 -COL1- A1-A8 IDP + 1.1 + IDP
B2 -COL2- IDP + 3.1 + IDP
B3 -COL3- - IDP + 6.0 + IDP
B4 -COL4- ] Indefinite
BS -ROW1- A9-A16 IDP + 1.1 + IDP
B6 -ROW2- IDP + 3.1 + IDP
B7 -ROW3- IDP + 6.0 + IDP
B8 -ROW4- Indefinite
KEYBOARD INTERFACE required while on hook.

The MK53721 has eight keyboard interface pins
which are to connected to a 4 x 4 keypad with FORM
A (SPST) switches. A 2-0f-8 keyboard with negative
common may also be used.

The keyboard is disabled while "on-hook". Off-hook,
the column and row keys assume opposite logical
states. Keyboard scan is enabled when a valid in-
put is detected. The scan frequency is 250Hz.

On hook, the keypad inputs are disabled eliminating
possible current draw in this state. Off hook, the key-
pad inputs are enabled. A key entry, connecting a
single column pin to a single row pin, is detected and
the oscillator is activated. The keypad is scanned
and debounced to verify the key input and the data
is then stored into the LNR buffer (if storable).

HOOKSWITCH INPUT

The HKS INPUT (HOOKSWITCH) informs the
MK53721 of the state of the telephone. A logic "1"
(connected to VDD) indicates the telephone set is

-in the "off-hook" state and dialing is enabled. A lo-

gic "0" (connected to VSS) indicates the telephone
setis "on-hook", dialing is disabled, and the chip will
not draw extra current if keys are depressed. This
ensures that only the memory retention current is

The HKS INPUT is level sensitive which simplifies
the implementation of hookswitch debounce. Tran-
sients caused by interruptions in loop current during
exchange operations will not cause inadvertant "on-
hook" detection. The length of debounce is determi-
ned by the value of a the pullup resistor and capa-
citor connected externally. The suggested de-
bounce periods range from 50msec to 500msec. A
valid hookswitch transition will terminate signalling
in progress and reset the dialing mode to the default
mode determined by the MODE INPUT (pin 2). The
HKS debounce time is determined by the following
equation : .
T(HSDB) = 0.75 x REXT x CEXT

EARTH LOOP RECALL (ELR OR GND KEY)

Earth loop recall is not generated by the MK53721
but can be detected by applying a logic "0" level di-
rectly to the hookswitch. The hookswitch debounce
is bypassed by applying logic levels directly to the
HKS pin (input not connected through external re-
sistor). The ELR or GND KEY detect is identical to
a hookswitch input without the debounce. Any digits
dialed after ELR or GND key will reset the memory
and be treated as a new number in the LNR buffer.

L7 S5S:THOMSON 2
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LAST NUMBER REDIAL

LNR (last number redial) command causes the
contents of the LNR buffer to be dialed. Numbers
which include a softswitch are limited by P.1.N. pro-
tection described below. LNR does not have to be
the initial key input since the MK53721 features a
"sliding cursor" dialing method.

The LNR buffer can store 28 digits but any number
of digits may be dialed manually. The memory sto-
rage will wrap-around after the first 28 digits have
been entered and the additional inputs will be sto-
red beginning in the first memory location. After
wrap-around has occured the LNR command will be
disabled to prevent misdials.

FLASH

The FLASH command is stored in the LNR buffer
and when signaled it initiates a timed break. This ti-

Table 3 : Flash Key Options.

ming is determined by the options selected. Flash
option F1 will reset the memory after a flash and ad-
ditional inputs will begin a new number sequence. If
this option is selected new digits will not be accep-
ted until the FLASH is completed.

Flash option F2 will continue accepting inputs and
storing these sequentially in the buffer. These digits
cannot be redialed.

In both cases, signalling will revert to the default dia-
ling mode determined by the MODE INPUT follo-
wing the FLASH command execution and the
FLASH itself is never redialed.

Mask out during Flash = Tpdp + Flash duration +
Tidp.

Mode Key Input Output Description

TP 123F 45 123F45 Manual Dial, Flash Key

TP LND 45 Redial, Flash Option F1

TP LND 123 Redial, Flash Option F2

T/P 128345 12345 Normal Dial

TP F F Flash Dial

TP LND 128345 Redial, Flash Option F1, F2

T/P 12345F 123 12345

T/P LND 12345F Manual Dial, Flash Key Term
SLIDING CURSOR If all digits entered equal the memory contents the

The sliding cursor feature simplifies PABX access
and redial. The MK53721 will compare all digits as
they are entered to the previous memory contents.

Table 4 : Sliding Cursor Operation.

LNR command can be activated at any point in the
dialing sequence and the remaining data will be re-
dialed. LNR is inhibited if there is a digit mismatch.

Mode Key Input Output Description
TP 12345 12345 Normal Dial

TP LND 12345 Redial

T/P 1 2 3 LND 12345 Sliding Cursor

T/P 12 4 LND ~ 124 Sliding Cursor, Invalid

TP 12 12 Normal Dial

TP LNR 12 Redial of Last Number Dialed

SOFTSWITCH, P.I.N. PROTECTION

Softswitch feature allows the dialing mode of the dia-
ler to be switched from Pulse Mode to Tone Mode
operation with a key input. Two methods are avai-
lable to accomplish this, first is the SS key and se-
cond is the * or # key while in Pulse mode.

The P.L.N. (PERSONAL IDENTIFY PROTECTION)
feature of the MK53721 will protect numbers which

&7
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are likely to be used in confidential transactions. Di-
gits entered after a * or # key in TONE mode, or
"softswitch" command (either a * input or SS input
while in PULSE mode) are considered private.
These digits cannot be redialed and therefore the
users privacy is not compromised. The exception to
this is a * or # key at the beginning of a sequence,
in this case redial of the entire sequence is allowed.
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Table 5 : Softswitch Operation.

Mode Key Input Output Description

PULSE 123 % 45 1 2 3<TDMF>4 5 Softswitch, SS % # = False

PULSE 123 % 45 12 3<TDMF>% 4 5 Softswitch, SS % # = True

PULSE 1238S45 1 2 3<TDMF>4 5 Softswitch

PULSE LNR 123 PIN = True

PULSE *123%45 <TDMF>1 2 3% 4 5 Softswitch, SS % # = False

PULSE LNR <TDMF>1 2 3 PIN invalid for % key first, SSx #
= False

PULSE *123%45 <TDMF>%x 1 2 3% 4 5 Softswitch, SS % # = True

PULSE LNR <TDMF>% 12 3% 45 PIN invalid for % key first, SSx #
=True

TONE 123%45 123%45 Manual Dial * Key

TONE LNR 123 PIN =True

TONE *123%45 *123%45 If firest key is % or # , then % , # is
redialed

TONE LNR *123%45 SS* # =True

TONE LNR *123 SSx # = False

PAUSE matically into a number sequence if manual dialing

The PAUSE command is used to insert a fixed time
delay into a number sequence. The dialer will delay
a fixed time when redialing the number. The delay
is programmable with the SELB option pin. If an in-
determinate delay is selected the dialer will stop du-
ring redial at the point where the PAUSE function

was entered. Auto-dialing is resumed by entering .

the PAUSE key.

An AUTO-PAUSE INSERTION (API) feature is also
available as an option. The pause is inserted auto-

Table 6 : Pause Operation.

is interrupted by a delay of more than one second
following the signaling of the last digit entered if in
tone mode operation. In Pulse mode operation, the
delay will be inserted automatically if a manual digit
has not been entered within an IDP time following
the completion of the previous digit. Not more than
two APIs’ will be entered for each number se-
quence.

Mode - Key Input Output Description
T/P 123 .45 12345 . Manual Dial with Delay
T/IP LNR 12 . 45 Redial, Pause Inserted if Autopause
v =True
TP . 123P45 123P45 Manual Dial, Pause Key Input
T/P LNR 123P45 Redial, PAUSE <> Ind
TP LNR 123 Redial, PAUSE = Ind
TP PAUSE 45 Complete Redial
DATA MODE fer. If the DM option is selected, all digits entered af-,

The DATA MODE feature allows the MK53721 to
be put into a mode where it operates just like a sim-
ple tone dialer, for entering long sequences of tones
to a remote service without disturbing the LNR buf-

ter a * or # key will be toned out with no minimum
tone duration, and will not clear the LNR buffer re-
gardless of how many digits are output.

L7 S5S-THOMSON yt2
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Table 7 : Data Mode Option.

Mode Key Input Output Description

T 123%45 ..N 123 % 45 .. N Data Mode (DM) Active After x or #

T LNR 123 Digits before DM are redialed.

T *123%45..N *x 123% 45 ..N DM activated on first % entry.

LNR * Only * is redialed.

P 123%45 .. N 123<T>% 45 .. N Softswitch to DM on % or #, SS % #
=True

P 123%45..N 123<T>45..N Softswitch to DM, SS % # = False

P LNR 123 Digits before DM are redialed.

P * 123%45..N <T>123%45..N SS % # = False

P LNR <T> SS % # = False, softswitches but
nothing redialed.

P * 123%45..N <T>*%x123%45..N | SSx#=True

P LNR <T> % SS % # =True

DTMF OPERATION sinusoidally weighted taps. The frequency and ac-

The DTMF OUTPUT is driven by a bipolar (NPN)
emitter follower with the collector tied to VDD. The
DTMF OUT signal is a summation of the keyboard
selected High group (column) and Low group (row)
tones. The amplitude of these tones is determined
internal to the chip and is independent of supply.

The tones are synthesized using a resistor tree with
Table 8 : DTMF Output Frequencies.

curacy of the synthesized tones is listed in the ta-
ble 8. Note, variations in the oscillator frequency
(using the 3.579545MHz crystal) will be reflected in
the frequency of the synthesized tones. *

Single tone may be generated when using options
A8 or A16, by symultaneously pressing two buttons
in the same row or column.

% Deviationfrom

Key Input StandardFrequency ActualFrequency Standard
-ROW1- 697 699.1 + 0.31

-ROW2- 770 766.2 —-0.49

-ROWS3- 852 847.4 - 054

-ROW4- 941 948.0 +0.74

-COL1- 1209 1215.9 +0.57

-CoL2- 1336 1331.7 -0.32

-COL3- 1477 1471.9 - 0.35

PULSE OPERATION prior to the first break and remains active until an

In Pulse operation the MK53721 converts keypad
inputs into a series of pulses to simulate a rotary dia-
ler. The Pulse Output becomes active following the
debounce period and a short predigital pause pe-
riod. A Mask Output is provided to remove the
speech network form the line or to attenuate the cur-
rent spikes which reach the receiver when Pulse dia-
ling. The Mask output goes active a predigital pause

10M12 - ‘7_’ SGS-THOMSON

IDP period following the output of the last digit from
the buffer. The nominal pulse output rate is 10pps
although this is selectable by the Select Option pins.

In pulse mode operation the number of pulses as-
sociated with each key can be modified to meet
standards of nations such as Sweden, some of Nor-
way, and New Zealand. These options are availa-
ble through the SELA and SELB input pins.

MICROELECTRONICS
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Table 9 : Pulse Output Options.

Normal Sweden New Zealand
0.. 10 Pulses 0.. 1 Pulse 0.. 10 Pulses
1.. 1 Pulse 1.. 2 Pulses 1.. 9 Pulse
2.. 2 Pulses 2.. 3 Pulses 2.. 8 Pulses
3.. 3 Pulses 3.. 4 Pulses 3.. 7 Pulses
4.. 4 Pulses 4.. 5 Pulses 4.. 6 Pulses
5.. 5 Pulses ‘5.. 6 Pulses 5.. 5 Pulses
6.. 6 Pulses 6.. 7 Pulses 6.. 4 Pulses
7.. 7 Pulses 7.. 8 Pulses 7.. 3 Pulses
8.. 8 Pulses 8.. 9 Pulses 8.. 2 Pulses
9.. 9 Pulses 9.. 10 Pulses 9.. 1 Pulses
* .. Softswitch * .. Softswitch * .. Softswitch
#.. Ignored #.. Ignored #.. Ignored
TYPICAL APPLICATIONS the L3280 MUTE input to cause muting of the loud

The MK53721 is a single chip Tone Pulse World
Dialer with 28-digit last number redial, which pro-
vides the necessary signals for DTMF (tone) or loop
disconnect (pulse) dialing. The typical application
circuit shown in figure 3 illustrates one way the
MK53721 Tone Pulse dialer can be used with anin-
tegrated speech circuit to produce a multi-standard
telephone. The circuit is connected to the telephone
line through a polarity guard integrated circuit that
assures proper voltage polarity to the circuit, regar-
dless of telephone line polarity, as well as limiting
the voltage at the polarized side. The 2-to-4 wire
conversion, muting of the transmitter and receiver,
and provision of regulated supply voltage to the
MK53721 is accomplished using an SGS-THOM-
SON L3280 integrated speech circuit. The L3280 al-
so takes the MK53721 DTMF output and modulates
the line with that signal. Because of the various
World Dialer timing options selectable with the
MK53721, the application can be easily adapted to
meet the standards of almost any country.

In this circuit, Pulse dialing (which consists of a se-
ries of momentary interruptions of loop current) is
achieved by the Pulse output of the MK53721 con-
trolling transistor Q1,Q2 and Qb5 to break and make
the loop current through the speech network. The
MK53721 MASK output provides the logic level to

pops which would otherwise be heard at the recei-
ver due to the pulsing of the loop current through the
speech network.

Tone signalling requires that the loop current be mo-
dulated with the appropriate DTMF signal. The
DTMF output of the MK53721 is coupled to the

* DTMF driver circuitry of the L3280 via a filter net-

work comprised of C8, C9, R12, R13 and Q3. The
jumper J1 allows the user to select whether or not
to use the filter network required to meet some coun-
try specifications. The MK53721 MUTE output pro-
vides the logic level to the L3280 MUTE input to
mute the transmitter and reduce to an acceptable
level the tone heard at the receiver.

The mode of operation (Tone or Pulse) is controlled
by switch S1. In Pulse Mode, the Softswitch key (SS
or * key) can be used to change from Pulse to Tone
Mode. Going on-hook and back off-hook will cause

~ the MK53721 to revert to the mode selected by the

S1, but the Softswitch function can be redialed. The

. signalling mode may be changed at any time, so as

to allow mixed Pulse and Tone dialing.

The current required for long term memory retention
with the MK53721 is typically 0.3uA. A battery is the-
refore not required if a resistor is used to provide the
small amount of memory retention from the line
when on-hook.

&r
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Figure 3 : MK53721 Typical Application.
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(7 SGS-THOMSON .
Y vicRoELECTRONICS MK53731

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER

= SINGLE CHIP DTMF AND PULSE DIALER
» SOFTSWITCH CHANGES SIGNALING MODE
FROM PULSE TO TONE
» RECALL OF LAST NUMBER DIALED (up to 28
digits long)
» FLASH KEY INPUT INITIATES TIMED HOOK
FLASH :
= TIMED PABX PAUSE
= 8 TONES PER SECOND DIALING IN TONE
. MODE AND 10 PPS IN PULSE MODE
= DTMF ACTIVE UNTIL KEY RELEASE
= MINIMUM DTMF DURATION/SEPARATION
GUARANTEED (74/54 ms) ORDER CODE : MK53731N00
» PACIFIER TONE PROVIDES AUDIBLE INDI-
CATION OF VALID KEY INPUT FOR NON-
DTMF KEY ENTRIES Figure 1 : Pin Connection (top view).
= POWERED FROM TELEPHONE LINE, LOW
OPERATING VOLTAGE FOR LONG LOOP AP-

PLICATIONS vi 10e ] 18 PULSE OUTPUT
MODE 2 [ 117 HKS

a 30 P m

c2 a0 115 R2

¢ s 114 R3
DESCRIPTION v- 60 13 Ra
The MK53731 is a Silicon Gate CMOS IC that pro- _—
vides necessary signals for either DTMF or loop dis- oser 7 S H 12 MUTE OUTRUT
connect (pulse) dialing. The MK53731 buffers up to oscz2 8 ] 11 PACIFIER TONE
28 digits into memory that can be later redialed with c 90 110 DTMF OUTPUT
asingle key input. This memory capacity is sufficient

for local, long distance, overseas, and even compu-
terized long-haul networks. Users can store all 12 X . .
signaling keys and access several unique functions ~ Figure 2 : Keypad Configuration.
with single key entries. These functions include :

Last Number Dialed (LND), Softswitch, Flash, and

Pause. Figure 2 shows the keypad configuration. 1 ) 2 3 |FLAsH
A LND key input automatically redials the last num- ] SOFT
ber dialed. 4 5 )

Two features simplify PABX dialing. The pause key S!‘”_TE
stores a timed pause in the number sequence. Re-  .°

dial is then delayed until an outside line can be ac- /| 8 | 9 |pAusE
cessed or some other activity occurs before normal T

signalling resumes. The FLASH key simulates a SOFT # luno
560 ms hook flash to transfer calls or to activate SUITCH

other special features provided by the PABX or a

central office. ngBIik53731-61
January 1989 1/9

129



MK53731

FUNCTIONAL PIN DESCRIPTION

V+ .

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements. (see Electrical Specifications).

MODE .
Input. Pin 2. MODE determines the dialer’s default
operating mode. When the device is powered up or
the hookswitch input is switched from on-hook, (V+),
to off-hook, (V-), the default determines the signa-
ling mode. A V+ connection defaults to tone mode
operation and a V- connection defaults to pulse
mode operation.

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key, or softswitch, is depressed. Subsequent
* key inputs will cause the DTMF code for an * to be
dialed. The softswitch will only switch from pulse to
tone. After returning to on-hook and back to off-
hook, the part will be in pulse mode. Redial by the
LND key will repeat the softswitch.

C1, C2, C3, C4, R4, R3, R2, R1

Keyboard inputs. The MK53731 interfaces with ei-
ther the standard 2-of-8 with riegative common or
the single-contact (Form A) keyboard.

A valid keypad entry is either a single Row connec-
ted to a single Column or V-simultaneously presen-
ted to both a single Row and Column. In its quies-
cent or standby state, during normal off-hook ope-
ration, either the Rows or the Columns are at a lo-
gic level 1 (V+). Pulling one input low enables the
on-chip oscillator. Keyboard scanning then begins.
Scanning consists of Rows and Columns alternate-
ly switching high through on-chip pullups. After both
a Row and Column key have been detected, the de-
bounce counter is enabled and any noise (bouncing
contacts, etc.) is ignored for a debounce period
(Tkp) of 32 ms. At this time, the keyboard is sam-
pled and if both Row and Column information are
valid, the information is buffered into the LND loca-
tion. If switched on-hook (pin 17 to pin 1), the key-
board inputs are pull high through on-chip pull-up
resistors.

JIn the tone mode, if 2 or more keys in the same row
or if 2 or more keys in the same column are depres-
sed a single tone will be output. The tone will corres-
pond to the row or column for which the 2 keys were
pushed. This feature is for test purposes, and sin-
gle tones will not be redialed.

Also in the tone mode, the output tone is continuous
in manual dialing as long as the key is pushed. The
output tone duration follows the table 1.

29 L3y SGS-THOMSON

Table 1. Output Tone Duration.

Key — Push Time, T*
T<32ms

Tone Output*

No Output. Ignored by
MK53731.

75 ms Duration Output.

32ms<T<75ms
+ Tpk

T=75ms + Tkp

Output Duration =
T - TKD

Note : Tkois the keypad debounce time which is typically 32 ms.

When redialing in the tone mode, each DTMF out-
put is 75 ms duration, and the tone separation (in-
tersignal delay) is 50 ms.

V-

Input. Pin 6 is the negative supply input to the de-
vice. This is the voltage reference for all specifica-
tions.

0OSC1, 0sC2

Pin 7 (input), pin 8 (output). OSC1 and OSC2 are
connections to an on-chip inverter used as the ti-
ming reference for the circuit. It has sufficient loop
gain to oscillate when used with a low-cost televi-
sion color-burst crystal. The nominal crystal fre-
quency is 3.579545 MHz and any deviation from this
standard is directly reflected in the Tone output fre-
quencies. The crystal oscillator provides the time re-
ference for all circuit functions. A ceramic resonator
with tolerance of +0.25 % may also be used.

DTMF OUTPUT

Output. Pin 10. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column tones.
Figure 7 shows the timing at this pin.

-

“The DTMF OUTPUT is the summation of a single

Row frequency and a single Column frequency. A
typical single tone sine wave is shown in Figure 4.
This waveform is synthesized using a resistor tree
with sinusoidally weighted taps.

The MK53731 is designed to operate from an unre-
gulated supply ; the TONE LEVEL is supply inde-
pendent, and the single row tone output level will be
typically :

Tot=—12dBm+ 1 dB

The DC component of the DTMF output while ac-
tive is described by the following equation :

Vpci = 0.3 V+ + 0.5 Volts

MICROELECTRONICS
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MK53731

Figure 4 : Typical Single Tone. "

REF 398 mV
10 dB/DIV

MAKER 700.0 Hz
RANGE 398mV 191 mV

START .0 Hz
RWB 30 Hz

STOP 5 000.0 Hz

VBW 30 Hz ST 17.4 SEC

4/9
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PACIFIER TONE

Output. Pin 11. A 500 Hz square wave is activated
upon acceptance of a valid key input, afterthe 32 ms
debounce time. The square wave terminates after
amaximum of 30 ms or when the valid key is no lon-
ger present. In pulse mode, all valid key entries ac-
tivate the pacifier tone. In tone mode, any non-
DTMF (FLASH, PAUSE, LND, SOFTSWITCH) en-
try activates the pacifier tone. The pacifier tone pro-
vides audible feedback, confirming that the key has
been properly entered and accepted.

MUTE OUTPUT

Output. Pin 12. This pin is the MUTE OUTPUT for
both tone and pulse modes. Timing is dependent

" upon mode.

The MUTE OUTPUT consists of an open drain N-
channel device. During standby, the output is high
impedance and generally has an external pullup re-
sistor to the positive supply.

In the tone mode, MUTE OUTPUT is used to re-
move the transmitter and the receiver from the net-
work during DTMF signaling. During dialing, MUTE
OUTPUT is active continuously until dialing is com-
pleted. MUTE OUTPUT goes active when any key
is pushed.

In the pulse mode, MUTE OUTPUT is used to re-
move the receiver and the network from the line. Dif-
ferent circuitry is required for tone and pulse muting
external to the |C and applications using both modes
would not necessarily share circuitry. MUTE OUT-
PUT timing is shown in Figure 8 for pulse mode si-
analing and Figure 7 for tone mode signaling. MUTE
OUTPUT is active during each digit, and not active
during the _interdigit time. In both tone and pulse
modes, MUTE OUTPUT goes active 40 ms before
PULSE OUTPUT for a FLASH.

HKS

Input. Pin 17. Pin 17 is the hookswitch input to the
MK53731. This is a high-impedance input and must
be switched high for on-hook operation or low for
off-hook operation. A transition on this input causes
the on-chip logic to initialize, terminating any opera-
tion in progress at the time. The signaling mode de-
faults to the mode selected at pin 2. Figure 8 illus-
trates the timing for this pin.

PULSE OUTPUT

Output. Pin 18. This is an output consisting of an
open drain N-channel device. In either pulse or tone
mode, the FLASH key will cause a 560 ms output
pulse at pin 18.




MK53731

' DEVICE OPERATION (Tone Mode)
When the MK53731 is not actively dialing, it
consumes very little current. While on-hook, all key-
pad input pins are internally pulled high. Row and
Column inputs assume opposite states off-hook.
* The circuit verifies that a valid key has been ente-
" red by alternately scanning the Row and Columniin-
puts. If the input is still valid following 32 ms of de-
bounce, the digit is stored into memory, and dialing
begins after a pre-signal delay of approximately

Table 2 : DTMF Qutput Frequency.

'

40 ms (measured from initial key closure). Output
tone duration is shown in Table 1.

The MK53731 allows manual dialing of an indefinite
number of digits, but if more than 28 digits are dia-
led, the 53731 will "wrap around". That is, the extra
digits beyond 28 will be stored at the beginning of
the LND buffer, and the first 28 digits will no longer
be available for redial.

Key Input Standard Frequency . Actual Frequency % Deviation
ROW 1 697 699.1 + 0.31
2 770 766.2 - 0.49
3 852 847.4 - 054
4 941 948.0 +0.74
COL 1 1209 1215.9 + 0.57
2 1336 1331.7 -0.32
3 - 1477 1471.9 -0.35
f Figure 7 : Tone Mode Timing.
o seauence [1] [+] [Foasn] [3]
ENTER ENTER ENTER ENTER
[ =] Gl
- TS g W o B L]
!i KEYB0ARD T I KEYBOARD SCAN T JNAT N )
i HKS ~
INPUT
i
B L i
e T 1 [cTTTtTTTTTTTT
’ ‘ ‘ l Yure 4‘{ _-I 2
owwur 1 [~7
Je— 1t —s]

Note : For this example, key entries are < 75 ms, but > 32 ms.
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Figure 8 : Pulse Mode Timing.

DIAL SEQUENCE E D B
ENTER ENTER ENTER ENTER

B O =] [

Normal dialing is straightforward, all keyboard en-
tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND

Last number dialing is accomplished by entering the
LND key.

PAUSE

D . |PAUSE D ...ETC

A pause may be entered into the dialed sequence
at any point by keying in the special function key,
PAUSE. Pause inserts a 1.1-second delay into the
dialing sequence. The total delay, including pre-di-
gital and post-digital pauses is shown in Table 3.

69 L7 SGS-THOMSON

s s T e (Y e A e B
INPUT
A
KEYOoARD —nm KEYBOARD SCAN 250 H, oK i
PULSE — "~~~ \ M\ r———-y - TTTTTTTTy T TTTTTT T
outPUT l__ s :l L»YI a7 ,_’..{ fe—tuo
o [ S [ S S
el |
n:'::r OFF HOOK I ON HOOK
I
ik
e ___ R Aa ___m __m e
NORMAL DIALING (off-hook) HOOK FLASH
D D D ..ETC D FLASH D

..ETC. -

Hook flash may be entered into the dialed sequence: -
at any point by keying in the function key, FLASH.

Flash consists of a timed Break of 560 ms. The
FLASH function is stored in memory, but it will not
be redialed as such. When a FLASH key is pressed,
no further key inputs will be accepted until the hook-
flash function (560 ms break) has been dialed. The
key input following a FLASH will be stored as the ini-
tial digit of a new number (overwriting the number
dialed prior to the FLASH) unless it is another
FLASH. Consecutive FLASH entries after a number
is dialed will be stored sequentially in the LND me-
mory and a subsequent LND entry will cause the re-
dial of that number with a delay, but not hookflash
breaks, at the end of the redialing sequence. When
redialing in tone mode, MUTE OUTPUT will remain
active during the flash delay period.

SOFTSWITCH

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever

MICROELECTRONICS
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quent * key inputs will cause the DTMF code for an to off-hook, the part will be in pulse mode. Redial by

1! the * key, or SOFTSWITCH, is depressed. Subse- pulse to tone. After returning to on-hook and back
!
| “tobe dialed. The softswitch will only switch from the LND key will repeat the softswitch.

. Table 3 : Spécial Function Delays.

Each delay shown below ?epresents the time required from after the special function key is depressed until
a new digit can be dialed.

The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside-
red "AUTQO" if in redial, or if previous dialing is still in progress.

Delay (seconds)
Function First/Auto
Pulse Tone
SOFTSWITCH FIRST 1.15
AUTO 1.85
PAUSE FIRST 1.84 1.15
X AUTO 2.50 1.20
|
|
ABSOLUTE MAXIMUM RATINGS*
' Parameter Value Unit
DC Supply Voltage 6.5 ) Y
Operating Temperature 0 to + 60 °C
Storage Temperature . - 5510 + 125 °C
Maximum Power Dissipation (25 °C) 500 mwW
Maximum Voltage on any Pin (V+) + 3, (V=) -3

* Al specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated.

7/9
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ELECTRICAL CHARACTERISTICS DC Characteristics

N° |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
V+ DC Operating Voltage (tone mode) 25 6.0 v
TONE
Vmr Memory Retention Voltage 15 \ 1,6
ls Standby Current 0.4 1.0 pA 1
IMR Memory Retention Current 0.15 | 0.75 A 56
VmuTe | Mute Output Operating Voltage 1.8 Y 7
It Operating Current (tone) 300 | 600 HA 2
Ip Operating Current (pulse) 150 | 250 pA 2
Imu Mute Output (2.5 V) 1.0 mA 3
Sink Current (4.0 V) 3.0 mA
IpL Pulse Output Sink Current 1.0 2.0 mA'| 3
lpc Pacifier Tone Sink/Source 250 500 HA 4
Kru | Keypad Pullup Resistance ) 100 kQ
Krp Keypad Pulldown Resistance 500 Q
Vi Keypad Input Level-low - 0 03V+| V
Vi Keypad Input Level-high 0.7 V+ V+ \"
Vpurse | Operating Voltage (pulse mode) 1.8 6.0 \
Notes : 1. Allinputs unloaded. Quiescent Mode (Oscillator off).

1

2. Al outputs unloaded. Single key input.

3. Vour= 0.4 Volts. .

4. Sink Current for Vour = - 0.5 Volts. Source Current for Vour = 2.0 Volts.

5. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not.

6. Proper memory retention is guaranteed if either the minimum Iur is provided or the minimum Vi, The design does not have to pro-
vide both the minimum current or voltage simultaneously.

7. Minimum voltage where activation of mute output with key entry is ensured.

8/9
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AC CHARACTERISTICS - TONE MODE

" N° |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
Tnk | Tone Output No Key Down 80 | dBm 1
To Tone Output (independent) 13 12 11 dBm | 1,2°
173 | 194 | 218 |mVims| 3
PEi Pre-emphasis, High Band 1.6 2.0 24 dB
DG;i Tone Output DC Bias (V+ — 2.5) 1.25 \Y
(V+ 3.5) 15 Vv
Re Tone Output Load 10 kQ 4
Tris | Tone Output Rise Time 1.0 ms -5
DIS Output Distortion 5.0 8.0 % 3
TR Tone Signaling Rate 8.0 1/sec
1 Tpsp | Pre-signal Delay 40 ms 6
2 Tisp | Inter-signal Delay (repertory) 54 ms
Tour | Tone Output Duration (repertory) 74 ms

Notes : 1. O dBm equals 1 mW power into 600 Q or 775 mVolts Important Note. The MK53731 is designed to drive a 10 kQ load. The 600 Q

load is only for reference.
. Single tone (low group) as measured at pin 10 Ta= 25 *C.
. Supply voltage = 2.5 to 6 Volts Re = 10 kQ.
. Supply voltage = 2.5 Volts.

ahs N

. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency Crystal parameters suggested for pro-

per operation are Rs < 100 Q, Lm = 96 mH, Cn 0.02 pF, Cn = 5pF, f = 3.579545 MHz and C. = 18 pF.

6. Time from initial key input until beginning of signaling.

AC CHARACTERISTICS - KEYDAP INPUTS, PACIFIER TONE
(numbers in left hand column refer to the limiting diagrams)

N°  |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
3 Tkp | Keypad Debounce Time 32 ms 1
Fks Keypad Scan Frequency 250 Hz 1
Fpr | Frequency Pacifier Tone 500 Hz 1
4 Tpr | Pacifier Tone Duration 30 ms 1
Turp | Hookflash Timing 560 ms 1
Note : 1. Crystal oscillator accuracy directly affects these times.
AC CHARACTERISTICS - PULSE MODE OPERATION
N° |Symbol Parameter Min. | Typ. | Max. | Unit |Notes
Pr Pulse Rate 10 PPS | . 1
5 PDP | Pedigital Pause 48 ms 2
6 IDP Interdigital Pause 740 ms 2
7 Tmo | Mute Overlap Time 2 ms 2
8 TB Break Time 60 ms 2
9 T™m Make Time 40 ms 2
Notes : 1. 10 PPSis the nominal rate.
2. Figure 8 illustrates this relationship.
57 S55THoMsoN
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MK53760

| DIALER WITH FOUR EMERGENCY NUMBERS

= SINGLE CHIP DTMF AND PULSE DIALER

= STORES 5 18-DIGIT TELEPHONE NUMBERS,
INCLUDING LAST NUMBER DIALED

= SOFTSWITCH CHANGES SIGNALING MODE
FROM PULSE TO TONE

= SINGLE BUTTON REDIAL OF ALL 5 MEMO-
RIES

= FLASH KEY INPUT INITIATES TIMED HOOK
FLASH

= 8 TONES PER SECOND DIALING IN TONE
MODE AND 10 PPS IN PULSE MODE

= DTMF ACTIVE UNTIL KEY RELEASE

= MINIMUM DTMF DURATION/SEPARATION
GUARANTEED (74/54ms)

= PACIFIER TONE PROVIDES AUDIBLE INDI-
CATION OF A VALID KEY INPUT FOR NON-
DTMF KEY ENTRIES

= POWERED FROM TELEPHONE LINE, LOW
OPERATING VOLTAGE FOR LONG LOOP AP-
PLICATIONS

DESCRIPTION

The MK53760 is a Silicon Gate CMOS IC that pro-
vides necessary signals for either DTMF or loop dis-
connect (pulse) dialing. The MK53760 buffers up to
18 digits into memory that can be later redialed with
a single key input. Up to 4 repertory numbers may
be stored. Users can store all 12 signaling keys and
access several unique functions with single key en-
tries. These functions include : Last Number Dialed
(LND), Softswitch, Flash, and 4 memories. Figure 2
shows the keypad configuration.

A LND key input automatically redials the last num-
ber dialed, and the MEM keys provide single key ac-
cess to all memory locations for auto-dialing.

The FLASH key simulates’a 560ms hook flash to
transfer calls or to activate other special features
provided by the PABX or a central office.

The PAUSE key allows the user to insert a delay in
dialing for functions such as the pause in accessing
an outside line when reading from a PABX.

The PROG key provides an easy way to program a

number into any memory location (MEM1 MEM4)
whether on-hook or off-hook.

February 1989

ORDER CODE : MK53760 NOO

Figure 1 : Pin Connection.
ur 1 ~J 28{7] PULSE OUTPUT
nope [} 2 19[] HKS
t1 s 18[7] R1
c2 i 17[7 Rr2
Nn.c. [Os 16[] RS
3 s 15[ r3
u- 7 14[7 R4
osc 1 []s8 13[7] HUTE ouTpPUT
“osc2 (s 120 S5 DTSRBLE
ca [J1e 11{7] DTHF OUTPUT

ngsnKks3768-81

Figure 2 : Keypad Configuration.

1 2 3 [FuasH
4 S 6 |rPrOG
7 8 9 |PAusEl
%
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M8SNK53766-62




MK53760

FUNCTIONAL PIN DESCRIPTION
V+

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements (see Electrical Specifications).

MODE

Input. Pin 2. MODE determines the dialer’s default
operating mode. When the device is powered up or
the hookswitch input is switched from on-hook, (V+),
to off-hook, (V-), the default determines the signa-
ling mode. A V+ connection defaults to tone mode
operation and a V- connection defaults to pulse
mode operation.

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the *key, or softswitch, is depressed. Subsequent
*key inputs will cause the DTMF code for an * to be
dialed. The softswitch will only switch from pulse to
tone. After returning to on-hook and back to off-
hook, the part will be in pulse mode. Redial by the
LND key will repeat the softswitch.

C1, C2, C3, C4, R5, R4, R3, R2, R1
Keyboard inputs. The MK53760 interfaces with ei-

ther the standard 2-of-9 with negative common or -

the single-contact (Form A) keyboard.

A valid keypad and entry is either a single Row
connected to a single Column or V- simultaneously
presented to both a single Row and Column. In its
quiescent or standby state, during normal off-hook
operation, either the Rows or the Columns are at a
logic level 1 (V+). Pulling one input low enables the

on-chip oscillator. Keyboard scanning then begins. .

Scanning consists of Rows and Columns alternati-
vely switching high through on-chip pullups. After
both a Row and Column key have been detected,
the debounce counter is enabled and any noise
(bouncing contacts, etc.) is ignored for a debounce
period (Tkp) of 32ms. At this time, the keyboard is
sampled and if both Row and Column information
are valid, the information is buffered into the LND lo-
cation. If switched on-hook (pin 19 to pin 1), the key-
board inputs all pull high through on-chip pullup re-
sistors.

In the tone mode, if 2 or more keys in the same row
or column are depressed a single tone will be out-
put. The tone will correspond to the row or column
for which the 2 keys were pushed. This feature is for
test purposes.

Single tones will not be redialed.

Also in the tone mode, the output tone is continuous
in manual dialing as long as the key is pushed. The
output tone duration follows the table below :

28 L7 SGS:THOMSON

Table 1 : Output Tone Duration.

