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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 
which, are intended for surgical implant into the body 
to support or sustain life, and whose failure to perform, 
when properly used in accordance with instructions for 
use provided in the labeling, can be reasonably expec
ted to result in a significant injury to the user. 

2. A critical component is any component of a life sup
port device or system whose failure to perform can be 
reasonably expected to cause the failure of the life sup
port device or system, or to affect its safety or effecti
veness. 
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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 
CIRCUIT 

+ ., DIALER 
+ RINGER ·I 

LOUDSPEAKING TELEPHONE · 

BASIC TELEPHONE + 
LOUDSPEAKING 

AMPLIFIER 

HANDS-FREE TELEPHONE 

LOUDSPEAKING TELEPHONE HANDS FREE 
+ CIRCUIT 

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 technolqgy SGS-THOMSON has already pro
duced a custom single-chip telephone for a major telecom manufacturer. 
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Type 
Number 

1.5KE Series 
BZW04 Series 
BZW50 Series 
EFG7189 
EFG71891 
L3100B/B1 
L3240 
L3280 
L3845 
LB1006 
Lj-11028 
LH1056 
LH1061 
LS156 

LS188 
LS204 
LS256 

LS285 
LS356 

LS404 
LS588 
LS656 

LS1240/A 
LS1241 
LS5018B 
LS5060B 
LS5120B/B1 
M761E 
M764A 
M3540 

M3541 
M3561 
MK5370 
MK5371 
MK5375 
MK5376 
MK53721 
MK53731 
MK53760 
MK53761 
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ALPHANUMERICAL INDEX 

Function 

1500 W/1 ms expo- Uni and Bidirectional Devices ........ . 
400 W/1ms expo- Uni and Bidirectional Devices ......... . 
5000 W/1ms expo- Uni and Bidirectional Devices ........ . 
DTMF Generator for Binary Coded Hexadec. Data ....... . 
DTMF Generator for Binary Coded Hexadec. Data ....... . 
Unidirectional Programmable Voltage and Current Suppressor 
Electronic Two-Tone Ringer .......................... . 
Low Voltage Telephone Speech Circuit ....... : .. : ...... . 
Trunk Interface .................................... . 
Telephone Ringing Detector .......................... . 
Telephone Interface Circuit ...... -.- ............... ; .... . 
Single Pole High-Voltage Solid-State Relay ............. . 
Double Pole High-Voltage Solid-State Relay ............. . 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface ............................. .- ... . 
Microphone Amplifier ............................... . 
High Performance Dual Operational Amplifiers ........... . 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface ................................. . 
Telephone Speech Circuit ............................ . 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface ................................. . 
High Performance Quad Operational Amplifiers .......... . 
Programmable Telephone Speech Circuit ............... . 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface ................................. . 
Electronic Two-Tone Ringer .......................... . 
Electronic Two-Tone Ringer .......................... . 
Bidirectional Trisil .................................. . 
Bidirectional Trisil ............... , .................. . 
Bidirectional Trisil .................................. . 
Dual Tone Multifrequency Generator ............... _ .... . 
Tone Ringer ........................................ . 
Single Number Pulse Tone Switchable Dialer with Save 
Facility ........................................... . 
Single Number Pulse Tone Switchable Dialer ............ . 
Pulse Dialer ....................................... . 
Single Number Pulse Tone Switchable Dialer ............ . 
Single Number Pulse Tone Switchable Dialer ............ . 
Ten-Number Repertory Tone/Pulse Dialer ............... . 
Ten-Number Repertory Tone/Pulse Dialer ............... . 
Tone/Pulse World Dialer with LNR ..................... . 
Single Number Pulse Tone Switchable Dialer ............ . 
Dialer with 4 Emergency Numbers ..................... . 
Repertory Dialer .................................... . 

~ SGS·ntDMSDN ... ""!I lililDICL'J@ml!.ireilllil@ll'JDICI!l 

Page 
Number 

613 
. 595 

619 
17 
17 

649 
367 
171 
473 
395 
487 
493 
501 

177 
469 
513 

189 
195 

203 
523 
217 

227 
371 
375 
645 
645 
645 
27 

379 

51. 
63 
37 
75 
85 
97 

109 
117 
129 
139 
149 



Type 
Number 

MK53762 
MK53763 
ML8204/5 
P6KE Series 
P7T Series 
PBL3726 Series 
SAA1094 
SM6T Series 
SM15T Series 
TEA7031 
TEA7037 
TEA7050 
TEA7052 
TEA7053 
TEA7062 
TEA7531 
TEA7532 
TEA7540 
TEA7868 
TEB1033 
TEB4033 
TEC1033 
TEC4033 
TEF1033 
TEF4033 
TPA Series 
TPB Series 
TS271 
TS272 
TS274 
TS27L2 
TS27L4 
TS27M2 
TS27M4 
TS372 
TS374 

ALPHANUMERICAL INDEX 

Function 

Repertory Dialer .................................... . 
Repertory Dialer .................................... . 
Tone Ringer ............. , ......................... . 
600 W/1ms expo- Uni and Bidirectional Devices ......... . 
700 W/1ms expo- Uni and Bidirectional Devices ......... . 
Mask-Programmable Speech Circuits .................. . 
Three-Tone Ringer. ......... · ......... ; .............. . 
600 W/1 ms expo- Uni and Bidirectional Surface Mount DeVices 
1500 W/1 ms expo- Uni and Bidirectional Surface Mount Devices 
Monitor Amplifier and Ringer ............... : . ........ . 
Speech Tone ................... : .................. . 
Speech for High Range Telephone Set ......... , ....... . 
Speech Circuit with Power Management ................ . 
Speech Circuit ............. · ........................ . 
Speech Circuit with Power Management .... ; ........... . 
Monitor Amplifier ................................... . 
Monitor Amplifier ................................... . 
Handsfree ......................................... . 
Line Interface ...................................... . 
Bipolar Dual Operational Amplifier ..................... . 
Bipolar Quad Operational Amplifier .................... . 
Bipolar Dual Operational Amplifier ..................... . 
Bipolar Quad Operational Amplifier .................... . 
Bipolar Dual Operational Amplifier ..................... . 
Bipolar Quad Operational Amplifier .................... . 
Trisil ............................................. . 
Trisil .............................................. . 
CMOS Single Operational Amplifier .................... . 
CMOS Dual Operational Amplifier ..................... . 
CMOS Quad Operational Amplifier .................... . 
CMOS Dual Operational Amplifier ..................... . 
CMOS Quad Operational Amplifier .................... . 
CMOS Dual Operational Amplifier ..................... . 
CMOS Quad Operational Amplifier .................... . 
CMOS Dual Comparator ............................. . 
CMOS Dual Comparator ............................. . 

Page 
Number 

157 
167 
353 
601 
607 
243 
389 
625 
631 
405 
279 
299 
315 
329 
341 
427 
445 
461 
477 
535 
545 
535 
545 
535 
545 
637 
641 
555 
565 
575 
565 
575 
565 
575 
585 
589 
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SELECTION GUIDE 

DIALER CIRCUITS 

Type· Description Page Number 

EFG7189 DTMF generator for binary codec hexadecimal data 17 

EFG71891 DTMF generator for binary codec hexadecimal data ............... 17 
M761E DTMF generator ............................... · ............. 27 
M3561 Pulse dialer ................................................ 37 
M3540 Single number tone/pulse dialer with save ....................... 51 
M3541 Single number tone/pulse dialer ............................... 63 
MK5370 Single number tone/pulse dialer ............................... 75 
MK5371 Single number tone/pulse dialer ............................... 85 
MK5375 Ten-numbers repertory tone/pulse dialer •'• •• 0. 0 0. 0 •• 0 •• 0 •••••• 0. 97 
MK5376 Ten-numbers repertory tone/pulse dialer ••••• 0 0 0 •• 0 •• 0 0 ••• 0. 0 •• 0 109 
MK53721 Single number tone/pulse "WORLD DIALER" .................... 117 
MK53731 Single number tone/pulse dialer ............................... 129 
MK53760 Five-numbers repertory tone/pulse dialer ........................ 139 
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 

Type Description Page Number 

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 circult ..................................... 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 ................. _ .................... 329 
TEA7062 Programmable speech circuit with power management 0 ••••••••••• 341 
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SELECTION GUIDE 

TONE RINGERS 

Type Description Page 
Number 

ML8204/5 Electronic two-tones ringer ............................ ~ ....... 353 

L3240 Electronic two-tones ringer with complementary outputs ............ 367 

LS1240 Electronic two-tones ringer .................................... 371 

LS1240A Electronic two-tones ringer .................................... 371 

LS1241 Electronic two-tones ringer .................................... 375 

M764A Electronic three-tones ringer .................................. 379 

SAA1094 Electronic three-tones ringer ........................ -.......... 389 

LB1006 Telephone ringing detector 0 •••••••••• 0 ••••••••••••••••••••••• 395 

SPEAKERPHONE CIRCUITS 

Type 
Number 

TEA7031 

TEA7531 
TEA7532 

TEA7540 

Description Page 

Monitor amplifier and ringer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405 

Monitor amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427 
Monitor amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 

Hands-free circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461 

SPECIAL FUNCTIONS 

Type Description Page Number 

LS188 Microphone amplifier ........................................ 469 

L3845 Trunk interface ••••••• 0 ••••••••••••••••••••••••••••••••••••• 473 

TEA7868 Line interface •••• 0 •••••• 0 ••••• 0 0 •• 0 ••••• 0 ••••••••• 0 •••••• 0. 477 
LH1028 Telephone interface circuit .................................... 487 

LH1056 Single-pole high-voltage solid-state relay •••••••••••••••• 0 ••••••• 493 

LH1061 Double-pole high-voltage solid-state relay ........................ 501 
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CMOS COMPARATORS 

Operating Supply Current 
Type Configuration Main Feature Single Supply Voltage Range (Max per Amplifier) 

(V) (rnA) 

TS372 Dual Low Power Yes 3 to 16 0.4 

TS374 Quad Low Power Yes 3 to 16 0.4 
- ----------------------L.------ L. 

Characteristics specified at Vee= +10V 

BIPOLAR OP-AMPs 

Maximum Supply Current Input Offset 
Supply 

Type Configuration Main Feature Single Supply 
Voltage 

(per Amplifier) Voltage (Max) 

(V) 
(rnA) (mV) 

TEB1033 Dual High Stability No ±18 0.75 1 

TEB4033 Quad High Stability No ±18 0.75 1 

LS204 Dual High Stability Yes ±18 0.6 2.5 

LS404 Quad High Stability Yes ±18 0.5 2.5 
----- ------- --- - -

Characteristics specified at V ce = ± 15V 

Input Offset 
Voltage (Max) 

(mV) 

10 

10 

Gain-Bandwidth 
Product (Typ) 

(MHz) 

2.5 

2.5 

2.5 

2.5 

Responde Time (Typ) 
(with overdue= 5mV) 

(ns) 

600 

600 

Slew Rate Noise Voltage 
(Typ) 

(nV/.Jifz) 
(V/JlS) 

1 6 

1 6 

1 8 

1 8 

Page 

585 
! 

589 
! 

Page I 

I 

535 I 

545 

513 

523 

CIJ m 
rm 
~ 
0 
z 
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CMOS OP-AMPS 

Type Configuration Main Feature 

TS271 Single Programmable 

TS271A Single Programmable 

TS271B Single Programmable 

TS27L2 Dual Very Low Power 

TS27L2A Dual Very Low Power 

TS27L2B Dual Very Low Power 

TS27M2 Dual Low Power 

TS27M2A Dual Low Power 

TS27M28 Dual Low Power 

TS272 Dual High Speed 

TS272A Dual High Speed 

TS272B Dual High Speed 

TS27L4 Quad Very Low Power 

TS27L4A Quad Very Low Power 

TS27L48 Quad Very Low Power 

TS27M4 Quad Low Power 

TS27M4A Quad Low Power 

TS27M4B Quad Low Power 

TS274 Quad High Speed 

TS274A Quad High Speed 

TS2748 Quad High Speed 

Characteristics specified at Vee= + 1 OV 

Operating 
Single Supply Voltage Range 

(V) 

Yes 3 to 16 

Yes 3 to 16 

Yes 3to 16 

Yes 31016 

Yes 3to 16 

Yes 3to 16 

Yes 3 to 16 

Yes 3to 16 

Yes 3 to 16 

Yes 3to 16 

Yes 3 to 16 

Yes 3 to 16 

Yes 3 to 16 

Yes 31016 

Yes 3 to 16 

Yes 3 to 16 

Yes 3to 16 

Yes 3to 16 

Yes 3 to 16 

Yes 3 to 16 

Yes 3 to 16 

Supply Current 
Input Offset 

(Max per Voltage (Max) 
Amplifier) 

(mA) (mV) 

0.015 to 1.5 10 

0.015 to 1.5 5 

0.015 to 1.5 2 

0.015 10 

0.015 5 

0.015 2 

0.2 10 

0.2 5 

0.2 2 

1.5 10 

1.5 5 

1.5 2 

0.015 10 

0.015 5 

0.015 2 

0.2 10 

0.2 5 

0.2 2 

1.5 10 

1.5 5 

1.5 2 

Gain-Bandwidth 
Product (Typ) 

(MHz) 

0.110 2.5 

0.110 2.5 

0.110 2.5 

0.1 

0.1 

0.1 

1 

1 

1 

3.5 

3.5 

3.5 

0.1 

0.1 

0.1 

1 

1 

1 

3.5 

3.5 

3.5 

Slew Rate 
(Typ) 
(ns) 

0.01 to 45 

0.01 to 45 

0.04 to 45 

1.04 

1.04 

1.04 

0.5 

0.5 

0.5 

5.5 

5.5 

5.5 

0.04 

0.04 

0.04 

0.6 

0.6 

0.6 

5.5 

5.5 

5.5 

Page 

555 

555 

555 

565 
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565 
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565 

565 

565 

565 

565 
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SELECTION GUIDE 

TRANSIL PROTECTIONS 

Types 
Pp (W) VRM (V) Case Page 

Unidirectional Bidirectional 

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 BZW50 ... BZW50 ... B AG 619 

TRISIL PROTECTIONS 

lpp (A) VeR (V) Types 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/LS5120B,B 1 MINIDIP 645 

TRIGGERED FUNCTION 

250/8-20 us 255 L3100B1 MINIDIP 649 

SURFACE MOUNT TRANSIL PROTECTIONS 

Types 
Pp (W) VRM (V) Case Page 

Unidirectional Bidirectional 

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 
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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 
• ACCEPTS 4 BIT DATA IN SERIAL OR PARAL

LELFORMAT 
• 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 campo-
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 
\rwhile device is outputting any tone pair. 