Key-Push Time, T*
T <32ms

Tone Output*

No Output Ignored by
MK53760.

75ms Duration Output.
Output Duration =

32ms < T <.75ms + Tkp
T>75ms + Tkp

T-Tkp
*Note : Tiois the key pad debounce time which is typically 32 ms.

When redialing in the tone mode, each DTMF out-
put is 75ms duration, and the tone separation (inter-
signal delay) is 50ns. -

V-

Input. Pin 7 is the negative supply input to the de-
vice. This is the voltage reference for all specifica-
tions.

0OSCt1, 0SC2

Pin 8 (input), pin 9 (output). OSC1 and OSC2 are
connections to an on-chip inverter used as the ti-
ming reference for the circuit. It has have sufficient
loop gain to oscillate when used with a low-cost te-
levision color-burst crystal. The nominal crystal fre-
quency is 3.579545MHz and any deviation from this
standard is directly reflected in the Tone output fre-
quencies. The crystal oscillator provides the time re-
ference for all circuit functions. A ceramic resonator
with tolerance of + 0.25% may also be used.

DTMF OUTPUT

Output. Pin 11. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column tones.
Figure 7 shows the timing at this pin.

The DTMF OUTPUT is the summation of a single
Row frequency and a single Column frequency and
a single Column frequency. A typical single tone
sine wave is shown in figure 4. This waveformis syn-
thesized using a resistor tree with sinusoidally
weighted taps.  ~

The MK53760 is designed to operate from an unre-
gulated supply : the TONE LEVEL is supply inde-
pendent, and the single row tone output level will be
typically :

Toi = - 12dBm £ 1dB
The DC component of the DTMF output while ac-
tive is described by the following equation :

VDC, = 0.3V + + 0.5 Volts
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Figure 3 : MK53760 Functional Block Diagram.
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PACIFIER TONE OUTPUT/CHIP DISABLE
INPUT

Pin 12. PAC tone is an output. The pacifier tone pro-
vides audible feedback, confirming that the key has
been properly entered and accepted. A 500Hz
square wave is activated upon acceptance of a va-
lid key input, after the 32ms debounce time. The
square wave terminates after a maximum of 30ms
or when the valid key is no longer present. In pulse
mode, all key entries activate the pacifier tone. In
tone mode, any non-DTMF key (LND, FLASH,
MEM, PROG) entry activates the- pacifier tone.
When programming the chip, all valid key entries ac-
tivate the pacifier tone in either pullse or tone mode.

The CHIP DISABLE is an input. When pin 12is swit-
ched low, through a resistor (10K to 100K), the
MK53760 is enabled. When pin 12 is'switched to V+
through the resistor, all keypad inputs are pulled
high, and the MK53760 will ignore all keypad inputs.
When the chip is disabled, it will not dial, and it can-

Figure 7 : Tone Mode Timing.

not be programmed. The chip will only be disabled
when the circuit is inactive (not dialing) and Pin 12
is switched high.

Figure 6 : Typical Spectral Response.
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Notes : " 1. For this example, key entries are <75 ms, but >32 ms.

2.- MUTE goes active after any key is depressed.
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Figure 8 : Pulse Mode Timing.
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Table 2 : DTMF Output Frequency.

Key Input Standard Frequency Actual Frequency % Deviation
ROW 1 697 : 699.1 +0.31

2 770 766.2 —-0.49

3 852 847.4 - 0.54

4 941 948.0 +0.74
coL 1 1209 1215.9 + 0.57

2 1336 1331.7 -0.32

3 1477 1471.9 - 0.35

MUTE OUTPUT

Output. Pin 13. This pin is the MUTE OUTPUT for
both tone and pulse modes. Timing is dependent
upon mode.

The MUTE OUTPUT consists of an open drain N-
channel device. During standby, the output is high
impedance and generally has an extemal pullup re-
sistor to the positive supply.

In the tone mode, MUTE OUTPUT is used to re-
move the transmitter and the receiver from the net-
work during DTMF signaling. During dialing, MUTE
OUTPUT is active continuously until dialing is com-
pleted. MUTE OUTPUT goes active when any key
is pushed.

In the pulse mode, MUTE OUTPUT is used to re-
move the receiver and the network from the line. Dif-
ferent circuitry is required for tone and pulse muting
externalto the IC and applications using both modes

would not necessarily share circuitry. MUTE OUT-
PUT timing is shown in figure 8 for pulse mode si-
gnaling and figure 7 for tone mode signaling. MUTE
OUTPUT is active during each digit, and not active
during the interdigit time. In both tone and pulse
modes, MUTE OUTPUT goes active 40ms before
PULSE OUTPUT for a FLASH.

HKS

Input Pin 19. Pin 19 is the hookswitch input to the
MK53760. This is a high-impedance input and must
be switched high for on-hook operation or low for of-
hook operation. A transition on this input causes the
on-chip logic to initialize, terminating any operation
in progress at the time. The signaling mode defaults
to the mode selected at pin 2. Figure 8 illustrates the
timing for this pin.

L37 S55:THOMSON ' &
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PULSE OUTPUT

Output. Pin 20. This is an output consisting of an
open drain N-channel device. In either pulse or tone
mode, the FLASH key will cause a 560ms output
pulse at pin 20.

DEVICE OPERATION

When the MK53760 is not actively dialing, it
consumes very little current. Row and Column in-
puts assume opposite states off-hook. The circuit
verifies that a valid key has been entered by alter-
nately scanning the Row and Column inputs. If the
input is still valid following 32ms of debounce, the
digit is stored into memory, and dialing begins after
a pre-signal delay of approximately 40ms (measu-
red from initial key closure). Output tone duration is
shown in table 1.

The MK53760 allows manual dialing of an indefinite
number or digits, but if more than 18 digits are dia-
led per number, the MK53760 "wrap around". That
is, the extra digits beyond 18 will be stored at the
beginning of the LND buffer, and the first 18 digits
will no longer be available for redial. During autodial
from LND or any MEM location, key inputs are not
accepted, but they will suspend dialing until relea-
sed.

NORMAL DIALING (off-hook)

D D D ..ETC~

Normal dialing is straightforward, all keyboard en-
~ tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND

Last number dialing is accomplished by entering the
LND key.

SOFTSWITCH

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key is depressed. Subsequent * inputs will
cause the DTMF code for an * to be dialed. The
softswitch will only switch from pulse to tone. After
returning to on-hook and back to off-hook, the part
will be in pulse mode. Redial by the LND key will re-
peat the softswitch.

HOOK FLASH

D FLASH D ...ETC

Hook flash may be entered into the dialed sequence
at any point by keying in the function key, FLASH.
Flash consists of a timed Break of 560ms. The
FLASH function is stored in memory, but it will not
be redialed as such. Whena FLASH key is pressed,
no further key inputs will be accepted until the hook-
flash function (560ms break) has been dialed. The
key input following a FLASH will be stored as the ini-
tial digit of a new number (overwriting the number
dialed prior to the FLASH) unless it is another
FLASH. Consecutive FLASH entries after a number
is dialed will be stored sequentially in the LND me-
mory and a subsequent LND entry will cause the re-
dial of that number with a delay, but not hookflash
breaks, at the end of the redialing sequence. When
redialing in tone mode, MUTE OUTPUT will remain
active during the flash delay period.

PAUSE

D FLASH D

...ETC

A Pause may be entered into the dialed sequence
at any point by keying in the special function key,
PAUSE. Pause inserts a 1.1-second delay into the
dialing sequence. The total delay, including pre-di-
gital and post-digital pauses is shown in table 3.

PROGRAMMING AND AREPERTORY
DIALING

PROGRAMMING AND REPERTORY DIALING
Programming is independent of HKS (pin 19) and
MODE (pin 2).

To program, enter the following :

PROG, Digit 1, Digit 2, ..., MEM (Location 1-4).
When programming, dialing is inhibited.

To dial a number from repertory memory (HKS must
be low) enter the single key :

MEM (location 1 - 4)
To save the last number dialed : PROG, MEM (lo-
cation 1 - 4)

6/9 -
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Table 3

: Special Function Delays.

Each delay shown below represents the time required from after the special function key is depressed until
a new digit can be dialed.

The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside-

red "AUTO" if in redial, or if previous dialing is still in progress.

,

Delay (seconds)
Function First/Auto Pulse Tone
SOFTSWITCH FIRST 0.40
AUTO 1.10
PAUSE FIRST . 1.84 1.15
AUTO 2.50 1.20
ABSOLUTE MAXIMUM RATINGS *
Parameter Value ! ' Unit
DC Supply Voltage 6.5 \"
Operating Temperature 0 to + 60 °C
Storage Temperature —55t0 + 125 °C
Maximum Power Dissipation (25°C) 500 mW
Maximum Voltage on any Pin (V+)+3,(V-)-3
* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated.
ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS
Symbol Parameter - Value Unit| Note
Min. [ Typ. |Max.
V+ DC Operating Voltage 25 60 | V
TONE | (tone mode)
Vmr Memory Retention Voltage 15 \ 1,6
Is Standby Current 04 [ 1.0 | pA 1
IMr Memory Retention Current 0.15[0.75 | pA 5,6
Vmute | Mute Output Operating Voltage 1.8 Vv 7
It Operating Current (tone) 300 | 600 | pA 2
Ip Operating Current (pulse) 150 | 250 | pA 2
Operating Current On-Hook Program Mode
Key Operated 200 | pA
No-Key Operated 1 pA
&7 SSsTHOMSON
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ELECTRICAL CHARACTERISTICS (continued)
DC CHARACTERISTICS (continued)

Valu
Symbol Parameter e Unit| Note
Min. [Typ. |[Max.
ImL Mute Output (2.5V) 1.0 mA 3
Sink Current (4.0V) 3.0 mA
IpL Pulse Output Sink Current " 1.0 | 20 mA 3
lpc Pacifier Tone Sink/Source 250 | 500 pA 4
Kgru Keypad Pullup Resistance 100 KQ
Krp Keypad Pulldown Resistance 500 Q
ViL Keypad Input Level-Low 0 03| V
V+
Vi Keypad Input Level-High 0.7 V+ | V
V+
VpuLse | Opérating Voltage (pulse mode) 1.8 60| V

Notes : 1. Allinputs unloaded. Quiescent Mode (oscillator off).

2. Alloutputs unloaded, single key input.

3. Vour =04 Volts.

4. Sink Current for Vour = 0.5 volts, Source Current for Vour = 2.0 Volts.

5. Memory Retention Voltage is the point where memory is guaranteed but circuit operatuon is not.

6. Proper memory retention is guaranteed if either the minimum Iur is provided or the minimum Viwr. The design does not have to pro-
vide both the minimum current or voltage simultaneously.

7. Minimum voltage where activation of mute output with key entry is ensured.

AC CHARACTERISTICS - TONE MODE

Value .
N° Symbol Parameter Unit| Note
Min. | Typ. |Max.
Tk Tone Output No Key Down — 80 [dBm 1
Toi Tone Output (independent) —13 (=12 (-11|dBm 1,2
173 | 194 | 218 |mVms 3
PEi Pre-Emphasis, High Band 16 [ 20 | 24 | dB
Dgi Tone Output DC Bias (V + = 2.5) 1.25 \Y
(V +=35) 1.5 Vv
Re Tone Output Load 10 kQ 4
Tris Tone Output Rise Time 1.0 ms 5
DIS Output Distortion 50 |80 | % 3
TR Tone Signaling Ratte 8.0 1/sec
1 Tpsp Pre-Signal Delay 40 ms 6
2 Tisp Inter-Signal Delay (repertory) 54 ms
Tour | Tone Output Duration (repertory) 74 ms

Notes : 1. OdBm equals 1mW power into 600 ohms or 775mV. Important Note : The MK53760 is designed to drive a 10 kQ2 load. The 600Q
load is only for reference.

. Single tone (low group) as measured at pin 10, Ta= 25°C.

. Supply voltage = 2.5t0 6V, Re = 10 kQ.

. Supply voltage = 2.5V. These specifications are supply-dependent

. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro-
per operation are Rs < 100 ohms, Lm = 96mH, Cm = 0.02pF, Cn = 5pF, f = 3.579545MHz, and Ci = 18pF

. Time from initial key input until beginning of signaling.

AN

o
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ELECTRICAL CHARACTERISTICS (continued)

AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE

(numbers in left hand column refer to the timing diagrams.)

Ne° Symbol Parameter - Value Unit | Note
Min. | Typ. |[Max.
3 | Tko Keypad Debounce Time 32 ms 1
Fks Keypad Scan Frequency 250 Hz 1
Fpt Frequency Pacifier Tone - 500 Hz 1
4 Ter Pacifier Tone Duration 30 ms 1
Thrp | Hookflash Timing 560 ms 1
Notes : 1. Crystal oscillator accuracy directly affects these times.
AC CHARACTERISTICS — PULSE MODE OPERATION
Ne° Symﬁol ‘Parameter - Value Unit Note
Min. [Typ. [Max. )
Pr Pulse Rate 10 PPS 1
5 PDP Predigital Pause 48 ms 2
6 IDP Inierdigital Pause 740 ms 2
7 Tmo Mute Overlap Time 2 ms 2
8 Ts Break Time 60 ms 2
9 Tm Make Time 40 ms 2
Notes : 1. 10 PPSis the nominal rate
2. Figure 8 illustrates this relationship.
657 SSsmoMson
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REPERTORY DIALER

» SINGLE CHIP DTMF AND PULSE DIALER

» SOFTSWITCH CHANGES SIGNALING MODE
FROM PULSE TO TONE

= NINE NUMBER REPERTORY PLUS RECALL
OF LAST NUMBER DIALED (18 digits each)

» FLASH KEY INPUT INITIATES TIMED HOOK
FLASH

= 8 TONE PER SECOND DIALING IN TONE
MODE AND 10 PPS IN PULSE MODE

» DTMF ACTIVE UNTIL KEY RELEASE DIP18

= MINIMUM DTMF DURATION/SEPARATION
GUARANTEED (74/54 ms)

= PACIFIER TONE PROVIDES AUDIBLE INDI- ORDER CODE : MK53761N01
CATION OF VALID KEY INPUT FOR NON-
DTMF KEY ENTRIES Figure 1 : Pin Connection.

= POWERED FROM TELEPHONE LINE, LOW
OPERATING VOLTAGE FOR LONG LOOP AP-

PLICATIONS
v 10e . (118 PULSE OUTPUT
MODE 2 g [117 HKS

c 3 1116 R

2 a4 )15 R2

a s (114 R3

v- 60 (113 Ra
DESCRIPTION osct 70 [ 12 MUTE OUTPUT
The MK53761 is a Silicon Gate CMOS IC that pro- osc2 803 H 11 PACEIER N
vides necessary signals for either DTMF or loop dis- ¢ 90] 110 DTMF OUTPUT

connect (pulse) dialing. The MK53761 buffers up to
18 digits into memory that can be later redialed with
a single key input. Up to nine repertory numbers
may be stored. Users can store all 12 signaling keys . . .
and access several unique functions with singlekey ~ Figure 2 : Keypad Configuration.
entries. These functions include : Last Number Dia-
led (LND), Softswitch, and Flash. Figure 2 shows 1 2 3 |FLASH
the keypad configuration.

A LND key input automatically redials the last-num-
ber dialed. The PROG key provides an easy way to 4 1 5 | b |PrOG
program a number into any memory location (1-9)
whether on-hook on off-hook. The MEMkey allows

easy redialing of the number stored in memory lo- ’ 8 9 | mEn

cations (1-9). ¥

The FLASH key simulates a 560 ms hook flash to SOFT| O 1 I LND

transfer calls or to activate other special features SWITCH

provided by the PABX or a central office. NMBBNK53761-81A

January 1989 . 1/8
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FUNCTIONAL PIN DESCRIPTION

V+

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements. (see electrical specifications).

MODE

Input. Pin 2. MODE determines the dialer's default
operating mode. When the device is powered up or
the hookswitch input is switched from on-hook, (V+),
to off-hook, (V-), the default determines the signa-
ling mode. A V+ connection defaults to tone mode
operation and a V- connection defaults to pulse
mode operation.

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key, or softswitch, is depressed. Subsequent
* key inputs will cause the DTMF code for an * to be
dialed. The softswitch will only switch from pulse to
tone. After returning to on-hook and back to off-
hook, the part will be in pulse mode. Redial by the
LND key will repeat the softswitch.

C1, C2, C3, C4, R4, R3, R2, R1

Keyboard inputs. The MK53761 interfaces with ei-
ther the standard 2-0f-8 with negative common or
the singlecontact (Form A) keyboard.

A valid keypad entry is either a single Row connec-
ted to a single Column or V-simultaneously presen-
ted to both a single Row and Column. In its quies-
cent or standby state, during normal off-hook ope-
ration, either the Rows or the Columns are at a lo-
gic level 1 (V+). Pulling one input low enables the
on-chip oscillator. Keyboard scanning then begins.
Scanning consists of Rows and Columns altemnate-
ly switching high through on-chip pullups. After both
a Row and Column key have been detected, the de-
bounce counter is enabled and any noise (bouncing
contacts, etc.) is ignored for a debounce period
(Tkp) of 32 ms. At this time, the keyboard is sam-
pled and if both Row and Column information are
valid, the information is buffered into the LND loca-
tion. If switched on-hook (pin 17 to pin 1), the key-
board inputs all pull high through on-chip pullup re-
sistors.

In the tone'mode, if 2 or more keys in the same row
or if 2 or more keys in the same column are depres-
sed a single tone will be output. The tone will corres-
pond to the row or column for which the 2 keys were
pushed. This feature is for test purposes, and sin-
gle tones will not be redialed.

Also in the tone mode, the output tone is continuous
is manual dialing as long as the key is pushed. The
output tone duration follows the table 1.

2/8 L7 SGs-THOMSON

Table 1 : Output Tone Duration.

Key-Push Time, T*
T<32ms

Tone Output*

No Output Ignored by
MK53761

32ms < T <75ms + Tkp | 75 ms Duration Output

T275ms + Tkp ‘Output Duration =

- T-Tkp

TKD is the key pad debounce time which is typically 32 ms.
When redialing in the tone mode, each DTMF out-
put is 75 ms duration, and the tone separation (in-
tersignal delay) is 50 ms.

V-
Input. Pin 6 is the negative supply input to the de-

vice. This is the voltage reference for all specifica-
tions.

0OSC1, 0OSC2

Pin 7 (input), pin 8 (output). OSC1 and OSC2 are
connections to an on-chip inverter used as the ti-
ming reference for the circuit. It has sufficient loop
gain to oscillate when used with a low-cost televi-
sion color-burst crystal. The nominal crystal fre-
quency is 3.579545 MHz and any deviation from this
standard is directly reflected in the Tone output fre-
quencies. The crystal oscillator provides the time re-
ference for all circuit functions. A ceramic resonator
with tolerance of + 0.25 % may also be used.

DTMF OUTPUT

Output. Pin 10. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column tones.
Figure 7 shows the timing at this pin.

The DTMF OUTPUT is the summation of a single
Row frequency and a single Column frequency. A
typical single tone sine wave is shown in Figure 4.
This waveform is synthesized using a resistor tree
with sinusoidally weighted taps.

*

The MK53761 is designed to operate from an unre-
gulated supply ; the TONE LEVEL is supply inde-
pendent, and the single row tone output level will be

typically :
Toi=-12dBm+ 1 dB

The DC component of the DTMF output while ac-
tive is described by the following equation :

VDC4 = 0.3 V+ + 0.5 Volts

MICROELECTRONICS
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Figure 3 : MK53761 Functional Block Diagram.
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Figure 6 : Typical Spectral Response.

REF 398 mV
10 dB/DIV

MAKER 700.0 -Hz
RANGE 398mV 191 mvV

STOP 5 000.0 Hz
ST 17.4 SEC g

START .0 Hz

RWB 30 Hz VBW 30 Hz

PACIFIER TONE OUTPUT/CHIP DISABLE
INPUT

Output. Pin 11. The pacifier tone provides audible
feed-back, confirming that the key has been proper-

Table 2 : DTMF OQutput Frequency.

ly entered and accepted. A 500 Hz square wave is
activated upon acceptance of a valid key input, af-
ter the 32 ms debounce time. The square wave ter-
minates after a maximum of 30 ms or when the va-
lid key is no longer present. In pulse mode, all key
entries activate the pacifier tone. In tone mode, any
non-DTMF key (LND, FLASH, MEM, PROG) entry
activates the pacifier tone. When programming the
chip, all valid key entries activate the pacifier tone in
either pulse or tone mode.

The CHIP DISABLE is an input. When pin 11 is swit-
ched low through a resistor (10 K to 100 K), the
MK53761 is enabled. When pin 11 is switched to V+
through the resistor, all keypad inputs are pulled
high, and the MK53761 will ignore all keypad inputs.
When the chip is disabled, it will not dial, and it can-
not be programmed. The chip can only be disabled
when the circuit is inactive (not dialing) and Pin 12
is switched high.

Key Input Standard Frequency Actual Frequency % Deviation
ROW 1 697 699.1 + 0.31
2 770 766.2 - 0.49
3 852 847.4 - 0.54
4 941 948.0 : + 0.74
COL 1 1209 1215.9 + 0.57
2 1336 1331.7 - 0.32
3 1477 1471.9 -0.35
MUTE OUTPUT gnaling and Figure 7 fortone mode signaling. MUTE

Output. Pin 12. This pin is the MUTE OUTPUT for
both tone and pulse modes. Timing is dependent
upon mode. ;

The MUTE OUTPUT consists of an open drain N-
channel device. During standby, the output is high
impedance and generally has an external pullup re-
sistor to the positive supply.

In the tone mode, MUTE OUTPUT is used to re-
move the transmitter and the receiver from the net-
work during DTMF signaling. During dialing, MUTE
OUTPUT is active continuously until dialing is com-
pleted. MUTE OUTPUT goes active when any key
is pushed. :

In the pulse mode, MUTE OUTPUT is used to re-
move the receiver and the network from the line. Dif-
ferent circuitry is required for tone and pulse muting
external tothe IC and applications using both modes
would not necessarily share circuitry. MUTE OUT-
PUT timing is shown in Figure 8 for pulse mode si-

48 L7 SGS-THOMSON

OUTPUT is active during each digit, and not active
during the interdigit time. In both tone and pulse
modes, MUTE OUTPUT goes active 40 ms before
PULSE OUTPUT for a FLASH. Figure 8 illustrates
the timing for this pin.

HKS

Input. Pin 17. Pin 17 is the hookswitch input to the
MK53761. This is a high-impedance input and must
be switched high for on-hook operation or low for
off-hook operation. A transition on this input causes
the on-chip logic to initialize, terminating any opera-
tion in progress at the time. The signaling mode de-
faults to the mode selected at pin 2.

PULSE OUTPUT

Output. Pin 18. This is an output consisting of an
open drain N-channel device. In either pulse or tone
mode, the FLASH key will cause a 560 ms output
pulse at pin 18.

MICROELECTRONICS
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Figure 7 : Tone Mode Timing.
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Notes :

1. For this example, key entries are < 75 ms, but> 32 ms.

2. MUTE goes active after any key is depressed.

Figure 8 : Pulse Mode Timing..
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DEVICE OPERATION

When the MK53761 is not actively dialing, it
consumes very little current. Row and Column in-
puts assume opposite states off-hook. The circuit
verifies that a valid key has been entered by alter-
nately scanning the Row and Column inputs. If the
input is still valid following 32 ms of debounce, the
digit is stored into memory, and dialing begins after
a pre-signal delay of approximately 40 ms (measu-
red from initial key closure). Output tone duration is
shown in Table 1.

The MK53761 allows manual dialing of an indefinite
number of digits, but if more than 18 digits are dia-
led per number, the 53761 will "wrap around". That
is, the extra digits beyond 18 will be stored at the
beginning of the LND buffer, and the first 18 digits
will no longer be available for redial. During autodial
from LND or any memory location, key inputs are
not accepted, but they will suspend dialing until re-
leased.

NORMAL DIALING (off-hook)

D D D ...ETC

Normal dialing is straightforward, all keyboard en-
tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND \

Last number dialing is accomplished by entering the
LND key.

HOOK FLASH

D FLASH D ..ETC

Hook flash may be entered into the dialed sequence
at any point by keying in the function key, FLASH.

6/ L7 SGs-THOMSON

Flash consists of a timed Break of 560 ms. The
FLASH function is stored in memory, but it will not
be redialed as such. When a FLASH key is pressed,
no further key inputs will be accepted until the hook-
flash function (560 ms break) has been dialed. The
key input following a FLASH will be stored as the ini-
tial digit of a new number (overwriting the number
dialed prior to the FLASH) unless it is another
FLASH. Consecutive FLASH entries after a number
is dialed will be stored sequentially in the LND me-
mory and a subsequent LND entry will cause the re-
dial of that numbér with a delay, but not hookflash
breaks, at the end of the redialing sequence. When
redialing in tone mode, MUTE OUTPUT will remain
active during the flash delay period.

SOFTSWITCH

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key is depressed. Subsequent * key inputs will
cause the DTMF code for an * to be dialed. The
softswitch will only switch from pulse to tone. After
returning to on-hook and back to off-hook, the part
will be in pulse mode. Redial by the LND key will re-
peat the softswitch.

PROGRAMMING AND REPERTORY DIALING

Programming is independent of HKS (pin 17) and
MODE (pin 2).

To program, enter the following :
PROG, Digit 1, Digit 2, ..., MEM, Location (1-9).
When programming, dialing in inhibited.

To dail a number from repertory memory (HKS must
be low) enter the following :

MEM, Location (1-9).

To save the last number dialed : PROG, MEM, Lo-
cation (1-9).
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Table 3 : Special Function Delays.

Each delay shown below represents the time required from after the special function key is depressed until
a new digit can be dialed.

The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside-

red "AUTO" if in redial, or previous dialing is still in progress.

. All outputs unloaded, single key input.
. Vour =0.4 Volts.

ouhswN

. Sink current for Vour = 0.5 Volts, Source Current for Vour = 2.0 Volts.

. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not.

. Proper memory retention is guaranteed if either the minimum Iur is provided or the minimum Vur. The design does not have to pro-
vide both the minimum current or voltage simultaneously.

7. Minimum voltage where activation of mute output with key entry is ensured.

"_l SGS-THOMSON

Del nd
Function First/Auto ay (seconds)
Pulse Tone
SOFTSWITCH FIRST 0.40
. AUTO 1.10
ABSOLUTE MAXIMUM RATINGS*
Parameter Value Unit
DC Supply Voltage 6.5 \Y
Operating Temperature 0 to + 60 °C
Storage Temperature —-55t0 + 125 °C
Maximum Power Dissipation (25 °C) 500 mW
Maximum Voltage on any Pin V) +3;(V)-23 \
* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated.
ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS
Symbol Parameter Min. Typ. Max. Unit | Notes
V+ DC Operating Voltage 25 6.0 \
TONE (tone mode)
VMR Memory Retention Voltage 1.5 \ 1.6
Is Standby Current 0.4 1.0 pA 1
IMR Memory Retention Current 0.15 0.75 LA 5.6
VMmute Mute Output Operating Voltage 1.8 \ 7
It Operating Current (tone) 300 600 pA 2
Ip Operating Current (pulse) 150 250 pA 2
Operating Current On-hook Program Mode
Key Operated 200 pA
No-key Operated 1 UA
ImL Mute Output (2.5, Volts) 1.0 mA 3
Sink Current (4.0 Volts) 3.0 mA
lpL Pulse Output Sink Current 1.0 2.0 mA 3
Ipc Pacifier Tone Sink/Source 250 500 pA 4
Kru Keypad Pullup Resistance 100 kQ
Krp Keypad Pulldown Resistance 500 Q
Vi Keypad Input Level-low 0 03V + \
Vi Keypad Input Level-high 0.7V + V+ \Y
VpuLse Operating Voltage (pulse mode) 1.8 6.0 \'
Notes : 1. Allinputs unloaded. Quiescent mode (oscillator off).

7/8
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ELECTRICAL CHARACTERISTICS (continued)
AC CHARACTERISTICS — TONE MODE

N° Symbol Parameter Min. Typ. Max. Unit | Notes
Tnk Tone Output no Key Down - 80 dBm 1
-13 -12 -1 dBm 1,2
Toi Tone Output (independent) 173 194 218 mVims 3
PE; Pre-emphasis, High Band 1.6 2.0 24 dB
DC;i Tone Output DC Bias (V + =2.5) 1.25 . Vv
. ) (V +=35) 15 \'
Re Tone Output Load 10 kQ 4
Tris Tone Output Rise Time 1.0 ms 5
DIS Output Distortion 5.0 8.0 % 3
TR Tone Signaling Rate 8.0 1/sec
1 Tpsp Pre-signal Delay 40 |- . ms 6
2 Tisp Inter-signal Delay (repertory) ' 54 ms
Tour - | Tone Output Duration (repertory) 74 ms

Notes : 1. O dBm equals 1 mW power into 600 Q or 775 mVolts.Important note : the MK53761 is designed to drive a 10 kQ load. The 600 Q
. load is only for reference.

Single tone (low group), as measured at pin 10, Ta=25°C.

.. Supply voltage = 2.5 to 6 volts, Re= 10 kQ.

. Supply voltage = 2.5 volts. : .

. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro-
per operation are Rs< 100 Q, Lm =96 mH, Cm = 0.02 pF, Ch = 5 pF, f = 3.579545 MHz, and C. = 18 pF.

6. Time from initial key input until beginnig of signaling.

AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE
" (numbers in left hand column refer to the timing 'diagrams.)

,
[LENAEN)

N°. | Symbol Parameter . Min. | Typ. | Max. | Unit | Notes

3 7| ' Tko Keypad Debounce Time o ’ - 32 ms 1
Fks Keypad Scan Frequency ' o] 250 | Hz 1
Fpr Frequency Pacifier Tone - . 500 Hz 1

4 Ter Pacifier Tone Duration . ~. 30 ’ ms 1
Turp | Hookflash Timing B R ms 1

Note : 1. Crystal oscillator accuracy directly affects these times

AC CHARACTERISTICS — PULSE MODE OPERATION

Ne° Symbol Parameter Min. Typ. Max. Unit | Notes
PR Pulse Rate 10 PPS 1 ‘

5 PDP Predigital Pause 48 ms | 2

6 IDP Interdigital Pause : 740 ms 2

7 Tmo Mute Overlap Time 2 ms 2

8 Ts Break Time 60 ms 2

9 ™ Make Time o 40 ms 2

Notes : 1. 10 PPSis the nominal rate.
2. Figure 8 illustrates this relationship.

8/8
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7’ MICROELECTRONICS MK53762

REPERTORY DIALER

» SINGLE CHIP DTMF AND PULSE DIALER

= STORES 10 18-DIGIT TELEPHONE NUM-
BERS, INCLUDING LAST NUMBER DIALED

= SOFTSWITCH CHANGES SIGNALING MODE

FROM PULSE TO TONE
» SINGLE BUTTON REDIAL OF ALL TEN MEMO-
RIES
» FLASH KEY INPUT INITIATES TIMED HOOK
FLASH
= 8 TONES PER SECOND DIALING IN TONE ORDER CODE : MK53762N01
MODE AND 10 PPS IN PULSE MODE )
= DTMF ACTIVE UNTIL KEY RELEASE Figure 1 : Pin Connection.
= MINIMUM DTMF DURATION/SEPARATION
GUARANTEED (74/54 ms)
= PACIFIER TONE PROVIDES AUDIBLE INDI- ve 100e 1 20 PULSE OUTPUT
CATION OF A VALID KEY INPUT FOR NON- o H
DTMF KEY ENTRIES , MODE 2 19 HKS
= POWERED FROM TELEPHONE LINE, LOW & 30 118 R
OPERATING VOLTAGE FOR LONG LOOP AP- @ s 17 2
PLICATIONS & s0O 16 RS
c e (115 R3
v- 70 D1 e
i . osc1 8 [] [] 13 MUTE OUTPUT
. DESCRIPTION .
The MK53762 is a Silicon Gate CMOS IC that pro- oSz ® * CHip DISABLE.
" vides necessary signals for either DTMF or loop dis- ca 0l 1 DTMFOUTPUT

connect (pulse) dialing. The MK53762 buffers up to
- 18 digits into memory that can be later redialed with . . X

a single key input. Up to nine repertory numbers ~ Figure 2 : Keypad Configuration.
. may be stored. Users can store all 12 signaling keys

and access several unique functions with single key 1 2 3

entries. These functions include : Last Number Dia-

led (LND), Softswitch, Flash, and 9 memories. Fi-

gure 2 shows the keypad configuration.

A LND key input automatically redials the last num-
ber dialed, and the MEM keys provide single key ac-
cess to all memory locations for auto-dialing.

The FLASH key simulates a 560 ms hook flash to
transfer calls or to activate other spgcial features "
provided by the PABX or a central office. SoFT H LNG IMeEMs

The PAUSE key allows the user to insert a delay in SWITCH
dialing for functions such as the pause in accessing
an outside line when redialing from a PABX.

The PROG key provides an easy way to program a
number into any memory location (MEM 1 - MEM 9)
whether on-hook or off-hook.

FLASHIMEMS

4 5 6 |PROGIMEMS

7/ 8 9 |PAUSE|MEM?Z

MEM1|MEM2|MEM3|MEM4|MEMS

M88MK53762-61
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FUNCTIONAL PIN DESCRIPTION

V+

Pin 1. V+ is the positive supply for the circuit and
must meet the maximum and minimum voltage re-
quirements. (see Electrical Specifications).

MODE

Input. Pin 2. MODE determines the dialer’'s default
operating mode. When the device is powered up or
the hookswitch input is switched from on-hook, (V+),
to off-hook, (V-), the default determines the signa-
ling mode. A V+ connection defaults to tone mode
operation and a V- connection defaults to pulse
mode operation.

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key, or softswitch, is depressed. Subsequent
* key inputs will cause the DTMF code for an * to be
dialed. The softswitch will only switch from pulse to
tone. After returning to on-hook and back to off-
hook, the part will be in pulse mode. Redial by the
LND key will repeat the softswitch.

C1, C2, C3, C4, C5, R5, R4, R3, R2, R1

Keyboard inputs. The MK53762 interfaces with ei-
ther the standard 2-of-10 with negative common or
the single-contact (Form A) keyboard.

A valid keypad entry is either a single Row connec-
ted to a single Column or V-simultaneously presen-
ted to both a single Row and Column. In its quies-
cent or standby state, during normal off-hook ope-
ration, either the Rows or the Columns are at a lo-
gic level 1 (V+). Pulling one input low enables the
on-chip oscillator. Keyboard scanning then begins.
Scanning consists of Rows and Columns alternate-
ly switching high through on-chip pullups. After both
a Row and Column key have been detected, the de-
bounce counter is enabled and any noise (bouncing
contacts, etc.) is ignored for a debounce period
(Tkp) of 32 ms. At this time, the keyboard is sam-
pled and if both Row and Column information are
valid, the information is buffered into the LND loca-
tion. If switched on-hook (pin 19 to pin 1), the key-
board inputs all pull high through on-chip pullup re-
sistors.

In the tone mode, if 2 or more keys in the same row
or column are depressed a single tone will'be out-
put. The tone will correspond to the row or column
for which the 2 keys were pushed. This feature is for
test purposes.

Single tones will not be redialed.
.Also in the tone mode, the output tone is continuous

28 : L7 SGS:THOMSON

in manual dialing as long as the key is pushed. The
output tone duration follows the table below :

Table 1 : Output Tone Duration.

Key-Push Time, T*
T<32ms

Tone Output*

No output. Ignored by
MK53762.

32ms < T <75ms + Tkp| 75 ms Duration Output.
T>75ms + Tkp Output Duration =
T-Tko

*Note : Tio is the key pad debounce time which is typically 32 ms.

When redialing in the tone mode, each DTMF out-
put is 75 ms duration, and the tone separation (in-
tersignal delay) is 50 ms.

V-

Input. Pin 7 is the negative supply input to the de-
vice. This is the voltage reference for all specifica-
tions.

0S8C1, 0sC2

Pin 8 (input), pin 9 (output). OSC1 and OSC2 are
connections to an on-chip inverter used as the ti-
ming reference for the circuit. It has have sufficient
loop gain to oscillate when used with a low-cost te-
levision color-burst crystal. The nominal crystal fre-
quency is 3.579545 MHz and any deviation from this
standard is directly reflected in the Tone output fre-
quencies. The crystal oscillator provides the time re-
ference for all circuit functions. A ceramic resonator
with tolerance of +0.25 % may also be used.

DTMF OUTPUT

Output. Pin 11. An NPN transistor emitter with a col-
lector tied to V+ drives the DTMF OUTPUT pin. The
transistor base is connected to an on-chip operatio-
nal amplifier that mixes the Row and Column tones.
Figure 7 shows the timing at this pin.

The DTMF OUTPUT is the summation of a single
Row frequency and a single Column frequency. A
typical single tone sine wave is shown in Figure 4.
This waveform is synthesized using a resistor tree
with sinusoidally weighted taps.
The MK53762 is designed to operate from an unre-
gulated supply ; the TONE LEVEL is supply inde-
pendent, and the single row tone output level will be
typically :

Toi=-12dBm+ 1 dB
The DC component of the DTMF output while ac-
tive is described by the following equation :

VDC, = 0.3 V+ + 0.5 Volts

MICROELECTRONICS
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Figl.ire 3 : MK53762 Functional Block Diagram.

el I ADDRESS MAX
. > cwmcurr 720 BIT CMOS RAM . KEY 14 oL ouT
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DIGIT MUX

DEBOUNCE
COUNTER
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Figure 4 : Typical Single Tone. Figure 5 : Typical Dual Tone.
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PACIFIER TONE OUTPUT/CHIP DISABLE
INPUT

Pin 12. PAC tone is an output. The pacifier tone pro-
vides audible feedback, confirming that the key has
been properly entered and accepted. A 500 Hz
square wave is activated upon acceptance of a va-
lid key input, after the 32 ms debounce time. The
square wave terminates after a maximum of 30 ms
or when the valid key is no longer present. In pulse
mode, all key entries activate the pacifier tone. In
tone mode, any non-DTMF key (LND, FLASH,
MEM, PROG) entry activates the pacifier tone.
When programming the chip, all valid key entries ac-
tivate the pacifier tone in either pullse or tone mode.

The CHIP DISABLE is an input. When pin 12is swit-
ched low through a resistor (10 K to 100 K), the
MK53762 is enabled. When pin 12 is switched to V+
through the resistor, all keypad inputs are pulled
high, and the MK53762 will ignore all keypad inputs.
When the chip is disabled, it will not dial, and it can-

Figure 7 : Tone Mode Timing.

not be programmed. The chip will only be disabled
when the circuit is inactive (not dialing) and Pin 12
is switched high.

Figure 6 : Typical Spectral Response.

STRPT .0 Hz
FEW 30 Hz

VBN 30 Hz

omvseauence [1] [+] [rase] [3]

ENTER ENTER ENTER ENTER
. © B [ B
Koo —— L L[ [
KE;BC%ND '_lm'L J"m KEYBOARD SCAN m"l mm'
HKS
INPUT
e TR “L»ib zl-”” M i
S TTTYTTT T [
2
e =" m

Notes : 1. For this example, key entries are <75 ms, but >32 ms.

2. MUTE goes active after any key is depressed.

4n : L3y SGs-THOMSON
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Figure 8 : Pulse Mode Timing.

ENTER ENTER

DIALING SEQUENCE

—
]
—

KEYBOARD
INPUT
—{

PULSE —>I l
OUTPUT <_?'—-»I..H.J_LF—_‘ ¢ I w

——»al<—— 7 '

—>{9e—T,
MUTE . | | l l I
OUTPUT
e

TONE
HKS IS LOW
(OFF-HOOK)

Table 2 : DTMF Output Frequency.

Key Input Standard Frequency Actual Frequency % Deviation
ROW 1 697 699.1 +0.31
2 770 766.2 —0.49
3 852 847.4 - 0.54
. 4 941 948.0 +0.74
coL 1 1209 1215.9 +0.57
2 1336 1331.7 -0.32
3 1477 1471.9 - 0.35

MUTE OUTPUT

Output. Pin 13. This pin is the MUTE OUTPUT for
both tone and pulse modes. Timing is dependent
upon mode. ;

The MUTE OUTPUT consists of an open drain N-
channel device. During standby, the output is high
impedance and generally has an extemnal pullup re-
sistor to the positive supply.

In the tone mode, MUTE OUTPUT is used to re-
move the transmitter and the receiver from the net-

work during DTMF signaling. During dialing, MUTE

OUTPUT is active continuously until dialing is com-
pleted. MUTE OUTPUT goes active when any key
is pushed.

In the pulse mode, MUTE OUTPUT is used to re-
move the receiver and the network from the line. Dif-
ferent circuitry is required for tone and pulse muting
externalto the IC and applications using both modes

would not necessarily share circuitry. MUTE OUT-
PUT timing is shown in Figure 8 for pulse mode si-
gnaling and Figure 7 for tone mode signaling. MUTE
OUTPUT is active during each digit, and not active
during the interdigit time. In both tone and pulse
modes, MUTE OUTPUT goes active 40 ms before
PULSE OUTPUT for a FLASH.

HKS

Input. Pin 19. Pin 19 is the hookswitch input to the
MK53762. This is a high-impedance input and must
be switched high for on-hook operation or low for
off-hook operation. A transition on this input causes
the on-chip logic to initialize, terminating any opera-
tion in progress at the time. The signaling mode de-
faults to the mode selected at pin 2. Figure 8 illus-
trates the timing for this pin.

- p— e 5/9
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PULSE OUTPUT

Output. Pin 20. This is an output consisting of an
open drain N-channel device. In either pulse or tone
mode, the FLASH key will cause a 560 ms output
pulse at pin 20.

DEVICE OPERATION

When the MK53762 is not actively dialing, it
consumes very little current. Row and Column in-
puts assume opposite states off-hook. The circuit
verifies that a valid key has been entered by alter-
nately scanning the Row and Column inputs. If the
input is still valid following 32 ms of debounce, the
digit is stored into memory, and dialing begins after
a pre-signal delay of approximately 40 ms (measu-
red from initial key closure). Output tone duration is
shown in Table 1.

The MK53762 allows manual dialing of an indefinite
number of digits, but if more than 18 digits are dia-
led per number, the 53762 will "wrap around". That
is, the extra digits beyond 18 will be stored at the
beginning of the LND buffer, and the first 18 digits
will no longer be available for redial. During autodial

from LND or any MEM location, key inputs are not”

accepted, but they will suspend dialing until relea-
sed. .

NORMAL DIALING (off-hook)

D D D ...ETC

Normal dialing is straightforward, all keyboard en-
tries will be stored in the buffer and signaled in suc-
cession.

LAST NUMBER DIALED (LND)

LND

Last number dialing is accomplished by entering the
LND key.

SOFTSWITCH

When dialing in the pulse mode, a softswitch fea-
ture will allow a change to the tone mode whenever
the * key is depressed. Subsequent * inputs will
cause the DTMF code for an * to be dialed. The
softswitch will only switch from pulse to tone. After
returning to on-hook and back to off-hook, the part
will be in pulse mode. Redial by the LND key will re-
peat the softswitch.

HOOK FLASH

D FLASH D - ...ETC

Hook flash may be entered into the dialed sequence
at any point by keying in the function key, FLASH.
Flash consists of a timed Break of 560 ms. The
FLASH function is stored in memory, but it will not
be redialed as such. When a FLASH key is pressed,
no further key inputs will be accepted until the hook-
flash function (560 ms break) has been dialed. The
key input following a FLASH will be stored as the ini-
tial digit of a new number (overwriting the number
dialed prior to the FLASH) unless it is another
FLASH. Consecutive FLASH entries after a number
is dialed will be stored sequentially in the LND me-
mory and a subsequent LND entry will cause the re-
dial of that number with a delay, but not hookflash
breaks, at the end of the redialing sequence. When
redialing in tone mode, MUTE OUTPUT will remain
active during the flash delay period.

" PAUSE

D FLASH D ..ETC

A Pause may be entered into the dialed sequence
at any point by keying in the special function key,
PAUSE. Pause inserts a 1.1-second delay into the
dialing sequence. The total delay, including pre-di-
gital and post-digital pauses is shown in Table 3.

PROGRAMMING AND REPERTORY
DIALING :

PROGRAMMING AND REPERTORY DIALING

Programming is independent of HKS (pin 19) and
MODE (pin 2).

To program, enter the following :

PROG, Digit 1, Digit 2, ..., MEM (Location 1-9).
When programming, dialing is inhibited.

To dial a number from repertory memory (HKS must
be low) enter the single key :

MEM (Location 1-9)

To save the last number dialed : PROG, MEM (Lo-
cation 1-9).

MICROELECTRONICS
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Table 3 : Special Function Delays.
Each delay shown below represents the time required from after the special function key is depressed until

a new digit can be dialed.

The time is considered "FIRST" key is all prevnous mputs have been completed dialed. The time is consude-
red "AUTO" if in redial, or if previous dialing is still in progress.

Delay (seconds)
Function First/Auto Pulse Tone
SOFTSWITCH FIRST 0.40 -
‘ AUTO 1.10 -
PAUSE FIRST 1.84
AUTO 2.50
ABSOLUTE MAXIMUM RATINGS *
Parameter Value Unit
DC Supply Voltage 6.5 \
Operating Temperature 0 to + 60 °C
Storage Temperature —-551t0 + 125 °C
Maximum Power Dissipation (25 °C) 500 mWwW
Maximum Voltage on any Pin (V+)+3,(V-) -
* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated.
7/9

&1

SGS-THOMSON
MICROELECTRONICS

163



MK53762

ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS
Symbol Parameter Min.|Typ. [Max.|Unit| Note
V+ DC Operating Voltage 25 60 | V
TONE | (tone mode)
VMR Memory Retention Voltage 15 \Y 1,6.
Is Standby Current 04 (1.0 [ pA 1
IMR Memory Retention Current 0.15 [0.75 | pA 5,6
Vmute | Mute Output Operating Voltage 1.8 \'/ 7
It Operating Current (tone) 300 | 600 | pA 2
Ip Operating Current (pulse) 150 | 250 | pA 2
Operating Current On-Hook Program Mode
Key Operated 200 | pA
No-Key Operated 1 A
ImL Mute Output (2.5 V) 1.0 mA 3
Sink Current (4.0 V) 3.0 mA
lpL Pulse Output Sink Current 10 | 20 mA 3
lpc Pacifier Tone Sink/Source 250 | 500 pA 4
Kru Keypad Pullup Resistance 100 KQ
Kgrp Keypad Pulldown Resistance 500 Q
ViL Keypad Input Level-Low 0 03 | V
V+
Vi Keypad Input Level-High 0.7 V+ [ V
: V+
VpuLse | Operating Voltage (pulse mode) 1.8 60 | V
Notes : 1. Allinputs unloaded. Quiescent Mode (oscillator off). -
2. Al outputs unloaded, single key input.
3. Vour = 0.4 Volts.
4. Sink Current for Vour = 0.5 volts, Source Current for Vout = 2.0 Volts.
5. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not.
6. Proper memory retention is guaranteed if either the minimum Iug is provided or the minimum Vma. The design does not have to pro-
vide both the minimum current or voltage simultaneously.
7. Minimum voltage where activation of mute output with key entry is ensured.

8/9
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ELECTRICAL CHARACTERISTICS (continued)
AC CHARACTERISTICS — TONE MODE

N° Symbol Parameter Min. | Typ.|Max.| Unit | Note
- ) -TNK Tone Output No Key Down — 80| dBm 1
-13|-12|- 11| dBm 1,2
- Toi Tone Output (independent) 173 | 194 | 218 ([mVims 3
- PE; Pre-Emphasis, High Band 16 |20 (24 | dB
- DC; Tone Output DC Bias (V + = 2.5) .11.25 V-
(V+=3.5) 15 \%
- Re Tone Output Load 10 KQ 4
- TRris Tone Output Rise Time 1.0 ms 5
- DIS Output Distortion 50 | 8.0 % 3
- TR Tone Signaling Rate 8.0 1/sec
1 Tesp Pre-Signal Delay 40 ms 6
2 Tisp Inter-Signal Delay (repertory) 54 ms
Topur | Tone Output Duration (repertory) 74 ms
Notes : 1. OdBm equals 1 mW power into 600 ohms or 775 mVolts. Important Note : The MK53762 is designed to drive a 10 kohm load. The
600 ohm load is only for reference.
2. Single tone (low group) as measured at pin 10, Ta=25 C.
3. Supply voltage = 2.5 to 6 Volts, Re = 10 kohms.
4. Supply voltage = 2.5 Volts. These specifications are supply-dependent
5. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro-
per operation are Rs < 100 ohms, Lm = 96 mH, Cn = 0.02 pF, Ch = 5 pF, f = 3.579545 MHz, and C. =18 pF
6. Time from initial key input until beginning of signaling.

AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE
(Numbers in left hand column refer to the timing diagrams.)

N° Symbol Parameter Min. |Typ. [Max.| Unit | Note

3 Tkop Keypad Debounce Time 32 ms 1

- Fks Keypad Scan Frequency 250 Hz 1

- Fpr Frequency Pacifier Tone 500 Hz 1

4 Ter Pacifier Tone Duration 30 ms 1

- Thrp | Hookflash Timing 560 ms 1
Notes : 1. Crystal oscillator accuracy directly affects these times.
AC CHARACTERISTICS — PULSE MODE OPERATION

N° | Symbol Parameter Min. | Typ. |Max.| Unit | Note

- Pr Pulse Rate 10 PPS 1

5 PDP Predigital Pause 48 ms 2

6 IDP Interdigital Pause 740 ms 2

7 Twmo Mute Overlap Time 2 ms 2

8 Te Break Time 60 ms 2

9 Tm Make Time 40 ms 2
Notes : 1. 10 PPS s the nominal rate

2. Figure 8 illustrates this relationship.
L7 RETHONSRN =
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MK53763

REPERTORY WORLD DIALER™

» STORAGE. OF THIRTEEN 18-DIGIT NUM-

BERS : 3 EMERGENCY LOCATIONS, AND 10

ADDITIONAL LOCATIONS INCLUDING LNR

(last number redial)

ALL LOCATIONS CAN BE ACCESSED WITH

SINGLE KEY INPUTS ALTHOUGH THE OP-

TION IS AVAILABLE TO ACCESS 3 EMER-

GENCY LOCATIONS PLUS LNR DIRECTLY

AND TWOKEYS (MEMkey plus key 1-9) TOAC-

CESS THE 9 OTHER MEMORIES

= TWOSELECT PINS ALLOWUSERTO SELECT
16 DIFFERENT COUNTRY OPTIONS

= SINGLE CHIP, MIXED MODE DIALERALLOWS
DIALING IN EITHER TONE OR PULSE
MODES. A * OR "SOFTSWITCH" KEY INPUT
CAN ALSO BE USED TO SWITCH FROM
PULSE TO TONE MODE OPERATION AND IS
STORED IN MEMORY :

= P.LN. (personal identity number) PROTECTION
METHOD

= SLIDING CURSOR METHOD TO SIMPLIFY
PABX DIALING

= HOOKSWITCH DEBOUNCE, TRANSIENTS
DUE TO LINE REVERSALS AND DROP-OUTS
CAN BE MASKED FOR A PERIOD DETERMI-
NED BY EXTERNAL RC

= POWERED FROM TELEPHONE LINE, LOW
STANDBY CURRENT AND OPERATING
VOLTAGE

»'DTMF SIGNAL CONSISTENT WITH KEY EN-

TRY PERIOD

MINIMUM DTMF SIGNAL DURATION/SEPA-

RATION GUARANTEED

TIMED PABX PAUSE MAY BE STORED IN ME-

MORY

» TIMED FLASH FOR EXTENDED TIMED
BREAK

DESCRIPTION

The MK53763 is a 24 pin CMOS mixed mode dia-
ler IC. This dialer provides signalling for both TONE

January 1989

ADVANCE DATA

DIP24

ORDER CODE: MK53763N01

(DTMF) and PULSE (LD) modes of operation and it
stores up to 13 18-digit numbers including the last
number dialed. The user can store all 12 signalling
digits plus access several unique functions with sin-
gle key entries. These functions include : Last Num-
ber Dialed (LND), Softswitch, Flash, Pause and 12
memories (M1 - M9 and E1 - E3).

The MK53763 can be switched from PULSE to
TONE mode operation through the keypad with a *
key input or softswitch (SS) key input. All key inputs
following a softswitch command will generate DTMF
signals.

Two select pins (SELA, SELB) have been provided
which allow the part to be customized for various
markets. Rather than selecting and modifying indi-
vidual parameters which would take many pins or
mask options each select pin will select groups of
options which have been identified for particular
markets.

The MK53763 features a sliding cursor, auto-pause
insertion (on some options), manual Pause, and
Flash. The DTMF tone output has a guarenteed mi-
nimum duty cycle and extends to match the dura-
tion of key inputs.

The MK53763 structure and specification are the
same of the MK53721 LND world dialer, expanded
with 3 emergency and 9 repertory numbers.

12
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PIN CONNECTION (top view)

upD [
MODE [
c1 0

c2 O

c3 O
uss [
ust 10
osc 2 O
ca
SELA [
cs O

R6 []

24
23
22
21
28
19
18
17
16
15
14
13

1 PULSE OUT
) HKS

b R1

0 rR2

1 R3

1 R4

1 MuIe OuT
] MASK OUT
[ DTHMF OUT
] SELB

M RS

[ PACTONE/CD

W o NOU & WN =

o
- ©

=y
N

MEINK53763-81

KEYPAD CONFIGURATION

1 2 3 |FLAsH|MENS
4|5 | 6 |pPrOGIMENS
71 8| 9 [pause|neEn?
X B ## | LNR [MEME
MEM1{MEM2|MEM3IMEN4|MENS

E1 E2 E3 |MEM] SS

H89NK53763-82
22 SGS-THOMSON
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L3280

LOW VOLTAGE TELEPHONE SPEECH CIRCUIT

= OPERATION DOWN TO 1.3 V/5 mA

» DTMF & BEEP TONE INPUTS

= EXTERNAL MUTING FOR EARPHONE AND
MICROPHONE .

= MUTE TURNS ON BEEP TONE & DTMF IN-
PUTS AND TURNS OFF EARPHONE &
MICROPHONE

= SUITABLE FOR DYNAMIC OR PIEZO EAR-
PHONES AND PIEZO, DYNAMIC OR ELEC-
TRET MICROPHONES

DESCRIPTION

The L3280 is a brand new low voltage speech cir-
cuit designed to replace hybrid circuits in telephone
sets. It is designed for sets that may be operated in
parallel. If features both DTMF input and Beep tone
input ; ALC on send and receive and muting input.

Various DC - characteristics can be programmed at

pin 14 replacing testing resistor (43 Q) with pro--

per network value.

PIN CONNECTION (top view)

ADVANCE DATA

DIP14 Plastic (0.25)

ORDER CODES : L3280B
L3280AB

GND

E1

E2

ML

MH’

8 ] DTMF

S-9161

November 1988
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L3280

BLOCK DIAGRAM

12

172

>
13
6 - DC
l >— AGC
7 %
10
3
AMP AGC amp| )
9 4 5 5-9160
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
A Line Voltage (3 ms pulse) 20 v
I Line Current 150 mA
Ptot Total Power Dissipation, Tamp =70 °C 1 w
Top Operating Temperature —20to 55 °C
Tj Junction Temperature — 65 to 150 °C
THERMAL DATA
lRm ,.ambl Thermal Resistance Junction-ambient Max 80 °C/IW |
2/6
‘_ SGS-THOMSON
Y/ HiCROELECTRONICS



L3280

Figure 1 : Test Circuits.

. 6000 eekn F
o —o
300
—{ 1} 44 LINE
1 12
18V
|> 680
_"._3 n
13 . 22rF
6 .
7 ? L Wl P s
MiC T 3
‘ r amp| | acc AMP 2
9] 1.! !s
T EARPHONE S-9157/1
Figure 2. Figure 3.
4 o) —6—0
7 M
APPLICATION APPLICATION [—O
CIRCUIT Vro CRET |4
ABOVE ] —05_ VRo
——O O
S-9158 S-9159
Receiving gain Sending gain and sidetone :
Vro Vso . VRo
GR= —— Gs= S0 . - VRO
VRri Vmt Vmi
Ly7 SGS-THOMSON e
Y/ WICROELECTRONICS
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L3280

ELECTRICAL CHARACTERISTICS (T,mp = 25 °C ; frequency = 1 Khz ; |; = 20 mA : mute low ;
R1 (pin 14) = 43 Q unless otherwise spec.)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vi Line Voltage IL =20 mA 2.9 3.2 Vv
' Line Voltage I = 50 mA 5.8 6.2 \")
Vi Line Voltage IL = 80 mA - 8.5 10 \]

CMRR Common Mode Rej. Ratio 50 dB
Gs Sending Gain for B Type Vmi=2mV, I =20 mA 47.5 48.5 495 dB
Gs Sending Gain for AB Type Vmi=2mV, I =20 mA 47 48.5 50 dB
Das Delta Sending Gain IL=70mA -7 -55 -4 dB

Vv =2 mV
THps Sending Distortion (B type) Vso = 700 mV 2 %
THos Sending Distortion (AB type) Vsgo = 700 mV 5. %
Ntx Sending Noise IL = 50 mA -7 dBm
Vmi=0V

Zw Mic. Input Impedance Vmi =2mV 40 KQ

Gr Receiving Gain (B type) IL =20 mA 7.5 8.5 9.5 dB
Vg =02V

Gr Receiving Gain (AB type) IL =20 mA 7 8.5 10 dB
Vg =02V

Dar Delta Receiving Gain IL=70mA -7 -55 -4 dB
Vg =02V

THoR Receiving Distortion (B type) Vgo = 350 mV ; RLoap = 350 Q 2 %

THDR Receiving Distortion (AB type) | Vro = 350 mV ; Roap = 350 Q 5 %
Nax Receiving Noise Vg =0V 300 pv
ZRro Receiving Output Imped. RLoap =200 Q 10 Q

Vno =50 mV
Sidetone Vmi =2 mV 40 dB
i Line Match. Impedance Va =02V 500 600 700 Q
\'/% Line Voltage IL=55mA 1.3 1.6 \")
Vso Sending Output Voltage I =55mA, Typ =5% 100 mV
Iro Rec. Output Current IL=55mA, Thp=5% 0.7 mA

OPERATION @ IL = 16 mA

MULO | Mute Input Low (Speech) 1 Vv

MUHI Mute Input High (Dial Mode) 2 Vv

GMF DTMF Gain (B type) Vin=2mV;Mute=2V 25.5 26.5 275 dB

GMF DTMF Gain (AB type) - Vin=2mV;Mute =2V 25 26.5 28 dB
RMF DTMF Input Impedance Mute =2V 6 8.5 KQ

THDMF | DTMF distortion (B type) Mute =2V ; Vin =25 mV 2 %

THDTMF | DTMF Distortion (AB type) Mute =2V ; Vi =25 mV 5 %

Gbeep Beeptone Gain Mute =2V ; Vi, =25 mV 8.5 dB

Rbeep Beeptone Input Imped. Mute =2V ; Vgt = 100 mV 12 KQ
THD Beeptone Distortion Mute =2V ; Vgt = 100 mV 5 %
Dvp Delta Vune Mute =2V ;I =20 mA 0.5 1.2 \'

4/6
7 SN
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L3280

CHARACTERISTIC AT 1 KHz
Figure 4 : Receive Characteristic and Max Output

Figure 5 : Sending ALC Characteristic and Max

at2 % THD. Output at 2 % THD.
\Ro (Gg) S )
d
. (Vrms) 50{ RMS
Kad 481 1.0
46 1 0.8
L1y 44 4 - 0.6
424 +0.4
401 0.2
4 60 70 80(mA o]
0 10203040 %0 53155(1:n) 01020301.050607060(mA)
S-9156
Flgure 6 : DC Characteristic Measured between
Line and GND.
M
12 1 R =430
DIAL
10 4
8 A MUTE H "SPEECH
6 1 ~MUTE L
4 -
2 -
0 ‘lO 20 30 40 50 60 70 80 SO(mA)
S- 91121
LOGIC OF MUTE SWITCHING
DTMF BEEP MIC INPUT RECEIVE INPUT
ACTIVE TO LINE ACTIVE TO
MUTE H OUTPUT EARPHONE OUTPUT MUTED MUTED
MUTE L MUTED MUTED ACTIVE ACTIVE
5/6°
‘_ SGS-THOMSON
Y/ rucromLECTRONICS
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LS156

TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY
TONE GENERATOR INTERFACE

» PRESENTS THE PROPER DC PATHFORTHE

LINE CURRENT.

= HANDLES THE VOICE SIGNAL, PERFOR-
MING THE 2/4 WIRES INTERFACE AND
CHANGING THE GAIN ON BOTH SENDING
AND RECEIVING AMPLIFIERS TO COMPEN-
SATE FOR LINE ATTENUATION BY SENSING
THELINELENGTH THROUGH THE LINE CUR-
RENT.

» ACTS AS LINEAR INTERFACE FOR MF, SUP-
PLYING A STABILIZED TO THE DIGITAL CHIP
AND DELIVERING TO THE LINE THE MF
TONES GENERATED BY THE M761.

DESCRIPTION

The LS156 is a monolithic integrated circuit in 16- '

lead dual in-line plastic package to replace the hy-
brid circuit in telephone set. It works with the same

* type of transducers for both transmitter and receiver

(typically piezoceramic capsules, but the device can
work also with dynamic ones). Many of its electrical

BLOCK DIAGRAM

DIP16

ORDER CODE : LS156B/1

characteristics can be controlled by means of exter-
nal components to meet different specifications.

In addition to the speech operation, the LS156 acts

as an interface for the MF tone signal (particularly
for M761 C/MOS frequency synthesizer).

i
[N [ Y PP P ]

A

+~Top

Voo

January 1989
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LS156

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Line Voltage (3 ms pulse duration) 22 \Y
Forward Line Current ) . 150 mA
Reverse Line Current - 150 mA
Total Power Dissipation at Tamp =70 °C 1 w
Operating Temperature -~ 451070 °C
Tj Storage and Junction Temperature - 65 to 150 °C
PIN CONNECTION (top view)
A4 )
MIC. INPUT 16[] MICINPUT
+LINE 15] Vbp
MUTING 14] MF INPUT
BIAS ADJ. 13 ] RECEIVER OUTPUT
SHUNT REG.
BYPASS - 12 ] RECEIV?R OUuTPUT
D.C.REGULATOR 1 j INPUT+(REC.AMP)
LINE CURRENT
LINE CUR 10[] INPUT-(REC.AMR)
ZpAL SWITCH o[ -une
S-3838 /1
THERMAL DATA
lRth j-amb | Thermal Resistance Junction-ambient Max 80 | °C/W I )
211
"- SGS-THOMSON
Y/ HICROELEGTRONICS
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TEST CIRCUITS -

-l ==33nF
I +A © 680 3300
—+» 10 guu
’_| TuF
*yzaav N 41 n e
L
LS156
16 9 12
-8
—O-
6ka | IBKA
1+
—— ——— 0uF
zzp'l'?r 22uF
C 0 EO F’(.Lv S-43680
Figure 1. Figure 2.

S-4369N

" Vi Vi
V=05V ;CMRR Sldetone=ﬁ ;Gs=V;—l°
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LS156

Figure 3.

Figure 4.

Gr=

Vro
Vi

GwMF =

S-43761

Vmo
VvF

ELECTRICAL CHARACTERISTICS (refer to the test circuits, S1 and S2 in (a), Tamp =—25 to
+ 50 °C, f = 200 to 3400 Hz, unless otherwise specified)

| Symbol | Parameter |

Test Conditions

| min. | Typ. | Max. | unit | Fig. |

SPEECH OPERATION
Vo Line Voltage Tamb =25 °C IL=12mA 3.9 4.7
IL =20 mA 55 v
|L =80 mA 12.2
CMRR | Common Mode | f =1 kHz IL=12t0 80 mA| 50 dB
Rejection
Gs Sending Gain Tamp =25°C f=1kHz I =52 mA 44 45 46 dB
Vmi =2 mV IL =25 mA 48 49 50
Sending Gain Vmi =2 mV fret =1 kHz ‘a8
Flatness IL=1210 80 mA +1
Sending f=1KkHz Veo =1V 2 %
Distortion I. =16 to 80 mA Vgo =13V 10
Sending Noise | V=0V IL =40 mA -70 dBmp
Microphone Vmi = 2mV I. =12to 80 mA| 40 kQ
Input
Impedance Pin
1-16
Sending Loss in| Vy = 2 mV IL =562 mA - 30 dB
MF Operation | Sz in (b) I, =25 mA - 30
Gr Receiving Gain | Vg1 =03V IL =52 mA 3 4 5
=1 kHz IL =25 mA 7 8 9 dB
Tambp =25 °C
Receiving Gain | Vgi =03 V fref =1 kHz .
Flatness I =12to 80 mA 1 dB
ndl LNy SGS-THOMSON
Y/ RiCROELECTRONICS
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LS156

ELECTRICAL CHARACTERISTICS (continued)

v

| Min. [ Typ.—maﬂUnlt

|Symbol | Parameter | Test Conditions | Fig. |
SPEECH OPERATION (continued) _
Receiving f=1kHz IL=12mA Vgpo =16V 2
Distortion IL=12mA Vgo =19V 10 % 3
I =50 mA Vpo =18V 2
I =50 mA Vgo =21V 10
Receiving Noise| Vg1 =0V IL =12t0 80 mA 150 pv 3
Receiver Output| Vgo =50 mV IL =40 mA 100 Q
Impedance Pin ' '
12-13
Sidetone f=1kHz Iy =52mA 36
Tamb =25 °C dB 2
S; in (b) I =25 mA 36
Zmr Line Matching | Vgi=03V f=1kHz 500 600 700 Q 3
Impedance I =12t0 80 mA
MULTIFREQUENCY SYNTHESIZER INTERFACE
Vpp MF Supply
Voltage _
(standby and IL=121t0 80 mA 24 25 \
operation)
lbp MF Supply
Current
Stand by IL =12t0 80 mA 05 mA
Operation IL =12 to 80 mA; Sy in (b) 2
MF Amplifier | I =12 to 80 mA
Gain fmMrin =1 kHz 15 17 dB 4
VME in =80 mV
Vi DC Input VM Fin =80 mV Voo \
Voltage Level x 0.3
(pin 14)
Ri Input VM Fin =80 mV 40 kQ
Impedance
(pin 14)
d Distortion VM Fin =110 mV 2 % 4
IL =12 to 80 mA
Starting Delay | IL =12 to 80 mA 5 ms
Time
Muting Speech Operation 1 Vv
Threshold :
MF Operat 1.6 \
Voltage (pin 3) peratien
Muting Stand I =12t0 80 mA -10 pA
by Current
(pin 3))
Muting IL =12to 80 mA S, in (b) +10 pA
Operating
Current (pin 3)
L7 SGS:THOMSON s
RMICROELECTRONICS
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CIRCUIT DESdRIPTION
1. DC CHARACTERISTIC
In accordance with CCITT recommendations, any

device connected to a telephone line must exhibit a
proper DC characteristics VL, IL.

The DC characteristic of the LS156 it is determined
by the shunt regulator (block 2) together with two

series resistors R1 and Rs. The equivalent circuit of

the total system is shown in fig. 5.

A fixed amount lo of the total available current IL is
drained for the proper operation of the circuit. The
value of lo can be programmed externally by chan-
ging the value of the bias resistor connected to pin 4
(see block diagram).

The recommended minimum of lo is 7.5 mA.
The voltage Vo = 3.8 V of the shunt regulator is in-
dependent of the line current.

Figure 5 : Equivalent DC Load to the Line.

The shunt regulator (2) is controlled by a tempera-
ture compensated voltage reference (1) (see the
block diagram).

Fig. 6 shows a more detailed circuit configuration of
the shunt regulator.

The difference I - lo flows through the shunt regu-
lator being Ib negligible.

la is an internal constant current generator ; hence
Vo = VBED1 + la* Ra= 8.8 V. The VL, IL characteri-
stic of the device is therefore similar to a pure resis-
tance in series to a battery.

It is important to note that the DC voltage at pin 5 is
proportional toline current (Vs =V7+ Veep1 =(IL - lo)
R3 + VBED1).

PIN 6 R, PINZ L

, B e | o 40___-__-_
Vo Io VL LINE
T ans

PIN7 R3 $-4365

Figure 6 : Circuit Configuration of the Shunt Regulator.

I

9
$-4366 °

& L5 SGS-THOMSON

MICROELECTRONICS
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2. 2/4 WIRES CONVERSION

The LS156 performs the two wires (line) to four wires
(microphone, earphone) conversion by means of a
Wheatstone bridge configuration so obtaining the
proper decoupling between sending and receiving
signals (see fig. 7).

;1__ R1
For a perfect balancing of the bndge R
The AC signal from the microphone is sent to one
diagonal of the bridge (pin 6 and 9). A small percen-
tage of the signal power is lost on Zp (being
ZB >>Z1) ; the main part is sent to the line via R1.
In receiving mode, the AC signal coming from the
line is sensed across the second diagonal of the
bridge (pin 11 and 10). After amplification it is ap-
plied to the receiving capsule.

The impedance Zwm is simulated by the shunt regu-
lator that is also intended to work as a transconduc-
tance amplifier for the transmission signal.

. . " AVe.9
The impedance Zw is defined as “Also

From fig. 6, considering C1 as a short circuit for AC
signal, any variation AVe generates a variation.

AV7 =AVA=AVs- Rz + Bt + Rb

Figure 7 : Two to Four Wires Conversion.

The corresponding current change is

.\
A= 5

Therefore
= I\Dl—f=R3(1 + RR;' )

The total impedance across the line connections
(pin 11 and 9) is given by
Zme=Ri1+Zm// (Re + Zs)
By choosing Zm >> R1 and Zg = Zm
Zme=2Zm =Rs (1 + ES )
The received signal amplitude across pin 11 and 10

can be changed using different values of Ry (of

course the relationship % - R must be always

valid). TR

The received signalis related to R1 value according
to the approximated relationship

VR=2-VRi

R4
Ri+2Zm
Note that by changing the value of R, the transmis-
sion signal current is not changed, being the micro-
phone amplifier a transconductance amplifier.

EARPHONE

n
2y AR e —
1
VRr|
- iz LINE
! L
ZmL 4
L}
1
1
___________ —) - — - —
S- 43671
LS7 SGS-THOMSON m
’I MICROELECTRONICS
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3. AUTOMATIC GAIN CONTROL

The LS156 automatically adjusts the gain of the sen-
ding and receiving amplifiers to compensate for line
attenuation by sensing the line length through the
line current.

The line current is sensed across R3 (see fig. 6) and
transferred to pin 5 by the regulator.

Vs = Veep1 + V7= Veept + (IL- lo) - Ra.

The pin 5 Vs voltage, after a comparison with an in-
ternal reference Vrera (see the block diagram) is
used to modify the gain of the amplifiers (4) and (5)
on both the sending and receiving path.

The starting point of the automatic level control is
obtained at I = 25 mA when the drain current lo =
7.5 mA. '

Minimum gain is reached for a line current of about
52 mA for the same drain current Io = 7.5 mA:

When Io is increased by means of the external re-
sistor connected to pin 4, the two above mentioned

values of the line current for the starting point and-

for the minimum gain increase accordingly :

Automatic switching of the balance network Zg for a
better sidetone is performed by the LS156 through
Vs information. This information, proportional to the
line length, -drives the comparator (7 b) (see the
block diagram).

For long lines, the impedance level of Zg is high
(pin 8 open) and the additional + 1 dB gain is added
to the receiving amplifier ¢hain.

For short lines, the impedance level of Zg is auto-
matically switched to a lower value (pin 8 shorted to
ground) and the additional + 1 dB block is bypassed
by the received signal.

A built in hysteresis circuit avoids uncertain opera-
tion of the comparator.

4. TRANSDUCERS INTERFACING '
The microphone amplifier (3) has a differential input

stage with high impedance (= 40 kQ) so allowing a

good matching to the microphone by means of ex-
ternal resistors without affecting the sending gain.

"The receiving output stage (6) is particularly inten-

pedance (100 Q max) ; high voltage swing (close to
VL) ; current capability of 1.8 mAp].

When a dynamic capsule is used, it is useful to de-
crease the receiving gain by decreasing R1 value
(see the relationship for VR).

With very low impedance transducer, DC decou-
pling by an external capacitor must be provided to
prevent a large DC current flow across the transdu- .
cer itself due to the receiving output stage offset.

5. MULTIFREQUENCY INTERFACING

The LS156 acts a linear interface for the Multifre-
quency synthesizer M761 according to a logical si-
gnal (mute function) present on pin 3.

When no key of the keyboard is pressed the mute
state is low and the LS156 feeds the M761 through
pin 15 with low current (standby operation of the
M761). The oscillator of the M761 is not operating.
When one key is pressed, the M761 sends a "high
state" mute condition to the LS156. A voltage com-
parator (9) of LS156 drives internal electronic
switches : the current delivered by the voltage sup-
ply (10) is increased to allow the operation of the os-
cillator. This extra current is diverted by the recei-
ving and sending section of the LS156 and during
this operation the receiving output stage is partially
inhibited and the input stages of sending and recei-
ving amplifiers are switched OFF.