November 1988 

MINIDIP 

DIP14 

ORDER CODES : EFG71891 PD (Minidip) 
EFG7189PD (DIP14) 

PIN CONNECTIONS (top view) 

v• MFOUT 

ISA H 

NC A 

v- 8 

OSCIN c 
NC 0 

OSC OUT SA 

v• MFOUT 

ISA H 

v- A 

OSCIN OSC OuT 

1/10 
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EFG7189·71891 

BLOCK DIAGRAM 

ISA v· 
--&--, 

I 
I 
I 
I 
I 
I 

0 I 
c Odtd 

I 
MF OUT 

B 

A 

H 

SA 

v-

PIN DESCRIPTION 

No Name Function Description 

1 v• Supply Voltage Positive Supply 
4 v- 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 MFOUT Analog Output This pin is the DTMF signal output. 

5 OSCIN 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 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v+ Supply Voltage 

V1n Digital Input Range 

Tstg Storage Temperature Range 

ELECTRICAL OPERATING CHARACTERISTICS 
All voltages referenced to V 

Symbol Parameter 

v+ Positive Supply Voltage 

Toper Operating Temperature Range 

fc Crystal Frequency 

DC ELECTRICAL CHARACTERISTICS 

EFG7189· 71891 

Value Unit 

-0.3 to+ 5.5 v 

- 0.3 to v+ + 0.3 v_ 

-55to+125 "C 

Min. Typ. Max. Unit 

3 - 5.25 v 

-25 - 70 ·c 
- 3.579545 - MHz 

' Tamb =- 25 'C to 70 •c, V+ =-3 to 5.25 V, fc = 3.579 MHz (all voltages are referenced to v-) 

Symbol Parameter Min. Typ. Max. Unit 

loo Operating Current in Transmission Mode {V+ = 4 V, output - 0.6 1 rnA 
not loaded) 

ISB Standby Current {ISA, H, A, B, C, D open circuit or - - 10 J,IA 
connected to v+) 

VIL Input Low Voltage {ISA, H, A, B, C, D) 0 - o.3 v+ v 

V1H Input High Voltage (ISA, H, A, B, C, D) o.7 v+ - v+ v 

RT Pull up Resistor on Logic Inputs ISA, H, A, B, C, D 100 - - kQ 

loLSA SA Output Current {VoLSA = 0.5 V) 500 - - J,IA 
IFSA SA Leakage Current, Open Current {VoHSA = 5 V) - - 2 J,IA 

A.C. ELECTRICAL CHARACTERISTICS 
Tamb =- 25 'C to 70 •c, V+ - 3 V. to 5.25 V, fc = 3.579 MHz 

Symbol Parameter Min. Typ. Max. Unit 

t, tr Rise/Fall Time on Input Signals - - 50 ns " 

TISAoN Transmission Delay - - 5 ms 

TISAoFF Blocking Delay - - 5 ms 

TH Clock Period 10 - - 115 
THH High Level Clock Width 5 - - 115 
THL Low Level Clock Width 5 - - p.s 
TpH Set-up Time of A Related to Clock 1 - - j.l.S 

TMH Hold Time of A Related to Clock 7 - - 115 
TPISA Set-up Time of the Code or Clock Related to ISA 1 - - 115 
TMISA Hold Time of Code Related to ISA 2 - - 115 

3110 
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EFG7189-71891 

TRANSMISSION CHARACTERISTICS lamb "'- 25 'C to 70 °C, V• 3 V to 5.25 V, fc "' 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 

D Output Distortion 
Note: 1.0dBm= o.nsv .. , 

These specifications are related to the following loads. 

Figure 1. 

MIXED LOAD 

••M---1 
R;;.33kll C:any CT 
C .;; 2.2 nF R : any 

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, 8, C andD 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: 
• Parallel format : this requires 4 connections (A, 

8, 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). 
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2.3 2.7 3.1 dB 

- - -20 dB 

RESISTIVE LOAD 

MFOUT ~---------, 

R ~ 120 kll v 

MFOUT~ 
A 

R;;;. 33k!l 

Pre-emphasis is applied to high group tone and both 
tones of DTM F 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, 8S, CS and DS signals. 

• The multiplexer is enabled by signal H and ope
ra~s according to the following law : AI "' H.AP 
+H.AS. 

• The 4-bit storage register operates on trailing 
edge of ISA signal. AI, 81, Cl, Dl and AL, 8L, CL, 
DL are its inputs and outputs respectively. 

During the low state period of ISA input, AL, 8L, CL 
and DL signals determine the DTMF pair to be ge
nerated. 
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Figure 2 : Exa"'!ple of Parallel Operating Mode. 

·m 
·m 
·m 
em 
am 

.•• ----,___ __ _,n .... ___ ______r--

Stored data IH = 11 
AL =0 
BL = 1 
CL = 1 
DL =0 

Stored data (H = 1 I 
0 
0 

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 0 inputs cannot modify the generated OTMF pair. 

Figure 3 : Example of Serial-Operating Mode. 

H 

•s• ------------,. 
t~ _____ _,r--f~--~~ 

MFOUT ----------~~,._ ___ 7....:70_•_14_7_7 __ ....Jl.___J 697 •1209 L_ 

t l l l 
AS = 0 
BS = X 
CS =X 
OS , X 

1 1 0 
0 1 1 
X 0 1 
X X 0 

Stored data IH = 01 
AL = AS "U 
BL = BS - 1 
CL ':"" CS =- 1 
Dl = OS '0 

l l l t 
1 0 
X 1 
X X 
X X 

0 0 
0 0 
1 0 
X 

StOfed datil (H :- 01 
0 
0 
0 

Notes : 1. With ISA at logicO, H, A, B, Cand 0 signals cannot modffythegenerated OTMF pair. As a result, in serial operating mode, it is pas· 
sible to enter AS, BS, CS and OS data while another OTMF pair is being generated. 

2. First data to be entered is OS. 
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Figure 4 : Data Acquisition Logic. 

ISA 

H 

I 
I 
I 
I 
I 
I 
I 
I 
I 

i 

s 
H 
I 
F 
T 

R 
E 
G 
I 
s 
T 
E 
R 

AL 

AI 

AS AP 

BL CL DL 

Storage register 

81 Cl Dl 

I 
8-line to 4-Hne multiplexer 

-

85 8P cs CP OS DP 

L----- ----------------- -·---- ------

A 
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TIMING DIAGRAM 

Figure 5 : Rise/Fall Time on Input Signals. 

~V-~ ------- ~-----~--------~-
0.9 v: __ 11_ _ _____ -n-______ -/-______ " __ 

11 . "-------
., ,, 

Figure 6 : Parallel Operating Mode {H = "1 "). 

o.gv• ---.--
0.1 v• - - - - - -

o.sv• 
ISII 

MFOUT 

TISAQFF 

Figure 7 : Serial Operating Mode. 

H 

A 

TISAoN "TISAQFF 
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Table 1 

DTMF Specification Frequencies Derived from Division % Deviation from 
(Hz) a 3.579 MHz Quartz (Hz) Rank Standard 

11 697 701.3 5104 0.62 

12 770 771.4 4640 0.19 

13 852 857.2 4176 0.61 

14 941 935.1 3828 -0.63 

15 1209 1215.9 2944 0.57 

f6 1336 1331.7 2688 -0.32 

f7 1477 1471.9 2432 -0.35 

f8 1633 1645 2176 0.74 

Table 2 

Keyboard Hexadecimal Code ISA Generated Frequencies 
Code A 8 c D f(Hz) f(Hz) 

X X X X X 1 
1 0 0 0 1 ""l. 697 1209 
2 0 0 1 0 ""l. 697 1336 
3 0 0 1 1 ""l. 697 1477 
4 0 1 0 0 ""l. 770 1209 
5 0 1 1 1 ""l. 770 1336 
6 0 1 1 0 ""l. 770 1477 
7 0 1 0 1 ""l. 852 1209 
8 1 0 1 0 ""l. 852 1336 
9 1 0 1 1 ""l. 852 1477 
0 1 0 0 0 ""l. 941 1336 . 1 0 1 1 ""l. 941 1209 
# 1 1 1 0 ""l. 941 1477 
A 1 1 0 1 ""l. 697 1633 
B 1 1 1 0 ""l. 770 1633 
c 1 1 1 1 ""l. 852 1633 
D 0 0 0 0 ""l. 941 1633 

8/10 
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TYPICAL APPLICATION (european standards) 

Figure B : Parallel Connection. 

Regulated volta!ll! 

l 1 
ISA v• MFOUT 

EF68HC 
04P3 

or A 
ETC 

EFG7189 

9410 B 

c 
I) v 

I 1 

Note : H may be left open or connected to logic 1. 

Figure 9 : Serial Connection. 

Regulated voltage 

l 1 
ISA v• MFOUT 

EF68HC H 
04P3 

0< 
A EFG7189 

ETC 
9411 

-v 

l 1 

Note : 8, C and D may be left floating or connected to logic 1. 

Second order 
low-pass 

filter 

Second order 
low-pass filter 

EFG7189-71891 

DTMF 
output 

DTMF 
output 
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SECOND ORDER LOW-PASS FILTERS 

Figure 10: With Transistor (gain= 1). 

56 kl! 

~ 
MFOUT ,____,-

Figure 11 :With Op. Amp. (gain= 1). 

56 kll 
±2 'l(, 

1500 pF 

±10%1 

56 kl! 
±2% 

56 kl! 
±2% 

1000 pF 

±WN> 

-.r 

680pF -~ , .. I 
v -

56 kSI 
±2% 

33 kll 

v 
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~N24B4 

10 kSI 
±10% 

v· 

470 pF 
± 10 'l(, 

39 kSI 

v•-v- ·4V±0.2V 

DTMF 
OUTPUT 

v• - v-. 4 v ± 0.2 v 



M761E 

DUAL TONE MUL TIFREQUENCY GENERATOR 

• 2.4 TO 4 V SUPPLY RANGE 
• VERY LOW POWER CONSUMPTION 
• 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 crystal! (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 oscillatortums 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 1 988 

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) 

16 Voo 
osc. 

17 FILTER IN 

C1 3 16 FILTER OUT 

C2 4 15 MUTE OUT 
COLUMNS 

CJ 5 M761 14 R1 

C4 6 13 R2 

ROWS 

N.C. 12 R3 

MIXER OUT 11 R4 

Vss lOP DIG. FREQ, 
OUT 

S-381012 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo -Supply Voltage -0.5 to+ 5.5 v 
Vt Input Voltage -0.3 to Voo + 0.5 v 

Ptot Power Dissipation 400 mW 

Top Operating Temperature Range -25to+70 oc 
Tstg Storage Temperature Range -55t0+125 oc 

THERMAL DATA 

I RthJ-amb I Thermal Resistance Junction-ambient Max 100 oc/W 

2/9 L .. ., SGS·ntDMSDN 
• 1 J liliiUICilli@Im!.Willlill!llll'IIICII 

28 



M761E 

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

Parameter 

DC CHARACTERISTICS 

Voo Voltage Supply 
Voltage 

Test Conditions 
(see note 1} 

2.4 3 4 v 

Supply 
leo Operating Supply Voo =2.4 V 1.8 rnA 

Current 

loco Stand-by Supply Vooo =2.55 V 0.3 rnA 
Current 

Input Voltage Levels 

V;H Logical "1" 80 %of Voo + 0.3 v 
Row and (Voo-Vss} 

Column Inputs V;L Logical "0" Vss 20%of v 
-0.3 v (Voo-Vss} 

C;N Input Capacitance Any 7.5 pF 
Pin 

hH High Level Input Voo =2.5 V V;N =2.5 v 1 J.tA 
Current 

ilL Low Level Input Voo = 2.5 V V;L = 0 V 1 J.tA 
Oscillator 

Current 

loH High Level Output Voo = 2.5 V VoH = 2 V -100 -500 J.tA 
loL Low Level Output Voo =2.5 V VoL=0.5V 100 500 J.tA 

Current 

Digit. loL Low Level Output Voo =2.5 V VOL= 1 V 100 J.tA 
Freq. Current 
Outp. (open drain output} · 

Vo Output DC Voltage Voo = 2.5 V 200 rnV 
Without Tones 

Filter Vo Output DC + AC Voo =2.5 V (see note 2} 0.63 0.84 1.05 v 
Voltage with (see fig. 1} 
2 Tones 

Mute loH Output Drive Current Voo =2.5 V VoH=1.5V -100 J.tA 
Output loL Output Sink Current Voo =2.5 V VoL= 1 V 20 J.tA 

Notes : 1. This device has been designed to be connected to the DTMF interface of .the speech circuitlamily LS156, LS356, LS656 from which 
n 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·=Voc ~ 
Voo 

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

v,,. = VLF Voo· VHP = VHF Voo· 
Voo Voo 

The values are measured with Wo tone at the output. 
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ELECTRICAL CHARACTERISTICS (all parameters are tested at Tamb = 25 °C) 

Parameter 

AC CHARACTERISTICS 

RF Feedback Oscillator 
Resistance 

c1 Input Capacitance 
Oscillator to Voo 

Co Output Capacitance 
to Voo 

Zo1 Output Dynamic 
Mixer Impedance with 

2 Tones 

Zo2 Output Dynamic 
Filter Impedance with 

2 Tones 

li Max. Output Tone 
F . Derivation from 

Standard 
R1 697Hz 
R2 770Hz 
R3 852Hz 
R4 941 Hz 
C1 1209Hz 
C2 1336Hz 
C3 1477Hz 
C4 1633Hz 

VLF Low Frequency Tones 
Amplitude at Filter Out 

VHF High Frequency Tones 
Amplitude at Filter Out 

Tone Pre-emphasis 
Characteristics 

Unwanted Frequency 
Components 
at f =3.4 KHz 
at f =50 KHz 

Total Harminic 
Distortion for 
a Single Frequency 

Is Start-up Time 

t, Supply Voltage Rise 
Time 

Test Conditions 
(see note 1) 

Voo =2.5 V 

Voo =2.5 V 

At Crystal Frequency 
f =4.433619 MHZ 

Voo =2.5 V (see note 3) 
(see fig. 2) 

Voo =2.5 V (see note 3) 
(see fig. 2) 

Voo =2.5 V 

Voo + 2.5 V 
(see fig. 4) (see fig. 5) 

Voo =2.5 V 

1.5 4.5 

9.5 

10.5 

10 

2.5 

124 

157 

1.25 2 

3 

Mn 

10.5 pF 

11.5 pF 

Kn 

Kn 

+ 0.5 % 
-0.2 % 
+ 0.5 % 
-0.6 % 
+ 0.6 % 
-0.4 % 
-0.3 % 
+ 1.1 % 

148 mVpp 

187 mVpp 

2.75 dB 

-33 dBm 
-80 dBm 

5 % 

5 ms 

250 ms 

Notes : 1. This device has been designed to be connected to the DTMF interface of the speech clrcuittamily l.S156, LS356, LS656 from which 
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tt 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 vottage, wtth two tones activated, can be related as 

follows: 

Voc· = Voc ..!!!:!.._ 
Voo 

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

VLP = VLF Voo· VHF' = VHF Voo· 
Voo Voo 

The values are measured with two tone at the output. 



FUNCTIONAL DESCRIPTION 

OSCILLATOR (OSC. IN - OSC. OUT) 

The oscillator circuit has been designed to work 
with a 4.433619 MHz crystal ensuring both fast start
up time and low current consumption. 
When Voo 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 

1 

M761E 

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 on the 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. 

r 
THREE STATE 

INPUT S-3 808 

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 
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
ted no tone is generated. 

DIGITAL FREQUENCY OUTPUT 

This output is intended for testing only ; when a sin
gle tone is activated, at this output is available a di
gital signal whose frequency is 16 times the selected 
output tone frequency. This output is an open col
lector N-channel transistor. 

LF.ANALOGUE I 
INPUT ---, 

Voo 

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

. _n.n_ 

Voo 

DIGITAL r FREQUENCY 
---j OUTPUT 

5-3806 

HF ANALOGUE 
INPUT 

S-3 80M1 
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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 
to about 0.85 V at Voo = 2.5 V. 
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 about 
2.5 K.Q. 

The following equivalent circuit should be applied 
during filter design : 

10Kfi Rl 

MIXER 
OUTPUT 

C1 

It is evident that R1 and R2 should be kept high to 
avoid undue influence of Mixer and Filter output im
pedances. 
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The following values are suggested : 
R1 =56 KQ±2% 
R2=33 KQ±2% 
C1 =2.2nF±10% 
C2 = 0.56 nF ± 1 0 % 

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. 

ANY KEY 

MUTE 

OSC.OUT. 

~JL 
~JL 
_I~~W[~-~-~~~L~ 

TONE OUT. ---~~ 
S-ltl09 



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

r---------------------------------1 

Voo 

O.U.T. 
FILTER OUT 

-Vref 
I. 

I 
I 
I 

L---------------------------------J 
5-5538 

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

Figure 2 : Out Tone Level Measurement Test Set. 

Voo 
R FREQ. 

nu.r. PEAK DETECTOR!---_. 

5-5539 

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

M761E 
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Figure 3 :THO Measurement Test Set. 

,-------------, 
I Fl I 
I I 
I I 
I I 

Voo 

I 
D.U.T. 

High pass filters characteristics : F1 : fo = 1400 Hz 1 00 dB/dec 
F2 : fo = 2500 Hz 1 00 dB/dec 

PEAK 

DETECTOR 

5-380111 

THO measurement is made by sensing the level of harmonic components alter 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. 

5-3802/1 
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2m A 

4.7V 

1.6mA -

Figure 5 : Start-up time Definition . 
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MACHIN E 
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A 

I 

~I" 

I 
Is 
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• OPERATION FROM 1.5V TO 5.5 SUPPLY 
• STATIC STANDBY OPERATION DOWN TO 1 V 
• LOW CURRENT CONSUMPTION : 1 OOuA, 1.5V 
• LOW STATIC STANDBY CURRENT : MAX 

500nA 
• LAST NUMBER REDIAL FUNCTION 
• 32 DIGIT CAPACITY, INCLUDING ACCESS 

PAUSES 
• 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: 1.5:1 OR 2:1 

! • CIRCUIT RESET FOR LINE POWER BREAKS 
>220ms 

• ACCESS PAUSE GENERATION VIA THE KEY
BOARD 

• 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 

V4 
Vl 
V2 

V3 
CE 
RE 
CD 
RD 
DP 

M3561 

PULSE DIALER 

DIP18 
(0,25mm) 

ORDER CODE : M3561 B 

PIN CONNECTION 

M89M356/-g I 

X3 
X2 

XI 
APE 
IDS 
VDD 
M/5 

m 
vss 

1/13 
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M3561 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Supply Voltage +7 v 
V1N Voltage on any Pin (Vss - 0.3) to (Voo + 0.3) v 
Top Operating Temperature (-25 to+ 70) oc 
TsT Storage Temperature (- 65 to+ 150) oc 

BLOCK DIAGRAM 

RD CD RE MIS IDS 

I I I I I 
I I T ! 

OSCILLATOR PROGRAMMA8LE_r H TIMING RESET 
DIVIDER COUNTER 

t ~ l , 

H READ L .. 
32X481T ADDRESS 

ADDRESS K 
COUNTER I 

RAM DECODER 

J ADDRESS k CONTROL 
LOGIC I SELECT 

INPUT/ ;"'--
WRITE 

ADDRESS 
OUTPUT 'v-- COUNTER 

APE 

OUTPUT ~ ~J ~ - -
COUNTER I KEYBOARD ACCESS 

DECODER PAUSE 
- - Vss 

-DP Xl X2 X3 Yl Y2 Y3 Y4 

2113 
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ELECTRICAL CHARACTERISTICS 
{V00 = 2.5V; Vss = OV; 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 1.5 5.5 v 
VoR Data Retention Voltage CE = Voo 1 v 
hie Operating Supply Current CE =Vss ;Voo = 1.5 V. 100 (.!A 

CE =Vss ;Voo =5.5 V 500 (.!A 
lamb =25 °C 

loco Standby Supply Current CE = Voo ; Voo = 1.5 V 500 nA 
MIS =Voo; 
IDS= APE = Vss 

VIL Input Voltage Low 1.5 V~ Voo ~ 5.5 V Vss 20% 
-0.3 v of Voo 

VIH Input Voltage High 1.5 V ~ Voo ~ 5.5 V 80% Voo-
o!Voo + 0.3 v 

- hL Input Leakage Current CE Low · CE = Vss 100 nA 
hH CE High CE =Voo 100 nA 

- hL Pull-up Input Current M/S V1 = Vss 0.4 4 (.!A 

RKoN Keyboard "ON" Resistance Contact ON 1 kn 

RKOFF Keyboard "OFF" Resistance Contact OFF 1 Mn 

hH Input Current for Xn, "ON" V1 =Voo 30 (.!A 

hH Input Current for Yn, "ON" V1 =Voo 30 (.!A 

-IlL Input Current for Xn "OFF" V1 =Vss 220 (.!A 

- hL Input Current for Yn "OFF" V1 = Vss 220 (.!A 

loL Outputs M1, DP: Sink Current VoL =0.5 V 1 6 rnA 

-loH Source Current VoH =2.0V 1 6 rnA 

I Oscillator Frequency Voo=1.5V 10 KHz 

AI Frequency Deviation (%) 1.5 V~ Voo ~ 3.5 V 4 % 
M = lf(1.5 V) - 1(3.5 V)l fixed Rc Oscillator 

1(2.5 V) Components : 
Rd =715 kn 
Re =750 kn 
C1 =270 pF 
lamb =25 °C 

3113 
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TIMING CHARACTERISTICS 
(V00 = 1.5 to 5.5V; Vss = 0; fosc = 2.4KHz; Tamb = 25°C) 

Symbol Parameter Test Conditions Value Unit 

'fcL Clock Pulse Frequency 30 x fop 300 Hz 
fop Dialing Pulse Frequency - 1/Top IDS= Vss 10 Hz 
lm Make Time 2/5 X TOP M/S = Voo 40 ms 
1m 1/3xTop MIS= Vss 33.3 ms 

lb Break Time 3/5 X TOP M/S = Voo 60 ms 
lb 2/3 X TOP MIS= Vss 66.6 ms 

l;d Inter Digit Pause 8 X Top IDS =Vss 800 ms 

lpd Pre Digit Pause 8.4 X TOP IDS= Vss 840 ms 

lrd Reset Delay Time 223 _ ms 

te min Debounce Time 
te max 

ten max Clock Enable Time 

I oN max Clock Start-up Time 

I; typ Initial Data Entry Time 

GENERAL DESCRIPTION 

1. Pin Description 

Y4; Y3; Y2; Y1 (pins 1 through 4) 

Row keyboard input pins 

CE(pin 5) 

Min. 
Max. 

loN + le 

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. 

i'5F' (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. 
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-

13.3 ms 
16.7 ms 

1 ms 

1 ms 

16 ms 

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. 

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

Osci. · RD RE CD Dial Rate (pps) IDP (ms) 
Freq. 

IDS= Vss IDS= Vss [KHz] kQ kQ [pF] 
1.32 5.5 1454 
1.44 6 1334 
1.56 6.5 1230 
1.68 7 1142 
1.80 

Select component in the ranges indicated in table of electrical 
7.5 1066 specificatiion 

1.92 
2.04 
2.16 
2.28 

. 2.40 715 750 
I 

Table 2 : Input Pin Selection. 

Function Pin 
Mark/space Ratio M/S 

Chip Enable CE 

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. 
It is 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 = 715Kcihm and 
RE = 750Kohm and CD= 270pF. 
It is recommended that the tolerance of resistors be 
1%, and that ofthe capacitor be 5%, to insure 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. 
WhenCE= 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 

8 1000 
8.5 942 
9 888 

9.5 842 
270 10 800 

f/0.24 1920/1 

Input Level Selection 
Vss 1:2 
Voo 1 : 1.5 
Vss Off-hook 
Voo On-hook 

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. 
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Figure 1 : Single Contact Keyboard. Figure 2 : Double Contact Keyboard. 