A controlled amount of the signalling is allowed to
reach the earphone to give a feedback to the subs-
criber ; the MF amplifier (11) delivers the dial tones
to the sending paths. ’

The application circuit shown in fig. 9 fulfils the EU-
ROPE Il standard (- 6, — 8 dBm). If the EUROPE |
levels are required (— 9, — 11 dBm), an external di-
vider must be used (fig. 11).

The mute function can be used also when a tempo-
rary inhibition of the output signal is requested.

APPLICATION INFORMATION

The circuits shown in fig. 8 and fig. 11 are referred
to the ltalian standard. The fig. 10 shows the
connection for mute function (inhibition of the output
stage when it is requested) by using an external

ded to drive piezoceramic capsules. [Low output im- ‘switch at pin 3.
g L3y SGS-THOMSON
Y/ sncrotiECTRONICS
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APPLICATION INFORMATION (continued)

Component'| Value Purpose Note

R4 68 Q R, controls the receiving gain.

Bridge Resistors | The Ratio R2/R+ fixes the amount of signal delivered to the

R, 330 0 line. Ry helps in fixing the DC characteristic (see Ra note).

Rs 30 Q Line Current The relationships involving R3 are :

Sensing. *ZmL = (20 R3 // Zg) + R4

Fixing DC 2N Zw

Characteristics | * Gs =K Ra
*VL=(lL—1o) (Rs +Rq) + Vo ; Vo =38 V.
Without any problem it is possible to have a Zy_ ranging from
500 up to 900 Q.

Rs 13 kQ Bias Resistor The suggested value assures the minimum operating current. It is
possible to increase‘the supply current by decreasing R4 (they
are inversely proportional), in order to achieve the shifting of the
AGC starting point. (see fig. 12).

Rs 7.5 kQ Balance The balance network has two possible impedance levels, selected

Rs 51 kQ Network by the circuit referring to the line current (i.e. to the line length) in
order to optimize the sidetone. It's possible to change Rs, Rg, R7

R7 1kQ values in order to improve the matching to different lines; in any
case :

Zg R
ZB_Z2 with the two possible values for Zg :
Z. Ri
25(1) = R7 + Rs /A C4 (Iong Iines)
23(2) =Ry7 + (Re // Rs) // C4 (short lines)
(see fig. 13).
Rg — Rs' 1.8 kQ Receiver Rg and Rg' must be équal; the suggested value is good for
Impedance matching to piezoceramic capsule; there is no problem in
Matching increasing and decreasing (down to 0 Q) this value, but when
low resistance levels are used a DC decoupling must be inserted
to stop the current due to the receiver output offset voltage (max
400 mV).
Ro 3.6 kQ Microphone The suggested value is typical for a piezoceramic microphone,
Impedance but it is possible to choose Rg in a wide range.
Matching
C1 10 pF Regulator A value greater than 10 pF gives a system start time too high for
AC Bypass low current line during MF operation; a lower. value gives an
alteration of the AC line impedance at low frequency
Co 47 nF Matching to C» changes with the characteristics of the transmission line.
a Capacitive
Line

Cs 82 nF Receiving Gain | C3 depends on balancing and line impedance versus frequency.
Flatness

C4 22 nF Balance Network| See Note for R7, R, Rs.

Cs 0.33 uF | DC Filtering The Cs range is from 0.1 uF to 0.47 pF. The lowest value is

. ripple limited, the higher value is starting up time limited.
Ce — C7 1000 pF | RF Bypass

Csg 1 pF Dc Decoupling | The DC offset is very low. An electrolitic capacitor can be used.
for Receiving
Input

Ei SGS-THOMSON
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LS156

Figure 8 : Application Circuit with Multifrequency (EUROPE Il std.).
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Figure 9 : Application Circuit with Multifrequency (EUROP | std.).
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Figure 10 : External Mute Function.
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Figure 11 : Application Circuit without Multifrequency.
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Figure 12 : Sending and Receiving Gain vs.

Line Current.
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LS256

TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY
TONE GENERATOR INTERFACE

» PRESENTS THE PROPER DC PATH FOR THE
LINE CURRENT

= HANDLES THE VOICE SIGNAL, PERFOR-
MING THE' 2/4 WIRES INTERFACE AND
CHANGING THE GAIN ON BOTH SENDING
AND RECEIVING AMPLIFIERS TO COMPEN-
SATE FOR LINE ATTENUATION BY SENSING
THELINE LENGTH THROUGH THE LINE CUR-
RENT

= ACTS AS LINEAR INTERFACE FOR MF, SUP-
PLYING A STABILIZED TO THE DIGITAL CHIP
AND DELIVERING TO THE LINE THE MF
TONE GENERATED BY THE DIALER

DESCRIPTION

The LS256 is a monolithic integrated circuit in 16-
lead dual in-line plastic package to replace the hy-
brid circuit in telephone set. It works with the same
type of transdurcers for both transmitter and recei-
ver (typically piezoceramic capsules, but the device

PIN CONNECTION (top view)

ADVANCE DATA

DIP16
(Plastic 0.25)

ORDER CODE : LS256B

can work also with dynamic ones). Many of its elec-
trical characteristics can be controlled by means of
external components to meet different specifica-
tions.

In addition to the speech operation, the LS256 acts
as an interface for the MF tone signal.

MIC. INPUT 1

+LINE 2

BIAS ADJ. 4

[
[
MUTING L 3
[
{

SHUNT REG.
BYPASS

a

DCREGULATOR

LINE CURRENT
_SENSING

<

GAIN CONTROL 8

16[] Mic.npuT

15]] Yoo

“,] MF INPUT

13[] Recever outPUT
12[] Recever ourpur
1] iNPUTe(REC.AMR)

10] INPUT-(REC.AMP)

w0

U ~LINE

S-4919

April 1989

15

This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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BLOCK DIAGRAM

bias
resistor q]

P e I B

A

T
S G Dm
. '1(':1 R3 Tgif;nal IMUTE
ﬁ S=-4373 J—
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vi Line Voltage (3ms pulse duration) 22 Vv
I Forward Line Current 150 mA
I Reverse Line Current - 150 mA
Ptot Total Power Dissipation at Tamp = 70°C 1 w
Top Operating Temperature -45t0 70 °C
Tstg, Tj | Storage and Junction Temperature — 65 to 150 °C
THERMAL DATA
|ﬂh j-amb | Thermal Resistance Junction-ambient Max 80 °C/W
2/5
‘_ SGS-THOMSON
Y/ HicRoELECTRONICS
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LS256

TEST CIRCUITS

.E?:I!nF
I +A 68 0 3300
° - S1 S2
il tT1T
2v
2 1 6 10 14 Sk l
Vz=18V L 2uF
v : 4 35— ~
7 LS256 8
13 = Y00 15 5
Ka[ ]30 oD 1 169 12 13 | 10pF z2
-8 33puF T
Is P
-
3.6KA “ 3.ean
uL — 10uF
AT
(o 0 €O F S-4368/2
Figure 1. Figure 2.

S-4369N1

CIRCUIT
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LS256

Figure 4.

Figure 3.
—0
- A
6000 TEST
CIRCUIT
@ 10uF R=6.8K0
VRI
B
C D E F
0, O O O
VRO
S-4375
VRro
GR =
Vri

= VMF

VMF

IO.BSV

ELECTRICAL‘ CHARACTERISTICS 7
(refer to the test circuits, S1, S2 in (a), Tamp =—25 to + 50°C, f = 200 to 3400Hz, unless otherwise

specified)
SPEECH OPERATION
Symbol Parameter Test Conditions Min. Typ. Max. |Unit|Fig.
Vo Line Voltage Tamb =25°C I =12mA 3.9 4.7 \
I =20mA 55
I, =80mA 122
CMRR | Common Mode Rejection |f = 1KHz IL =12 to 80mA 50 dB 1
Gs Sending Gain Tamb =25°C f=1KHz I =52mA 44 45 46 d | 2
Vmi =2mV I =25mA 48 49 50
Sending Gain Flatness Vmi =2mV fret = 1KHz +1 dB 2
IL =12 to 80mA
Sending Distortion f =1KHz Vso =1V 2 % 2
I =16 to 80mA Vgo =1.3V 10
Sending Noise Vmi =0V IL =40mA —68.5 [dBmp| 2
Microphone Input Vmi =2mV IL =12 to 80mA 40 KQ
Impedance Pin 1-16
Sending Loss in MF Vmi =2mV I =52mA -30 - dB | 2
Operation Sz in (b) I =25mA - 30
4/5
‘_ SGS-THOMSON
Y/ GICROELECTRONICS
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LS256

ELECTRICAL CHARACTERISTICS (continued)
SPEECH OPERATION (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. |Unit|Fig.
GRr Receiving Gain Vg =03V IL =52mA 25 3.5 45 dB 3
f =1KHz I. =25mA 7 8 9
Tamb =25°C '
Receiving Gain Flatness | Vg = 0.3V fret = 1KHz +1 dB 3
IL =12 to 80mA :
Receiving Distortion f=1KHz I =12mA Vgo =1.6V 2 % 3
IL =12mA Vgo =1.9V| 10
IL =50mA Vgo =1.8V| 2
I[L =50mA Vgo =2.1V 10
Receiving Noise Vg =0V I =12 to 80mA 100 500 | pv | 3
Receiver Output Vgo =50mV IL =40mA 100 Q
Impedance Pin 12-13
Sidetone F = 1KHZ I =52mA 36 dB | 2
Tamb =25°C
Sy in (b) I =25mA 36
ZyL | Line Matching Impedance | Vg, = 0.3Y f = 1KHz 500 600 700 [ @ | 3

IL =12 to 80mA

MULTIFREQUENCY SYNTHESIZER INTERFACE

Symbol Parameter Test Conditions Min. Typ. Max. |Unit | Fig.
Vpp | MF Supply Voltage IL =12 to 80mA 2.35 25 Vv
(standby and operation) -
lop | MF Supply Current IL =12 to 80mA
Stand by IL =12 to 80mA ; Sy in (b) 0.5 mA
Operation 2
MF Amplifier Gain I =12 to 80mA
fme in = 1KHz 15 17 dB 4
VMF in =80mV
vV DC Input Voltage Level | Vy fin =80mV 3Vop \Y
(pin 14)
R Input Impedance (pin 14) | VmFin = 80mV 40 KQ
d Distortion VM Fin = 110mV 2 % 4
IL = 16 to 80mA
Starting Delay Time IL =12 to 80mA . 5 ms
Muting Threshold Voltage | Speech Operation Vv
(pin 3) MF Operation 1.6 \Y
Muting Stand by Current | I =12 to 80mA - ) -10 | pA
(pin 3)
Muting Operating Current | I =12 to 80mA S; in (b) +10 | pA
(pin 3)
L7 SGS-THOMSON 55
Y/ HICROELECTRONICS
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LS285

TELEPHONE SPEECH CIRCUITS

» 2/4 WIRE INTERFACE
» OPERATES DOWN TO 4 mA
m 3.5 Vpp DYNAMIC IN SENDING AT 25 mA

DESCRIPTION

The LS285 is monolithic integrated circuits for re-
placement of the hybrid circuit (2-4 wire interface) in
conventional telephones interfacing the two trans-
ducers to the line and providing a controlled amount
of sidetone.

The same type of transducer can be used for both
transmitter and receiver, usually a 350 Q dynamic
type.

By sensing the line current, LS285 adjusts the gain
in both directions to compensate for line attenuation.
Output impedance can be matched to the line, in-
dependent of transducer impedance.

The LS285 is packaged in a 14 lead dual in—line pla-
stic package. '

PIN CONNECTION (top view)

DIP14
(Plastic)

ORDER CODE : LS285AB1

RECEIVER [ 1
OUTPUT
LINE IMR [ 2
ADJUST.

-VL [

3] REGULATOR[

w

BIAS [ 5

AC LOOP [ 6
OPENING

NC [7

0]
I

©

S$-4029

RECEIVER
OurPUT

WV L

INPUT REC.
AMP (4)

INPUT REC.
AMP ()
MIC.INPUT

MIC.INPUT

NC

November 1988

1/8
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BLOCK DIAGRAM®

100nF
2, S36n A 750

é %o i Ry
= E
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i xn E son 68K 200n
' ! ot eecuaron mic. )
1 1 9 AMPL
! |
t 1 100F
| i
| | ;
, kel [ uus:
: kg
: [} 16K0 22nf
] : 10pF
i :T I >
! T e ©
ABSOLUTE MAXIMUM RATINGS
" Symbol Parameter Value Unit
Vo Line Voltage (3 ms pulse duration) 22 Vv
I Forward Current 120 mA
I Reverse Current - 150 mA
Ptot Total Power Dissipation at Tamp = 70 °C 1 w
Tstg Storage and Junction Temperature - 551t0 150 °C
Top Operating Temperature —40to 70 °C
THERMAL DATA
Rithj-amb | Thermal Resistance Junction-ambient Max 80 —l °CNV—|
2/8
‘_' SGS-THOMSON
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LS285

DESCRIPTION
The LS285 is based on a bridge configuration.

They contain a regulator block, a sending amplifier .

and a receiver amplifier.

The regulator monitors the line current and adjusts
the amplifier gain to compensate for the line length.
It provides DC characteristics in line with CEPT
standards.

The transmit/receiver amplifiers are connected to
the line via an external bridge to provide sidetone
attenuation. '

The line current compensation ensures that when
the subscriber is talking, the signal delivered to the
line is increased in according to the line lenght.
When he is hearing, the signal level on the receiver
capsule is constant.

The amplifiers can also be matched to different
transducers simply by varying external compno-
nents. Gain variation over the operating tempera-
ture range is less than £ 1 dB.

Figure 1 : Test Circuit.

The impedance to the line can be adjusted ; without
any change in circuit parameters ; by changing an
external resistor (6.8 KQ at pin 2).

BASIC CIRCUIT CONFIGURATION.

Receiver

S-4190

r———————————— ———————— = ‘i
| .
A
+ 1 : “22nF |
LINE "ch|> 16.2K0 ' !
° = won | |
J lI]'IOpF Rs| |6.8KQ OF
: | ! F R I
| 7 6 5 3 2 |
: : RECEIVER
| 314 [
| 1000
—{ 3 E
| R10 :
I [
| 5360 750 { |
| R2 R1 {a l
I ob |
|  yg'o0nF ! |
LIS 3|
T T Tsmaen
MICROPHONE
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Figure 2 : Sending Gain. Figure 3 : Receiving Gain.

TEST TEST
CIRCUIT CIRCUIT

Vro| |35002

5-5008/1 5-5010/1

Gs= Vso Gr= Vro

Vi Vai

Figure 4 : Sidetone. Figure 5 : Return Loss.

TEST
CIRCUIT

|

TEST
CIRCUIT

s-soun
5$-50091

Ge= Vro R.= Vs
Vmi

“2Vm

4/8
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LS285

ELECTRICAL CHARACTERISTIC (refer to the test circuit, Tamp = 25 °C, f = 300 Hz to 3400 Hz, S1,

S2 in "a" unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
Vi Line Voltage —15°C < Tamp < + 45 °C '
I =80 mA 9.5 11.5
IL =20 mA 48 5.8 v 1
IL =10 mA 36 1.6
Gs Sending Gain f=1KHz
I =15 mA ; Vmi = 1.0 Vgus 48.5 52.5
IL =30 mA ; Vmi =2.5 VRus 474 515 | dB 2
IL =60 mA ; Vmi =3.7 Vams 427 46.1
IL =80 mA :Vmi = 4.5 Vgus 42.0 45.3
Gs Sending Gain Variation vs.]| — 15 °C < Tamp < + 45 °C 0.8 dB 2
Temp.
Sending Gain Flatness IL =10 to 80 mA
fret =1 KHz -05|+05( dB 2
S1, S2in (b)
Sending Distortion IL=10to 15 mA ; 2 %
Vso = 0.7V,
IL=16t024 mA ; 2 % 2
Vso = 1.3V,
IL=25t080mA ; 10 %
) Vso = 1.7 Vp
Sending Noise V=0V I =60 mA -73 dBmp| 2
Microphone Amplifier 95 Q 1
Impedance (pin 9-10) )
Max Sending Output (°) I =10 to 80 mA 3 Vp 2
V=1V
Gr Receiving Gain =1 KHz
IL =15 mA ; VR = 0.8 VRus - 133 - 9.6
I =30 mA ; Vri = 1.0 Vrus -13.5 -105| dB 3
I, =60 mA ; Vri = 1.8 VRus - 18 - 149
IL =80 mA ; Vri =10 Vams -19 -16
AGR Receiving Gain Variation | — 15 °C < Tamb < + 45 °C 0.25 dB 3
vs. Temperature
Receiving Gain Flatness fret =1 KHz I =10 to 80 mA -05 +05 | dB 3
S1, S2in (b)
Receiving Distortion IL=10to 16 mA 2
Vgo =300 mVp
% 3
I =15 t0 80 mA 2
Vno =500 mVp
Receiving Amplifier Output 110 Q 1
Impedance (pin 1-4)
Receiving Noise V=0V I =60mA 80 ny 3
psophometric
Max receiving Output I =80 mA 36 | mAp 3
Current Vg =10V
(*) This output is limited to allow for input overvoltages.
LS7 SGS-THOMSON 58
Y/ 5iicRoELECTRONICS
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LS285

ELECTRICAL CHARACTERISTIC (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
Sidetone f=1KHz IL =20 mA 7 dB 4
I =80 mA 0 dB
Return Loss S3 in (a) 14 dB 5
S3in (b) 14 dB
(") This output is limited to allow for input overvoltages.
Figure 6 : Typical Application Circuit.
c3
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. P . 750 536 0
-125 R W R2
13 2 4 R7
n 1
100 n
= |1
1%
000
12
c2 LS 285A Rb
LINE | vk Tzan 2'°5K“[
FJR 6 C7p41000pF
. s 250 . ﬁ :I |
D’"’ 1000pF
5 3 6 ﬂ— 2500 CG
22nF R3 ,L’
cen 16.2K0 10pF RS c4
T T 9.09K 0| ];Zn,,

S 5007
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LS285

APPLICATION INFORMATION

The following table shows the recommended values for the typical application circuit of fig. 6. Different
values can be used and notes are added in order to help designer.

Component Recovn:::leended Purpose Note
R1 75 Q Bridge Resistors The ratio R2/R1 fixes the amount of the signal
R2 536 Q delivered to the line. (see fig. 7)
R3 16.2 KQ Bias Resistor Changing R3 value it is possible to shift the
gain characteristics.
The value can be chosen from 15 KQ to
20 KQ. The recommended value assures the
maximum swing (see fig. 9).
R4 2.05 KQ Balance Network In order to optimize the sidetone it is possible
R5 9.09 KQ to change R4 and R5 values. In any case :
’ Zg R2
—— =—— where Zg = R4 + R5//C4.
Z. Ri whel B + RS/
R6 and R6' 250 Q Microphone Impedance R6 and R6' must be equal ; 250 Q is a typical
Matching value for dynamic capsules.
Furthermore, they determine a sending gain
variation according to:
AG; =20 lo
¢ 9 850 Q
where Rx = R6 + R6' + Rmike. The trend of AGs
as a function of Rx value is shown in fig. 8.
R7 and R7' 100 Q Receive Impedance R7 and R7' must be equal ; 100 Q is a typical
Matching value for dynamic capsules.
C1 10 uF AC Loop Opening Ensures a high regulator impedance for AC
signals (= 20 KQ).
This capacitor should not be higher than 10 uF
. in order to have a short response time of the
system.
C2 22 nF Matching to a Capacitive | G2 changes with the characteristics of the
Line transmission line.
C3 - 82nF High Frequency Roll-off | C3 determines the high frequency response of
the circuit.
it also acts as RF bypass.
C4 22 nF Balance Network See Note for R4 and R5.
- C5 1uF DC decoupling for
Receiving Input
C6 and G7 1000 pF RF Bypass
C8 22 nF Filter Capacitor

Lﬂ SGS-THOMSON

7/8
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Figure 7 : Receiving Gain Variation vs. R1 Value Figure 8 : Sending Gain Variation vs. Rx Value
(with fixed R1/R2 ratio). (see note for R6 and R6’).
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Figure 9 : Sending and receiving Gain Variation
vs. Line Current.
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LS356

TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY

TONE GENERATOR INTERFACE

» PRESENTS THE PROPER DC PATH FOR THE
LINE CURRENT

= HANDLES THE VOICE SIGNAL, PERFOR-
MING THE 2/4 WIRES INTERFACE AND
CHANGING THE GAIN ON BOTH SENDING
AND RECEIVING AMPLIFIERS TO COMPEN-
SATE FOR LINE ATTENUATION BY SENSING
EITHER THE LINE CURRENT OR THE LINE
VOLTAGE. IN ADDITION, THE LS356 CAN AL-
SO WORK IN FIXED GAIN MODE

= ACTS AS LINEAR INTERFACE FOR MF, SUP-
PLYING A STABILIZED VOLTAGE TO THE DI-
GITAL CHIP AND DELIVERING TO THE LINE
THE MF TONES GENERATED BY THE M761

DESCRIPTION

The LS356 is a monolithic circuit in 16-lead dual in-
line plastic package to replace the hybrid circuit in
telephone set. It works with the same type of trans-
ducers for both transmitter and receiver (typical dy-

BLOCK DIAGRAM

DIP16

ORDER CODES : LS356B
LS356AB

namic capsules, but the device can also work with
piezoceramic ones). Many of its electrical charac-
teristics can be controlled by means of external com-
ponents to meet different specifications.

In addition to the speech operation, the LS356 acts
as an interface for the MF tone signal (particularly
for M761 C/MOS frequency synthesizer).

!
GAIN” CONTROL (3

bias
resistor

—Too

Voo

IMU!E

Iur
signat

5-¢93011 adm

November 1988

1114

203



LS356

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi Line Voltage (3 ms pulse duration) 122 \
IL Forward Line Current 150 mA
Iy Reverse Line Current - 150 mA
Ptot Total Power Dissipation at Tamp =70 °C 1 w
Top Operating Temperature - 451070 °C
Tstg, Tj | Storage and Junction Temperature — 65 to 150 °C
PIN CONNECTION (top view)
MIC. INPUT 1 16]] MIC.INPUT
+LINE 2 15]] Voo
MUTING 3 14]] MFINPUT
BIAS ADJ. 4 13]] RECEIVER OUTPUT
S?&YSREG' 5 2] RECEIVER OUTPUT
DC.REGULATOR (|6 1] INPUTs(REC.AMP)
LINE CURRENT
SENSING 7 10]] INPUT-(REC.AMP)
GAIN CONTROL |[|8 9| -LiNe
S-4919
THERMAL DATA
LRm j-amb l Thermal Resistance Junction-ambient Max 80 l °C/W I
214 SGS-THOMSON
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TEST CIRCUITS
G
R
1L +A Zl.n 4400 N |
7 -3 ] }51 s2
jp
A B AP o098
I ‘f] 24F | l Izv
gi‘ Vz=18V 2 N € 10 14 6K 6K
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c 0 eO FO S-492003
Figure 1. - Figure 2.

1,212 to80mA
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CIRCUIT
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Figure 3. ] Figure 4.

11=12to80mA

CIRCUIT

5-49241N

Vi
Gr= \—\//%— Gur= 2

ELECTRICAL CHARACTERISTICS (refer to the test circuits, Vg=1to 2V, I = 12 to 80 mA, S1 and
S2in (a), Tamp = — 25 to + 50 °C, f = 200 to 3400 Hz, unless otherwise specified)

|Symbol | Parameter I Test Conditions | Min. | Typ. I Max. | Unit | Fig. |
SPEECH OPERATION
Vi Line Voltage Tamb =25 °C IL =12 mA 3.65 45
IL =20 mA 5 \ -
I =80 mA 10
CMR | Common Mode f=1KHz 50 dB 1
Rejection
Gs Sending Gain for B Tamb =25°C f=1KHz Vg=2V | 445 46.5 dB 2
- | Type Vmi =2 mV Vg=1V | 485 50.5
Gs Sending Gain for AB Tamb =25°C f=1KHz Vg=2V 44 47 dB 2
Type Vmi =2 mV Vg=1V 48 51
Sending Gain Flatness | Vmi =2 mV -fret =1 KHz -1 +1 dB 2
(vs. frequency) .
(*) Sending Gain Veg=2V lret =50 MA -0.5 +05 | dB 2
Flatness for B Type
(vs. current)
(*) Sending Gain Ve=2V lret =50 mA -1 +1 dB 2
Flatness for AB Type
(vs. current)
Sending Distortion for | f =1 KHz Vgo =775 mV 2 % .2
B Type IL =16 mA Vso =900 mV 10
Sending Distortion for | f =1 KHz Vso =775 mV 3 % 2
AB Type I =16 mA Vso =900 mV 10
Sending Noise Vmi =0V Vg=1V -71 dBmp 2
Microphone Input Vmi =2 mV 40 KQ -
Impedance (pin 1-16)

* Fixed gain mode.

4/14 \
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LS356

I ELECTRICAL CHARACTERISTICS (continued)

! [symbot]

Parameter | Test Conditions | Min. | Typ. | Max. ] Unit - I Fig. I
Sending Gain in MF Vmi =2 mV -30 dB 2
Operation S2in (b)
Ggr Receiving Gain for B Vg =03V Vg=2V -5 -3
Type f=1KHz dB 3
Tamp =25 °C Vg=1V -05 + 1.5
Gr Receiving Gain for AB | Vg1 =03 V Vg=2V -55 -25| dB 3
Type f=1KHz
. Tamb =25°C Vg=1V -1.0 +2.0
Receiving Gain Vg =03V fret =1 KHz -1 +1 dB 3
Flatness (vs.
| frequency)
(*) Receiving Gain Vg=2V lrot =50 mA -05 +05| dB 3
| Flatness for B Type
(vs. current)
Receiving Gain Vg=2V lret =50 mA -1 +1 dB 3
Flatness for AB Type
(vs. current)
Receving Distortion for [ f =1 KHz Vgo =400 mV 2 % 3
B Type Vgo =450 mV 5
Receiving Distortion for| f =1 KHz Vgo =400 mA 3 % 3
AB Type Vgo =450 mA 5
Receiving Noise Vr =0V 100 nv 3
Receiver Output VgRo =50 mV 30 Q -
Impedance (pin 12-13)
Sidetone f=1KHz Tamb =25 °C 36 dB 2
S1in (b)
ZmL Line Matching Vg =03V f = 1KHz 500 600 700 Q 3
Impedance
lg Input Current for Gain -10 | pA -
Control (pin 8)
* Fixed gain mode.
L5y SGS-THOMSON o
Y/ WICROELECTRONICS
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LS356

ELECTRICAL CHARACTERISTICS (continued)

lSymboI | '

Parameter

| Test Conditions

[ min. | Typ. | Max. [ unit | “Fig.

MULTIFREQUENCY SYNTHESIZER INTERFACE

Voo | MF Supply Voltage S2in (b) 24 | 25 | 27 %
(standby and
operation)
Ibp MF Supply Current S2in (b) 0.5 mA
Standby Operation 2
MF Amplifier Gain fmMrin =1 KHz 15 17 dB
VMEin =80 mV
Vi DC Input Voltage Level| Vug in = 80 mV 0.3 \Y
(pin 14) Vop
R Input Impedance VMFin =80 mV 60 KQ
(pin14)
d Distortion for B Type VMEin =110 mV 2 %
d Distortion for AB Type | Vmrin =110 mV 4 %
Starting Delay Time 5 ms
Muting Threshold Speech Operation 1 \Y
Voltage (pin 3)
MF Operation 1.6 Vv
Muting Standby -10 | pA
Current (pin 3)
Muting Operating S2in (b) +10 | pA -
Current (pin 3)
CIRCUIT DESCRIPTION
1. DC CHARACTERISTIC
The fig. 5 shows the DC equivalent circuit of the LS356.
Figure 5 : Equivalent DC Load to the Line.
PIN 6 R PINZ oL
I ) 0 -’__.. - - - -
Vo @ ‘ Io VL LINE
) 40 _———,. - - -
PIN7 R — PIN9 :
3 S5-4365

A fixed amount |, of the total available current I is

drained for the proper operation of the circuit.

The value of lo can be programmed externally by
changing the value of the bias resistor connected to

pin 4 (see block diagram).
The minimum value of lo is 7.5 mA.

6/14
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The voltage Vo = 3.8 V of the shunt regulator is in-
dependent of the line current.

The shunt regulator (2) is controlled by a tempera-
ture compensated voltage reference (1) (see the
block diagram).

‘7_’ SGS-THOMSON
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Fig. 6 shows a more detailed circuit configuration of the shunt regulator.

Figure 6 : Circuit Configuration of the Shunt Regulator.

9

54925 O

The difference IL — | flows through the shunt regu-
lator being Ip negligible.

la is an internal constant current generator ; hence
Vo=VB+ |a~ Ra=38V

The VL, IL characteristic of the device is therefore si-
milar to a pure resistance in series to a battery.

It is important to note that the DC voltage at pin 5 is
proportional to the line current (Vs = V7 + Vg =
(IL—1lo) R3 + V).

2. TWO TO FOUR WIRES CONVERSION

The LS356 performs the two wires (line) to'four wires
(microphone, earphone) conversion by means of a
Wheatstone bridge configuration so obtaining the
proper decoupling between sending and receiving
signals (see fig. 7).

For a perfect balancing of the bridge % = 2—; .
The AC signal from the microphone is sent to one
diagonal of the bridge (pin 6 and 9). A small percen-
tage of the signal power is lost on Zg (being
ZB >> Z1) ; the main part is sent to the line via R1.

In receiving mode, the AC signal coming from the
line is sensed across the second diagonal of the
bridge (pin 11 and 10). After amplification it is ap-
plied to the receiving capsule.

The impedance Zv is simulated by the shunt regu-
lator that is also intended to work as a transconduc-
tance amplifier for the transmission signal.
The impedance Zw is defined as —AA—\{% .
From fig. 6 considering C1 as a short circuit for AC
signal, any variation AV generates a variation :
—AVa = _Ro__
AV7=AVA=AVg - R+ Ro
The corresponding current change is
A= A%z
- R3
Therefore
- AVs _ Ra
= Al = RS'(1 * R )
The total impedance across the line connections
(pin 11 and 9) is given by
Zme=R1 +2Zm// (R2 + ZB)

By choosing Zm >> R1 and Zg >> Zm
Zme=Zm=R3 (1 +E—:

The received signal amplitude across pin 11 and 10

can be changed using different values of R1 (of

course the relationship Z1/Zs = R1/R2 must be al-

ways valid).

L7 S5S-THOMSON ' na
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Figure 7 : Two to Four Wires Conversion. .

EARPHONE

The received signal is related to R1 value according
to the approximated relationship :
R1
VR=2VRl Ry 7y
Note that by changing the value of R1, the transmis-
sion signal current is not changed, being the micro-
phone amplifier a transconductance amplifier.

3. AUTOMATIC GAIN CONTROL:

The LS356 automatically adjusts the gain of the sen-
ding and receiving amplifiers to compensate for line
. attenuation.

This function is performed by the circuit of fig. 8.

The differential stage is progressively unbalanced
by changing Vg in the range 1 to 2 V (VRrera is an
internal reference voltage, temperature compensa-
ted).

It changes the current Ig, and this current is used as
a control quantity for the variable gain stages (am-
plifier (4) and (5) in the block diagram). The voltage
Va can be taken :

a) from the LS356 itself (both in variable and in fixed
mode) and

b) from a resistive divider, directly at the end of the
line.

a) In the first case, connecting Va (pin 8) to the re-
gulator bypass (pin 5) it is possible to obtain a

8/14 L7 S5s:-THOMSON

gain charcteristic depending on the current.
In fact (see fig. 6) : :

V5=VB+V7EVB+(IL—I0)'R3

The starting point of the automatic level control
is obtained at IL = 25 mA when the drain current
lo=7.5mA.

Minimum gain is reached for a line current of
about 52 mA for the same drain current
lo = 7.5 mA. When |, is increased by means of
the external resistor connected to pin 4, the two
above mentioned values of the line current for the
starting point and for. the minimum gain increase
accordingly.

It is also possible to change the starting point wi-
thout changing lo by connecting pin 8 to the cen-
tre of aresistive divider placed between pin 5 and
ground (the total resistance seen by pin 5 must
be at least 100 KQ). In this case, the AGC range
increases too ; for example using a division 1 : 1
(50 K750 K) the AGC starting point shifts to about
IL =40 mA, and the minimum gain is obtained at
IL = 95 mA. In addition to this operation mode,
the Vg voltage can be maintained constant thus
fixing the gain values (Rx, Tx) independently of
the line conditions.

For this purpose the Vpp voltage, available for
supplying the MF generator, can be used.

MICROELECTRONICS
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Figure 8.

A}

VREF G

1 Ig
S-4696

b) When gains have to be related to the voltage at
the line terminals of the telephone set, it is neces-
sary to obtain Vg from a resistive divider directly
connected to the end of the line.

This type of operation meets for instance the re-
quirements of the French standard. (see the ap-
plication circuit of fig. 12).

4. TRANSDUCERS INTERFACING

The microphone amplifier (3) has a differential input
stage with high impedance (= 40 KQ) so allowing a
good matching to the microphone by means of ex-
ternal resistor without affecting the sending gain.
The receiving output stage (6) is particularly inten-
ded to drive dynamic capsules. (Low output impe-
dance, 100 Q max ; high current capability, 3 mAp).

When a piezoceramic capsule is used, it is useful to
increase the receiving gain by increasing R1 value
(see the relationship for VR).

With very low impedance transducer, DC decou-
pling by an external capacitor must be provided to
prevent a large DC current flow across the transdu-
cer itself due to the receiving output stage offset.

5. MULTIFREQUENCY INTERFACING

The LS356 acts as a linear interface for the Multifre-
quency synthesizer M761 according to a logical si-
gnal (mute function) present on pin 3.

When no key of the keyboard is pressed the mute
state is low and the LS356 feeds the M761 through
pin 15 with lowyoltage and low current (standby
operation of the M761). The oscillator of the M761
is not operating.

When one key is pressed, the M761 sends a "high
state" mute condition to the LS356. A voltage com-
parator (8) of LS356 drives internal electronic
switches : the voltage and the current delivered by
the voltage supply (9) are increased to allow the
operation of the oscillator.

This extra current is diverted by the receiving and
sending section of the LS356 and during this ope-
ration the receiving output stage is partially inhibited
and the input stages of sending and receiving am-
plifiers are switched OFF.

A controlled amount of the signalling is allowed to
reach the earphone to give a feedback to the subs-
criber ; the MF amplifier (10) delivers the dial tones
to the sending paths.

The application circuit shown in fig. 9 fulfils the EU-
ROPE Il standard (- 6, — 8 dBm). If the EUROPE |
levels are required (- 9, — 11 dBm) an external divi-
der must be used (fig. 10).

The mute function can be used also when a tempo-
rary inhibition of the output signal is requested.

L7 SGS-THOMSON a4
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Figure 10 : Application Circuit with Multifrequency (EUROPE ).
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Figure 11 : Sending and Receiving Gain vs. Line Current (application circuit of fig. 13).

G- 4613

Gg Gr
(dB)) (d8)
50 \ [

\N
RL-\:K!\ R4 =6 5KN
48 -2
\\\
p A\ ;
44 -6
0 20 40 60 80 1 (ma)

&7

SGS-THOMSON
MICROELECTRONICS

1114

213



LS356

Figure 12 : Application Circuit without Multifrequency.
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Figure 13 : Application Circuit with Gain Controlled by Line Voltage (French standard).
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Figure 14 : Application Circuit with‘ Fixed Gain

Figure 15 : External Mute Function.

Operation.
Voo|
18 15
15
LS 356 M 761 Mute LS356
R X
15 -0 -=5- 3
8 Speech
7 4 9 5 5-4928
l a) with multifrequency
Ry |
10 uF 15
330 13KN
¢ > - ¢ LS356
- $-4697 Mute
Speech v 3
Ry=0 ng ge}in oonqi!ion l $-4929
Re=0 Mingain condition b) without multifrequency

In addition to the above mentioned applications, dif-
ferent values for the external components can be
used in order to satisfy different requirements.

APPLICATION INFORMATION

The following table (refer to the application circuit of
fig. 9) can help the designers.

Component Value Purpose Note
R1 392 0. ) R1 controls the receiving gain. When high current values are
-__| Bridge allowed, R1 must be able to dissipate up to 1 W.

R2 392 Q Resistors The Ratio R2/R1 fixes the amount of signal delivered to the line.
R1 helps in fixing the DC characteristic (see R3 note).