L----XJ 
L_ _______ X2 

L------,--,,..,..,.,,--------- Xl 
5-8997 

# Key : Redial or Set/Reset Access Pause. 

Figure 3. 

(1) common (connected to VDD). 

L4--._r--~+-~~ 

X3 

L-----X2 
L_ _______ X3 

Timing diagram showing clock start-up, keyboard entry debouncing and the effect of interrupting the supply. 
to CE during the transmission of dialing pulses. 

CL I " ~ 

KEYBOARD ENTRV~ I I i I 1 FURTHER KEV ENTRV 

IJI TH ~r'-:---.....!-------,lfrl:---------r CAN BE A~EPTED ---

CONTACT RESET 1 : 

I I 

DEBDUHCED I I I 
----t-1 --r-1 -----1 ..- DIALED DIGITS 

KEVBOARO EHTRV 1 1, tE MIH ol WRITTEN INTO RAM 

(1) Static Standby Mode. 
(2) Dialing Mode. 
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5. Data Storage and Data Retrieval 

After each keyboard entry has been 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 
(RAG) 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 RAG 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 loc~
tions. In this event, since an erroneous number 1s 
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 entrytimete, 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, t~e data stored 
previously in the RAM cannot be red1aled 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 cor~ectly 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 Pau_se Re
set. This function will be described later dunng 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. · 

M3561 

6. Dialing Sequence . 

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

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

Then, approximately 1 ms (ten) after CE goes ~o~, 
the clock pulse generator is enable, and the c1rcu1t 
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 key~oard, the 
clock oscillator starts ana data entry penod 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 RAG addresses 
the RAM and the first keycode is loaded into the re
gister of the output counter, w~ich ge~e~ates the ap
propriate number of correctly t1med d1almg pulses at 
output DP. 

When the digit has been pulsed out, M1 goes HIGH, 
at least for one lOP, the RAG is incremented by one, 
and the procedure repeats until the WAC and RAG 
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 re:;et 
delay time (trd) at any time during the conversation 
or dia]iog mode (e.g., because the ha~dset !s r~pla
ced). CE remains High although VDD 1s mamtamed 
by a bac!s!Jp supply (e.g., because an external diode 
isolates CE from the back-up supply connected to 
VDD). The RAM retains its con~ents for subsequent 
automatic redialing as long as the back-up supply 
maintains VDD above VDR = 1V. 
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Figure4. 
Timing diagram of dialing sequence with Voo and CE Low before keyboard entry (e.g., supply via the cra-
dle contacts). · 

UDD 

CE 

Ml 

HANDSET 
LIFTED 

~ 

~ 

UDD MANTAINED 

HANDSET 
REPLACED 

-L 
BY BACK-UP CAPACITOR 1 ... 

~D ~D 
~ r-*i 

1-------___l-W----------J: l 
[NO EFFECT! I 

I 

~ -1 1-l r-f:= 
I 

I I lte I I I 
I + ,.._ I I 

KEYBOAR~~ I 

ENTRY 1 1 - 1 1 - 1 

I l tM 1 I T I I tM 1 1 T 1 I 

DP I 1 -~~·1rl2n3G--~·1rl2n3n4rf--
-4 ~~ ~ ~ ~~ ~M~ ~M 

I ltBI I tM I ltM I I I I I 
I I [ RAC CONTENT~ 
1 1 1 WAC CONTENT.S I 

I" .,lo olo •"' "I tPD nT tiD · nT 

CONUERSATION 
MODE 

DIALING MODE 

lf891f356!-83 

CONUERSATIDN 
MODE 

(1) Oscillator off. All registers except WAC reset. Keyboard Input Inhibited. Number stored in RAM until Voo >= 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. 
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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 
a manual pause code is read from the RAM, the nor
mallnter Digit Pause is extended until it is termina
ted manually by presssing key #. 



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 During or After Redial 

1th selection 

M3561 

9. State 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 

Emission 

[J[J[Jl] 
[J[J[Jl] 

RAM 

I 2 I 3 I 4 I 

Redial 

Keyboard [] [] [] 

Emission D [] [] lJ [] [] 
RAM 1213141 

Comment : The key entries [!] and ~ after "Redial" are dialed buty not memorized .. 
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1st selection 

Keyboard D [] [] 
Emission D [] [] 
RAM I 2 I 3 I 

Redial 

Keyboard [][] 
Emission D [] 
RAM 

I 
2 3 

I 

[] --------------------[] [] 
[] [] [] 

Comment :The first key [!] is used as "Redial", the other keys [!] are ignored 
because no manual pause was memorized during the first selection. 
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1st selection 

Keyboard [][][] [J[J [] 
Emission D [] \[] 
RAM I 

2 # 

I 
3 

I 

Redial 

Keyboard [][][] [] [] 
Emission D [] I 

# 

I 
3 [][] 

RAM 

I 
2 

I # I 3 

I 
Comment : during the first selection if many keys [!] 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. 
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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 
"a" key 

OFF 
"b" key 

These key inputs will be completely ignored. 

Case 2 , __ 

"a" key 

"b" key 

. The "a" key input wil be ignored. 

Case 3 

"a" key 

"b" key 

OFF 

OFF 

OFF 

The "a" key input will be read from this point ( \ ) 
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ON OFF 

ON OFF 

f189ff3551-B4 

OFF 

ON OFF 

f189f13551-B5 

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

ON OFF 

OFF ON OFF 

. ff89f13551-B5 

The "b" key input will be ignored. 



Case4 

OFF ON OFF 
"a" key 

OFF ON OFF 
"b" key 

f189rt3561-B7 

The "b" key input will be read from this point ( l }. 
Consequently the "b" key is read once and the "a" key is ignored. 

Case 5 

"a" key 

"b" key 

OFF' f-. __ O_N __ ~ 
I 
I 
I 

OFF 

OFF 1 
I L---L_O_N _ _JfOFF 

f189f13561-B8 

M3561 

The "a" key input wil be read from 1st point ( 11 } • The "b" key input will be read from 2nd point ( I } . 
Consequently the "a" key and the "b" key are read once each.-
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M3540 
SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 

WITH SAVE FACILITY 

• 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 
BOOms 

• 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 

DESCRIPTION 
The M3540 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 number in the memory to be 
maintained indefinitely (until overwritten) by a mini
mal current leaked from the telephone line. A parti
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 

PRELIMINARY DATA 

DIP20 

ORDER CODE : M3540B 

PIN CONNECTION 

IMP C4 

SELECT R4 

MASK R3 

OSC OUT R2 

OSC IN R1 

FILTIN C3 

FILTOUT C2 

HStJ C1 

uss MUTE 
uoo MF OUT 

fl89/f3548-81 
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ABSOLUTE MAXIMUM RATINGS* 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

Supply Voltage Voo- Vss -0.3 6.5 v 
Voltage on any Pin Except HSW Vss- 0.3 Voo + 0.3 v 
Voltage on Pin HSW (current limited to< 100jlA) Vss- 0.3 v 
Current at any Pin Except FIL TOUT and FIL TIN -1 + 1 rnA 
Current at Pin FIL TIN 0 0.1 rnA 
Current at Pin FIL TOUT -5 0 rnA 

Operating Temperature -10 +55 oc 
Storage Temperature -55 + 125 •c 

Stresses above the listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only tunc· 
tional operation of the device at these or any other condition above those Indicated In the operational sections of this specification is not im
~lied. Exposure to absolute maximum ratings for extended pertods may affect device reliability. 

D. C. ELECTRICAL CHARACTERISTICS 
(at 2.5V, 2s•c unless otherwise stated) 

Symbol Parameter 

Supply Voltage - Off-hook 
Supply Voltage - On-hook 

Supply Current - On-hook at 2.0V 
Supply Current - Off-hook (idle) 

Supply Current - MF tone sending 
Supply Current - LD impulsing 

Hookswitch Input - On-hook 
Hookswitch Input - Off-hook 

MASK, MUTE and IMP Outputs, Load - 1 rnA 
MASK, MUTE and IMP Outputs, Load + 1 rnA 

MF OUT D.C. Level During Tone Sending 

MF OUT Output Resistance 

Darlington Pair Current Gain at 
le = 100jlA, Vee = 2V 

A.C. ELECTRICAL CHARACTERISTICS 
(at V00 = 2.5V, 2s•c unless otherwise stated) 

Symbol Parameter 

Tone Amplitude Low Group } 
Tone Amplitude High Group no Load 

Ratio of High to Low Group Amplitude 

Total Harmonic Distortion : 0 - 4kHz 
0- 10kHz 
0- 50 kHz 
0- 200kHz 
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Min. 

2.5 
2.0 

0.8 Voo 

2.2 

600 

Min. 

57 

1.5 

Value 
Unit 

Typ. Max. 

5.5 v 
5.5 v 

1000 nA 
1.5 15.0 !lA 

1.0 rnA 
200 !lA 

0.2 Voo 

v 
0.3 v 

0.9 Voo 

3 kQ 

Value 

Typ. Max. 
Unit 

64 mVrms 
81 91 mVrms 

2 2.5· dB 

2 % 
2.5 % 
5 % 

6.5 10 % 
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PIN FUNCTIONS 

Pin Name Function 

ROW1 
ROW2 
ROW3 
ROW~ Connections for 16 Buttons, Single Contact Keyboard COL1 
COL2 
COL3 
COL4 

Voo Positive Supply 

Vss Negative Supply 
' 

SELECT LD/MF Selection, IDP and B/M Ratio Programming 

OSCIN Oscillator Connection 
OSCOUT 

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 
. 

MFOUT 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 circun in order to maintain the break cond1tion 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. 

KEYPAD FORMAT 

R1 

R?. 

R3 

R4 

C1 C2 C3 C4 

1 2 3 TBR 

4 5 6 REDIAL 

7 8 9 SAUE 

* 8 tl TONE 

NB!IN354B-B2 

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 

L~., SCS·THDMSDN 
• JJ lililUICIII@mi!.Imi!IIIIWIUil:il! 
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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 Voo 

LD-
Option 

Connect SELECT 
pin to: 

IDP B/M Ratio 

BOOms 2:1 Vss 
50 0ms 2:1 COL 1 
50 0ms 3:2 COL2 
800m.s 3:2 COL3 

KEYPAD LD/DTMF MODE CHANGE 
Pressing the TONE key at any time after going off
hook will cause subsequently entered digits to be 
dialled in DTMF. If the TBR (Timed Flash) key is 
Pressed, or an Earth Loop Recall operation is si-

Figure 1. 

I 
M3540 

C3 

... 
~ 

I 

LD dialing is at 10 p.p.s. for all options 

gnalled to the chip, further dialling is set to the initial 
mode again. 
In order to signal an ELR operation to the chip, the 
following configuration should be adopted : 

-~ 
22Q []. 

vss 

'SAVE' STORE OPERATION 
The 'save' store is 31 digits long. If the user attempts 
to save a number of more than 31 digits the store is 
inhibited. The contents of the 'save' store are main
tained until overwritten. 

To load the 'save' store : 

At any time whilst off-hook the SAVE key may be 
pressed. This action causes digits dialled since 
going off-hook to be retained, and the previous 
contents of the store are overwritten. Further digits 
may be dialled after pressing the SAVE key but 
these will not be retained. 

To redial the number in the 'save' store : 

Whilst in the speech mode, press REDIAL once. 

However, if an LD to DTMF mode change was ef
fected when the number was originally dialled, a 
marker* in the 'save' store will cause the redialling 

t189t13548-83 

to pause at this point and the speech circuit will be 
reactivated. If the REDIAL key is then pressed 
again, the remaining digits in the store will be redial
led in DTMF. 

If the redial feature is invoked after going off-hook, 
the digits in the 'save' store will be redialled as des
cribed above. ·If the redial feature is not invoked af
ter going off-hook, it is possible to first key in digits 
and then press REDIAL. If the digits keyed in corres
pond with the first digits in the 'save' store, the re
maining digits will be automatically redialled (this 
feature is provided to allow manual keying of an ac
cess 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 
store number, then redialling is inhibited. 
• This marker requires one location of the 31 digit store 

4/11 i¥i ~~~~~r::~~~· --------------
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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 numb'ers 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. 

M3540 

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. 
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M3540 

Figure 2 : Timing Diagram. 

HOOK 
SWITCH 

KEY PRESS 0 
COLUMN 

ROIJ Dill 
'5' 

MASK n 

IMP 

MUTElLOIJl 

MFOUTILDIJl 

Figure 3 : Timing Data. 

t1 

!1 =Pre-digit pause(= Is) 
t. =Break period (60ms or 67ms) 
13 =Make period (40ms or 33ms) 
lA =Post-dig~ make(= b) 
Is= Inter-dig~ pause (500 or BOOms) 
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M3540 

DTMF MODE 
tone transmission. The MUTE output goes· to logic '1' when a key is ac

tivated and remains active for the duration of the The tone rate will be 1 OOms on, 1 OOms off minimum. 