R3 33 Q Line Current | The relationships involving R3 are :

Sensing. — ZmL = (20 R3//ZB) + R1

Fixing DC Z /IZu

Characteristic| = Gs =K* “Ra
—Vy =(IL - 1o) (R3 + R1) + Vo; Vo =3.8 V.
Without any problem it is possible to have a Zy ranging from
600 up to 900 Q. As far as the power dissipation is concerned,
see R1 note.

R4 13 KQ Bias Resistor | The suggested value assures the minimum operating current. It is
possible to increase the supply current by decreasing R4 (they
are inversely proportional), in order to achieve the shifting of the
AGC starting point.

R5 2.2 KQ | Balance It it possible to change R5 and R6 values in order to improve the

Network matching to different lines ; in any case :

R6 10 KQ Zs _R2
Z R1 .

Zg = R5 + R6//Xca

‘7_’ SGS-THOMSON
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APPLICATION INFORMATION (continued)

Component | Value Purpose Note
R7-R7' 100 Q Receiver R7 and R7' must be equal ; the suggested value is good for
: Impedance matching to dynamic capsule ; there is no problem in increasing
Matching and decreasing (down to 0 Q) this value. A DC decoupling must
be inserted when low resistance levels are used to stop the
current due to the receiver output offset voltage (max 200 mV).
R8 200 Q Microphone The suggested value is typical for a dynamic microphone, but it is
Impedance possible to choose R8 in a wide range.
Matching
C1 10 pF Regulator AC A value greater than 10 puF gives a system start time to high for
Bypass low current line during MF operation ; a lower value gives an
alteration of the AC line impedance at low frequency.
c2 47 nF Matching to a C2 changes with the characteristics of the transmission line.
Capacitive Line
C3 82 nF Receiving Gain | C3 depends on balancing and line impedance versus frequency.
Flatness
C4 -10 nF Balance Network| See note for R5, R6. .
C5 0.33 uF | DC Filtering The C5 range is from 0.1 pF to 0.47 pF. The lowest value is ripple
limited, the higher value is starting up time limited.
C6-C7 1000 pF | RF Bypass
c8 10 pF Receiving See note for R7, R7'.
Output DC
Decoupling
C9 1pF Receiving Input
DC Decoupling
1474 L7 SGS-THOMSON
Y/ MicROELECTRONICS
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LS588

PROGRAMMABLE TELEPHONE SPEECH CIRCUIT

DESCRIPTION

The LS588 is a monolithic integrated circuit in 16
lead dual in-line plastic package. Designed as a re-
placement for the hybrid circuit in telephone sets it
performs all the functions previously carried out by
this circuit.

With the LS588 it is possible to select the operating
mode (fixed or variable gain). The device works with
both piezoceramic and dynamic transducers and
therefore its gain, both in sending and receiving
paths, can be present by means of two external re-
sistors. This feature can also be obtained in AGC
operating mode, when the device automatically ad-
justs the Rx/Tx gains to compensate for the line at-
tenuation by sensing the line current.

The LS588 can supply the decoupling FET when
working with an electret microphone. Output impe-
dance can be matched to the line independently of
transducer impedance.

In addition, the LS588 can be set in power down
state, where the device displays a strow decrease
of the current consumption (about 8 mA), still main-
tains DC and AC impedances to the line (for paral-
lel operation with a DTMF generator).

PIN CONNECTION (top view)

(Plastic 0.25)

ORDER CODE : LS588N1

GAIN conTROL [ 1
0O-
MICROPHONE
INPUT
Os
SENDING GAIN 4
PROGRAM.
RECEIVING GAIN [
PROGRAM.
MUTE s
" BAL.NETWORK [,
AND REC.INPUT
LINE (GND) g

CT O T T OO 0 T T

S-627011

AC LOOP OPENING

AC AND DC
IMPED CONTROL

SENDING AMPL.
” OUTPUT

LINE +AND
REC.INPUT

BIAS RESISTOR

REF. VOLTAGE

EARPHONE
OUTPUT

November 1988
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi Line Voltage (3 ms pulse duration) 22 \'
I Forward Line Current 150 mA
Iy Reverse Line Current | - 150 mA
Piot Total Power Dissipation at Tamp =70 °C 1 w
Top | Operating Temperature — 4510+ 70 °C
Tstg, Tj | Storage and Junction Temperature —651to + 150 °C
THERMAL DATA
| Rth j-amb | Thermal Resistance Junction—ambient Max 80 I °C/W |
BLOCK DIAGRAM
R1 L
—— T
13
I senonG & RECEIVING A
| STAGES
1
| | 6 E
1T
1
v,
I L
IsenD |
our
f
1
|
1
9 ; 3
- | L e e —
BIAS
RESISTOR 8 6 s 1 c3
eno MUTE IN RECEWING ] }‘GC [} senoING
-'L GAIN PINE oFF GAIN
~4 g
S-8641 o

2/9
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TEST CIRCUITS
Figure 1.

IL A 39.20 392
— 0 — )

11w R2

VL ::33
nF

=0

(g $ - : .
cO 0O E F s-8012

Figure 2. Figure 3.

TEST
CIRCUIT

- Figure 4.

TEST
CIRCUIT
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ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tamp = - 25 to + 50 °C, f = 200 to 3400 Hz,
I =15 t0 100 mA, Ry = 17.3 kQ, Rg = 17.1 kQ, S1 in A, S2in A, unless otherwise specified)

ISymbol| Parameter ! Test Conditions | Min. lTyp. |Max.| Unit | Fig. |
A.G.C. On
' Line Voltage IL=15mA Tamb =25°C | 4.1 45 49
- © | IL=25mA 52 | 56
IL =50 mA 7 |78 | V|1
IL =120 mA 14
CMR | Common Mode Rejection f=1kHz 50 dB 2
| Gs | Sending Gain It =50 mA R, =17.3kQ | 390 410 | dB | 3
f=1kHz
Tamb =25 °C
Vi =2 mV R; =220 kQ | 43.8 462 | dB | 3
AGs | Sending Gain Variation lret =50 mA _
vs. Current . Tamp =25 °C 0.5 +05 | dB 3
vs. Current (S1in B) | l;ef =50 mA I =25 mA 4.0 6 dB 3
Tamb =25 °C IL=100mA |[-20 0 dB
vs. Frequency fret =1 kHz - 0.5 0.5 dB 3
THDs -| Sending Distortion IL =15t0 256 mA 2 %
. Vso =450 mV f=1kHz 3
IL =25 to 100 mA 5 %
Vgo =16V f=1kHz ’
Ns Sending Noise Vmi =0 mV -74 dBm 3
Zmi Microphone Impedance Vmi =3 mV ) 11 15 kQ 3
Gr Receiving Gain IL =50 mA Re =17.1kQ | 23 47 dB 4
f=1kHz
Tamb =25 °C
VRi =570 mV Rg =147 kQ |- 0.1 19 | dB | 4
AGRr Receiving Gain Variation lret =50 mA _
vs. Current Tamb =25 °C 05 +05| dB 4
vs. Current (S1in B) | lrer =50 mA IL =25 mA 4.0 6
Tamp =25 °C IL=100mA |-20 o | a8 | 4
vs. Frequency fret =1 kHz . - 0.5 0.5
THDR | Receiving Distortion Vgi =570 mV 2 o 4
Vi =775 mV 5 °
Ngr Receiving Noise Vg =0 mV 150 uv 4
Zro | Receiving Output Impedance| Vgo =50 mV 50 Q 4
Sidetone . f=1kHz 15 dB 3
Zm Line Matching Impedance Vr =03V f=1kHz 650 850 Q 4
Max Receiving Output Vri=2V
(click suppression) 39 | 44 Ver | 4
Vsm Microphone Supply Rioad =2.2 kQ 1.9 22 \ 1
4/9
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ELECTRICAL CHARACTERISTICS (continued

)

| Symbol | Parameter |

Test Conditions | Min. |Typ. |Max.| Unit | Fig. |

MUTE OPERATION

Mute Threshold Voltage (pin 6) Speech Condition 0.8 \ -
Mute Condition 1.5 Vv -

Muting Operation Curr. (pin 6) (S2 in B) ’ 50 pA -

Line Dynamic in Mute ¢ (S2inB) | IL=35mA - | 600 mv _

Condition THD =2%| I =4 mA 850

Line Voltage in Mute Condition (S2 in B) | I =3.5 mA 3.6 v _
I =4 mA 4.2

CIRCUIT DESCRIPTION

1. DC CHARACTERISTIC
In accordance with CCITT recommendations, any

_ device connected to a telephone line must exhibit a

proper DC characteristic Vi, IL.

The DC characteristics of the LS588 is determined
by the shunt regulator (block 2) together with two
series resistors R1 and R3 (see the block diagram).
The equivalent circuit is shown in fig. 5.

A fixed amount, lo, of the total available current, I,
is drained to allow the circuit to operate correctly.
The value of lo can be programmed externally by
changing the value of the bias resistor connected to
pin 12.

The recommended minimum value of lp is 7.5 mA
with R pin 12 = 26 KQ.

The voltage Vo = 3.8 V of the shunt regulator is in-
dependent of the line current.

The shunt regulator (block 2) is controlled by a tem-
perature compensated voltage reference (block 1).
Fig. 6 shows a more detailed circuit configuration of
the shunt regulator.

The difference IL-lo flows through the shunt regula-
tor since Ip is negligible.

la is an internal constant current generator ; hence
Vo==VB-+|a' Ra==3.8\L

The VL, IL characteristic of the device is therefore si-
milar to a pure resistance in series with a battery.
It is important to note that the DC voltage at pin 16
is proportional to the line current Vie = V1is +
Ve =(IL- lo) R3 + VB.

2. TWO TO FOUR WIRES CONVERSION

The LS588 performs the two wire (line) to four wire
(microphone, earphone) conversion by means of a
Wheatstone bridge configuration thus obtaining the
proper decoupling between sending and receiving
signals (see fig. 7).

The AC signal from the microphone is sent to one
diagonal of the bridge (pin 8 and 14). A small per-
centage of the signal power is lost on Zg (since
Zp >>21) ; the main part is sent to the line via Ri.
In receiving mode, the AC signal coming from the
line is sensed across the second diagonal of the
bridge (pin 7 and 13). After amplification it is applied
to the receiving capsule.

The impedance Zm is simulated by the shunt regu-
lator which also acts as a transconductance ampli-
fier for the transmission signal.

; : . AV(148
The impedance Zu is defined as 2. (148)
P : Al(14-8)

From fig. 6, considering C1 as a short circuit to the

AC signal, any variation in V14 generates a variation
as follows :

Rb
Vis=Va=V
15=Va=Vis Rt Fo

the corresponding current change is :

Figure 5 : Equivalent DC Load to the Line.

14 R1 13

$S-4936
. . 2L R4
f — O —
For g perfect balancing of the bridge 7 Ro
™ 5/9
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therefore
" Zm= AAV” —R3(1+ )

Rb
The total lmpedance across the line connections
(pin 13 and 8) is given by

Zme = R1 +Zm// (Ra + ZB)
) By choosmg Zm Ri1andZg Zm

=Zm=R3 (1 + 2
ZmL=2u 3(+R)

b
The amplitude of the signal received across pins 13
and 7 can be changed using different values of Ry.

-(Of course the relatlonshlp =R
valid. “Re

The received signal is related to the value of Ry ac-
cording to the approximated relationship :

R4

Vr=VRi2

rR=VRI R+ Zm

Note that if the value of R1 is changed the transmis-
sion signal current is not changed, since the micro-
phone amplifier is a transconductance amplifier.

" 3. INPUT AND OUTPUT AMPLIFIERS

The microphone amplifier (4) has a differential input
stage with high impedance (min 11 K) so allowing a
good matching to the microphone by means of an
external resistor without affecting the sending gain.

The receiving output stage (8) is intended to drive
both piezoceramic and dynamlc capsules. Ithas low
output impedance, a maximum voltage swing grea-
terthan2 Vpand a peak current of 2 mA.

With very low 1mpedance transducers, DC decou-

pling by an external capacitor must be provided to

prevent a large DC current flow across the transdu-
.cer itself due to the receiving output stage offset.

4. GAIN CONTROL

It is possible to set the LS588 gain charactenstlcs
by means of one pin (pin 1).

- When the pin 1 is grounded, the gains of the sen-
ding and receiving amplifiers do not depend on the
line current (AGC off). When the pin 1 is connected
to pin 15 the LS588 automatically changes the gain
to compensate for line attenuation (AGC on).

4.1. AGC OFF :In this conditions, as already men-
‘ tioned, both the sending and the receiving gain are
“fixed. Their values are determined, independently
for the two paths, by the two external resistors Rz
(for Tx, between pin 4 and ground) and Rs (for R,
between pin 5 and ground), in a wide range (see
fig. 8 and 9).

4.2. AGC ON : Starting from any couple of gain va-
lues, fixed by the appropriate values of R7 and Rg,

——must always be

69 . &7 SGS-THOMSON

the LS588 can automatically change the sending
and receiving gains depending on the line current.
The line current is sensed across R3 (see fig. 7) and
transferred to pin 16 by the regulator. :

Vie=VB+Vis=Ve+(IL- lo) "Rs

Following comparison with an internal reference
(block 1) the voltage at pin 1 is used to modify (block
3) the gain of the amplifiers (5) and (7) on both the
sending and receiving paths.

The starting point of the automatic level control is
obtained at I = 25 mA when the drain current Ip =
7.5 mA.

The external resistors R7 and Rg fix the maximum
value for the gains.

Minimum gain is reached for a line current of about
100 mA when the same drain current lo of 7.5 mA
is used.

5. DC SHUNT REGULATOR

The LS588 has built into the chip a DC shunt regu-
lator intended to supply (pin 11) the coupling FET
when an electret microphone is used. It delivers
1 mAp current with a voltage of 2 Volts (typ) regar-
dless of the line current.

6. MUTE CONDITION AND MUTIFREQUENCY
INTERFACING

- Alogical control (mute) at pin 6 allows opera-
tion in parallel with a proper DTMF generator
connectable to the line.

- When pin 6 is set high (more than 1.8 Volt)
the mute logic circuit (block 9) switches off
both sending and receiving stages (mute
switch) and reduces (1) the bias current, to
sabe about 10 mA, available for the paralle-
led DTMF generator.

In this condition the LS588 still shows to the line the
specified AC impedance (650 to 850 Q) not provi-
ded by the DTMF generator which acts as a current
generator

7: ANTICLIPPING APPLICATION

ltis possmle to avoid distortion of the sending signal
limiting the sending gain with an external control at
pin 4 (gain programming)

The maxumum level to the line will be :

0.6V HAc1 + Racz
V =
s V2 Racz

The following table can be helpful to the designer
when choosing different values for the external com-
ponents, it refers to the typical application circuit of
fig. 10.
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Figure 6 : Circuit Configuration of the Shunt Regulator.
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Figure 7 : Two to four Wires Conversion.
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" Figure 8 : Sending Gain vs. R7 Value (AGC OFF). Figure 9 : Receiving Gain vs. Rg Value (AGC OFF).
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Figure 10 : Typical Application Circuit (piezoceramic transducers).
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Figure 11 : Anticlipping Application.
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Figure 12 : Application Circuit with Electret Microphone.
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LS656

TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY
TONE GENERATOR INTERFACE

= PRESENTS THE PROPER DC PATH FOR THE
LINE CURRENT, PARTICULAR CARE BEING
PAID TO HAVE LOW VOLTAGE DROP

= HANDLES THE VOICE SIGNAL, PERFOR-
MING THE 2/4 WIRES INTERFACE AND
CHANGING THE GAIN ON BOTH SENDING
AND RECEIVING AMPLIFIERS TO COMPEN-
SATE FOR LINE ATTENUATION BY SENSING
EITHER THE LINE CURRENT OR THE LINE
VOLTAGE. IN ADDITION, THE LS656 CAN AL-
SO WORK IN FIXED GAIN MODE

= ACTS AS LINEAR INTERFACE FOR MF, SUP-
PLYING A STABILIZED VOLTAGE TO THE DI-
GITAL CHIP AND DELIVERING TO THE LINE
THE MF TONES GENERATED BY THE M761

DESCRIPTION

The LS656 is a monolithic integrated circuit in 16-
lead plastic package to replace the hybrid circuit in
telephone set. It works with the same type of trans-
ducers for both transmitter and receiver (typically
dynamic capsules). Many of its electrical characte-

BLOCK DIAGRAM (DIP16)

DIP16
. (Plastic 0.4)

ORDER CODES : LS656B - LS656AB (DIP16)
LS656D1 - LS656AD1 (SO-20)

ristics can be controlled by means of external com-
ponents to meet different specifications.

In addition to the speech operation, the LS656 acts
as an interface for the MF tone signal (particularly
for M761 C/MOS frequency synthesizer).

I MUTE

le
signal

January 1989
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227



LS656

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test Conditions Unit
Vi Line Voltage (3 ms pulse duration) 22 \
I Forward Line Current 150 mA
I Reverse Line Current - 150 mA
Piot Total Power Dissipation at Tamp = 70 °C 1 w
Top Operating Temperature —-451070 °C
Tstg, Ty Storage-and Junction Temperature —65to0 150 °C
THERMAL DATA
| R th j-amb I Thermal Resistance Junction-ambient Max 80 °C/W |
PIN CONNECTIONS (top view)
DIP-16 SO-20L
7
MIC INPUT [ 1 18] micweur
v, MIC INPUT ] MIC INPUT
SUNE {2 5[] Voo . Line B voo
MUTING [3 |4] MF INPUT MUTING D MF INPUT
. BIAS ADJ [J RECEIVER QUTPUT
Bias a0s. |4 13[] Recewver outPur “HUNT REG.BYPASS |7 RECETVER 0UTPUT
D.C.REG. [J INPUT+(REC AMP)
SV&NS'SREG' [5 |1] RECEIVER OUTPUT LINE CURRENT SENSING [J INPUT-(REC ANMP)
GAIN CONTROL [ - LINE
pcrecuator |6 1] PUT(REC AMP) N.C. 5 on.c.
LINE CURRENT N.C. Pt
SENSING [ 10]] NPUT-(REC AMP) 7961565661
GAIN CONTROL [|8 ] -une
5-4919
TEST CIRCUITS
8
L 300 | 3300 f
- ——3—4
s1
a b
\/ 12Kn
t 0 % 24F 3}1
3
LS 6568
:E,I".L of o
16 12 13 b T‘), 6.8K 0 I I
o " | T
8 2000 |~ 2000
-[ L |erF

22pF 22pF
’I.c 1_;) OE

5-52451
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LS656 .

Figure 1. Figure 2.

1=12to80mA
—
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V=01V CMR Side tone = 0. Gs= Yo

MI Vmi

Figure 3. Figure 4.
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. LS656

ELECTRICAL CHARACTERISTICS (refer to the test circuits, Vg =1t0o 2V, I, = 12 to 80 mA, S1, S2
and.S3 in (a), Tamp = —25 to + 50 °C, f = 200 to 3400 Hz, unless otherwise specified)

| min. | Typ. | Max. | unit | Fig. |

|Symbol| Parameter | Test Conditions

SPEECH OPERATION

Vi Line Voltage Tamb =25 °C IL =12 mA 34 3.9
I =30 mA 5.1 Vv
IL. =60 mA 6.9
- CMR Co.mm.on Mode f 21 KHz 50 dB
Rejection
Gs Sending Gain Tamb =25 °C IL =25 mA 48.5 50.5
for B and D1 f=1kHz I =50 mA 445 46.5 dB
Types Vmi =2 mV
Gs Sending Gain Tamb =25°C IL =25 mA 48 51
for AB and AD1 | f =1 kHz IL =50 mA 44 47 dB
Types Vmi =2 mV
Sending Gain Vmi =2 mV fref =1 kHz -05 +05 dB
Flatness for B
and D1 Types
(vs. freq.)
Sending Gain Vmi =2 mV fret =1 kHz -1 +1 dB
Flatness for AB
and AD1 Types
(vs. freq.)
") Sending Gain Vmi =3 mV lref =50 mA - 05 +0.5 dB
Flatness for B S3in (b)
and D1 Types
(vs. current)
Sending Gain VM =3 mV lref =50 mA -1 +1 dB
Flatness for AB | S3in (b)
and AD1 Types
(vs. current)
Sending f=1kHz Vso =775 mV 2 %
Distortion for B | I, =16 mA Vso =900 mV 10 %
and D1 Types
Sending f=1KkHz Vso =775 mV 3 %
* | Distortion for AB| I =16 mA Vso =900 mV 10 %
and AD1 Types
Sending Noise Vm=0V;Vg=1V -71 dBmp
Microphone Vmi =2 mV 40 kQ
Input Impedance
(pin 1-16)
Sending Gain in | Vmi =2 mV - 30 dB
MF Operation S2 in (b)
s N7 SGS-THOMSON
Y/ WicroELECTRONICS
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ELECTRICAL CHARACTERISTICS (continued)

Max. | Unit | Fig. |

|Symbol| Parameter | Test Conditions | Min. | Typ. |
Gr | ReceivingforB | Vg =03V IL =25 mA -55 ~—35
and D1 Types | f=1kHz . dB 3
Tamb =25 °C IL =50 mA -10.5 -85
GR Receiving for AB| Vg =03V IL =25 mA -6 -3 .
and AD1 Types | f =1 kHz dB 3
Tamb =25 °C I =50 mA -1 -8
Receiving Gain | Vg =03V fref =1 kHz -05 + 0.5 dB 3
Flatness for B . )
and D1 Types
(vs. freq.)
Receiving Gain | Vg =03V fret =1 kHz -1 +1 dB 3
Flatness for AB
and AD1 Types
(vs. freq.)
Receiving Gain | Vg1 =03V lref =50 mA -05 +05 dB | 3
Flatness for B S3in (b)
and D1 Types
(vs. current)
Receiving Gain | Vgi=03V lret =50 mA -1 +1 dB 3
Flatness for AB | S3in (b) ,
and AD1 Types
(vs. current)
Receiving f=1kHz Vgo =400 mV 2 % 3
Distortion for B | I =15 mA Vro =450 mV 10 %
and D1 Types
Receiving f=1KkHz VRo =400 mV 3 % 3
Distortion for AB| I =15 mA VRo =450 mV 10 %
and AD1 Types
Receiving Noise | Vgi=0V;Vg=1V 150 pnv 3
Receiving Vgo =50 mV 30 Q -
Ouptut
Impedance
(pin 12-13)
Sidetone f=1kHz 36 dB 2
Tamb =25 °C
S1in (b)
Zm Line Matching Vg =03V f=1kHz “500 600 700 Q 3
Impedance
Ig Input Current for -10 HA -
Gain Control
(pin 8) '
LSy SGS-THOMSON 15
Y/ wicROELECTRONICS

231



LS656

ELECTRICAL CHARACTERISTICS (continued)

ISymboII Parameter | Test Conditions | Min. l Typ. | Max. l ‘Unit I Fig. |
MULTIFREQUENCY SYNTHESIZER INTERFACE
Voo | MF Supply S2in (b) 24 25 27 \ -
Voltage Stand
by and
, Operation
lop MF Supply S2in (b)
Current Stand
by Operation 05 |._ mA -
2 mA —
MF Amplifier fmein =1 kHz 15 17 dB 4
Gain VMEF in =80 mV
V) DC Input VmMEin =80 mV Vbp \'} -
Voltage Level x 0.3
(pin 14) ) :
R Input Impedance| Vurin =80 mV 60 kQ -
(pin 14) .
d Distortion for B | Vmrin =150 mVp 2 % 4
and D1 Types IL>17 mA
d Distortion for AB| Vmrin = 150 mVp 4 % 4
and AD1 Types | IL > 17 mA
Starting Delay 5 ms -
Time i
Muting Speech Operation 1 v -
Threshold -
Voltage (pin3) MF Operation 1.6 \ -
Muting Stand by -10 pA -
Current (pin 3) )
Muting S2in (b) +10 pA -
Operating
Current (pin 3)

6/15
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LS656

CIRCUIT DESCRIPTION

1. DC CHARACTERISTIC

The fig. 5 shows the DC equivalent circuit of the
LS656.

A fixed amount | of the total available current I is
drained for the proper operation of the circuit. The
value of lo can be programmed externally by chan-
ging the value of the bias resistor connected to pin
4 (see block diagram).

The minimum value of lo is 7.5 mA.
The voltage Vo = 37 V of the shunt regulator is in-
dependent of the line current.

Figure 5 : Equivalent DC Load to the Line.

The shunt fegulator (2) is controlled by a tempera-
ture compensated voltage reference (1) (see the
block diagram).

Fig. 6 shows a more detailed circuit configuration of
the shunt regulator.

The difference I-lo flows through the shunt regula-
tor being Ib negligible. la is an internal constant cur-
rent generator ; hence Vo=Vg + la. Ra=3.7 V.

The VL, IL characteristic of the device is therefore si-
milar to a pure resistance in series to a battery.

PIN 6 Ry PIN2 .L
o &- P —
Vo Io VL LINE
— . e oo
IN7 — PINS
P R3 S-4365

Figure 6 : Circuit Configuration of the Shunt Regulator.

O(D

54925

L7 SGS-THOMSON 15

MICROELECTRONICS

233



LS656

It is important to note that the DC voltage at pin 5 is

The DC characteristic of the LS656 is shown in
fig. 7.

proportional to the line current (Vs =V7 + VB = (IL -
lo) R3 + VB).
Figure 7 : DC Characteristic.
\
o |
Ry=30 N
s R3=30 N
7
5
A
’/
3
o 20 40

2. TWO TO FOUR WIRES CONVERSION

The LS656 performs the two wires (line) to four wires
(microphone, earphone) conversion by means of a
Wheatstone bridge configuration so obtaining the
proper decoupling between sending and receiving
signals (see fig. 8).
For a perfect balancing of the bridge Z_ R
ZB  R2
The AC signal from the microphone is sent to one
diagonal of the bridge (pin 6 and 9). A small percent-
age of the signal power is lost on Zg (being Zs
>> Z1) ; the main part is sent to the line via R1. Inre-
ceiving mode, the AC signal coming from the line is
sensed across the second diagonal of the bridge
(pin 11 and 10). After amplification it is applied to the
receiving capsule.

The impedance Zw is simulated by the shunt regu-
lator that is also intended to work as a transconduc-
tance amplifier for the transmission signal.

AVe—9

Als—9

From fig. 6 considering C1 as a short circuit for AC
signal, any variation AVe generates a variation :

. Rb
AV7= AVA = AV
A

The impedance Zw is defined as

The corresponding current is

60 80 1 (mA)

The total impedance across the line connections
(pin 11 and 9) is given by

ZmL = R1 + Zw//(R2 + ZB)
By choosmg Zw=R1andZg 2 ZM
Zu=Zm=R3 (1 + )

The received signal amplitude across pln 11and 10
can be changed using different value of R1 (of
course the relationship Z1/Zg = R1/R2 must be al-
ways valid).

The received signal is related to R1 value accordlng
to the approximated relationship :

R1
VR=2VRI —————
R Al R1 +Zm
Note that by changing the value of R1, the transmis-
sion signal current is not changed, being the micro-
phone amplifier a transconductance amplifier.

3. AUTOMATIC GAIN CONTROL

The LS656 automatically adjusts the gain of the sen-
ding and receiving amplifiers to compensate for line
attenuation.

This function is performed by the circuit of fig. 9.
The differential stage is progressively unbalanced
by changing Vg in the range 1 to 2 V (VRrerc is an
internal reference voltage, temperature compensa-
ted).

|- Av7 It changes the current Ig, and this current is used as
Al= 3 a control quantity for the variable gain stages (am-
Th plifier (4) and (5) in the block diagram). The voltage
erefore AV R Vg can be taken :
Zy = _N_e =R3 (1 +R—§ ) a) from the LS656 itself (both in variable and in fixed
mode) and. -
8/15
Ly SGS-THOMSON
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b) from a resistive divider, directly at the end of the
line.

a) In the first case, connecting Vg (pin 8) to the re-
gulator bypass (pin 5) it is possible to obtain a gain
characteristic depending on the current.

In fact (see fig. 6)

Vs=Vg+V7=Vp= (IL- lo) R3

The starting point of the automatic level control is
obtained at I = 25 mA when the drain current
lo=7.5 mA.

Minimum gain is reached for a line current of about
50 mA for the same drain current lo =7.5 mA. When
lo is increased by means of the external resistor
connected to pin 4, the two above mentioned va-
lues of the line current for the starting point and for
the minimum gain increase accordingly.

ltis also possible to change the starting point without
changing lo by connecting pin 8 to the centre of a
resistive divider placed between pin 5 and ground
(the total resistance seen by pin 5 must be at least
100 KQ). In this case, the AGC range increases too;
for example using a division 1 : 1 (50 K/50 K) the
AGC starting point shifts to about IL = 40 mA, and

the minimum gain is obtained at IL = 95 mA. In ad- -

dition to this operation mode, the Vg voltage can be
maintained constant thus fixing the gain value (RXx,
Tx) independently of the line conditions.

Figure 8 : Two to Four Wires Conversion.

For this purpose the Vpp voltage, available for sup-
plying the MF generator, can be used.

b) When gains have to be related to the voltage at
the line terminals of the telephone set, it is neces-
sary to obtain Vg from a resistive divider directly
connected to the end of the line.

This type of operation meets the requirements of the
French standard. (See the application circuit of
fig. 13).

4. TRANSDUCER INTERFACING

The microphone amplifier (3) has a differential input
stage with high impedance (= 40 KQ) so allowing a

‘good matching to the microphone by means of ex-

ternal resistor without affecting the sending gain.
The receiving output stage (6) is particularly inten-
ded to drive dynamic capsules. (Low output impe-
dance (100 Q max) ; high current capability 3 mAp).

When a piezoceramic capsule is used, it is useful to
increase the receiving gain by increasing R1 value
(see the relationship for VRr).

Whit very low impedance transducer, DC decou-
pling by an external capacitor must be provided to
prevent a large DC current flow across the transdu-
cer itself due to the receiving output stage offset.

EARPHONE

‘7_1. SGS-THOMSON

915
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5. MULTIFREQUENCY INTERFACING

The LS656 acts as a linear interface for the Multifre-
quency synthesizer M761 according to a logical si-
gnal (mute function) present on pin 3.

When no key of the keyboard is pressed the mute
state is low and the LS656 feeds the M761 through
pin 15 with low voltage and low current (standby
operation of the M761). The oscillator of the M761
is not operating.

When one key is pressed, the M761 sends a "high
state" mute condition to the LS656. A voltage com-
parator (8) of LS656 drives internal electronic
switches ; the voltage and the current delivered by
the voltage supply (9) are increased to allow the
operation of the oscillator.

This extra current is diverted by the receiving and
sending section of the LS656 and during this ope-
ration the receiving output stage is partially inhibited
and the input stages of sending and receiving am-
plifiers are switched OFF.

A controlled amount of the signalling is allowed to
reach the earphone to give a feedback to the subs-
criber ; the MF amplifier (10) delivers the dial tones
to the sending paths.

The mute function can be used also when a tempo-
rary inhibition of the output signal is requested. The
application circuit shown in fig. 10 fulfils the EU-
ROPE Il standard (-6, -8 dBm). If the EUROPE | le-
vels are required (-9, -11 dBm) an external divider
must be used (see fig. 11).

Figure 9.
Vo VREF G
l Ie
S-4696
10/15
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APPLICATION INFORMATION

LINE

Figure 10 : Application Circuit with Multifrequency (Europe Il STD).
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Figure 11 : Application Circuit with Multifrequency (Europe | STD).
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Figure 12 : Sending and Receiving Gain vs. Line Current (application circuit of fig. 10).
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Figure 13 : Application Circuit without Multifrequency.
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Figure 14 : Application Circuit with Gain Controlled by Line Voltage (french standard).

; CURRENT

I LIMITING ____| e

! CIRCUIT 'FZ’"F j

i 3on 3300

{ ~ + yan | - cee e —__]

| a —o#b —t 1 - —
1uF

2 6 1000 10 uF

-L»——n v -C—4
1000

-E'—IS - BL 31—

-

[5380 K

--0-‘33;|F ok
e - LS 6568 7
L 100KA 22K ] 1000pF
. [ = A13 : 1 -

S
]zoxn ) :L
300§ 13k 1

S-5249

1
1
-[47 200
nf . !‘]“
8 16 4
7t 9 1000pF%% §
1ufF r

Figure 15 : Application Circuit with Fixed Gain Operation.
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Figure 16 : External Mute Function.

A vool . —
18 15 15
M 761 IMute LS6568 LS6568
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a) with multifrequency b) without multifrequency

In addition to the above mentioned applications, different values for the external components can be used
“in order to satisfy different requirements.
The following table (refer to the application circuit of fig. 10) can help the designers.

Component | -Value Purpose Note
R1 30 Q ' R1 controls the receiving gain. When high current values are allowed,
Bridge . R1 must be able to dissipate up to 1 W. .
R2 330 Q Resistors The Ratio R2/R1 fixes the amount of signal delivered to the line. R1
helps in fixing the DC characteristics (see R3 note).
R3 30Q Line Current | The relationships involving R3 are :
Sensing - ZmL = (20 R3//Zg) + R1
Fixing DC ZU/1Zme
Characteristic| ~ Gs =K R3
' -Ve=(lL—-10) (R3+R1)+ Vo ;Vg=37V
Without any problem it is possible to have a Zy. ranging from 600
up to 900 Q. As far as the power dissipation is concerned, see R1
note.
R4 13 kQ Bias Resistor | The suggested value assures the minimum operating current. It is
possible to increase the supply current by decreasing R4 (they are
- inversely proportional), in order to achieve the shifting of the AGC
starting point. (see fig. 16). After R4 changement, some variations
could be found also in other parameters, i.e. line voltage.
Balance It's possible to change R5 and R6 values in order to improve the
RS 22 kQ Network matching to different lines ; in any case :
Zs_Re :
R6 6.8 kQ Z, Rt
Zg = R5 + R6//Xca
R7-R7' 100 Q Receiver R7 and R7', must be equal ; the suggested value is good for
Impedance matching to dynamic capsule ; there is no problem in increasing and
Matching decreasing (down to 0 Q) this value. A DC decoupling must be
inserted when low resistance levels are used to stop the current due
to the receiver output offset voltage (max 200 mV).
R8 200 Q Microphone
Impedance
Matchin
14/15
: ‘_ SGS-THOMSON
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Component | Value Purpose Note

C1 10 pF Regulator AC| A value greater than 10 pF gives a system start time too high for low

byPass - current line during MF operation ; a lower value gives an alteration of
the AC line impedance at low frequency.

c2 47 nF Matching to a| C2 changes with the characteristics of the transmission line.
Capacitive
Line

C3 82 nF Receiving C3 depends on balancing and line impedance versus frequency.
Gain . -
Flatness

C4 15 nF Balance See note for R5, R6.
Network .

C5 - 0.33 uF | DC Filtering | The C5 range is from 0.1 uF to 0.47 pF. The lowest value is ripple

limited, the higher value is starting up time limited.
' C6-C7 1000 pF | RF byPass

c8 100 pF | Receiving See note for R7, R7.
Output DC
Decoupling

(03] 1uF Receiving
Input DC
Decoupling

15/15
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PBL3726
SERIES

MASK - PROGRAMMABLE SPEECH CIRCUITS

Key Options

= MICROPHONE TYPES SUCH AS ELECTRO-
DYNAMIC/MAGNETIC, ELECTRET OR CERA-
MiC

= POWER SUPPLY FOR EXTERNAL CIRCUI-
TRY

= AGC CIRCUIT

= LINE REGULATION OF TRANSMIT/RECEIVE
GAIN FOR CERTAIN TELEPHONE STATION
POWER SUPPLIES ’

= EXTRA POWER SUPPLY INPUTS FOR OUT-
PUT AMPLIFIER TO BE USED IN HAND-FREE
TELEPHONES

» SPECIAL  IMPEDANCE/GAIN
MENTS

= MUTE OR TRANSMIT/RECEIVE AMPLIFIERS
WITH OR WITHOUT CONFIRMATION TONE

= ACOUSTIC SHOCK ARRESTORS

= SIDETONE CANCELLATION CIRCUITRY

Pin Options

= MUTE/NO MUTE FUNCTION

= REGULATION OF SIDETONE WITH LINE
LENGTH

» CUT OFF OF ALL LINE REGULATION

REQUIRE-

ABSOLUTE MAXIMUM RATINGS

ADVANCE DATA
External Components (step by step)

» DC CHARACTERISTICS

» IMPEDANCE

= TRANSMIT GAIN

= TRANSMIT LINEARITY

= RECEIVE GAIN

» RECEIVE LINEARITY

= SIDETONE.

= LOW VOLTAGE OPERATION

DESCRIPTION

PBL3726 is a family of mask-programmable speech
circuits intended for various telephone applications.
The flexibility of these circuits allows use of versions
of PBL3726 in all telecom markets, whether it be in
an ordinary telephone, a hands-free multi-function
phone or even as a trunk interface. The versatility is
based on three levels :

- Mask options for special requirements

- Pin options on certain functions

- Step-by-step design possibility on the’ basic
telephone functions maklng it possible to cut
down design time to a minimum. This is done
by changing the values of a small number of
external components

Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated)

Symbol Parameter Test Conditions Unit
Vpc | Line Voltage, tp =2 s 22 \
loc Continuous Operating Line Current (*) 100 mA
Tj Junction Temperature ' + 150 °C

Tamb Operating Ambient Temperature — 40 to + 70 °C
Tstg Storage Temperature —55to + 150 °C

(*) Max current increases linearly up to 130mA with max operating temperature lowered to + 55°C.

November 1988

1/36

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change wnhom notice.



PBL3726 SERIES

Figure 1 : Block Diagram aﬁd Typical Application.
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External RC-networks
1) Line impedance and radio interference suppression
2) Transmitting amplifier, gain set and frequency adjustment

5-8530/1

3) Receiver amplifier, gain set and frequency adjustment
4) Side tone adjustment

For recommended operating conditions see specific data sheets for different versions of PBL3726

FUNCTIONAL DESCRIPTION

The gains of the transmitting and receiving ampli-
fiers are continuously and equally changed with the
line length. The gain regulation can be cut off exter-
nally, and the gain will then be the maximum gain
normally used at long lines.

The outputs of the transmitting and receiving ampli-
fiers have internal limitations as to the output ampli-
tudes.

The circuitincludes a temperature independent volt-
age reference used for regulating the DC line cur-
rent and for regulating the transmitting and receiving
gain. The DC voltage quickly settles to its final value
with a minimum of overshoot.

The circuit needs few external components. Inanor-
mal practical case there are only 5 external capaci-
tors, one of which is an electrolytic/tantalum filter
capacitor. The other capacitors are needed for radio
interference suppression, to function in the sidetone
balancing network, and to provide low frequency
cut-off in each of the transmitting and recelvmg am-
plifiers.

The circuit has an excellent return loss characteris-
tic against both purely resistive lines such as 600 Q
and against complex networks such as 900 Q in par-
allel with 30 nF.

The microphone input is balanced to provide a good
CMRR.

Itis possible to add a push-button controlled cut-off
of the transmitting amplifier of the circuit without dis-
turbing any of the other circuit functions.

A mute input is included to :

1) Cut off the transmitting amplifier (F1)

2) Reduce gain in the receiving amplifier

3) Reduce current consumption to lower power loss

The DC regulation works independently of the mute
function and is not influenced by the mute signal.
External mute-control of the circuit from a DTMF
generator is then possible.

The receiver amplifier is equipped with a hlgh im-

pedance input stage, allowing a less expensive RC
network on the input.

MICROELECTRONICS

2736 : L3y S5S-THOMSON
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"PBL3726 SERIES

Only resistive elements are used to set the receiv-
ing gain.

A push-pull power stage in the receiving amplifier
provides a high output swing.

The sidetone balance can be set by an RC network
without influencing other parameters. An inexpen-
sive solution requires only one capacitor whereas
more capacitors may provide better performance.
The sidetone can be regulated with respect to line
length.

A separate amplifier stage (F3) can be used in se-
veral different ways, for instance.

1) Separating the sidetone balance network
2) Compensating sidetone level for line length

3) Provudmg an extra 20dB gain for volume control
of the receiving amplifier, etc.

This amplifier has many uses. In the following part
only two examples of its use are given.

Figure 2.
uNe [T
"O T T
H H
1
! H
! |
' 1
! 1
' 0| [4 f
1 1
) 1
1 )
1 1
H )
' é ' A F.
1 ! 2
' ! [
H ! TRANSMITTING
! ! CUT-OFF 8
1 1
] 1
uNe | ! J
—o— : ;
MUTE O S-8531

A, B, C and D are RC links with the following func-

tions :

A : To set the gain and frequency response for trans-

mitting

B : To set the sidetone level (regulation with line

length is possible)
Figure 3.

C : To set the gain and frequency response for re-
ceiving

D : For radio interference suppression and to give
the correct return loss behaviour

LINE

LINE

BIC

S-8532n

-O-

In this case an extra 20 dB amplification is added to
the receiving part. A potentiometer provides the

‘_ SGS-TH
mucm&mmmuu@s

possibility of adjusting the gain to the required level.

MSON 3/36
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PBL3726 SERIES

BASIC EXTERNAL COMPONENTS
R1, R2.

These resistors set the starting point for the gain and
sidetone regulation.

Input impedance on the regulator is about 52KQ *
2%. Only universal versions of PBL 3726 like
PBL3726/6, 3726/9 etc. are equipped with this op-
tion. In the data sheets for these versions there is a
table showing the R1, R2 values for different central
office power supplies. The regulation can also be
cut off by leaving R1 open and shorting R2 to-LINE
voltage.

For other PBL 3726 versions the regulation is set in-
ternally for a specific power supply type.
C1, C2, R3.

C1 in series with R3 and these in parallel with C2
determine the impedance to the line from the set.

C2 is normally inserted for radio interference sup-
pression.

Figure 4 : The PBL3726 and External RC Networks.

The network is optimized with regard to the return
loss. .

The R3, C1 combination forms a low-pass filter in
the DC-feedback loop of the transmitting amplifier.
If the R3 C1 time constant is too low there may be
distortion at low frequencies.

If R3 is changed this will change the DC characte-
ristics too which is set by the voltage at Vpbp. The
input current at Vpp is about 1mA.

R4, R5, C3, C4.

The network gives the amplification and frequency
response for the transmitter. R5 is used when a
greater reduction of the gainis wanted. Input imped-
ance at Fz is about 17KQ with typical variation
+ 20%. The DC load on F1 must be greater than
40KQ.

’uus '.' """" ; 5@
[ H ;
g]‘ﬂ E :
i i
! i
1 ]
R
R4
-
|
(1 R R
| (
| e
e i
5 !
LINE E :
T i
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FiQLlré 5 : Typical Filters.

PBL3726 SERIES

Fy

F 2>

Ra
c
Fy F2
RA ’ ’ :2-
CA RA
Cg Ca
Rg 8
F2

F F

, A
B8
Cg

F F5

R
C

A
F F2
RA i
Cs
RA Ca
Rg
F F2
Fy F2
Ra
Ca
Rp
Rg Cg
S-8534
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PBL3726 SERIES

R6.

Sets the DC Characteristics and dissipates some of
the supplied power. The resistor also affects, the
transmitter gain, the output amplitude from the
transmitter, the gain regulation and the sidetone.
Common values are 68Q to 82Q .

Figure 6 : Typical DC Characteristics.

0-5928

\:

)

" WITH PBD 3535

7 . 1A

10 /C%mm
7

8 //;/

6 - -

‘ f 1

. 2]

0 20 0 60 80 1 (ma)

R7, R8, R9, R10, R11, C5.

" This network sets the sidetone balance. The net-
. work in the application is one of many possibilities.

Figure 7 : Sidetone Network.

R10 an R11 together balance the signals that exit
two different ways from the transmitter output stage,
one from pin 1 and the other from pin 2. The bal-
ance network consists of R8, R9 and C5.

Examples gfven in the data sheets for different ver-
sions of PBL3726 are not optimized to any specified

line : they are given only to show the principle.

Amplifier F3 has a high input impedance.

Shown in fig. 7 are some different sidetone net-
works.

Construction of a sidetone network with regulation
according to the above can be done as follows :

The balance impedance A is optimized at a short
line where the regulation starts. The balance imped-
ance B is optimized at a long line where the regula-
tion stops. The circuit generates a continuous
change between the two balance impedances. Rx
insures that no DC voltage shall be between F3’s
double positive inputs at the change.

By breaking up between the negative input and out-
put of F3 it can be used as an amplifier with amplifi-
cation greater than unit. In fig. 8 two balance
networks without F3 are shown. F3 can then be used
in other applications.

TYPE :UNREGULATED

TYPE . REGULATED

| SR

TYPE ! REGULATED

TYPE UNREGULATED

S-853s1

8736 LS SGS-THOMSON
’ MICROELECTRONICS
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PBL3726 SERIES

In fig. 9 a circuit is shown, where F3 is used asan
amplifier with an extra 20dB gain at receiving and

. with a volume control.

R12, R13, C6 (R10, R11).

The network gives the gain and frequency response
for the receiver.

R13 is used when a greater reduction of the gain is
wanted. Input impedance F4 is about 35KQ with ty-
pical variation + 20%. For different possibilities for
the design of the network, see the network for the
transmitter (R4, R5, C3) in fig. 5.

R14.

Generates the output impedance to the magnetic
earphone.

If a dynamic earphone is used it should be placed
between outer connections. The middle connection
is then not used.

This will give about a double output (for the same
output current).

Rectifier. Rectifier bridge and over-voltage protec-
tor. The zener voltage at fig. 10 should be as low as
possible. Common values are between 12V and
16V.

Figure 9 : 20dB Extra Amplifier (cannot be used

Figure 8 : Sidetone Netrwork without Fa.

+LINE

R6

IS MADE LOW OHMIC

+ LINE

c6

S - 8531

Flgure 10 : Rectifier Bridge and Overvoltage

in all version). Protection.
LINE
+
R10
62Kn 68nF ta
100K0 l— +F3 —";0‘5
15nF +LINE
RN ]
2 62K 68KN 68KN
[]nsnn 047 uF 15V
4 -LINE —O L
O—
T 5K S-8538
S-8536/1
L3y SGS-THOMSON 7136
Y/ wicRosECTRONICS
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DESIGN RULES

The following order should always be used when
designing telephone parameters.

1) The circuit impedance to the line

2) DC characteristics

3) Gain regulation

4) Transmitter gain and frequency response
5) Receiver gain and frequency response
6) Sidetone

Components usually have to be added to surpress
radio interference, especially from the wires up to
the handset.

(The circuit can be placed either in the telephone or
in the handset).
IMPEDANCE.

This is determined with the components C1, C2,and
R3 in most cases. In fig. 11 a few examples of this

are shown. If a more complex impedance is desired

Figure 11 : Typical Return Loss Against 600Q.

NETWORK ¢ g —O

R3

]

LINE

S-8539/1

G-5929

as in the example for British Telecom (fig. 12), this
can also be achieved by copying the mathematical
model of the desired impedance.

Examples of line impedance matching :

Impedance R3 C1 Cc2
600 Q 600 Q | 47 pF 15 nF
900 Q, 30 nF 900 Q 47 puF 15 nF
1.2 kQ, 60 nF 12kQ | 47 pF 47 nF

Figure 12 : Example of complex Impedance
Matching.
370n 2700
O.IyF
620 LINE
6200
0.18uF *
I 4TpF

MODEL WITH PBL3726

S-8540/1

DC CHARACTERISTICS.

The slope of the DC characteristics is set by the re-
sistor R6 (fig. 13). The lower value of R8, the flatter
the slope. With the steaper slope the minimum DC

Figure 13 : Typical DC Characteristics.

G-5930

1% w)
15 20
16 %
17 ] pu— X
\\ // ° = L —
18 N | 1
19 —1
0 20 40 60 1 (mA) 80

1] 500 1000 1500 2000 2500 3000 3500 f(Hz)
8/3% i L7 SGS-THOMSON

MICROELECTRONICS
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PBL3726 SERIES

voltage also will go down. It is not recommended,
though, to set the PBL3726 to DC voltages below
2.5V. If in some circumstances the DC characteris-
tics of PBL3726 is too low, they can be raised by in-
serting an extra diode in series with the rectifier
bridge as in fig. 14.

GAIN REGULATION.

When regulation with line length is used on send
and receive gain, this can be set with the resistors
R1 and R2. Note that not all versions are equipped
with this function. By changing the values of these,
the regulation attack can be set to fit any particular
need.

Figure 14 : Rectifier Bridge with Extra Diode.

15V
)

S-8541

Atable in the data sheets shows what values to use
for some standard power supply systems. See
example in fig. 15.

Figure 15 : Examples of Line-regulation Setting.

Figure 16 : Typical Gain Regulation with Line
Lenght.

G-5931

TN SRR
INNNNNNS=

P> i NN
49 \\\ > x§§ \\
0 RN ),S &6\\ N
47 //Q \
i & NN
45 '& SENDING GAIN REGULATION
. LA MHNMIT

0 100 500 1K

G-5932/1

NS AN RN
RECEIVE GAIN REGULATION

'j NNINSZEEE
. NS EPSNNAN
- N )4 '
-0 N\ /// QR
1 ~——] \ \\
" NN s
-13 Q\ \ i6

0 100 500 1K
TRANSMITTER GAIN.

The resistor R4 sets the gain by attenuating the sig-

Line R1 R2 nal from amplifier Fi." If greater attenuation is
50V, 2 x 200 Q 18 kQ 47 kQ needed a resistor (R5) can be connected to the
50 v, 2 x 400 Q 91kQ | 47k minus fine.

50 V, 2 x 800 © 0 Tq get a frequency.responsg apprgpriate for the
‘ - microphone used a filter function as in fig. 5 can be
Unregulated (all lines) had 0 _ used. These filters were previously described in this
Regulation input (pin 6 on PBL3726/6) document.
37 SGS-THOMSON 9/36
Y/ ricRorLECTRONICS
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The circuit can be provided with an unbalanced in-
put as in fig. 18.

Cit off of the transmitter can be done at F1 without
interfering other functions of the circuit as in fig. 19.

Also signals other than DTMF sngnals can be added
at input of Fa.

Figure 17 : Typical Response of PBL3726 Using
Simple Filter.

Q|| >

S-8542/1

6K ggnr

LEVEL \Q \

+1d8

G-5933

X

n DA
IMH .

100 . 1K f(Hz)

For the version originally developed for electrody-
namic/magnetic microphones it is also possible to
use electret microphones as shown in fig. 20.

Figure 20 : Alternative Microphones of Electromagnetic and Electrodynamic Types for PBL3726.

RECEIVER GAIN

In order to get the correct gain on the receive side, re-
sistors R10 - R13 are used. Remember that R10 and
R11 also set the rough ratio of the sidetone. R13 is
used only in extreme circumstances, where a very

Figure 18 : Unbalanced Input.

-

v -O-LINE

S-8543

Figure 19 : Special Function.

Nl

o

CUTOFF

16Kkn S6nF

SIGNAL

S-8544

MIC LOAD 10KA

—0 +

a.Electret without source-
follower

b .Electret with source-
follower 3- lead.

S-8545/1

c. Electret with source -
follower 2-lead:

10/36

‘7_’ SGS-THOMSON
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PBL3726 SERIES

high receive gain attenuation is needed. The fre-
quency response can be altered with the same filters
used for the send gain (see fig. 5). To get protection
against acoustic shock the diodes provided on some
versions after the output of F4 can be used.

One or two diode pairs can be used. Should this not
be enough a resistor can be connected after the
diodes (in series). This should be done before the
setting of the receive gain.

Figure 21 : Typical Receive Gain.

The part that can be alteren by the speech circuit is
. the Arst value that can be determined by the formu-
2Kn __4InF la: :
Zc +Zso Z+Zc
62KN Arst = 20 1010g [ X
2Zc Z-Zso
Where :
PBL 3726 Z = Impedance of the connected telephone line
Zso = The balance impedance of the central office
(PABX)
Zc = Impedance of the speech circuit
_L L The sum of Z and Zso can be called Zjine
The principle of the traditional so called active
os speech circuit has been the wheatstone bridge (fig.
-8seen 23). The formula for the minimum sidetone is to ba-
lance until :
G-5934 22 Zbal
LEVEL N N \ - = 5
+1d8 N > N e Zine
01 N — Figure 22 : CCITT Factors.
-108 /’ S
f w L
4 N \ kHz B dB
" // N N 02 86.4 8.4
N 0.25 81.9 49
N \ 0.315 785 1
100 o 1K f(Hz) 0.4 78.2 -0.7
0.5 72.8 -22
SIDETONE 0.63 67.6 - 26
10 m 0.8 58.4 -32
STMR =~ —X 1010g {14 = — (Wst + L Ss + SR + Arst)} 1 49.7 - -23
m £1010 1.25 48.0 -1.2
i=1 1.6 48.7 - 0.1
The most difficult part of the design work is always 2 50.7 3.6
to define the sidetone. This should always be done 25 298 74
last when designing with PBL3726. The sidetone is - - -
the sound of your own voice fed back into the ear 3.15 484 6.7
by the handset. 4 49.2 8.8
L7 SGS-THOMSON 11736
’I MICROELECTRONICS

The subjective effect of this is best seen in the for-
mula above for "Side Tone Masking Rating".

Summed at the frequencies fi= 0.2,
0.25......4KHz (see fig. 22)

Wst = Weighing factor

Le = Leakage at receiver capsule
Ss = Send sensitivity

Sr = Receive sensitivity

Arst = Hybrid-loss balance
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The principle of PBL3726 is more complicated (even
if calculation with the bridge in fig. 23 is possible).

Figure 23 : Balance Bridge.

With the all-active bridge a method of cancelling the .
sidetone is a summing amplifier makes it possible ,_é
to get not only one but two different sidetone opti-
mums for different line lengths (see fig. 25). The t
function of the external components in fig. 7 have Zjine Z; T
previously been described in this document. Fig. 26 \
shows an example of a sidetone network using the Zbal
Wheatstone principle with PBL3726. T P
Figure 24 : Unregulated Sidetone Network.

62Kn‘lZKﬂ 4InF

—
6.2Kn ]
PBL3726

2> |

S-854811

$-8552

LEVEL
LEVEL 1008 [Fo==mmmmm s 7
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LD SHALL BE LESS THAN THE VALUE
INDICATED BY THIS LINE AT ALL
FREQUENCIES BETWEEN 200
/—\ AND moy
,///////// /:////////
Ve ////////////}'/ ’ ///// //,/// 11277
2012222727277 2222820202222708202702777
LINE LENGTH [ |
i '
5-8550 ! H
06 09 12K
12/36
‘_’l SGS-THOMSON
MICROELECTRONICS
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Figure 25 : Regulated Sidetone Network.
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Figure 26 : Wheatstone Type Sidetone Network.
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5-8554/1
PRODUCT SUMMARY
Microphone Split
Regu Extra Low Click | power
Speech Electro | Electro lated | Cost | Sup |supply
Circuit  |carbon|Magne | Dyna |Electret Line Side icnt?.:)ve Speak | pres for
tic mic tone Phone | sor |Output
Amp
PBL3726/6 . . Adjustable . . . .
PBL3726/8 . . 36V,
2 x 500 Q
50 v, (] . . .
2 x 800 Q
PBL3726/9 . . Adjustable . . ° .
PBL3726/11 . . . . . .
PBL3726/12 . . Adjustable . . . . ‘e
14/36
‘_ SGS-THOMSON
Y/ ricRoELECTRONICS
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APPLICATIONS

To use PBL3726 in a hands-free telephone with a interface against the telephone line is needed. The
monitor function the schematics in fig. 27 can be balanced inputs and outputs make this possible
used. The transformer should be rather efficient. Or- together with the possibility of regulated sidetone.
dinary transistors can be used. Examples of both one-way and two-way data/signal
PBL3726 can also be used as trunk interface in communication with PBL3726/6 are shown in fig.
modems, PABX, key systems etc where an analog 28. ’ )

'

Figure 27 : Monitor Loudspeaker.

uNe I
.

2 .
! I BCI0SC
— sxn
T [j ) i""
" Iusn :?n
TWO - WAY COMMUNICATION (SEND/RECEIVE)
Figure 28 : Trunk Interface Applications.
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NOTES
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PBL3726/6

MASK - PROGRAMMABLE SPEECH CIRCUITS

SPEECH CIRCUIT

= MINIMUM NUMBER OF INEXPENSIVE EX-
TERNAL COMPONENTS, 5 CAPACITORS
AND 10 RESISTORS

= MUTE FUNCTION FOR PARALLEL OPERA-
TING WITH DTMF GENERATOR OR DECA-
DING IMPULSING

= LOW VOLTAGE OPERATING, DOWN TO 3.3V

= VERY SHORT START-UP TIME

DESCRIPTON

PBL3726/6 is standard version of the PBL3726 fa-
mily of the mask-programmable, monolithic integra-
ted speech circuits for use with a low impedance
microphone. Sending and receiving gain is regula-
ted with line length. Different ranges of amplifier re-
gulation for various current feeds can be obtained
with external resistor or totally cut off. Typical cur-
rent feeds as 48V 2 x200Q 2 x 400Q and 36V
2 x 250Q can be handled.

DIP-18
(Plastic)

ORDER CODE : PBL3726/6

Application-dependent paremeters as line balance,
sidetone level and frequency response are set by
external components. Parameters are set inde-
pendently which means easy adaptation for various
market needs. An extra 20dB amplifier can be used
for various purposes such as extra receiving gain
with volume control or active sidetone balance.

TEST CIRCUIT
+LINE
ey
[59001’) 62KN
12KN
MUTE ezna 47nF ourPUT
Is 4 1 9 10 TlS 16
PBL 372616
o——% iy
INPUT f F2 > A V.0
o 3 l — r S
1 3nn
|
iG " 3 2 8 |7 % _IB
20 amhe 2LKN
e ;,‘ kn == 08nF - ==15nF
= l ]Kn | U sokn
R2 i 70
ﬁ_l"’““ Y Tmpf ﬁhausw ﬂ 33nF
i T _5435
5-8584
LSy SGS-THOMSON 17138
Y/ wicrorzEcTRONICS
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ABSOLUTE MAXIMUM RATINGS
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated)

260

Symbol Parameter Test Conditions Unit
Vpc | Line Voltage, tp =2's 22 \
Ipc (*) | Continuous Operating Line Current 100 mA
Tj Junction Temperature + 150 °C
Tamb Operating Ambient Temperature —40to + 70 °C
Tstg Storage Temperature - 55t0 + 150 °C
(*) Max current increases linearly up to 130mA with max operating temperature lowered to + 55°C.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min. Typ. Max. Unit
I Line Current 15 100 mA
CONNECTION DIAGRAM
+LINE [ 1 ]
e el T ourewn
GAIN SET 1E] 1)
+ocsuppy |4 5[]  RECELING
uneasc |5 16]]  -UNE (6ND)
Mute [ 6 " ] MICROPHONE
B 12 ] INPUT
SoetoNel  [le f]  canser
5 op e
$-8586/1
TEST SET-UP
Rieed
40012000 ResOt0 4D MICROPHONE.
(%) MUTEO—— Zy=3500
SHeSH Zin
]
- -O—
L * *
= 485V 4L10pF TEST
CIRCUIT
s00n va LINE o
Zour 7 Zg=350.0
vy ’
l -
\ EARPHONE
* (#)IuF WHEN LINE IS USED S- 876113
(k%) R =OWHEN LINE IS USED
18/36 L7 SGS-THOMSON
Y/ sicRoELECTRONICS




PBL3726/6

THERMAL DATA

'Eh j-amb | Thermal Resistance Junction-ambient

Max

80

[ cow |

ELECTRICAL CHARACTERISTICS (electrical characteristics 6ver recommended operating conditions)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Voe Terminal Voltage Ioc =15 mA 3.3 3.7 4.1 '
Iopc = 100 mA 11 13 15 Vv
G Transmitting Gain (* \
T g Gain (°) 20..10g10 ( £ ) 1KHz
RL=0 E=E+10% 41 43 45 dB
RL =400 Q ) 43.5 455 475 dB
RL =900 Q-22kHz 46 48 50 dB
REGt | Transmitting Range of 1 kHz
Regulation R.=0Q E=E+10% 3 5 7 dB
to R, =900 Q
Lint Transmitting Frequency 200 Hz to 3.4 kHz -1 1 dB
Response
G Receiving Gain (* V
A g Gain () zo.mgm(v—4 ) 1 kHz
RL=0Q E=E+10% [ -185 | —16.5 | — 145 dB
RL =400 Q -16 -14 -12 dB
RL =900 Q-2.2kQ -135 | -115 | -95 dB
REGRr | Receiving Range of Regulation | 1 kHz 3 5 7 dB
RL=0Q E=E+10%
to R = 900 Q
Ling Receiving Frequency Response | 200 Hz to 3.4 kHz -1 1 dB
ZiN Transmitter Input Impedance 1 kHz 1.1 kQ
Vr Transmitter Dynamic Output 200 Hz - 3.4 kHz 15 Vp
< 2 % Distortion
Ilpc =20 —-100 mA
Vr Transmitter Max Output 200 Hz — 3.4 kHz 3 Vo
Ioc =0—100 mA
Vz3=0-1V
Zout Receiver Output Impedance 1 kHz 34+ 310 Q
Receiver Dynamic Output ** 200 Hz — 3.4 kHz 0.5 0.55 Vp
<2 % Distortion
IDC =20-100 mA
VR Receiver Max Output Measured with Line Rectifier 0.9 Vp
200 Hz - 3.4 kHz
Ipc = 0—100 mA
Vi=0-50V
NT Transmitter Output Noise Psor-weighted, REL 1 V -75 dBpsof
RLO
Ngr Receiver Output Noise A-weighted, REL 1V, with Cable -85 dBa
0-5 Km @ 0.5 mm ;
0-3 Km & 0.4 mm
Im Mute Input Current 0.1 mA
Ioc Extra Available Current when lpc = 15-100 mA 10 mA
Muted at the Same DC-voltage
* Adjustable to both higher and lower values with external components.
** The dynamic output can be doubled. See application notes at R14.
LS SGS-THOMSON 19138
Y/ wicroELECTRONICS

261



PBL3726/6

KEYBOARD

Figure 1 : Typical Application.

{ o '
A { ul v4 U?an 650011 6‘00)((1 J-
Il_— " j33Kn .
TONE
DI-ALER ‘5 4 1 9 10|15
R PBL372616
VnF 2 N 12
TRy o B B <8
A n -L 16 LINE
a@s 6
a []:J‘s n El 2 7 |8 L3 —0
33KN “iF_J w7K0
@ | e
mi. 6 8K
- e :Tsw
s6K0 J LnF I
Some typical values for R1 and R2 for some diffe- Type R1 R2
rent supplies from telephone stations are shown in - -
the next table No Regulation all Feeding oo 0
L " Systems
48V, 2 x 200 Q 16 KQ 47 KQ
48 V, 2 x 400 Q 9.1 KQ 47 KQ
36 v, 2x 500 Q 0 oo
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PBLSERIES

PBL3726/8

MASK - PROGRAMMABLE SPEECH CIRCUITS

SPEECH CIRCUIT

= MINIMUM NUMBER OF INEXPENSIVE EX-
TERNAL COMPONENTS, 6 CAPACITORS
AND 10 RESISTORS

= MUTE FUNCTION FOR PARALLEL OPERA-
TION WITH DTMF GENERATOR OR DECA-
DING IMPULSING

= LOW VOLTAGE OPERATION, DOWN TO 3.3V

= VERY SHORT START-UP TIME

= CURRENT-SOURCE GENERATOR FOR AC-
TIVE MICROPHONES

DESCRIPTON

PBL3726/8 is a standard version of the PBL3726 fa-
mily of the mask-programmable, monolithic integra-
ted speech circuits for use in electronic telephones.
It is designed for use with a low impedance micro-
phone. Sending and receiving gain is regulated with
the line length. Different ranges of amplifier regula-
tion for various current feeds can be obtained by
mask programming. Typical current feeds such as
48V 2x 800, and 36V 2x500 can be handled.

DIP-16
(Plastic)

ORDER CODE : PBL3726/6

Application-dependent parameters are line ba-
lance, sidetone level and frequency response are
set by external components. Parameters are set in-
dependently which means easy adaptation for va-
rious market needs. An extra 20dB amplifier can be
used for various purposes such as extra receiving
gain with volume control or active sidetone balance.

TEST CIRCUIT
[ . ) 7

0 | PBL3726/8

8 3
13 o i
‘ - L - 4 '5 outpur | | 30
1!
| 2 -O4
el -D> j}A - iy |

3i0n
9 3 2 6 68nF 2
L nwKn 33KN 33il-:
2kn |OVSHF 17Kn
”’sn
205w
~LINE
5-8594/1
L3y SGS-THOMSON 21/36
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PBL3726/8

ABSOLUTE MAXIMUM RATINGS

Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated)’

Symbol Parameter Test Conditions Unit
Voe Line Voltage, t, =2 s 22 Vv
loc Continuous Operating Line Current 100 mA
Tj Junction Temperature 150 °C

Tamb | Operating Ambient Temperature \ —401to + 70 °C
Tstg Storage Temperature - 55to0 + 150 °C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min. | Typ. | Max. | Unit
IL Line Current 10 60 mA
Tamb Ambient Temperature —-15 45 °C
CONNECTION DIAGRAM
H+UNE [ 1 16
B pegence ]2 s foureur
camw ser |3 |
+oc suppLy  [|4 n]]  REcEmo
"MuTE E 12]] - UNE (GND)
s BT ]
. : MICROPHONE
SiDETONE | [| 7 mh INPUT
circuIt
IE 3 GAIN SET
5-8596
TEST SET-UP
Rieced
4000+ 4000 R=010 LKE\ MICROPHONE.
(k%) MUYEO—J 2y=3500.
N
K]
- A O
£ * *
== 4BSV 410pF YEST 1
CIRCUIT
coon vz LINE o
Zour | - Vs Zg=3500
\J]
| 5|
L} EARPHONE
(3)IuF WHEN LINE IS USED S- 876113
(k%) R =0 WHEN LINE IS USED
22/36

264

Ly 2NN




PBL3726/8

THERMAL DATA

IR,h j-amb [ Thermal Resistance Junction-ambient

Max

80

cwW |

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating cohditibns)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vpc Terminal Voltage Ipc =10 mA 3.0 35 4.0 \
: Ipc =60 mA 7 9 10.5 \)
G Transmitting Gain * \
T 9 20 .1og10 ( = ) 1 kHz }
RL =0 E=E+10% 33 34 35 dB
Ry =400 Q 35.5 36.5 375 dB
RL =900 Q — 2.2 kHz 38 39 40 dB
REGt | Transmitting Range of 1 kHz
Regulation RL.=0Q E=E+10% 3 5 7 dB
' | to R, =900 Q@
Lint | Transmitting Frequency 200 Hz to 3.4 kHz -1 1 dB
Response
G Receiving Gain (* \'
R 9 Gain () 2o.|og10(v—‘: ) 1 kHz
RL=0Q E=E+10% | - 179 [ — 165 | — 15.1 dB
REGRr | Receiving Range of Regulation | 1 kHz 3 5 7 dB
RL=0Q E=E+10%
to R, =900 Q
Ling | Receiving Frequency Response| 200 Hz to 3.4 kHz -1 1 dB
Z\N Transmitter Input Impedance 1 kHz 17 20 kQ
Vr Transmitter Dynamic Output 200 Hz — 3.4 kHz 1.1 Vp
< 2 % Distortion
Ipc =11.25 — 50 mA
Vr Transmitter Max Output 200 Hz — 3.4 kHz 3 Ve
|DC =0-50mA
Vz=0-1V
Zout | Receiver Output Impedance 1 kHz 3 +310 Q
Vg Receiver Dynamic Output ** 200 Hz — 3.4 kHz 0.4 Vp
< 3 % Distortion
lpc =11.25 - 50 mA
VR Receiver Max Output Measured with Line Rectifier 0.9 Vp
. 200 Hz — 3.4 kHz
Ipc =0 —-50 mA
Vi =0-50V "~
Nt Transmitter Output Noise Psof-weighted, REL 1 V -75
RL =0
* Adjustable to both higher and lower values with external components.
** The dynamic output can be doubled. See application notes at R14.
L7 -S55-THOMSON 29796
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PBL3726/8

ELECTRICAL CHARACTERISTICS (continued)

Symbol | Parameter

Test Conditions Min. Typ. Max. Unit
Ng Receiver Output Noise A-weighted, REL 1 V, with -85 dBa
Cable 0-5 Km @ 0.5 mm ;
0-3 Km @ 0.4 mm
Im Mute Input Current 0.1 mA
Vpe Minimum DC-line Voltage when | Ipc =2.5 mA 3.0 \
Muted Im =0.1 mA
Is Supply Current for Microphone | Ipc = 11.25 — 50 mA 300 pHA
Amplifier
loc DC Voltage for Microphone lpc =11.25 — 50 mA 2 \Y
Amplifier
* Adjustable to both higher and lower values with external components.
** The dynamic output can be doubled. See application notes at R14.
Figure 1 : Typical Application.
KEYBOARD
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PBL3726/9

PBLSERIES -

MASK - PROGRAMMABLE SPEECH CIRCUITS

SPEECH CIRCUIT

= MINIMUM NUMBER OF INEXPENSIVE EX-
TERNAL COMPONENTS, 6 CAPACITORS
AND 10 RESISTORS

= MUTE FUNCTION FOR PARALLEL OPERA-
TION WITH DTMF GENERATOR OR DECA-
DING IMPULSING

» LOW VOLTAGE OPERATION, DOWN TO 3.3V

= VERY SHORT START-UP TIME

= INTERNAL CURRENT-SOURCE GENER-
ATOR FOR BUFFER AMPLIFIER OR A SIMI-
LAR DEVICE

DESCRIPTON

PBL3726/9 is a standard version of the PBL3726
family of the mask-programmable, monolithic inte-
grated speech circuit for use in electronic telepho-
nes. Itis designed for use with electret micropho- ne
with a buffer amplifier. Sending and receiving gain
is regulated with line length. Different ranges of am-
plifier regulation for various current feeds can be ob-
tained. Typical current feeds as 48V

2 x 200Q, 2 x 400Q and 36V 2x25Q can be
handled.

DIP-18
(Plastic)

ORDER CODE : PBL3726/9

Application-dependent paremeters such as line bal-
ance, sidetone level and frequency response are set
by external components. Parameters are set ind-
pendently which means easy adaptationfor various
market needs. An extra 20dB amplifier can be used
for various purposes such as extra receiving gain
with volume control or active sidetone balance.

1

TEST CIRCUIT
. B +LINE
-0
H]Swﬂ 62KN 1Ko
MUTE E% 6260 == 4InF ouTPUT
6 & 1 9 10 15 16
o 2 @ PBL 372619 350 .0
SIS 11
A F A
; 3
omef IA J' T b 300
S n 3 2 8 |7 \ 18
"& oz, 2kn |
awr 220F 414 15nF
T 68KN
750
ZO.SWE J5xn 2InF
T L
EST T
L7 SGS-THOMSON 2536
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PBL3726/9

ABSOLUTE MAXIMUM RATINGS
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated)

Symbol Parameter Test Conditions Unit
Voc Line Voltage, tp =2 s 22 \
Ipc (*) | Continuous Operating Line Current 100 mA
Tj Junction Temperature 150 °C
Tamb Operating Ambient Temperature —40to +70 °C
Tstg Storage Temperature : —55to + 150 °C
(*) Max. current increases linearly up to 130mA with max operating temperature lowered to + 55°C.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min. Typ. | Max. | Unit
L Line Current ) ' 15 100 mA
CONNECTION DIAGRAM
+UNE [ 1 18 ]
Bt el 7l oureur
GAIN SET [ 3 16 ]
+oc suppy  [|4 5[] RECEWING
une acc [Is 1] -une (GND)
| MutE [ € " ] IMICROPH;)NE
INPUT
i 12{] | :
SIDETONE fle 1) GAIN SET
e ol sees
S-8629
TEST SET-UP
Rieea
400n+2000 Ry=0t0 4KA J MICROPHONE
(%3%) MUTEO— Zy=3500
SHeSH N .
3
- q 4\;)__(
- LBSV 470?:' TEST
CIRCUIT
coon Vz LINE 0
Zour A\ 2p=3500
\J]
1 -
W, EARPHONE
() IuF WHEN UINE 1S USED s-076113
(% *)R(=OWHEN LINE IS USED
26/36
‘_ SGS-THOMSON
Y/ wicRomECTRONICS

268




PBL3726/9

THERMAL DATA

Max

80

cw |

' [Rin -amb | Thermal Resistance Junction-ambient

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions)

Parameter

Symbol Test Conditions Min. Typ. Max. Unit
Voe Terminal Voltage Ipc =15 mA 35 3.9 4.3 \"
Ipc = 100 mA 11 13 15 Vv
G Transmitting Gain * Vv .
T i 20.1og10 ( 7 ) 1 kHz
RL=0 E=E+10% 24 26 28 dB
RL =400 Q 26.5 28.5 30.5 dB
. RL =900 Q — 2.2 kHz 28 31 33 dB
‘ REGt | Transmitting Range of 1 kHz ’
| Regulation . RL.=0Q E=E+10% | 3 5 7 dB
! to R =900 Q
‘ Lint Transmitting Frequency 200 Hz to 3.4 kHz -1 1 dB
| Response
! G Receiving Gain * v
: R g 20.10g10 ( = ) 1 kHz
| RL=0Q E=E+10% | —185 | —16.5 | — 145 dB
| RL =400 Q - 16 -14 -12 dB
RL =900 Q — 22 kQ -135 [ -115] -95 dB
REGR | Receiving Range of Regulation | 1 kHz "3 5 7 dB
RL=0Q E=E+10%
to R, =900 Q
Ling Receiving Frequency Response| 200 Hz to 3.4 kHz -1 1 dB
ZN Transmitter Input Impedance 1 kHz 19 kQ
Vr Transmitter Dynamic Output 200 Hz - 3.4 kHz 15 . Vp
< 2 % Distortion
. Ipc =20 — 100 mA
Vr Transmitter Max Output 200 Hz — 3.4 kHz 3 Vp
lpc =0 - 100 mA
| Vz=0-1V
Zout Receiver.Output Impedance 1 kHz 3 +310 Q
Vg Receiver Dynamic Output ** 200 Hz - 3.4 kHz 0.5 0.55 Vo
\ < 2 % Distortion
! Ipc =20 — 100 mA
Vr Receiver Max Output Measured with Line Rectifier 0.9 Vo
200 Hz — 3.4 kHz
Ipc =0 - 100 mA
Vi=0-50V
Nt Transmitter Output Noise Psot-weighted, REL 1 V -75 dBpsof
RL =0
* Adjustable to both higher and lower values with external components.
** The dynamic output can be doubled. See application notes at R14.
27/36
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PBL3726/9

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Nt Transmitter Output Noise Psot-weighted, REL 1 V ’ -75 dBpsof
RL =0
Ngr Receiver Output Noise ' A-weighted, REL 1 V, with -85 dBa

Cable 0-5 km @ 0.5 mm ;
0-3 km & 0.4 mm

Im Mute Input Current 0.1 mA

Ipc Extra Available Current when Ipc =15 -100 mA 10 mA
Muted at the Same DC-voltage

Is Supply Current for the RL =0-800 : 310 pA
Microphone

* Adjustable to both higher and lower values with external components.
** The dynamic output can be doubled. See application notes at R14.