TONE FREQUENCIES 

Keypad R1 R2 R3 R4 

Nominal Frequency (Hz) 697 770 852 941 
Deviation from Nominal (%) -0.07 -0.10 -0.19 -0.15 

There will be an additional error due to the deviation of the oscillator frequency from 560KHz. 
Figure 4 : Timing Diagram. 
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ON-HOOK 
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M3540 

TONE OUTPUT 
Facility has been made for tone filtering as shown 
below. This also allows the user to adjust tone am
plitudes as required. The tone amplitude is proper-

FigureS. 

ON CHIP 

-t-----
E)(TERNAL 
CIRCUIT 

MF 
GENERATOR 

lt881t5113-86 

TYPICAL VALUES 
R, ~ssKn 

R2 =56Kn 
R.+R. =10Kn 
c, = 1.3nF 
C2 =470pF 

tional to the chip supply voltage, Voo, and can be 
adjusted ~Y changing the ratio of Ra and R4 

C1 

R3 
C2 

R4 

I 
I 
I __ .1 __ _ 

OUTPUT 

The filter components shown have been chosen to give a second order Butterwonh response with a cut-off frequency of 
about 3.5KHz. The pass-band lnsenlon loss Is noll)inally O.SdB. 

DTMF APPLICATION CIRCUITS 

The DTMF circuit in figure 2 uses a constant current 
supply and a 2.5V reference diode to produce the 
stabilised supply voltage which determines-the MF 
tone level of the M3540. If the speech circuit pro
vides a stabilised voltage, then figure 3 shows how 

it may be used to power the M3540 Diode 01 pre
vents the speech circuit from taking current whilst 
the telephone is on-hook, and 02 compensates for 
the voltage dropped across 01 when off-hook. 

8/11 
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Figure 6. 
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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 01 
during dialling makes. This configuration minimises
the component count at the expense of allowing a 
leakage current of about 4501JA during dialling 
breaks. The 471-LF reservoir capacitor maintains and 
smooths the supply to the chip. 

FigureS. 
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Flgure9. 
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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 

• SELECTABLE MAKE/BREAK RATIOS 2:1 AND 
3:2 

• SELECTABLE INTERDIGIT PAUSE 500ms OR 
BOOms 

• 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 

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 number 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 1 989 

PRELIMINARY DATA 

DIP20. 

ORDER CODE : M3541 B 

IMP 
SELECT 

MASK 

OSC OUT 
OSC IN 
FIL TIN 

FILTOUT 
HSW 
uss 
UOD 

PIN CONNECTION 

ffB9ff3541-B1 

C4 

R4 

R3 

R2 

R1 
C3 

[2 

C1 
MUTE 
MF OUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 
Value 

Unit 
Min. Typ. Max. 

Supply Voltage Voo- Vss -0.3 6.5 v 
Voltage on any Pin Except HSW Vss- 0.3 Voo + 0.3 v 
Voltage on any Pin HSW (current limited to< 100J.1A) Vss- 0.3 v 
Current at any Pin Except FIL TOUT and FIL TIN -1 + 1 rnA 
Current at Pin FIL TIN 0 0.1 /rnA 
Current at Pin FIL TOUT -5 0 rnA 

Operating Temperature -10 +55 oc 
Storage Temperature -55 + 125 oc 

• 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) 

Symbol Parameter 1 

Supply Volt!ige - Off-hook 
Supply Voltage - On-hook 

Supply Current - On-hook at 2.0V 
Supply Current - Off-hook (idle) 

Supply Current- MF tone sending 
Supply Current - LD impulsing 

Hookswitch Input - On-hook 
Hookswitch Input - Off-hook 

MASK, MUTE and IMP Outputs, Load - 1 rnA 
·MASK, MUTE and IMP Outputs, Load + 1 rnA 

MF OUT D.C. Level During Tone Sending 

MF OUT Output Resistance 

Darlington Pair Current Gain at 
IE = 100J.1A, VeE = 2V 

A. C. ELECTRICAL CHARACTERISTICS 
(at V00 = 2.5V, 25°C unless otherwise stated) 

Symbol Parameter 

Tone Amplitude Low Group } no Load Tone Amplitude High Group 

Ratio of High to Low Group Amplitude 

_Total Harmonic Distortion : 0 - 4kHz 
0- 10kHz 
0- 50 kHz 
0-200 kHz 

2/11 
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Min. 

2.5 
2.0 

0.8 Voo 

2.2 

600 

Min. 

57 

1.5 

Value 
Unit 

Typ. Max. 

5.5 v 
5.5 v 
1000 nA 

1.5 15.0 JlA 
1.0 rnA 
200 JlA 

0.2 Voo 

v 
0.3 v 

0.9 Voo 

3 kQ 

Value 
Unit 

Typ. Max. 

64 mVrms 
81 g1 mVrms 

2 2.5 dB 

2 % 
2.5 % 
5 % 

6.5 10 % 



M3541 

PIN FUNCTIONS 

Pin Name Function 

ROW1 
ROW2 ' 
ROW3 
ROW4 

Connections for 16 Buttons, Single Contact Keyboard 
COL1 
COL2 
COL3 
COL4 

Voo Positive Supply _ 

Vss Negative Supply 

SELECT LD/MF Selection, IDP and B/M Ratio Programming 

OSCIN 
Oscillator Connection 

OSCOUT 

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 

MFOUT 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 circuH in order to maintain the break condition whilst on-hook, du
rtng a TBR (Timed Flash) operation or for LD dialling. 

2. The MUTE output Is provided to disable the microphone while maintaining the loop condHion 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. 

KEYPAD FORMAT 

Ct C2 C3 C4 

R1 

R2 

R3 

R4 

1 

4 

7 

* 

2 3 TBR 

5 6 LNR 

8 9 

13 II 

N891t3S.tt-B2 

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

LD • 
Option Connect SELECT 

pin to: 

IDP B/M Ratio 

so oms 2:1 Vss 
500ms 2:1 COL1 
50 0ms 3:2 COL2 
BOOms 3:2 COL3 

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 : 

I 
M3541 

I C3 

l 
n 

uss 

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 
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nB9n354t-B3 

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 M3541 
of whether the telephone is on- or off-hook. When 
t~e 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 cpnnection, 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. 

M3541 

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. 
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Figure 2. : Timing Diagram 

HOOK 

SWITCH 

KEY PRESS 0 0 
COLUMN 

IWW nil I 01111 
1 5' 'A' 

~MA~S~K--~r-l~------------------~ 

IMP 

MUTE I LOW I 

MFOUTILOWI 

Figure 3. : Timing Data 

tl 

IMP 

t1 ~Pre-digit pause {~ts) 
tz ~ Break period {60ms or 67ms) 
l:J ~ Make period (40ms or 33ms) 
4 ~ Post-digit make {~ t:J) 
Is~ Inter-digit pause {500 or BOOms) 
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DTMF MODE 

The MUTE output goes to logic '1 '.when a key is ac
tivated and remains active for the duration of the 

TONE FREQUENCIES 

Keypad R1 R2 
Nominal Frequency (Hz) 697 770 
Deviation from Nominal (%) -0.07 -0.10 

M3541 

tone transmission. 

The tone rate will be 1 OOms on, 1 OOms off minimum. 

R3 R4 C1 C2 C3 

852 941 1209 1336 1477 
- 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. 

HDDK 
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TONE OUTPUT 
Facility has been made for tone filtering as shown 
below. This also allows the user to adjust tone am
plitudes as required. The tone amplitude is proper-

Figure 5. 

ON CHIP 

-+-----
EXTERNAL 

CIRCUIT 

MF 
GENERATOR 

N88N5413-B6 

TYPICAL VALUES 
R1= 56\<Q 
Rz= 56\<Q 
RJ+ R•= 10\<Q 
c, = 1.3nF 
C,= 470pF 

tiona! to the chip supply voltage, Voo, and can be 
adjusted by changing the ratio of R3 and R4. 

R3 

R4 

I 
I 
I 

__ .i __ _ 

OUTPUT 

uss 

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 
supply and a 2.5V reference diode to produce the 
stabilised supply voltage which determines the MF 
tone level of the M3541. If the speech circuit pro
vides-a stabilised voltage, then figure 7 shows how 
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it may be used to power the M3541. Diode 01 pre
vents the speech circuit from taking current whilst 
the telephone is on-hook, and 02 compensates for 
the voltage dropped across 01 when off-hook. 
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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. 

FigureS. 
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The M3541 is powered via the 150K resistor during 
TBR operations and LD dialling breaks, and via 01 
during dialling makes. This configuration minimises 
the component count at the expense of allowing a 
leakage current of about 450)1A during dialling 
breaks. The 47J.LF reservoir capacitor maintains and 
smooths the supply to the chip. 
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Figure9. 
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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 
a single 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 
# ~s the first key entry after going off-hook. 

KEYPAD CONFIGURATION 

1 2 3 

4 5 6 

7 8 9 

* G tt 
LND LND 

118811K53?B-B1 

ABSOLUTE MAXIMUM RATINGS* 

Parameter 

DC Supply Voltage 

Operating Temperature 

Storage Temperature 

Maximum Power Dissipation (25 °C) 

Maximum Voltage on any Pin 

November 1988 

DIP18 

ORDER CODE : MK5370NOO 

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) 

V+ PULSE 
MODEl OUTPUT 

TEST HKS 

C1 R1 

C2 R2 

C3 R3 

V- R4 

OSCt MUTE1 

OSC2 PACIFIER 
TONE 

IC DTMF 
OUTPUT 

Value Unit 

6.5 v 
0 to+ 60 oc 

-55 to+ 125 oc 
500 mW 

(V+) + 0.3, (V-)- 0.3 v 
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MK5370 

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

otherwwise stated. 

DC CHARACTERISTICS 

No Symbol Parameter Min. Typ. Max. Unit Notes 

V+ DC Operating Voltage (all functions) 2.5 6.0 v 

VMR Memory Retention Voltage 1.5 v 1, 6 

Is Standby Current 0.2 1.0 JlA 1 

IMR Memory Retention Current 0.1 0.75 JlA 5, 6 

VMUTE Mute Output Operating Voltage 1.8 v 7 

IT Operating Current (tone) 300 600 JlA 2 

lp Operating Current (pulse) 225 350 J.lA 2 

IML Mute Output Sink Current (V+ = 2.5 V) 1.0 2.0 rnA 3 

lpL Pulse Output Sink Current 1.0 2.0 rnA 3 

lpc Pacifier Tone Sink/Source 250 500 J.lA 4 

KRu Keypad Pull-up Resistance 100 kQ 

KRo Keypad Pull-down Resistance 750 Q 

v,L Keypad Input Level-low 0 0.3 V+ v 

v,H Keypad Input Level-High 0.7 V+ V+ v 

Notes : 1. All inputs unloaded Quiescent Mode (oscillator off). 
2. All outputs unloaded single key input. 
3. Voor = 0.4 Volts 
4. Sink Current for Votrr = 0.5 volts. Source Current for Voor = 20 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 IMR is provided or the minimum VMR- The design does not have to pro

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

1 AC CHARACTERISTICS- KEYDAP INPUTS, PACIFIER TONE 

No Symbol Parameter Min. Typ. Max. Unit Notes 

3 TKo 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 

4 Tpr Pacifier Tone Duration 30 ms 1 

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

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter Min. Typ. Max. Unit Notes 

- PR Pulse Rate 10 PPS 1 

5 PDP Predigital Pause 40 ms 2 

6 IDP lnterdigital Pause 940 ms 2 

7 TMo Mute Overlap Time 2 ms 2 

8 Ts Break Time 60 ms 2 

Notes : 1. 10 PPS 1s the nom1nal rate. 
2. Figure 5 illustrates this relationship. 
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MK5370 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

AC CHARACTERISTICS- TONE MODE 

No Symbol Parameter Min. Typ. Max. Unit Notes 

- TNK Tone Output No Key Down -80 dBm 1 

-13 -12 - 11 dBm 1, 2 
- Tod Tone Output (dependent) -173 194 218 mVrms 5 

- PEd Pre-emphasis, High Band 2.3 2.7 3.1 dB 

- DCd Tone Output DC Bias (V+ = 2.5) 1.0 1.2 v 
- RE Tone Output Load 10 kQ 5 

- TAtS Tone Output Rise Time 0.1 1.0 ms 6 

- DIS Output Distortion 5.0 8.0 % 3 

- Tx Tone Signaling Rate 5.0 1/sec 

1 Tpso Pre-signal Delay 100 ms 7 

2 Ttso Inter-signal Delay 100 ms 

Notes : 1. 0 dBm equals 1mWpowertnto 600 ohms or 775 mVolts. 
Important Note :The mk5370 is designed to drive a 1 0 Kohms load. The 600 ohms load is only for reference. 

2. Single tone (low group): varies when used in subscriber set. 
3. Supply voltage ? 2.5 to 6 Volts. RE = 10 kohms. 
4. RE = 1 0 Kohms. 
5. Supply voltage = 2.5 Volts. These specifications are supply-dependent. . 
6. 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 l.m;96 mH Cm= 0.2 pFCm= 5pF I =3.579545 MHz and c, = 18 pF. 
7. Time from initial key input until beginning of signaling. 

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·operatibn. 

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-
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ration, either the Rows or the Columns are at a lo
gic level1 (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-
lnput. Pin 6 is the negative supply input to the de
vice. This is the voltage reference for all specifica
tions. 



OSC1; OSC2 

Input/Output. Pins 7, 8. OSC1 and OSC2 are inputs 
1 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 ihe time reference for 
all circuit functions. 

DTMFOUTPUT 

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 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+) I 0.775] dBm 

. To1 = 0.0776 (V+) VRMS 

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

Voc1 = 0.66 V +- 0.6 Volts 

Figure 1 :Single Tone. 

MK5370 

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 de bounce 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. 
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MK5370 

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 th.e 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. 

Key Input Standard Frequency 

'ROW1 697 
2 770 
3 852 
4 941 

COL1 . 1209 
2 1336 
3 1477 

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 nis 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) 

IDIGIT 11 IDIGIT 21 IDIGIT 21 ... ETC 

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

BUMBER DIALED (LND) 

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

- Actual Frequency %Deviation 

699.1 - + 0.31 
766.2 -0.49 
847.4 . -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 

'- 1471.9 -0.35 
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MK5370 

Figure 4 : Tone Mode Timing. 
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OUTPUT 

Figure 5 : Pulse Mode Timing. 
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MK5370 

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 I C. 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, 
.... , *, # ). 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 

pulse output provides the signal to break the line to 
transistor 03. 03 switches off, eliminating the base 
current to 04, 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 01 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 08, 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 81 (which 
sets the default dialing mode). 

Resistor R1 provides a small memory-retention bias 
CI,Jrrent to prevent the device from powering down 
while on hook. The current required for long term 
memory retention is less than 1 J.IA. 
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. 
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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 2-0F-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 all12 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 1 989 

DIP18 

' ORDER CODE : MK5371 NOD 

KEYPAD CONFIGURATION 

1 2 3 FLASH 

4 5 6 MODE 

/ 8 9 PAUSE 

* G tl LND 

t18Bt1K53?1-81 

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. 
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MK5371 

PIN CONNECTION 

BLOCK DIAGRAM 

2111 

86 

Vt 

MODE 

CliSTROBE 

e2 
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v 

OSC1 

OSC2 

~ 

1S1Jm OUTPUT 

HKS 

nl/A 

ft2tB 
l!i3/C 

R4/D 

f.IDTEi 
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MODF 
DTMF OUTPUT 



MK5371 

ABSOLUTE MAXIMUM RATINGS 

Parameter Value Unit 

DC Supply Voltage 6.5 v 
Operating Temperature -30 to+ 60 oc 
Storage Temperature -55 to+ 125 oc 
Maximum Power Dissipation (25 oc) 500 mW 

Maximum Voltage on Any Pin (V+) + 0.3, (V-)- 0.3 v 
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 2.5 6.0 v 
VMR Memory Retention Voltage 1~5 v 1' 6 

Is Standby Current 0.2 0.750 !!A 1 

IMR Memory Retention Current 0,10 0.75 !!A 5, 6 

IT Operating Current (tone) 300 600 !!A 2 

lp Operating Current (pulse) 225 350 !!A 2 

IML Mute Output Sink Current 1.0 2.0 rnA 3 

lpL Pulse Output Sink Current 1.0 2.0 rnA 3 

lpc Pacifier Tone Sink/Source 250 500 !!A 4 

KRu Keypad Pullup Resistance 100 kn 

KRo keypad Pulldown Resistance 750 n 

V1L BCD/Keypad Input Level-low 0 0.2 V+ v 
VIH BCD/Keypad Input Level-high 0.7 V+ V+ v 

Notes : 1. All inputs unloaded. Quiescent Mode (oscillator off). V+ 2.5 V. 
2. All outputs unloaded. Single key input. 
3. Voor 0.5 Volts. V- 2.5 V. 
4. Sink Current for Voor 0.5. Source Current for Voor 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 IMR is provided or the minimum VMR- The design does not have to pro

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 

Tp.op Predigital Pause 140 ms 1 

Tmp lnterdigital Pause 940 ms 1 

TMo Mute Overlap Time 4 ms 1 

Ts Break Time 60 ms 1 

Note : 1 . Figure 6 illustrates this relationship. 
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MK5371 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

AC CHARACTERISTICS- KEYPAD INPUTS, PACIFIER TONE 

Symbol Parameter 

TKo Keypad Debounce Time 

FKs Keypad Scan Frequency 

TAL Two Key Rollover Time 

FPT Frequency Opacifier Tone 

TPT Pacifier Tone Duration 

THFP Hookflash Timing 

FsR BCD Strobe Rate 

Tos Data Set up 

ToH Data Hold 

TsT Strobe Width 

Tss Strobe Separation 

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

AC CHARACTERISTICS - TONE MODE 

Symbol Parameter 

TNK Tone Output No Key Down 

Tod Tone Output (dependent) 

PEd Pre-Emphasis, High Band 

DCd Tone Output DC Bias 

RE Tone Output Load 

TRIS Tone Output Rise Time 

DIS Output Distortion 

TR Tone Signaling Rate 

Tpso Pre-signal Delay 

T1s0 Inter-signal Delay 

Min. 

2 

1 

2 

9 

Min. 

-13 
173 

2.3 

1.0 

Typ. Max. Unit Notes 

32 ms 1 

250 Hz 1 

4 ms 1 

500 Hz 1 

30 ms 1 

600 ms 1 

124 1/sec 1 

f.1S 1 

I!S 1 

96000 !!S 1 

ms 

Typ. Max. Unit Notes 

-80 dBm 1 

-12 -11 dBm 1, 2 
194 218 mVrms 5 

2.7 3.1 dB 

1.2 v 4 

10 KQ 5 

0.1 1.0 ms 6 

5.0 8.0 % 3 

·5.0 1/sec 

100 ms 7 

100 ms 
Notes : 1. 0 dBm 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. 
2. Single tone (low group). 
3. Supply voltage = 2.5 to 6 Volts. Re = 10 kohms. 
4. Re = 10 k ohms. V+ = 2.5 Volts. · 
5. Supply voltage = 2.5 Volts. These specifications are supply-dependent. 
6. Time from beginning of tone output waveform to 90% of final magnHude of eitheir frequency. Crystal parameters suggested for pro

per operation are Rs< 1000. lm= 96 mH. Cm = 0.02 pF. C,= 5 pF. f=3.579545 MHz and Ct.= 18 pF. 
7. 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). 
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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. 



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 a 'tog
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, R1 

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 level1 (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 but it is 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. 

D c B A 
KEYBOARD 
FUNCTION 

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

MK5371 

The keyboard inputs become high impedance 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 J.lS 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-
lnput. Pin 6. Pin 6 is the negative supply input to the 
device. This is the voltage reference for all specifi
cations. 

OSC1, OSC2 

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. 

D c B A 
KEYBOARD 
FUNCTION 

0 0 0 0 8 
0 0 0 1 9 
0 0 1 0 . 
0 0 1 1 # 
0 1 0 0 MODE 
0 1 0 1 PAUSE 
0 1 1 0 FLASH 
0 1 1 1 LND 
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MK5371 

Figure 1 : BCD Mode Strobe Interface Timing. 

BCD DATA 

STROBE 

Table 2 : DTMF Output Frequency. 

KEY INPUT STANDARD FREQUENCY 

ROW1 697 
2 770 
3 852 
4 941 

COL1 1209 
2 1336 
3 1477 

DTMFOUTPUT 
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 
lnpuVOutput. 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 
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VALID~ 

ACTUAL FREQUENCY %DEVIATION 

699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

Figure 2: Single Tone. 



MK5371 

Figure 3 : Dual Tone. 

Figure 5 :Tone Mode Timing. 

DIAL SEQUENCE [2] G I FLASH I 0 

KEYBOARD 
INPUT 

I 

ENTER ENTER 

Figure 4 : Spectral Reponse. 

ENTFR ENTER 

I FLASM I 

XE~=RD ---um. __________ JUUIL _____ .::;KE::..:Y.::BO:::•::.:•D:...:::SC:::•:.:.• _____ ___JIUUL ______________ ___ 

HKS I INPUT--:--------·--------------------

DTIIF 
OUTPUT 

PU'-"" 
OUTPUT 

-l[-1'" . 
--- ___ f\1\J\A.. __ ../V"'IVL_- ------------------ _______ ./V'V'V\.._ -----------

___ j_l_ __ ~~:J:______ I FLASHPERIOD I --------------------

~.""~ ·~·--1 
MUTE ----

OOTPUT L------------~r------------------~ 
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ROW pins. In Bil)ary 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. 

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 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-
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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) 

[][] [] .... ETC 

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

LAST NUMBER DIALED (LND) 

EJ 
Last Number Dialing is accomplished by entering 
the LND key. 

PABXPAUSE 

.... 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. 



HOOK FLASH 

.... 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 

.... ETC 

Table 3 : Special Function Delay Periods. 

Function Delay 

PAUSE IDP + 1.1 + IDP 
SOFTSWITCH IDP + 1.1 + IDP 
FLASH .6 

Figure 6 : Pulse Mode Timing. 

AL SEQUENCE 0 [!] I PAUse I [!] 
ENTER ENTER ENTER ENTER 

QJ 

MK5371 

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/esumes. 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 these
lected signaling mode. Table 3 lists the actual de
lays produced by each function. 

Pulse Mode Tone Mode 

+IDP 1.5 sec 
2.9 sec 1.3 sec 
2.1 sec 2.1 sec 

EYBOARO 
INPUT 

~--------------------------------

1 1-'·· 
E~~:RD :=mnn. ______ JU1111 KEYBO.ARD SCAN 250Hz 

~ ~TOI'~~ DIAL 1DIGIT 

~,z.:~, ---------u-u---------u 
MUT. 1'-~ 1-~'·r------, 

OUTPUT I 
; I 

--1 ~-- T• 

IIUUl ________ l11111C.J~~~----
f'IIUSE 2.9 SEC 1 I D~TL1 I 
- - -----Ui 

• .. -IJ--
.---------------~ 

I I 

IIOOE ,I ---

OUTPUT ----;------------'P..::;UL:::SE:..;M;::O:.:;OE:;.:IN:.::O::;:IC::.;AT:.::IO:::_N ---------------------------------'[:: ---- ~ 
I 

,;:r __ ..:.I ...:_ ______ ___,o::.;''c..:"~o~oKc.._ _________________________________ ....JJ ON HOOK 

----1 r--· T" 

;;~~F:~~I ---- JlR_ ____ .n ____ _ll ____ • __________ --------------------- -----· 
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Figure 7 : Pulse And Tone Mode Timing. 

ENTER ENTER EHTEA 

8r-------------------------
kE=...um ---,nn_ ___ ------------------ ----"!~"~-':.~------ ---.----------- _- __ _nnrr-,:: 

.::, ----------------------------~~~·~==~--------------~----------~~ 
,::~, ____________________ __. ---------------- --lL_ ____________ _,r-

DELAY211SEC I I DIALDIGIT2 I I DELAU.IS£C I ., .. 
OUTPUT---------------------- _1\A/\M_ ----------- _ ------

1 DIAL DfQil :1 I I DIAL DtGIT 1 I 
~.~, -------u-u-u---~1----------------------------u-------

.~~. ------,,_ __ _..r --~~------- "'l____f-------------~-------

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 MK5371 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 currenrsupplied 
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 

corresponds to the digit dialed. The duration of the 
break period, the dialing rate, and the separation be
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, 
.... ,*, #). The MK5371 Pulse Tone dialer provides 
DTMF signalling capability controlling signal dura
tion, separation, level, and rate. 
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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 03. 03 switches off, eliminating the base 
current to 04, 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 01 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 08, 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. 

MK5371 

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 f.!A. 
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. 

11/11 

95 
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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 
• ON-CHIP POWER-UP-CLEAR GUARANTEES 

DATA INTEGRITY 

DESCRIPTION 
The MK5375 is a monolithic, integrated circuit ma
nufactured using Silicon Gate CMOS proce,ss. 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 

V+ 

MODE SELEcr 2 

COL 1 3 

COL2 

COL3 5 

V-
RATE CONTROL 7 

OSC1 

OSC2 

September 1988 

18 

17 

16 

15 

14 

13 

12 

11 

10 

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. 

DIP18 

ORDER CODE: MK5375NOO 

PULSE OUTPUT 

HKS 
ROW1 

ROW2 

ROW3 

ROW4 

MUTE 

PACIAER TONEICHIP DISABLE 

DTMF OUTPUT 
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BLOCK DIAGRAM 

V+ V-

r------------l-1-------------------, 

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 : COL 1, COL2, COL3, ROW4, 
ROW3, ROW2, ROW1 (pins 3, 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-
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fined by either a single Row being connected to a 
single Column or by vm 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 pull ups. After both valid row and column key 
closures have been detected, the debounce coun
ter is enabled. 