Figure 1 : Typical Application.
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Some typical values for R1 and R2 for some differ- Tvoe R1 R2
ent supplies from telephone stations are shown in .yp
the next table. No Regulation, all Feeding 0 0
Systems
48V, 2 x 400 Q 14.5 KQ 47 KQ
48V, 2 x 200 Q 18 KQ 47 KQ
28/36
Lyy SGS-THOMSON
Y/ nicRoELECTRONICS

270

\



PBLSERIES

PBL3726/11

MASK - PROGRAMMABLE SPEECH CIRCUITS

SPEECH CIRCUIT

= MINIMUM NUMBER OF INEXPENSIVE EX-
TERNAL COMPONENTS, 5 CAPACITORS
AND 10 RESISTORS

= MUTE FUNCTION FOR PARALLEL OPERA-
TION WITH DTMF GENERATOR OR DECA-
DING IMPULSING '

= LOW VOLTAGE OPERATION, DOWN TO 3.3V

= VERY SHORT START-UP TIME

n SIDETONE DISTORTION CANCELLATION

DESCRIPTON

PBL3726/11 is a standard version of the PBL3726
family of the mask-programmable, monolithic inte-
grated speech circuits for use in electronic tele-
phones. It is designed for use with a low impedance
microphone. Sending and receiving gain is regula-
ted with line length. Different ranges of amplifier re-
gulation for various current feeds can be obtained
with external resistor or totally cur off. Typical cur-
rent feeds such as 48V 2 x 200, 2 x 400Q and
36V 2 x 250Q can be handled.

DIP-18
{Plastic)

ORDER CODE : PBL3726/11

Application-dependent parameters such as line ba-
lance, sidetone level and frequency response are
set by external components. Parameters are set in-
dependently which means easy adaptation for va-
rious market needs. An extra amplifier can be used
for various purposes such as active sidetone ba-
lance.

TEST CIRCUIT
“+LINE
o
S00Nn 62KN
e aan 47nF outPUT
5 . ' 9 0 15 e
PBL 3726/11
o—1* B
meur| || f F > f v
o | _L — iy
27 3ion
Ko
5 n 3 2 8 |7 14 18
16 ehm
4TnF Kn S o8nF #!SnF
= .
22
Kn 100pF
~LINE
0
S5-8627/3
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PBL3726/11

ABSOLUTE MAXIMUM RATINGS
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) .

Symbol Parameter Test Conditions Unit
Vbc Line Voltage, tp =2 s 22 \)
Ipc (*) | Continuous Operating Line Current 100 mA
Tj Junction Temperature 150 °C
Tamb | Operating Ambient Temperature \ —-40to +70 °C
Tstg Storage Temperature —55to + 150 °C
(*) Max. current increases linearly up to 130mA with max operating temperature lowered to + 55°C.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min. Typ. | Max. Unit
L Line Current 15 100 mA
CONNECTION DIAGRAM
+LINE IR |
e vl oureur
GAIN SET 1 1)
+ocsurpy | 15]) RECEIVING
LINE AGC Is ]| -une (eno)
MUTE [ 8 o] MICROPHONE
INPUT
- 12])
arcorel 0o nf]  camser
s | I
5-8626
TEST SET-UP
MICROPHONE
2y=3500.
LN
Y
TEST
CIRCUIT
son ™ LINE o
Zour 4 2p=3500
vy
| 5]
EARPHONE
(%)1uF WHEN LINE IS USED - 876113
(%%) R =OWHEN LINE IS USED
3038 L7 SGS-THOMSON
MICROELECTRONICS
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PBL3726/11

THERMAL DATA

IRth J-amb I Thermal Resistance Junction-ambient

Max

80

| ccw |

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Terminal Voltage Ipc =15 mA 3.3 3.7 4.1 Vv
Ipc = 100 mA 11 13 15 \"
G Transmitting Gain * \"
T 9 20.1og10 (% ) 1kHz
RL=0 E=E+10% 41 43 45 dB
RL =400 Q 43.5 45.5 47.5 dB
RL =900 Q — 2.2 kHz 46 48 50 dB
REGt | Transmitting Range of 1 kHz
Regulation RL=0Q E=E+10% 3 5 7 dB
to RL =900 Q
Lint Transmitting Frequency 200 Hz to 3.4 kHz -1 1 dB
‘| Response
G Receiving Gain * V.
R 9 20 .1og10 ( 3 ) 1kHz
RL=0Q E=E+10% | - 185 | — 165 | — 145 dB
RL =400 Q -16 -14 -12 dB
RL =900 Q - 22 kQ -135 | -115| -95 dB
REGR | Receiving Range of Regulation | 1 kHz 3 5 7 dB
RL=0Q E=E+10%
to RL =900 Q
Ling Receiving Frequency Response| 200 Hz to 3.4 kHz -1 1 dB
Zin Transmitter Input Impedance 1 kHz 1050 Q
vVt Transmitter Dynamic Output 200 Hz — 3.4 kHz 1.5 Vp
< 2 % Distortion
||:)c =20 - 100 mA
Vr Transmitter Max Output 200 Hz — 3.4 kHz 3 Vp
Ipc =0 =100 mA
Vz=0-1V
Zout | Receiver Output Impedance 1 kHz 3+ 310 Q
Receiver Dynamic Output ** 200 Hz — 3.4 kHz 0.5 Vp
< 2 % Distortion
Ipc =20 — 100 mA
Vi=0-50V
L7 SGS-THOMSON 31/36
Y/ MICROELECTRONICS
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PBL3726/11

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vr Receiver Max Output Measured with Line Rectifier 0.9 Vp
200 Hz — 3.4 kHz
Ipc =0 — 100 mA
Vi=0-50V
Nt Transmitter Output Noise Psof-weighted, REL 1 V -75 dBpsof
R. =0 .
Ngr Receiver Output Noise A-weighted, REL 1 V, with -85 dBa
Cable 0-5 km & 0.5 mm ; :
0-3 km @ 0.4 mm
Im Mute Input Current 0.1 mA
lpc Extra Available Current when lpc =15 - 100 mA 10 mA
Muted at the Same DC-voltage
* Adjustable to both higher and lower values with external components.
** The Dynamic output can be doubled. See application notes at R14.
Figure 1 : Typical Application.
KEYBOARD
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Some typical values for R1 and R2 for some diffe-
N R ) Type R1 R2
rent supplies from telephone stations are shown in - -
the next table No Regulation, all Feeding oo 0
' Systems
B 48 V, 2 x 200 Q 16 KQ 47 KQ
48V, 2 x 400 Q 9.1 K 47 KQ
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PBLSERIES

PB L‘3726/1'2"

MASK - PROGRAMMABLE SPEECH CIRCUITS

SPEECH CIRCUIT

= MINIMUM NUMBER OF INEXPENSIVE EX-
TERNAL COMPONENTS, 5 CAPACITORS
AND 10 RESISTORS
» MUTE FUNCTION FOR PARALLEL OPERA-
TION. WITH DTMF GENERATOR OR DECA-
DING IMPULSING
= LOW VOLTAGE OPERATION, DOWN TO 3.3V
| = VERY SHORT START-UP TIME
. m SEPARATE POWER SUPPLY POSSIBLE FOR
f OUTPUT AMPLIFIER

DESCRIPTON

PBL3726/12 is a standard version of the PBL3726
family of the mask-programmable, monolithic inte-
grated speech circuits for use in electronic tele-
phones. ltis designed for use with a low impedance
microphone. Sending and receiving gain is regula-
ted with line length. Different ranges of amplifier re-
gulation for various current feeds can be obtained.
Typical current feeds as 48 V 2 x 250 Q 2 x 400 Q
and 36 V 2 x 250 Q can be handled.

DIP-18
(Plastic)

ORDER CODE : PBL3726/12

Application-dependent parameters such as line ba-
lance, sidetone level and frequency response are
set by external components. Parameters are set in-
dependently which means easy adaptation for va-
rious market needs. An extra 20 dB amplifier can be
used for various purposes such as extra receiving

gain with volume control or active sidetone balance.

TEST CIRCUIT
+LINE
-0
9000 o2k
|
“ i 2
MUTE ezkn LInf outPuUT
o I
ls . v e 0 .L's 16
1 PBL 3726112
° 2 - ]
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o—1—42 ' r I
e ]
CR O E z - [ [}
300
Rl 20 ameonr 1"‘" . e -
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PBL3726/12

ABSOLUTE MAXIMUM RATINGS
(Maximum Ratings over Operating Free-air Temperature Range unless otherwise stated)

Symbol Parameter Test Conditions Unit
Vbe Line Voltage, tp =2 s 22 VvV
Ioc (*) | Continuous Operating Line Current 100 mA
Tj Junction Temperature " 150 °C
Tamp | Operating Ambient Temperature —-40to +70 °C
Tstg | Storage Temperature - 5510 + 150 °C
(*) Max. current increases linearly up to 130 mA with max operating temperature lowered to + 55 °C.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min. Typ. | Max. Unit
I Line Current 15 100 mA
CONNECTION DIAGRAM
+LINE d 1 1]
e vl | e
canser |3 16]) -
+ocsuppy | 5[]  RECEIVING
LINE AGC [ S 14 U -LINE (GND)_
mure IE "p MICROPHONE
INPUT
K 12(]
Sioetonel  [le nf] e ser
1K o SR
S-8586/1
TEST SET-UP
Rieeq
MICROPHONE
Ry=0to4Kn J
k) MUTEO— 2y=3500
Zin
Y
— —O——
L * *
- LBSY 470pF rEST
CIRCUIT
coon V2 LINE o
Zour 4 Zg=3500
]
| 5
U EARPHONE
(k)1uF WHEN LINE IS USED S- 876113
(%%) R =OWHEN LINE IS USED
34/36 ‘_’I SGS-THOMSON
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PBL3726/12

THERMAL DATA

|Rm j-amb | Thermal Resistance Junction-ambient Max | 80

cW |

l ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vb Terminal Voltage loc = 15 mA 3.3 3.7 4.1 \
Ipc = 100 mA 11 13 15 \
p — — v
Gt ransmitting Gain 20 . 1og10 ( V_§ )1 KHz
RL=0 E=E+10% | 38 40 42 dB
. RL =900 Q - 2.2 KHz 43 45 47 dB
| REGt | Transmitting Range of 1 KHz
Regulation RL=0Q E=E+10% 3 5 7 dB
to RL =900 Q
Liny | Transmitting Frequency = 200 Hz to 3.4 KHz -1 1 dB

Response
Gr Receiving Gain *

. v
20 .10g10 ( vy )1KHz

RL=0Q E=E+10% | -185 [ -165 | —145 | dB
. RL =900 Q - 2.2 KQ -135 | -115 | —-95 dB
REGR | Receiving Range of Regulation | 1 KHz 3 5 7 dB

| RL=0Q E=E+10%

" to RL =900 Q

! Ling Receiving Frequency Response | 200 Hz to 3.4 KHz -1 1 dB
i Zin Transmitter Input Impedance 1 KHz 25 KQ
! Vr Transmitter Dynamic Output 200 Hz - 3.4 KHz 1.4 Vp

| <2 % Distortion
loc =20 — 100 mA

| Vr Transmitter Max Output 200 Hz — 3.4 KHz 3 Vp
Ipc = 0-100 mA
Vzg=0-1V
Vg Receiver Dynamic Output ** 200 Hz - 3.4 KHz 0.4 Vp

< 2 % Distortion

Ipc =20 — 100 mA
Vr Receiver Max Output Measured with Line Rectifier 0.9 Vp
200 Hz — 3.4 KHz
|Dc =0-100 mA'

1
1 Zout Receiver Output Impedance 1 KHz 3+ 310 Q
i

Vi=0-50V

" Nt Transmitter Output Noise Psor-weighted, REL 1 V -75 dBpsof-
RL=0

1 Ngr Receiver Output Noise A-weighted, REL 1 V, with Cable -85 dBa

i

0-5 Km @ 0.5 mm ;
0-3 Km & 0.4 mm

Im Mute Input Gurrent 0.1 mA

loc Extra Available Current when Ipc = 15— 100 mA 10 mA
Muted at the Same DC-voltage

* Adjustable to both higher and lower values with external components.

g SO 35/36
IO7Q Al -
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PBL3726/12

Figure 1 : Typical Application.

KEYBOARD
( [_‘/D E]”“[H Eoom
i aali o
Y a:x~ '
TONE
DIALE,R e L '-jp 9 0 s
: PBLI726/12
- . 17
s . 12
KO ¥, !
698 | . g‘ Q ! " >
Kn 1 m
3 3nF] 5 -
T L 2 v |8 —}M I o
. Rawf azxn ““'_J sma | | _—
e | b o O
o X [I]>usw .
P VnF
Kn ° exn T 5-8599712
Some typical values for R1 and R2 for some diffe- Type R1 R2
rent supplies from telephone stations are shown in - -
the next table. No Regulation, all Feeding oo 0
.. . Systems
48V, 2 x 400 Q 14.5 kQ 47 kQ
48V, 2 x 200 Q 18 kQ 47 kQ
36736 L5 SGS-THOMSON
Y/ siiCROELECTRONICS
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TEA7037

SPEECH AND TONE CIRCUIT

» AUTOMATIC LINE LENGTH RECEIVING AND
SENDING GAIN CONTROL

» AUTOMATIC LINE LENGTH TRACKING ANTI-
SIDETONE SYSTEM

= ADJUSTABLE MICROPHONE AND EAR-
PHONE AMPLIFIER GAIN

» MEETS FRENCH VOLTAGE/CURRENT LIMI-
TATIONS IN SPEECH AND RING MODE

= ADAPTED TO EVERY KIND OF EARPHONE
TRANSDUCER

» MUTE IN EMISSION AND RECEPTION

= PABX POSITION

= TWO KEYS ROLL OVER PROVIDED

= ADJUSTABLE OUTPUT TONE LEVEL

= CLICK FREE SWITCH OVER FROM SPEECH
TO DIALING MODE & VICE-VERSA

DESCRIPTION

Specially designed for telephone set applications
this 28-pins IC provides :

a) Transmission and line adaptation
b) F.V. generation
c) Power supply for peripherals

" d) Interface with MCU

It meets the French Specifications for handset ho-
mologation level 1.

February 1989

DIP-28

ORDER CODE : TEA7037DP

PIN CONNECTION

GND -1 28 N Vaux
VCAPA 2 27 |3 ANTINOISE
RESET 3 26 3 OSCILLATOR
L g4 25 b
HV CONTROL {5 28 K1
RECEIVER 6 23 Bk
POWER WP 47 2 p KEYPAD
8 21
{})NNES'DE-E 0 » ; INPUTS
PRIVATE/
puBLIC 10 1B
IMPEDANCE 11 18 pb
FILTER2 12 17 B ger
FILTER 1 313 16 Bvpee
MICROPHONE 14 15 A MICROPHONE

1/20
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BLOCK DIAGRAM

18 19 20 21 22 23 24 25

. N Sl-
osciIL H +3 H7 3 I—l MUTE KEYPAD MANAGEMENT LENCE]

v POWER SUPPLY RESET "
2L }— owviDeR DAC
STAB

4

il

R\éF LINE CURRENT MANAGEMENT

]

HF
L owioer DAC

|

[“eom.

av

i

AGC
L

RESET

FILTER1 —~VF

S

QUTPUT
AMP

RECEIVER
AMP

ANTISIDETONE
CIRCUIT

PREAMP

6 8 9 12
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vese Supply Voltage 8.5 \
Ptot Power Dissipation 800 mwW
Toper Operating Temperature Range - 251t0 65 °C
Tstg Sorage Temperature Range — 55 to 150 °C
2/20 LSy SGS-THOMSON
Y/ riicRoELECTRONICS
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TEA7037

PIN DESCRIPTION

N° Name Description
1 Gnp Ground
2 Veapa C7 : Voltage Stabilizer Filtering Capacity
3 Reset Microprocessor Reset
4 IL R17/C6 Sets Call Frame Width
5 Hy Control | Output Controlling HV Stage
6 Receiver Receiver Output
7 Power Up Stabilized Power for Peripheral Circuits
8 Antisidetone Antisedone Network Input for Long Lines (3.5km)
9 Antisedone Network Input for Short Lines (0.5km)
10 Private/Public | Gain Control Inhibition with Respect to line Length
11 Impedance | R7 Sets Dynamic Impedance
12 Filter 2 Second Filter Input for Voice Frequencies
13 Filter 1 First Filter Input for Voice Frequencies
14-15 Microphone | Microphone ’
16 Vet Reference Voltage
17 lret R9 Sets Internal Source Reference Current
18 "D" 941 Hz Logic Input
19 "G " 852 Hz Logic Input
20 "B" 770 Hz Logic Input
21 Keypad Inputs "A" 697 Hz Logic Input
22 " E " 1209 Hz Logic Input
23 " F " 1336 Hz Logic Input
24 "G " 1477 Hz Logic Input
25 "H " 1633 Hz Logic Input
26 Oscillator Oscillator Input
27 Antinoise C8 Decreases Line Noise Level
28 Vaux Vcc : Low Voltage Line

- ‘ﬁ SGS-THOMSON .

3/20
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TEA7037

ELECTRICAL CHARACTERISTICS (T = 25°C)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Ve Stabilized Voltage (pin 2) I =28mA 26 28 2.95 v
(see figs. 9, 10) '
IpEM Charging Current( pin 2) 2.6 mA
Iy Line Current Regulation for Pin 4 = Pin 2 = GND :
HV Control (pin 5) IL = 150mA 150 HA
I =105mA 5
Pin 4 ON ; Pin 2 =GND
1L =76mA . 150 pA
Pin 4-ON ; Pin 2 ON ’
I '= 60mA 150 i pA
IL=16mA . 100 nA
1e/lL 28mA < I < 50mA 0.9 1.0 1.1 pA/mA
lint Internal Bias Current (pin 28) | 1. =28mA ; (see figs. 9, 10) 470 510 550 pA
R9 = 16.2KQ ,
(V2g =R6 * lint + Vc)
Vyet Reference Voltage IL. =28mA .. 1.35 1.42 1.49 \"
lref Current at Vyey -10 100 HA
Vmp Stabilized Supply at Pin 7 (see fig. 11) 3.7 4 4.2 \
lcmp/lL | Charging Current at Pin 7 Pin 4 = Pin 2 = GND 0.7 mA/mA
IL1 =1L = lgem (note 2)
Ismp Static Current at Pin 7 IL =6 mA 0.5 - - mA
IL >25 mA 3.15 35 - mA
I.>25mA + AC 1.6 1.75 - mA
limp Internal Consumption (see fig. 11) 90 110 130 nA
RESET MICROPROCESSOR (see fig. 12)
VRH High Threshold 0.82 \)
X Vpm
Vge Low Threshold 2.83 0.805 \"
X Vpm
VRsH Output High Reset = 1 0.9 \
X Vem
Vgss Output Low Reset =0 0.1 \"
X Vpu
AC CHARACTERISTICS (see figs. 12, 13, 14 and 15)
GeL Tx Gain at Long Line IL =28 mA 54 55 56 dB
Gec Tx Gain at Short Line IL =44 mA 47 49 51 dB
DE Distortion in Iy IL =28 to 44 mA ' ’
VL =1.5dBm 3 %
VL =4 dBm 10 %
Zg Microphone Input Impedance | Symmetric Mode 1.82 2.15 2.47 KQ
Bep Tx Psophometric Noise Zin=2K;lL>28mA - 69 dBmp
Re Tx Attenuation M.F. and I > 28 mA 60 dB
. Silence Modes
CMRgRr Common Mode Rejection 60 dB
Ratio
4/20
‘_' SGS-THOMSON
» >/ 4
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TEA7037

ELECTRICAL CHARACTERISTICS (Continued)

Symbol Parameters Test Conditions Min. <[ Typ. | Max. Unit
GRL Rx Gain at Long Lineﬂ I =28mA 285 1 295 30.5 dB
GRrc Rx Gain at Short Line IL =44mA | 275 235 25.5 dB
Dgr Distortion in Ry IL. =28 to 44mA \

VEc =440mV R o 3 %

Vec =790mV L 10 %
Brp Rx Noise I > 28mA ; Rgc = 600Q : -74 dB mp
GaL Side Tone at Long Line I =28mA . 22 . dB
Gac Side Tone at Short Line I =44mA 26 . dB
Zac AC Impedance IL >28mA 500 600 700 Q

DTMF GENERATOR (see fig. 16) )

Dev Frequency Dispersion - 05 - + 0.5 %
Neg Low Frequency Group ' -10 - -6 dBm
Nen High Frequency Group -8 - -4 dBm
Pey Pre-Emphasis 1 2 3 | dB
Crv Voice Frequency Monitoring - 28 35 42 .dB

In pulse dialling the receiver mute is the silence mode.

Hp Nl p——

Dna!ling

MODE

[ | t

Speech Silence Speech
FUNCTIONAL DESCRIPTION
- Logic inputs equivalent diagrams
INPUTSE. F,G, H
INPUTS A,B,.C,D :
OPEN = HIGH : ‘ OPEN = LOW
7
Ly SGS-THOMSON : 5120
>/ um@gﬁcmx@mucs
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TEA703

7

LOGIC TABLE - KEYBORD MODE

Inputs i
Symbol. AlBlC DP EIFlaIH Frequ\e(:::s (Hz) - Mute Notes
- HIH|H|H]L|L|L|L - Off a
- LIH[H|H|L|L]|L]|L 697 On
- HIL|H|H|L|L|L|L 770 On b
- HIH|L|[H|L|L|L]|L 852 On
- H{H|{H|L|L|L|L|L 941 On
- HI{HIH|[H|H|L|L]|L 1209 On
- H{H|H{H|L|H[L]|L 1336 On c
- H{H|H[H|L|L[H]|L 1447 On
- HI{H|H|H|{L|L|L{H 1633 On
" L H 697 + 1208 On
"2 L H 697 + 1336 On
"3" L H 697 + 1477 On
"A" L H 697 + 1633 On
"4" L H 770 + 1209 On
"5" L H 770 + 1336 On
"6" L H 770 + 1477 On
"B" L H 770 + 1633 On d
7" L H 852 + 1209 On
"8" L H 852 + 1336 On
"o L H 852 + 1477 On
"C" L H 852 + 1633 On
e L{H 941 + 1209 On
"0" L H 941 + 1336 On .
"#" L H 941 + 1477 On
"D" L H 941 + 1633
Notes : a. Conversation mode.
b. Test mode.
Low frequencies.
c. Test mode.
High frequencies.

6/20

. If one of inputs E, F, G, H, is high, the others are low.

If one of inputs A, B, C, D, is low, the other are ligh.

"t
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TEA7037

" LOGIC TABLE - MICROPROCESSOR MODE

Inputs .
Symbol S TETC Dp EF H|G Frequ‘é'n"c'iis (Hz) Mute Notes
- H{H[H|H L L - Off e
- X[X[X|X H L - On f
"1t H|IH|H|H H H 697 + 1209 On
- H|H|H|L H H 697 + 1336 On
"3" HIH|L|H H H 697 + 1477 On
“A” HIH|L|L H H 697 + 1633 On
4" H|IL|H|[H H H 770 + 1209 On
"5" H|L|H|L H H 770 + 1336 On
"6" HIL|L|[H H H 770 + 1477 On
"B” HIL|LIL H H 770 + 1633 On
T LI{H|H|H H H 852 + 1209 On
“8" LIH[H|L H H 852 + 1336 On
"C" LIH|L|L H H 852 + 1477 On
"c" L{H|L|L H H 852 + 1633 On
e LIL|H|H H - |H 941 + 1209 On
"o LIL|H]|L H H’ 941 + 1336 On
"#" L{L|L|H H H 941 + 1477 On
"D" L{L|L]L H H 941 + 1633 On
Notes : e. Conversion mode.
f. Silence setting. -
HFE l - l__
Ew— i
G VOICE :
SPEECH FREQUENCIES SILENCE ]
|
[}

7/20
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TEA7037

PUBLIC / PRIVATE

When a resistor is inserted between pin 10 and
ground, the transmission and receiving efficiency
control and antisidetone variation are inhibited with
respect to line current.

The transmission and receiving gains may vary from

Gmax(gel) to Gmax 6 dB (Gec) with respect to the re-
sistance value.

The equivalent antisidetone is related to the gain set
by Rlp

Figure'1 : Transmission and Receiving Gain Attenuation.

A B}
REFERENCE = 0dB FOR IL= 30 mA (GEL)

Figure 3.
-2
TYPICAL CURVE
- TEA 7037
10
-6 .
0 20 30 40 S0 60 IpWA) Ip Rip
CONSUMPTION ON PIN 10 ‘
Figure 2 : Equivalent Antilocal Network.
LINE (km) 4
) 7.8
38 MW= ——
| Rip in MW .y
25 \\ TYPICAL CURVE For Rip = 390K to 1%
N DG =-2dB + 0.4dB
~N
15 N
\\
05 N
w20 30 40 50 60 Ip(uA)
CONSUMPTION ON PIN 10
8/20 ' .
Lyy SGS-THOMSON
/4

286

MICROELECTRONICS
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Figure 4.

Figure 5.

Figure 6.

10

SLOPE SET BY R2

1L (mA) \
P
N
_
7
CONTINUOUS MODE
ON DIODE
BRIDGE
T ALS
10 2 30 B v2v)
Ismp (mA)
: 7
25
2 / 1PIN7 =Fiuu
15 MINIMUM CLVRREN'IE AVAILABLE
4
' 7
0s /
1L (mA)
5 15 25 35 45 55
GAIN (dB) TRANSMISSION AND
SO
RECEIVING GAIN=f (IL)
GRL - GEL o
-2
-4
GRC - GEC -6
1L (mA)
28 32 36 40 44 48
20
L3y SGS-THOMSON 9
Y/ WiCRoRECTRONICS
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TEA7037

Figure 7 : Toit set by : R17 - C6 (pin 4) or C7 (pin 2).

POWERING

%

| MAX =150 mA

‘ \ "

To t

The TEA can stand the capacitive loads an all its Itis obvious that these capacites can change the cir-
pins, except pin 26 (oscillator). cuits alterning and/or transient behavior.
Pin . Name Max. Value Comment§
(grounded)
1 Ground
2 Veapa 220pF
3 Reset 470pF
4 I =120 or 2.2uF
60ms
5 Hv Control | Few nF Max. | In parallel with the capacitor across pin 28 and pin 1, hence changes
impedance & circuit time constants.
6 Receiver 100nF Max. | In Parallel on the Receiver
7 Pow puP 470uF
g Anti Local 10nF Receiver Signal Filter
10 Private/Public 47nF
11 Impedance 33 pF Max. | Provides a high pass, hence increases DTMF harmonics & noise
above cut-out frequency.
12 Filter 2 Few pF Max. | Changes Refilter Impedance & Time CS'
13 Filter 1 82nF Should not be changed (preephasis).
14 Microphone 100nF
15
16 VREr 10uF
17 |rer GBOPF Max.
18
19
20
21 Keyboard . . L
22 Inputs 10nF Max. | Bear Time Constants in Mind
23
24
25
26 Oscillator NO
27 Antinoise 2.2nF
28 Vaux Few nF Cf. Comment Pin 5
10/20
‘_' SGS-THOMSON
Y/ WicromEcTRONICS
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TEA7037

Figure 8 : DTMF Harmonic Distortion vs. Frequency.

-33 ‘
\
37
MF.
\ DISTORTION
AMPLITUDE
\
\
\
—49 \
\
_s3 \

1

2 345681K

2 3 456 B10K 2 3 4568100k 2 3 456 81M

7k

SGS-THOMSON
MICROELECTRONICS

2

3

F(Hz)
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TEA7037

COMPONENTS VALUES (for figures 9 to 16)

R1 10Q C1 2.2nF

R2 12MQ c2 4.7nF

R3 100kQ C3 inF

R4 4.7MQ Cc4 100uF

R5 220kQ C5 .

R6 5.9kQ C6

R7 - C7

R8 . c8 .

R9 16.2kQ Cc9 / 1uF

R10 . c10 / 1uF (depending on pP)

R11 . Cc11 68nF

R12 . c12 1uF

R13 . C13 =6.8nF

R14 220kQ Cl4 —3.3uF

R15 845Q C15 —2.2nF

R16 220Q Ci16 —2.2nF

R17 820kQ c17 =10pF

R18 75Q ci8 =2.2uF

RIP 390kQ C19 =470nF

RuP 5.6kQ )

Zec —220Q D1 ) ZENER 15V
D2 BAT43

T MJE340 D3 BAT43

T2 PBF259

T3 PBF493S QUARTZ 3.58MHz

e ZL =600W

-R7 =0 : -C5 =27pF

-R8 =124kQ -Cé =1nF

-R10 =0 -C7 = 27pF

-R11 =124kQ -C8 =1nF

-R12 =3.9kQ

-R13 = 3.9kQ

* 0.4mm France cable varying between Okm and 3.5km.

-R7 56kQ -C5 = 560pF

-R8 - 124kQ -C6 ! =4.7nF

-Ri0 10kQ -C7 = 100pF

-R11 115kQ -C8 =2.2nF

-R12  4.99%Q

-R13 3.6kQ

* R12 and R13 enable reception gain adjustment for adaptation to various transducers/
* R16 enable transmission gain equipment for adaptation to various transducers.

12/20
~ - 57 ses.THomson
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Figure 9: Vc. lint. Vret.

Vpin 28 — Ve
R6
Width § R6 = 5.9kQ

lint=

§R9 = 16.2kQ

T3
c2

T

bk

QUARTZ

SGS-THOMSON
MICROELECTRONICS

13/20

291
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Figure 10 : Idem I

Vi

—

)

S2, S4 closes
Idem, Il <150mA

S2 close, S4 open

. IL<75mA

S2 open, S4 close
IL < 60mA

S2, S4 opens

Gabarit DC VL = f (IL)

L.,
1

R10

| ma

R1S

'LCIS

QUARTZ

14/20
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TEA7037

Figuré 11.

Icmp, Vmp, Ismp, limp,
Vrh, Vrb, Vrsh, Vrsb.
S2, S4, S7 closes
lemp

S2, S4, S7 opens

. Vmp, Ismp
Limp by the time discharge of C9
when the line power is cut off.

. Reset microprocessor

Vpin3
Vrsh
Vrh
Vrb
Vrsb

P N

€19

o2 A |Jrs
s2
sa ~—a
B~ —
R17 v
ca
-
cie
——
L" |__(15_[

—
8

]mz

| s |
<
.:ﬁ

RuP

QUARTZ

‘ SGS-THOMSON
S/ 4 ucﬁ@mwm@mucs

15/20

293
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Figure 12.
Gel. Gec. Re. De. Bep. S1 open W
(Gel, Gec) =20 log mTTE
VL (S1 open)
Re=20log T iose)
" 1
R7
- QUARTZ
cs [|re ==c7 []R11 DS’ .
D3
c6 c8 == C9
jnu [ R13|
I I F * mfI RuP []ms
16/20 .
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Figure 13.
Grl, Gre, Dr, Brp,
Vpin6 Grc =20 log
GRL = 20 log
Vpin8

hil

V ] 'I'C|5
i
) R17
I

R7 R10 ]ma B Dz" [

L1L7] L]
Lol b

leS

Vpin6

Vpin9

QUARTZ

17/20
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TEA7037

Figqg’e 14.

Gal, Gac (Gal, Gac) = 20 log Vpin28

Vpiné

QUARTZ

Cs ||R8 R11

—
B

o3

vr

J‘cs J‘ca [C T
I []mzl []nl: o %
Y I RuP []ms

18/20
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Figure 15 .

TEA7037

Zac
Zac=RL1xRL2

VL2 - VL1

VL1 x RL2 - VL2 x RL1

VL1 for RL1 = 300Q
VL2 for RL2 = 600Q
VL2 -VL1

2VL1-VL2

Zac = 600 x

QUARTZ

I
4
8

]mz c1o|

i

<7}

SGS-THOMSON
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TEA7037

Figure 16 .

Nfb, Nfh, Pfv, Cfv,

697Hz + 1 209Hz
Level and preemphasis are measured
on pin 28

Civ =20 log Vpin28

Vpiné

hal

r

R7

Ccs

R8 c7

QUARTZ

i

"

20/20

SGS-THOMSON

298 -

MICROELECTRONICS



<74

SGS-THOMSON
MICROELECTRONICS

TEA7050

HIGH RANGE SPEECH CIRCUIT WITH SQUELCH FUNCTION

» 2/4 WIRES INTERFACE WITH
- DOUBLE ANTISIDETONE NETWORK

- MICROPHONE NOISE THRESHOLD
(squelch)

- BRX GAIN AND AC IMPEDANCE EXTER-
NALLY PROGRAMMABLE

= DTMF INTERFACE

= PULSE DIAL INTERFACE

= 3.25 VOLTS SUPPLY FOR MICROPROCES-
SOR OR DIALER

= RESET TO MICROPROCESSOR

= CURRENT SUPPLY FOR LOUDSPEAKER

= HANDS-FREE INTERFACE

» DC CHARACTERISTIC AND ON/OFF HOOK
FOR FRANCE

= CONTROL AGAINST HIGH VOLTAGE TRAN-
SIENTS

DESCRIPTION

The TEA7050 is expressely designed to meet the
french specification for telephone set in high range
equipments.