Breaks in contact continuity {bouncing contacts, 
etc.) are ignored for a debounce period {Tdb) 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. 



Figure 1 : Keypad Schematics. 

r 
I 
I 

MK5375 

~-o-r---<;>--¢-~ 

C1 C2 C3 

RATE CONTROL (pin 7) 

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 1 0 PPS (Pulses per second) 
in Pulse Mode and 50 TPS (Tones per second) in 
Tone Mode ; the Tone duty cycle is 98 ms on, 
1 02 ms off. The RC values on this input can be ad
justed to a maximum oscillation frequency of 16kHz 
resulting in an effective-Pulse rate of 20 PPS an a 
Tone rate or 10 TPS. 

The frequency of oscillation is approximated by the 
following equation : 

Fosc = 1 I (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 (8kHz) 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
levision color-burst crystal. The nominal crystal fre
quency is 3.579545 MHz, and any deviation from 

~-¢- -¢-
--¢--¢- -cp 
~-0--¢-

-...., 
......-o-- R2 

L_ __ ~'-+---<~~+-~--------~ 
I 

L 

f~ 

this standard is directly reflected in the Tone Output 
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 1 0) 

The DTMF Output pin is connected internally to the 
emitter of an NPN transistor, which has its collector 
tied to V+, as shown on the 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, which is 
related to the supply by either of the following equa
tions: 

T(o) = 20 LOG [(0.078V +)/0.775] dBm (2.0) 

T(o) = 0.078(V+) VRMS. (row tones) (2.1) 
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PACIFIER TONE OUTPUT I CHIP DISABLE 
(pin 11) 

This pin normally has high impedance. 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. 
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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 pin is 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 28 : Typical Dual-tone Waveform 
(Row 1, Col1). 
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Figure 2C : Spectral Analysis of Waveform in 
Fig.5 (Vert.1 0 dB/div. Horizontal -
600 Hz/div.}. 

Table 1 : Output Frequency. 

Key Standard Actual % 
Input Frequency Frequency Deviation 

ROW1 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 

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 stored into the LND 

MK5375 

(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 
for the 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 control key: 
in which case, an error in dialing may occur. 

Figure 3 : Keypad Configuration. 

1 2 3 

4 5 5 

7 8 9 

* 8 II STORE 
DIAL LND PAUSE 

"88"K53?6·81 

NORMAL DIALING 

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. 
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' LND PRIVACY 

8~~0 ONHOOK 

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. 

A single "*" input prior to going on-hook or prior to 
· ~em~r~rbog~~~~~ will erase the information stored in ~A~-hoook and on~ ~ 

AUTO DIALING (off-hook) u LJ * L.J ~ 
1:1 ~ lol 0 ~ An indefinite pause is stored in. a number se~uence 
L___j L___j L___j L.:_j by entering the"*" key modifier, followed by a"#" key 

opt opt opt input. When the number ~equence is redialed, the 

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) 

[3~~00 
Dis 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 LN D buffer can be transfered to one the other 

dialer will pause when it encounters the "#"entry. A 
key input will cause itt~ continue. 

PULSE DIALING 

Most of the Pulse key operations are th·e 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 48 : MK5375 Timing Diagram- Tone Mode. 

AUTO- la1lW. 

~----------------

mnruw~'--------~-~~~~------~'~ 
,__ ______ rtiU1lll\ll ~ ~.... IIJliiJIJlr 

m Ill 

IL_;~L_,l___JIL"""'....:•__jr--
~----------~--~--~-----; ~L_ __________________________ __ 

I """"' 
~~--------~~~--~WU~--~--; 

u~~:i="J:L 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

DC Supply Voltage v+ 6.5 v 

Operating Temperature -30 to+ 60 oc 
Storage Temperature -55 to+ 85 oc 
Maximum Voltage Dissipation (25 oc) 500 mW 

Maximum Voltage on any Pin (V+) + 0.3, (V-) - 0.3 v 
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 

TA ~l .~ ("C) 

DERATE AT 9 mW/"C 
WHEN SOLDERED INTO 

0 100 200 300 400 500 PC BOARD. 
mW 
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ELECTRICAL OPERATING CHARACTERISTICS 

DC CHARACTERISTICS - 30 'C s; T A s; 60 'C 

Symbol Parameter 

v+ DC Operating Voltage 

Iss Standby Current 

VMR Memory Retention Voltage 

IMR Memory Retention Current 

IT Operating Current (tone) 

lp Operating Current (pulse) 

IML Mute Output Sink Current 

lpL Poise Output Sink Current 

lpc Pacifier Tone Sink/Source 

KRu Keypad Pullup Resistance 

KRo Keypad Pulldown Resistance 

Min. 

2.5 

1.5 

750 

1.0 

1.0 

250 

Typ. Max. Unit Notes 

6.0 v 
0.3 0.75 I!A 1 

v 2 

200 nA 2 

0.5 1.0 rnA 3 

50 150 I!A 3 

3.0 rnA 4 

3.0 rnA 4 

·soo I!A 5 

100 kQ 

500 Q 

(All specifications are for 2.5 Volt operation, unless otherwise stated Typical values are representative values at room temperature and are not 
tested or guaranteed parameters). 
Notes: 1. All inputs unloaded. Quescient Mode (Oscillator off). 

2. Meeting these minimum supply requirements will guarantee the rentention of data stored in memory. 
3. All outputs unloaded single key Input. 
4. VOUT = 0.5 Volts. 
5. Sink current for VOUT = 0.5, source current for VotJT = 2.0 Volts. 

AC CHARACTERISTICS- KEYPAD INPUTS, PACIFIER TONE 

Symbol Parameter Min. Typ. Max. Unit Notes 

TKo Keypad Debounce Time 32 ms 1 

FKs Keypad Scan Frequency 250 Hz 1 

TAL Two Key Rollover Time 4 ms 1 

FPT Frequency Pacifier Tone 500 Hz 1 

TPT Pacifier Tone 30 ms 1 

FRc Frequency RC Oscillator -7.0 ±2.5 + 7.0 o/o 1 2 
Notes • 1. Times based upon 8kHz RC onput 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 

TNK 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 

Voc Average DC Bias Tone Out 1.7 v 
DIS Output Distortion 5.0 8.0 % 1 

TR Tone Signaling Rate 5 10 1/SEC 2 

PSD Pre-signal Delay 132 mSEC 2 

lSD Inter-signal Delay 100 mSEC 

Notes: 1. Load 10 kn. 
2. These values are directiy related to the RC input to Pin 7 nominally 8kHz. 
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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 lnterdigital Pause 940 ms 1 

TMo Mute Overlap Time 2 ms 1 

Notes : 1. Typical time assume noruinal RC input frequency of 8kHz. An increase 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, 04 and 05. The Mute output, through trans
istors 02 and 03, removes the receiver and trans
mitter to eliminate loud pops in the receiver caused 
by switching current through the network. The Pulse 
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 01 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 02 and 03. This eliminates any interfe
rence with the DTMF signal from the transmitter and 
cuts down on the amplitude ofthe DTMF tone heard 
at the receiver. The timing diagram in Figure 48 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 06 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 06 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. 
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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 

• 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 

v 
MODE SELECT 

COLI 

COL2 

N.C. 

COLJ 

v 
N.C. 

RATE CONTROL 

OSC1 

TONE 
OSC2 

LEVEL SELECT 

November 1988 

DIP-24 

ORDER CODE : MK5376NOO 

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. 

PULSE OUTPUT 

13KEY 

HKS 

ROW! 

ROW2 

17 N.C. 

MUTE 

PACIFIER TONE/CHIP 
DISABLE 

DTMF OUTPUT 

M·B SELECT 

118 
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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 level1 (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. 

COL 1, 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 O·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 alternately 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-

pad is sampled. If both Row and Column informa
tion is 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 1 0 PPS (pulses per second) in Pulse Mode and 

Figure 1A: Keyboard Schematics-Calculator 
Type Keypad. 
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Figure 18: Keyboard Schematics Standard Telephone Type Keypad. 
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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 41 0 pF to guarantee accuracy of the 
oscillator. The re~istor (R) is then selected for the 
aesired signaling rate. The nominal frequency of 8 
kHz is achieved with component values of 390 pF 
and 220 K ohms. 

OSC1, OSC2 

Input/Output. Pins 1 0, 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 
Tone Reference 

Compatible 
Select Input 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 

MK5376 

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)IRL]}To 
where Vo is the tone amplitude atthe phone line and 

· To is the tone level at the DTMF OUTPUT pin. This 
version may also be operated ori 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 Mode, 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 
Break Time Make Time Input 

V+ 68 32 
V- 60 40 

Figure 2 : Typical Sine Wave Output. 

DTMFOUTPUT 

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 level is 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 
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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. 

Key Input Standard Frequency 
ROW1 697 

2 770 
3 852 
4 941 -

COL1 1209 
2 1336 
3 1477 

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 ava,i-

Actual Frequency % Deviation 
699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

Figure 3A : MK5376 Timing Diagram - Pulse Mode Off-Hook Operation . 
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Figure 38 : MK5376 Timing Diagram- Tone Mode. 
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~~c.J =~: J: L 
lable both as a continuous mute (provided by the 
MK5376) or a mute that is active only when actuaF 
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
multaneously entering information through the key
pad. The differences between these modes are pre
sented in the Device Operation Section. 

PULSE OUTPUT 

Output. Pin 24. An open drain N-channel device 
drives this pin. In Pulse Mode, the timing meets Bell 
Telephone and EIA specifications for loop discon
nect signaling. The Make/Break ratio is user-selec
table. RATE CONTROL regulates the dialing rate. 

DEVICE OPERATION 

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 
1 00 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). 

1 2 3 

4 5 5 

7 8 g 

* 8 n 
STORE LND PAUSE DIAL 
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5/8 

113 



MK5376 

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! he desired number sequence. However, ma
nual and auto-dialing cannot be performed simulta
neously. 

NORMAL DIALING 

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 

8 8 ON-HOOK D D 
A"*", #input after going on-hook or prior to coming 
off-hook with erase information stored in the LND 
buffer. 

PABX PAUSE (Off-hook and On-hook) 

88000 
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 12KEYTone Mode; PABX Pause is the 
only exception. In Pulse Mode, the pause rs 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). 

Figure 5 : Keypad Sequence 13Key Cofiguration. 

1 2 3 

4 5 6 

7 B 9 

* G tl 

/18Bf1K53?6~B2~ 

AUTO-DIALING (Off-hoof)) NORMAL DIALING AND LND PRIVACY 

~ ~ ~ D 1----:-l OPTION (Off-hook) 

L_j L~_Jl_~_j LJ lollollol .... ETC 
opt opt . opt L_j L_j L_j 

The key sequence "*" followed by any digit auto- Normal dialing is straightforward ; all keypad entries 
dials the number sequence stored in the designa- are stored in the LND (Last Number Dialed) buffer 
ted address location. Note auto-dial can take place and signaled as.each is enter!=Jd. All digits in the LND 
following manual key inputs. register are maintained unless the final key prior to 
STORAGE (On-hook) going on-hook is "C". In the metal mask version, the [] []···[] D D :~~::::u~::a:~:~ "'ern moke a Cootcol 

opt opt opt [] D 
The number sequence stored in the LND buffer can c N ADDRESS 
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. 
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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. 
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STORAGE (On-hook) PABX PAUSE 

[3 [3 .. ·[3 ~ c:J [3 [3 ~ [] [3ETC 
To store data in a given location (LOG 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 
they make no entries before the copy operation. 

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 
input is received. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value 

DC Supply Voltage 6.5 

Operating Temperature -30 to+ 60 

Storage Temperature -55 to+ 85 

Maximum Power Dissipation (25 oc) 500 

Maximum Voltage on any Pin (V+) + 0.3, {V-)- 0.3 

• All 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 

V+ DC Operating Voltage 

Iss Standby Current 

VMR Memory Retention Voltage 

IMR Memory Retention Current 

IT Operating Current (tone)' 

lp Operating Current (pulse) 

IML Mute Output Sink Current 

lpL Pulse Output Sink Current 

lpc Pacifier Tone Sink/Source 

KRu Keypad Pullup Resistance 

KRo Keypad Pulldown Resistance 

Notes : 1. All inputs unloaded. Quiescent Mode (oscillator off}. 
2. All inputs unloaded. single key input. 
3. VOUT = 0.5 v. 
4. Sink Current for Vwr = 0.5 Source Current for VOUT = 2.0 V. 

Min. 

2.5 

1.5 

750 

1.0 

~ .0 

250 

Typ. 