PIN CONNECTION (top view)

ORDER CODES : TEA7050DP (DIP28)
TEA7050D (SO-28)

S0-28

ANTISIDETONE LONG LINE []
ANTISIDETONE SHORT LINE []
AC IMPEOANCE []
EXTRA RECEIVE 0UTPUT []
ANPLIFIED TRANSRISSION []
uref []

DTHF INPUT

MICROPHONE INPUT
Iref [
PRIVATE/PUBLIC [}18
MICROPHONE MUTE []11

WO N QU AW N e

PDUER CURRENT SOURCE C1z
THRESHOLD 1 Q‘x:
THRESHOLD 2 [{14

[ RECEIVE OUTPUT

["] NICROPROCESSOR SUPPLY
{ ] ANTINOISE FILTER

1 vc

[ uLINE

[ SURCHARGE FILTER

[ ] PULSE DIAL INPUT

[] HU STAGE CONTROL

[ HICROPROCESSOR RESET
[ ] HOOK DETECTION

[ RECEIVE MUTE

[] croUND

[ ] THRESHOLD 4

[ 1 THRESHOLD 3

nesTER7858-62

December 1988

115
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BLOCK DIAGRAM

12 28 27 18
e —{) )
19
T 1 1
POWER SUPPLY HICRO
22 IL1/7IL2 FOR PROCESSOR 11
LOUDHERRING RESET
MICRO
21 UL=F(IL) PROCESSOR 16
. LINE POWUER SUPPLY 15
23 CURRENT I—
25 CONTROL
USTAB [ AGC HUTE
2 nTII'FRREOSPHHDDLP#JE QO 14
‘ |11 DETECTION
13
6 Q4+— VREF
I TEA7B58 —7°
9 O IREF
. MICROPHONE
BUFFER ¢ l PREAMPLIFIER
- < 4
. K)l) -
24 (}- )7
DTHMF
TX RECEIVE ANTI- AMPLIFIER
AMPLIFIER AMPLIFIER |SIDETONE
3 28 2 125 hyd neaTERZ850-81
215 L7 S5S-THOMSON
] icromEcTROMICS
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TEA7050

ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit.
Ve Stabilized Voltage (pin 25) Il =27mA ’ 2.6 2.8 2.95 \')
Idem | Charging Current (pin 25) Il =27mA 2.6 mA

Ir Line Current Regulation for HV | Pin 19 = Pin 25 = GND
Control (pin 21) Il =150mA 150 pA
Il =100mA 5
Pin 19 ON ; Pin 25 = GND
Il = 75mA 150 pA
Pins 19 and 25 ON
Il = 60mA 150 pA
Il = 16mA 100 nA
I/l 27mA < Il < 50mA 0.8 0.9 1.0 pA/mA
lint Internal Bias Current (pin 25) Il=27mA ; 410 .| 460 510 pA
R9 = 26.7 Kohms ;
(V24 = R6*lint + Vc)
Vref Reference Voltage Il =27mA 1.32 1.38 1.47 Vv
Iref Current at Vref -10 100 pA
Vmp | Stabilized Supply at Pin 27 3.1 33 " 35 Vv
lcmp | Charging Current at Pin 27 Pin 19 = Pin 25 = GND 0.7 x mA
IL1 =1l -~ Idem x IL1
Ispm | Static Current at Pin 27 Il =6mA 05 mA
Il > 25mA 25 2.8
limp Internal Consumption 90 120 160 pA
lea Supply Current for Parallel R9 = 26.7Kohm ’
Circuits (pin 12) Il =10mA 3 ) mA
Il =27mA 8 9.5 1 mA
Il =42mA 21 23.5 26 mA
Microprocessor Reset
Vrh High Treshold 0.845 | 0.89 Vmp
» Vrb Low Treshold 0.76 0.8 0.84 |(pin 27)
Vrsh | Output High Reset = 1 0.9 .
Vrsb | Output Low Reset =0 0.1
L7 SGS-THOMSON 15
Y/ HICROELECTRONICS
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ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit.
. Vmh Mute Microphone (pin 11) ON 1.6 \Y
Vmb OFF 0.8 \Y
Vmh Mute .Earphone (pin 18) ON 2.7 Y
Vmb OFF 21 Vv
Gel Tx Gain Long Line Il =27mA 48.5 49.5 50.5 dB
Gec | Tx Gain Short Line Il =42mA 415 435 455
DGe | Squelch Attenuation -9 dB
Vse Squelch Switch-off Level on the | Il =27mA -44 | -39 -34 dBm
Line
Gmf | DTMF Gain Il =27mA 335 345 35.5 dB
Pin 11 > 1.6V
De Tx Distortion Il =27 to 42mA
VI = 0dBm 3 %
- VI = 3dBm 10 %
Ze Microphone Impedance 9.6 12 145 | Kohm
Bep Tx Noise Il > 27mA -71 dBmp
(psophometric) 2K at Pins 6-8 .
Re ‘Tx Attenuation in Mute Mode Il =27mA 60 dB
Pin 11 > 1.6V
Grl Rx Gain Long Line II=27mA 29 30 31 dB
Gre Rx Gain Short Line Il =42mA 22 24 26
Dr Rx Distortion Il =27 to 42mA
Vec = 500mV 3 %
Vec = 700mV 10 %
Brp Rx Noise Il >27mA - 74 dBmp
Re Rx Attenuation in Mute Mode I =27mA 60 dB
Pin 18 > 2.7V
Gal Antisidetone Il =27 to 42mA —-22 dB
Zac | AC Impedance Il > 27mA 500 650 800 ohm
Grs Confidence Level Pin 11> 1.6V ; 28 31 34 dB
Vrec/Vmf Pin 14 > 2.7V
4/15 .
‘._ -SGS-THOMSON
S/ e T
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TEST CIRCUIT

18BuUF

HJIE348(

———————q -

I 1 21
2 25 I
3 24 %J c1
i s ,
’ 6 23 [Zz6m il c2
| H
| a 13 RZ
, B TEAZB50 R1
. 5 27
| 18 17
13 16 —t%l‘
RS
] 2.2n 1 a2.9n
| 8 28 22 12'° J
| RB || ==ca
: RiB c1e
, [1]] T
DTMF INPUT -—
MICROPHONE MUTE 33K EXTRA CURRENT
RECEIVE HUTE [] PP E P SuPPLY
MICRDPRDCESSOR RESET I Bz
' PULSE DIAL INPUT - NBBTEAZ858-83
! R1 = 920KQ R12=8Q C1 = 188uF C6 = 27pF
! R2 = 820KQ R13 = 2.7KQ C2 =4.7uF C7=27pF
| R3 = 1.5MQ R14 = 8Q C3 = 10pF C8=2.2nF
i R4 =75Q R15 = 140KQ C4 = 1uF . C9=22nF
R5 = 5.1KQ R16 = 2.7KQ C5 = 100pF C10=2.2pF
‘ R8 = 13KQ R17 =1.2KQ C11 = 220pF
| R9 = 26.7KQ R18 = 680KQ for private complex
R11 = 140KQ
L7 SGS-THOMSON 515
Y/ MICROELECTRONICS
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CIRCUIT DESCRIPTION

1. DC-CHARACTERISTICS

1.1. VC (PIN 25). The stabilized voltage Vc is
connected to Vline (pin 24) through aninternal shunt
regulator which presents to the line a high AC.impe-

Figure 1.

dance at frequencies higher than 200Hz. At this pur-
pose the value of C1 (at pin 25) must be not lower
than 47 microFarad.

e (]

c1::

=

NBBTEAR7856-84

At "Off-hook", with only DC voltage applied to the
line terminals, C1 fixes the timing of the line current
profile at : )
- 150mA max for a time shorter than 400msec
(T-charge)
- 60mA max in steady state (conversation)

Figure 2.

T-charge of 240msec (typ) is obtained with
C1=220pF.

Ve x

C1
T-ch = ———— typically.
charge idem typically.

IL

6BmA (max) -+

158mA (max) ———\ILi
IL2

MBBTEAZ76856-85

=
488mS (max) t

v

6/15 L7 S5S-THOMSON
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1.2. HOOK DETECTION (in ring mode) (pin 19).
The DC-characteristic requested to allow off-hook
detection by the exchange during ring call may be
accomplished :

a) through an analog control (R-C) or

b) by a microprocessor.

.a) Application with standard dialer (analog control)
The components R1, R2 and C2 define the timing

Figure 3.

of the DC characteristic and also limit at 75mA-peak
the line current during decadic dialing.

Optimum values are : - R1 x C2 = 1.8sec ;
R2 x C2 = 0.8sec.

To reduce the minimum time between a "on-hook /
off-hook" sequence, R2 may be replaced by a switch
to ground.

A
it
: RING CALL
1
1
1 . .
. >
! t
1
) !
HODK '
DETECT. '
1
|
1
1R1/R2/C2
T >
' MEB8TEA7858-86 t

b) Application with a microprocessor

Pin 19 may be controlled directly by the micro-controller, through a resistor R1b which replaces R1, R2 and C2.

‘Figure 4.
3
i
! RING CALL
1
1
1
: t
1
4 !
HOOK 1
DETECT. !
MICROPROCESSOR SIGNAL
HBEBTERPB56-87 t
Lyr SGS-THOMSON ns
Y/ MiCROELECTRONICS
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1.3. VLINE (PIN 24). The line voltage (pin 24) is de-
termined by the value of the external resistor R6 and
by the internal current, lint, flowing between Ve (pin
25) and Ground (see also paragr. 1.1.) :

Viine = Ve + R6 x lint.

Figure 5.

Ve is fixed by design at about 2.8 volts.

lint is reversely related to RS (lint =12V /RS at lline
=27mA). :

25

Urefi

)]

RS

MBBTEAZ856-88

Viine must be externally adjusted (with R6) to gua-
rantee both DC and AC characteristicin accordance
to the french standards. At this purpose it is sugges-
ted that Viine equals 5.6 volts at lline = 16mA. This
typical value is obtained with R6 = 7.5Kohm.

1.4. HIGH VOLTAGE CONTROL STAGE (PIN 21).
The behaviour of "HV control" is determined by se-

veral conditions, both internal (lline sensor) and ex- .

ternal (pins 19 and 25) with the purpose to accom-
plish the different DC characteristics and transitory
conditions imposed by the French specification :

8/15 ) "7 SGS-THOMSON

a) steady DC-characteristic and lightnings (pins 19
and 25 ON)

b) DC-characteristic at off-hook (pin 19 and 25
grounded)

c) DC-characteristic during decadic dialing (pin 25
grounded)

d) DC-characteristic after off-hook in ringing (pin 19
grounded)

To do that, HV control pin regulates the current in-
jected into the external high voltage transistor stage,
requested by the French specification.

MICROELECTRONICS
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Figure 6.
qy  @pin19and250N
CONTROL 1 L
CURRENT
15S8uA+ 68 +
]
]
30 + : ,
27uf + A h h
1 | 1
} > L L L—» UL (V)
30 66  IL(mA) 78.5 45 108
b) pin 19 and 25 grounded
Ho ¢ it
CONTROL
"CURRENT 128+
]
]
]
1
. 1
- L » UL (U)
128 IL(mA) 79
€) pin 19 ON ; PIN 25 grounded
o ¢ L 1
CONTROL
CURRENT 60 +
]
384 [,
]
! ]
. } »> L > UL (V)
38 68 IL(mA) 79 188
d) pin 19 grounded ; pin 25 ON
HU A IL A
CONTROL 6a 1
CURRENT
38 +
27UR T |
I
. > UL (V)
38 .68 IL(mA) 7 8.5
NBBIEHZESH-BB
LS7 SGS-THOMSON 915
y MICROELECTRONICS
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2. TRANSMISSION CHAIN
Figure 7.

PREANPLI AGC

huTE TX AMPLI

80— | o
[

DTHF ANPLI

11

1 R4
2
RS .
UREF

?m

BUFFER

b
UTHRESHOLD
13

MBBTEA7B568-18

2.1. A.G.C. IN TRANSMISSION. The transmission
gain between Microphone Input (pin 8) and Vline
(pin 24) is internally decreased of 6dB when the line
current varies from 27mA to 42mA with a constant
AC load of 600ohms.

2.2. SENDING IMPEDANCE. The impedance of the
Output Stage Amplifier, Zout, is determined by the
impedance Z4 at pin 3.

Zout =10.65 x Z4.

The total AC impedance shown to the line is the pa-
rallel
Zpar = Zout//Zint//Zext

where :
- Zint = 10kohm // 8.5nF (internal)
- Zext=R6// C4 (at pin 24)

2.3. SENDING MUTE. In normal speech operation
(Vmute 0.8V), the signal at Microphone Input (pin
8) is amplified to Vline (pin 24) with the gains Gec
(short line), Gel (long line) or intermediate, depen-
ding on lline.
In sending mute condition (Vmute 1.6V) these
gains are reduced of at least 60 dB. In the same
- condition DTMF input (pin 7) is activated, with gain
Gmf to the line independent from lline.

2.4. ANTISIDETONE BUFFER. The signal coming
from the sending preamplifier is internally presented

10115 L3y SGS-THOMSON

at pin 5 and than buffered to pins 1 and 2 for side-
tone cancellation (see paragraph 3.2.).

2.5. NOISE THRESHOLD (SQUELCH). The micro-
phone signal is highly amplified (46dB) at pin 16,
then peak detected and compared with an intemal
threshold at pin 14.

If the peak so detected does not exceed the inter-
nal threshold, the comparator reduces of about 9dB
the sending gain Ge, acting at the preamplifier le-
vel.

In this way a strong attenuation is obtained, both of

the speech noise (about 4dB) and of the ambient

noise (9dB).

The equivalent thresholds on the line are :

- minus 39dBm to switch from squelch to normal
gain, .

- minus 32dBm to switch from normal gain to
squelch, :

with R8=150KQ from pin 15 to gnd and C=3.3nF
from pin 16 to 15.

These thresholds can be increased inserting also a
resistor (R7) in series to C between pin 16 and 15.

The variation is given by the formula : (R8 + R7)/R8.

A hysteresis of about 3dB is defined to avoid conti-
nuous switch between squelch and normal gain.

MICROELECTRONICS
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Figure 8.

A i
I
v —— R7-8Q | +
LINE | ---- R7>BQ I
Z_ I
+ .
I
9dB | -t
-7
-39dBm [—-—- >
3dB
—»>
MBBTEAZ858-11 UnzcropPHONE
3. RECEIVE CHAIN -
Figure 9.
240———ﬁ
jmmmmm e
|
1
I
!
|
! 8
! ANTISIDETONE  RECEIUE AMPLI
. 28
e T""—J{-—EB_: T__ ZAL
AIE- 9
| ZRL Vo zre | 18
6 O
—— HBETER7858-12
y 11115
7 3SR
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3.1.A.G.C. INRECEIVE. As described forthe trans-
mission chain, also the receiving gains Gr, from pins
1 and 2 to pin 28, have a reduction of 6dB when lline
moves from 27mA to 42mA.

3.2. SIDETONE COMPENSATION. The circuit is
provided with a double anti-sidetone network to op-
~ timize sidetone both at long and short lines.

Before entering pins 1 and 2, the received signal is

attenuated by two attenuating networks :

- Zall/Zrl to pin 1 for long lines sidetone compen-
sation,

- Zalc / Zrc to pin 2 for short lines sidetone com-

pensation.

Zrl and Zrc define the total receive gains :
V28 -Gl x Zr tor lona I

A oy = Zrl 4 zal fOr'ongiines
vasg Zrc :

b) _V2 4 = Grc x Z—rc+ Zalo for short lines

Zall and Zalc define the sidetone compensation of
the circuit.

The equivalent balancing impedance is given by the
formula :
Zal=KxZalc + (1 K)x Zall

where K = 0 at lline = 27mA or lower (long line)
K varies from 0 to 1 with Iline between 27mA

12115 L7 S5s-THOMSON

_and 42mA,
K=1 at lline=42mA or higher (short line).

Calculations to define Zall and Zalc are :
Zli
a) Zall = 70 x R5 x ine(long) // Zext // Zint // Zout

Zout
Zline(short) // Zext // Zint // Zout
Zout

b) Zalc = 70 x R5 x

where: .

- Zext=R6// C4// (Zelectret) (at pin 24)

- Zint = 10Kohms // 8.5nF (internal impedance)

- Zout=10.65 x Z4 (at pin 3 ; see paragr. 2.2.)

- Zline(short) and (long) are the impedances of the
line at 0Km and 3.5Km.

- R5=5.1Kohm+1%

3.3. AC IMPEDANCE. The total AC impedance of
the circuit to the line is :

Zpar = Zout//Zint//Zext//Zalc//Zall (see par. 2.2.and
3.2)
= Zout//Zint//Zext (Zalc, Zall Zpar)

3.4. RECEIVE MUTE (and confidence level). When
the receive channel is muted (Vpin 18 2.7V) the re-
ceive gain is reduced of 60dB minimum.

In this condition an intemal connection is activated
from DTMF input (pin 7) to Receive Output (pin 28)
with a gain Gmf = 31dB to provide acoustic feed-
back of the DTMF transmission.

MICROELECTRONICS
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4. MICROPROCESSOR INTERFACE

4.1. MICROPROCESSOR SUPPLY (PIN 27). At "off-
hook" the first priority of the circuit is to make some cur-
rent available at the Microprocessor Supply (pin 27) to
charge quickly the external capacitor C3.

This charging current is : lcpm = 0.7 x (lline - [dem),
where Idem = 2.6mA is the current charging C1.

Figure 10.

Vmp = 3.3V in normal operation and current in-
creases Ilnearly from 0.5mA min, at lline = 6mA,.to
2.5mA min, at lline =27mA, remaining stable for hi-
gher values of lline.

s

Is MICROPROCESSOR SUPPLY
CURRENT Us.

LINE CURRENT

bttt
IL(mA)

MBBTEA78568-14

4.2. MICROPROCESSOR RESET (pin 20). The
Microprocessor Reset becomes active when Vmp
overcomes 85% of its nominal level.

Figure 11.

It becomes low when Vmp undergoes 84%.

Slope Aiis related to C3, limp (internal consumption)
and to the external load (microprocessor or dialer).

Y
SUPPLY

- 98% N\
80%

SLOPE A

Y]
RESET

N

t .

MBBTERZB56-13

H SGS-THOMSON

13/15
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5. PUBLIC / PRIVATE

5.1.A.G.C. OFF (PIN 10). An external resistor, R18, are now independent of the line length and the va-
applied between pin 10 and ground disconnects the lue of the current Ip,.flowing through R18, defines
AGC control. the length of the line for which sidetone is optimized

Sending, receiving gain and sidetone compensation (Ilp =2.7V/R18).

Figure 12.
dB N8BTER7B8568-15
Km. GAIN REDUCTION
g 3.5 Tx and Rx
REFERENCE=Gel-8dB TEA7858
and EQUIVALENT
SIDETONE LINE IREF
"2 -[i 2.7
. Ip :
s - : R18 -
1.75 < 1 i)
-4 \
\\
‘\ R18 = 6BBK
-6 |p : AG - -2dB * B.5dB

2 4 B B8 18 12 Ip(uf)

5.2. SECRET FUNCTION FOR PBIVATE (PINS11 - a) separately through two different control logic,

& 18). The two separate Mute pins allow Secret ) connected in short circuit with a three levels logic
Function" (only microphone muted). (Vm = 0V speech mode ; Vm = 1.8V microph mute ;
As the two controls have different threshold levels, Vm = 3V all mute).

they can be operated :

14115
(ST Rip o
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6. POWER MANAGEMEN AND HANDS-FREE INTERFACE

6.1. POWER MANAGEMENT (PIN 12). Most of the

-DC current available from the line will be delivered

by the speech circuit at the output Isource (pin 12)
through an internal current generator.

Typical values of this current, lea, are :
- lea = (0.3 x lline) for lline < 22mA
- lea=(0.9x lline 13mA\) for lline > 22mA

(ex : lline=16mA then lea=4.8mA
lline=30mA then lea=14.0mA -
line=60mA then lea=41.0m)

The voltage level at pin 12 must be defined by an
extemal regulator (i.e. : zener) and, if necessary, fil-
tered with a capacitor (47 to 220 pF).

In case Viine (at pin 24) approaches V at pin 12,
then the internal current source switches off and its
DC current is shunt to ground through an intemal
complementary generator, thus avoiding any nega-
tive effect on the Ac and DC impedances of the te-
lephone set application.

Figure 13.
I PIN 12 NBBTEA7856-16
(mA)
48
I PIN 12=F(IL)
38
/
/
28 //
//
18 /,
//‘//
18 28 38 48 IL(mA)

6.2. EXTRA RECEIVE OUTPUT (PIN 4). The Extra
Receive Signalis active also in Receive Mute condi-
tion, so allowing the transit of the receive signal from
the speech circuit to the Hands-Free system even
when the earpiece is muted.

‘ﬂ SGS-THOMSON

The gain at this pin is 30dB lower than standard Re-
ceive Output (pin 28).

15/156
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1 The TEA7052 is expressely designed to meet the

~ high range equipments.

TEA7052

" SPEECH CIRCUIT WITH POWER MANAGEMENT

ADVANCE DATA

n 2/4 WIRES INTERFACE WITH
- Double antisidetone network
- Rx gain and AC impedance externally pro-

grammable

» DTMF INTERFACE

= PULSE DIAL INTERFACE

= 4.0 VOLTS SUPPLY FOR MICROPROCES-
SOR OR DIALER

= RESET TO MICROPROCESSOR

» CURRENT SUPPLY FOR LOUDSPEAKER

= HANDS-FREE INTERFACE

» DC CHARACTERISTIC AND ON/OFF HOOK
FOR FRANCE

= CONTROL AGAINST HIGH VOLTAGE TRAN-
SIENTS

DESCRIPTION

french specification for telephone setin medium and

DIP24 SO-28

ORDER CODES : TEA7052DP (DIP24)
TEA7052D (SO-28)

BLOCK DIAGRAM

12 16 23
o o Py
15 ‘r
POUER SUPPLY HICRD
18 IL1/71L2 FOR PROCESSOR
LOUDHEARING RESET
T B TERZBS2
HICRO
17 UL-FIL) fe—] | PrROCESSOR |—
LINE POUER SUPPLY
19 CURRENT — 18
21 CONTROL 14
USTAB | —» AGC MUTE
22 . 11
—
| [T
6 O+— UREF MICROPHONE
- PREANPLIFIER
8 O1+— IREF
BUFFER
DTHF
~ AMPLIFIER
28 Q4 L———<l——4 7
T RECEIVE
AMPLIFIER AMPLIFIER |SIDETONE
3 24 \: 125 1\; nNBBTER7852-681
December 1988 114

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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PIN CONNECTIONS (top view)

DIP24
ANTISIDETONE LONG LINE 1 ~ 24[7] RECEIVE OUTPUT
ANTISIDETONE SHORT LINE 2 23[7] MICROPROCESSOR SUPPLY
AC IMPEDANCE [] 3 22[7] ANTINDISE FILTER
EXTRA RECEIVE OUTPUT [ 4 21 b uc
AMPLIFIED TRANSMISSION [] 5 2at] ULINE
vref [] 6 19[7] SURCHARGE FILTER
DTMF INPUT [] 7 18[] PULSE DIAL INPUT
MICROPHONE INPUT [] 8 17[7] HU STAGE CONTROL
iref ]9 u;j MICROPROCESSOR RESET
! PRIVATE/PUBLIC []18 15[7] HOOK DETECTION
MICROPHONE MUTE []11 14[] RECEIVE MUTE
POWER CURRENT SOURCE []12 13[] GROUND
MBBTEA7852-82
SO-28
ANTISIDETONE LONG LINE (O] 1 — 28 [TJ RECEIVE OUTPUT
ANTISIDETONE SHORT LINE CT] 2 27 [IDJ MICROPROCESSOR SUPPLY
AC IMPEDANCE CT{ 3 26 [T ANTINOISE FILTER
EXTRA RECEIVE OUTPUT (T} 4 25 [ vc
AMPLIFIED TRANSMISSION (I] S 24 [TJ ULINE
Uref (T 6 23 SURCHARGE FILTER
DTMF INPUT CT] 7 22 [TJ PULSE DIAL INPUT
MICROPHONE INPUT (I} 8 21 {TJ HVU STAGE CONTROL
Iref (O] 9 28 [TJ MICROPROCESSOR RESET
PRIVATE/PUBLIC (T] 1@ 19 [TJ HOOK DETECTION
MICROPHONE MUTE (CT] 11 18 [IJ RECEIVE MUTE
POWER CURRENT SOURCE (O] 12 17 [TJ GROUND
N.C. 13 16 [TJ N.C.
N.C. (T} 14 15 [IJ N.C.
N8BTEAZB52-17
2n4 L5y SGS-THOMSON
Y/ MICROELECTRONICS
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DIP—24 configuration)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit.
Ve Stabilized Voltage (pin 21) Il =27mA 2.35 26 2.85 \
Idem | Charging Current (pin 21) Il =27mA 26 mA

Ir Line Current Regulation for HV | Pin 15 = Pin 21 = GND ,
Control (pin17) Il =150mA 150 pA
Il =100mA 5
Pin 15 ON ; Pin 21 = GND
I =75mA 1560 HA |
Pins 15 and 21 ON -
Il = 60mA 150 HA
Il = 16mA 100 nA
I/ 27mA < Il < 50mA 0.8 0.9 1.0 HA/MA
lint Internal Bias Current (pin 21) Il=27mA ; 250 280 310 pA
R9 = 26.7 Kohms ;
(V20 = R6 x lint + Vc)
Vref | Reference Voltage Il =27mA 1.32 1.38 1.47 \Y
Iref Current at Vref -10 100 pHA
Vmp | Stabilized Supply at Pin 23 3.7 4.0 \%
lemp | Charging Current at Pin 23 Pin 15 = Pin 21 = GND 0.7 x mA
' IL1 = Il — Idem x IL1
Ispm | Static Current at Pin 23 Il =6mA 0.5 mA
Il > 25mA 25 2.8
limp Internal Consumption 90 120 160 MHA
lea Supply Current for Parallel R9 = 26.7Kohm
Circuits (pin 12) Il =10mA 3 mA
I =27mA 8 9.5 11 mA
Il =42mA 21 23.5 26 mA
Microprocessor Reset
Vrh High Treshold 0.845 0.89 Vmp
Vrb Low Treshold 0.76 0.8 0.84 |(pin 23)
Vrsh | Output High Reset = 1 0.9
Vrsb | Output Low Reset =0 0.1
&Gr SGS-THOMSON y14
Y/ HicRoEECTRONICS
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DIP-24 configuration)

Symbol Parameter _Test Conditions Min. Typ. Max. | Unit.
Vmh Mute Microphone (pin 11) ON 1.6 \Y
Vmb : OFF 0.8 \'
Vmh Mute Earphone (pin 14) ON - 27 \Y
Vmb o OFF 2.1 \
Gel Tx Gain Long Line Il =27mA 41 42 43 dB
Gec Tx Gain Short Line Il = 42mA 34 36 38

-Gmf DTMF Gain Il =27mA 41 42 43 dB
Pin 11 > 1.6V
De Tx Distorsion Il =27 to 42mA
VI = 0dBm 3 %
VI = 3dBm 10 %
Ze Microphone Impedance 20 Kohm
Bep Tx Noise Il > 27mA -73 dBmp
(psophometric) 2K at Pins 6-8
Re | Tx Attenuation in Mute Mode Il =27mA 60 dB
Pin 11 > 1.6V
Grl Rx Gain Long Line Il =27mA 29 30 31 dB
Gre Rx Gain Short Line Il =42mA 22 24 26
Dr Rx Distorsion I =27 to 42mA
’ Vec = 500mV 3 %
Vec = 700mV 10 %
Brp Rx Noise Il > 27mA - 74 dBmp
Rec Rx Attenuation in Mute Mode Il =27mA 60 dB
Pin 14 > 2.7V
Gal Antisidetone Il =27 to 42mA -22 dB
Zac AC Impedance Il > 27mA 500 650 800 ohm
Grs Confidence Level Pin 11 > 1.6V ; 35.5 38.5 415 dB
Vrec/Vmf Pin 14 > 2.7V
and L3 SGS-THOMSON
Y/ hicRoELEGTRONICS
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TEST CIRCUIT

1
1
T
]
[}
1
]
}
1
1

N IO sy 1 Bt
: : M : R4 2 21 4‘]'__-'
H ms[j' .nms ! 3 R6 | c1
p=scB ThipcamstTm 1. -2
V| zre b ZRLT ! RS 5 19 1}
-===F-F--t-' » z2en T
== []2. R17 1. TEAZB52
15
i B R
R1
1u rie | °
18 23
un R3 ii 3
. 16 18 12 Tca
’ =
DTNE INPUT PO
NICROPHONE MUTE & []33,( EXTRA CURRENT
RECEIUE MUTE L SUPPLY
c11 %3.au
MICROPROCESSDR RESET I
PULSE DIAL INPUT n88TER7E52-83
R1 = 920KQ R12=0Q C1=100uF C6 = 27pF
R2 = 820KQ R13=2.7KQ C2=4.7yF C7 = 27pF
R3 =1.5MQ R14=0Q C3 =10pF C8=2.2nF
R4 = 75Q R15 = 140KQ C4 =1yF C9=22nF
R5 = 5.1KQ R16 = 2.7KQ C5 = 100pF C11 = 220pF
R8 = 13KQ R17=1.2KQ -
R9 =26.7KQ R18 = 680KQ for private complex
R11 = 140KQ
Ly7 SGS-THOMSON sS4
Y/ ricRoEIECTRONICS
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CIRCUIT DESCRIPTION

1. DC-CHARACTERISTICS

1.1. VC (pin 21). The stabilized voltage Vc is
connected to Vline (pin 20) through an internal shunt
regulator which presents to the line a high AC impe-

Figure 1.

dance at frequencies higher than 200Hz. Atthis pur-
pose the value of C1 (at pin 21) must be not Iower
than 47 microFarad.

28 o

RBE

IDEN l

M

L

c1

Iint

I
l
-

——

MBBTEA7852-64

At "Off-hook", with only DC voltage applied to the
line terminals, C1 fixes the timing of the line current
profile at :
- 150mA max for a time shorter than 400msec
(T-charge)
- 60mA max in steady state (conversation)

Figure 2.

T-charge of 240msec (typ) is obtained with
C1=220pF.

Ve x C1

idem typically.

T-charge =

IL

158mA (max) ——\ILl

66mA (max)

IL2

v

MBBTER7B856-85

|
488BmS (max) t

6/14

57 SGS-THOMSON .
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1.2. HOOK DETECTION (in ring mode) (pin 15).

The DC-characteristic requested to allow off-hook

" detection by the exchange during ring call may be

accomplished : :
a) through an analog control (R-C) or,
b) by a microprocessor.

a) Application with standard dialer (analog
control)

The components R1, R2 and C2 define the timing

of the DC characteristic and also limit at 75mA-peak

the line current during decadic dialing.

Figure 3.

Optimum values are : - R1 x C2 = 1.8 sec ;
R2 x C2 = 0.8 sec.

To reduce the minimum time between a "on:hook/
off-hook" seéquence, R2 may be replaced by a switch
to ground.
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. b) Application with a microprocessor

Pin 15 may be controlled directly by the micro-controller, through a resistor R1b which replaces R1, R2 and C2.

Figure 4.

A
IL

W .

HOOK
DETECT.

MICROPROCESSOR SIGNAL

v

HEBTERPESE -67 t

"_I SGS-THOMSON

714

MICROELECTRONICS

321



TEA7052

1.3. VLINE (pin 20). The line voltage (pin 20) is de-
termined by the value of the external resistor R6 and
by the internal current, lint, flowing between Vc¢ (pin
21) and Ground (see also paragr. 1.1.) :

Viine = Vc + R6 x lint.

Figure 5.

Vc is fixed by design at about 2.6 volts.

Lint is reversely related to R9 (Lint = 7.5V/R9 at
lline = 27mA).

Urefi

)

MBBTEAZB852-88

0 9

R3

Vline must be externally adjusted (with R6) to gua-
rantee both DC and AC characteristic in accordance
to the french standards. At this purpose it is sugges-
ted that Vline equals 5.6 volts at lline = 16mA. This
typical value is obtained with R6 = 13Kohm.

1.4. HIGH VOLTAGE CONTROL STAGE (pin 17).
The behaviour of "HV control" is determined by se-
veral conditions, both internal (lline sensor) and ex-
ternal (pins 15 and 21) with the purpose to accom-
plish the different DC characteristics and transitory
conditions imposed by the French specification :

a) steady DC-characteristic and lightnings (pins 15
and 21 ON) .

814 L3y $6S-THOMSON

b) DC-characteristic at off-hook (pin 15 and 21
grounded)

c) DC-characteristic during decadic dialing (pin 21
grounded)
d) DC-characteristic after off-hook in ringing (pin 15
grounded)

To do that, HV control pin regulates the current in-
jectedinto the external high voltage transistor stage,
requested by the French specification.
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| Figure 6.
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2. TRANSMISSION CHAIN

Figure 7.
PREAMPLI AGC
\\\\\\ MUTE TX AMPLI
° / O\F
20
o]
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11 . R4
70— 50— :
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DTHF AMPLI RS ‘l BUFFER
6
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2.1. A.G.C. IN TRANSMISSION. The transmission
gain between Microphone Input (pin 8) and Vline
(pin 20) is internally decreased of 6dB when the line
current varies from 27mA to 42mA with a constant
AC load of 600 ohms.

2.2. SENDING IMPEDANCE. The impedance of the
Output Stage Amplifier, Zout, is determined by the
impedance Z4 (at pin 3).
Zout = 10.65 x Z4. .
The total AC impedance shown to the line is the pa-
rallel
Zpar = Zout//Zint//Zext

where :
- Zint = 10kohm // 8.5nF (internal)
- Zext=R6// C4 (at pin 20)

1014 L7 SGs-THOMSON

2.3. SENDING MUTE. In normal speech operation
(Vmute < 0.8V), the signal at Microphone Input (pin
8) is amplified to Vline (pin 20) with the gains Gec
(short line), Gel (long line) or intermediate, depen-
ding on lline.

In sending mute condition {(Vmute > 1.6V) these
gains are reduced of at least 60dB. In the same
condition DTMF input (pin 7) is activated, with gain
Gmf to the line independent from lline.

2.4. ANTISIDETONE BUFFER. The signal coming
from the sending preamplifier is internally presented
at pin 5 and than buffered to pins 1 and 2 for side-
tfone cancellation (see paragraph 3.2.).
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3. RECEIVE CHAIN
Figure 8.
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3.1. A.G.C. IN RECEIVE. As described for the
transmission chain, also the receiving gains Gr, from
pins 1 and 2 to pin 24, have a reduction of 6dB when
lline moves from 27mA to 42mA.

3.2. SIDETONE COMPENSATION. The circuit is

provided with a double anti-sidetone network to op-
timize sidetone both at long and short lines.

Before entering pins 1 and 2, the received signal is
attenuated by two attenuating networks : -
- Zall/ Zrl to pin 1 for long lines sidetone com-

pensation,
- Zalc/Zrcto pin 2 for short lines sidetone com-
pensation.
Zrl and Zrc define the total receive gains :
Va4 Zrc .
a) Voo = Grl x e Zal for long lines
Va0 Zrc .
b) Vor = Gre x Zr6 2 78l for short lines

Zall and Zalc define the sidetone compensation of
the circuit.

The equivalent balancing impedance is given by the
formula :

[’7 SGS-THOMSON

Zal=Kx Zalc + (1 - K) x Zall
where K =0 at lline = 27mA or lower (long line)

Kvaries from 0 to 1 with lline between27mA
and 42mA,

K =1 at lline = 42mA or higher (short line).

Calculations to define Zall and Zalc are :
JZli Zint // Z
2) Zall = 70 X R5 x ine(long) // Zext // Zint // Zout

Zout
Zline(short) // Zext // Zint // Zout
Zout

b) Zalc = 70 x R5 x

where :

- Zext =R6// C4// (Zelectret) (at pin 20)

- Zint = 10Kohms // 8.5nF (internal impedance)

- Zout=10.65 x Z4 (at pin 3 ; see paragr. 2.2.)

- Zline (short) and (long) are the impedances of the
line at OKm and 3.5Km.

- R5 =5.1Kohm+1%

3.3. AC Impedance. The total AC impedance of the .
circuit to the line is :

Zpar = Zout/ZinV//Zext//Zalc//Zall (see par. 2.2. and
3.2.
= Zout//Zint//Zext (Zalc, Zall Zpar)

11/14
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3.4. RECEIVE MUTE (and confidence level). When
the receive channel is muted (Vpin 14 > 2.7V) the
receive gain is reduced of 60dB minimum.

In this condition an internal connection is activated
from DTMF input (pin 7) to Receive Output (pin 24)
with a gain Gmf = 38.5dB to provide acoustic feed-
back of the DTMF transmission.

4. MICROPROCESSOR INTERFACE

4.1. MICROPROCESSOR SUPPLY (pin 23). At
"off-hook" the first priority of the circuit is to make
some current available at the Microprocessor Sup-

ply (pin 23) to charge quickly the external capacitor
C3.

This charging current is : lcpm = 0.7 x (lline - Idem),
where Idem = 2.6mA is the current charging C1.

Vmp = 3.95V in normal operation and current in-
creases linearly from 0.5mA min, at lline=6maA, to
2.5mA min, at lline = 27mA, remaining stable for hi-
gher values of lline.

Figure 9 : Microprocessor Supply Current vs. Line Current.
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4.2. MICROPROCESSOR RESET (pin 16). The
Microprocessor Reset becomes active when Vmp
overcomes 85 % of its nominal level.

It becomes low when Vmp undergoes 84 %.

Slope A is related to C3, [1mp (internal consump-
tion) and to the external load (microprocessor or dia-
ler).

Figure 10.
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