0.3 

200 

0.5 

50 

3.0 

3.0 

500 

100 

500 

5. Meeting these minimum supply requirements guarantees the retention of data stored in memory. 

J::fi SGS·THOMSON 
~I 1\'JU©OO!!~i<W~@IlilU©I\l 

Max. Unit 

6.0 v 
1.0 J.1A 

v 
nA 

1.0 rnA 

150 J.1A 
rnA 

rnA 

J.1A 
kQ 

kQ 

Unit 

v 
oc 
oc 

mW 

v 

Notes 

1 

5 

5 

2 

2 

3 

3 

4 

7/8 

115 



MK5376 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

CHARACTERISTICS- KEYPAD INPUTS, PACIFIER TONE 

Symbol Parameter 

TKo Keypad Debounce Time 

FKs Keypad Scan Frequency 

TRL Two Key Rollover Time 

FPT Frequency Pacifier Tone 

TPT Pacifier Tone 

FRc Frequency RC Oscillator 

Notes : 1. Times based upon 8kHz RC input for RATE CONTROL. 

Min. 

-7.0 

Typ. Max. Unit Notes 

32 ms 1 

250 Hz 1 

4 ms 1 

500 Hz 1 

30 ms 1 

+ 2.5 + 7.0 %· 2 

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) 

PEd Pre-emphasis, High Band 2.7 · dB 

Vocd Average DC Bias Tone out (V+ = 2.5 V) 1.2 v 
To; Tone Output (independent) -12 dBm 2,3 

194 mV(rms) 

PEl Pre-emphasis, High Band 2.0 dB 3 

VoCI Average DC Bias Tone out 1.5 v 
DIS Output Distortion 5.0 8.0 % 3 

RE Tone Output Load 10 kO 4" 

TR Tone Signaling Rate 5 10 1/sec 5 

PSD Pre-signal Delay 132 ms 5 

lSD Inter-signal Delay 100 ms 5 

Notes : 1. ODBm equals 1 mWatt signal power into a 600 W load or 775 mV. 
2. -Single tone (low group) V = 2.5 V. 
3. • Supply voltage = 2.5to 6 V. R0 = 10 Kn. 
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 

PR Pulse Rate 10 PPS 1 

PDP Predigital Pause 172 ms 1 

IDP lnterdigital Pause 940 ms 1 

TMo Mute Overlap Time 2 ms 1 

Note: 1. Typical times assume nominal RC input frequency of 8kHz. An increase in frequency results in an equal decrease In time values 
and Increase In rate values. 
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TONE/PULSE WORLD DIALER WITH LNR 

• TWOSELECTPINSALLOWTHEUSERTOSE
LECT 16 DIFFERENT COUNTRY OPTIONS 

• 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 

• 28 DIGIT STORAGE WITH LNR (last number re
dial) 

• P.I.N. (personal identify 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 RECALL 

DESCRIPTION 

The MK53721 is a 20 pin CMOS mixed mode dia
ler I C. Jhis 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 
be recalled with a single LNR (last number redial) 
command entry. 

The MK53721 can be switched from PULSE to 
. TONE mode operation through the keypad with a 

*I# key input or softswitch (SS) key input. All key in-
1 puts following a softswitch command will generate 
I DTMF signals. 

January 1989 . 

DIP20 

ORDER CODE : MK53721 NOO 

PIN CONNECTION 

Voo PULSE OUT 

MODE HKS 
c; Ri 
62 R2 

C3 R3 

Vss R4 

OSC1 MUTE OUT 

OSC2 MASK OUT 

C4 DTMFOUT 

SELA SELB 

KEYPAD CONFIGURATION 

1 2 3 FLASH 

4 5 6 ss 
7 8 9 PAUSE 

* 0 # LNR 
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DESCRIPTION (continued) 

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. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter 

DC Supply Voltage 

Operating Temperature 

Storage Temperature 

Maximum Power Dissipation (25°C) 

Maximum Voltage on any Pin 

The MK53721 features a Sliding Cursor, Auto
Pause insertion (on some options), manual Pause, 
and Flash. The DTM F tone output has a guarenteed 
minimum duty cycle and extends to match the du
ration of key inputs. 

Value Unit 

6.5 v 
o to 60 oc 

-55 to+ 125 oc 
500 mW 

(VDD) +.3, (VSS) -.3 v 

DC ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwise specified) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

VDDT DC Operating Voltage Tone Mode 2.5 6.0 v 
VDDP DC Operating Voltage Pulse Mode 2.0 6.0 v 
VMR Memory Retention Voltage 1.5 1.3 v 4,5 

VMT Mute Operation 1.8 v 
IDDP Operating Current Pulse Mode .800 1.2 mA 2 

I DDT Operating Current Tone Mode .900 1.2 mA 2 

ISS Standby Current 0.4 1.0 flA 1 

IMR Memory Retention Current 0.2 0.8 flA 1,5 

ISINK Pulse/Mute/Mask Output Sink Current 1.0 mA 3 

VOL Output Low Voltage (IS INK = 1 mAMP) 0.5 v 
KRU Keyboard Pullup Resistance 50 100 200 kQ 

KRD Keyboard Pulldown Resistance 100 500 1000 Q 

VIL Input Level Low .2VDD v 
VIH Input Level High .8VDD v 

Notes : 1. All inputs unloaded. Quiescent mode (oscillator off). 
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. Proper memory retention is guaranteed if either the minimum lmr is provided or the minimum Vmr. Both are not needed simultaneous

ly. 
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AC ELECTRICAL CHARACTERISTICS(TA = 25°C unless otherwise specified) 

Symbol Parameter 
Value 

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 [VCOUVROW] 2.0 2.75 dBm 

TDC Tone DC Bias 1.6 v 
TLOAD Tone Output Load 10 kQ 

TRIS Tone Output Rise Time 1.0 msec 9 

TO IS Tone Distortion 5.0 8.0 o/o 8 

Notes: 6. OdBm equals 1mWatt into 600Qor775mV. The MK53721 is designed to drive a 10k0hm load. The 600Qioad is only for reference. 
7. Single tone (low group), as measured at pin 12. 
B. Supply voltage from 2.5 to 6.0V. Rload = 1 OkOhms. 
9. Time from beginning of tone output wavefonm to 90% of final magnitude. 

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

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

TKO Keyboard Debounce Time 24 mSEC 

FKS Keyboard Scan Frequency 250 Hz 

TPSD Tone Presignal Delay 40 mSEC 

THFP Hookflash Break Period mSEC 

TISD Tone lntersignal Delay mSEC 10 

TOUR Tone Burst Duration 
See table "A-Options" 

mSEC 10 

PPS Pulses per Second (pulse rate) PPS 10 

PDP Predigital Pause mSEC 10 

lOP lnterdigital mSEC 10 

TMO Mute Overlap Pulse TM mSEC 10/11 

Notes : 10. The values of these parameters are dependent upon the option selected by SELA and SELB pins, see option tables A and B forti
ming values. 

11. TM = Make lime ; 32 mS or 40 mS depending upon option selected. 
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PIN DESCRIPTIONS 

Pin# Pin Name Description 

1 VDD Positive Supply 
6 VSS Negative Supply (ref for all voltages) 

8 OSC1 Oscillator Input for 3.579545MHz Crystal 
9 OSC2 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 81-88 
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 
14 MUTE OUT Mute Output for Tone Mode Operation, Nch Open Drain, Active High 
20 PULSE OUT 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. 

KEY 
INPUT 
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Figure 2 : Pulse Mode Timing. 

Sottswnch 
KEY 

HKS 

MASK I 
- OUT l_j TPDP 

PULSE I ~ __, 1-- TM 

OUT 

. 

MUTEj 
OUT ~------------------------~ 

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 

SELA pin (number 10) to one of the row or column 
pins for a total of eight possible choices. The Sel-8 
option pin further defines an additional group of A
options by connecting the Sel-8 pin to either a co
lumn, for options A 1-AB, or to a row, for options A9-
A16. Options can only be changed while "on-hook". 
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Table 1 :A Options. 

OPT PIN PPS M/B PDP IDP FLSH TONE Functions 

A1 -ROW4- 10 40/60 840 840 100 80/80 API, SS*SS, FT = True 
A2 -ROW3- 10 32/68 240 840 100 98/98 FT =True 
A3 -ROW2- 10 32/68 240 840 300 80/80 SS*# =True, *#PIN =True 
A4 -ROW1- 10 32/68 240 840 100 80/80 SS*# =True, *#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 
AS -COL4- 10 40/60 240 840 600 80/80 
A9 -ROW4- 10 40/60 240 840 100 80/80 

.1\10 -ROW3- 20 32/68 240 840 100 98/98 FT =True 
A11 -ROW2- 10 32/68 540 540 100 70/140 OM, SS*#, *#PIN =True 
A12 -ROW1- 10 32/68 240 540 300 80/80 DM =True. 
A13 -COL1- 10 32/68 240 840 100 80/80 API, FT =T 
A14 -COL2- .10 40/60 240 840 300 98/98 Flash Option = F2 
A15 -COL3- 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 column Is : 
API= False. OM= False. SS"# =False, PIN= True, FT =False, Flash Option= F1, D"#P =False, 
Sweden keypad= False, New Zeland =False. 

DEFINITIONS 
TONExXIyy: xx =Tone duration (TOUR), yy = Tonelntersignal delay (TISD) 
API= autopause insertion (True, False) . 
OM= data mode, memory bypassed and part xmits tones as simple DTMF generator. 
SS"# = lransmR • or# key on input, even in pulse mode (True, False). 
SS"SS = SoftswRch sequence [bi-directionaij required by Germany (True, False). 
PIN =personal id number protection (True, False) 
"#PIN= PIN protection is ignored if • or# is the first digH (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 wm be appended to current sequence and cannot be recalled. 

The first group of A-Options are selected by 8-options 81 through 84. 

A1 :OPEN 
A2:UK 
A3 : FRANCE (PUBLIC) 
A4: FRANCE.(PRIVATE) 
A5: PANAMA/COLOMBIA (S. AMERICAN COUN-TRIES) 
AS : NEW ZEALAND 
A7: SWEDEN/SOME OF NORWAY 
A8: USA -10PPS 

The second group of A-Options are selected by 8-options 85 through 88. 
' ' 

A9 : HOLLAND/DENMARK 
A10: BELGIUM 
A11 :SPAIN 
A12: FRANCE (Data mode) 
A 13 : AUSTRALIA 
A14: ISRAEL 
A15: ITALY 
A16: USA- 20PPS 

_61_12 __________ L•'l SCS·THDMSDN 
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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. 

MK53721 

PAUSE command. 

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

Option Pin A· OptionsGroup Pause Duration(sec) 

81 -COL1- A1-A8 
82 -COL2-
83 -COL3-
84 -COL4-

85 -ROW1- A9-A16 
86 -ROW2-
87 -ROW3-
88 -ROW4-

KEYBOARD INTERFACE 

The MK53721 has eight keyboard interface pins 
which are to connected to a 4 x 4 keypad with FORM 
A (SPST) switches. A 2-of-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 
set is "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 

IDP + 1.1 + IDP 
IDP + 3.1 + IDP 

· IDP + 6.0 + IDP 
Indefinite 

IDP + 1.1 + IDP 
IDP + 3.1 + IDP 
IDP + 6.0 + IDP 

Indefinite 

required while on hook. 

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. 
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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.I.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-

T able 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 

TIP 1 2 3 F 4 .5 1 2 3 F 4 5 Manual Dial, Flash Key 
TIP LND 4 5 Redial, Flash Option F1 
TIP LND 1 2 3 Redial, Flash Option F2 

TIP 1 2 3 4 5 1 2 3 4 5 Normal Dial 
TIP F F Flash Dial 
TIP LND 1 2 3 4 5 Redial, Flash Option F1, F2 

TIP 1 2 3 4 5 F 1 2 3 1 2 3 4 5 
TIP LND 1 2 3 4 5 F Manual Dial, Flash Key Term 

SLIDING CURSOR 

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. 

Mode Key Input 

If all digits entered equal the memory contents the 
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. 

Output Description 

TIP 1 2 3 4 5 1 2 3 4 5 Normal Dial 
TIP LND 1 2 3 4 5 Redial 
TIP 1 2 3 LND 1 2 3 4 5 Sliding Cursor 
TIP 1 2 4 LND 1 2 4 
TIP 12 1 2 
TIP LNR 1 2 

SOFTSWITCH, P.I.N. PROTECTION 

Softswitch feature allows the dialing mode ofthe 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.I.N. (PERSONAL IDENTIFY PROTECTION) 
feature of the MK53721 will protect numbers which 

Sliding Cursor, Invalid 
Normal Dial 
Redial of Last Number Dialed 

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. 

8112 ------------- Lfi ~~~~m~r::~~~ 
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Table 5 : Softswitch Operation. 

Mode Key Input Output Description 

PULSE 1 2 3 * 4 5 1 2 3 <TDMF> 4 5 Softswitch, SS * # = False 
PULSE 1 2 3 * 4 5 1 2 3 <TDMF>* 4 5 Softswitch, SS * # =True 
PULSE 1 2 3 ss 4 5 1 2 3 <TDMF> 4 5 Softswitch 
PULSE LNR 1 2 3 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, SS* # 

=False 
PULSE *123*45 <TDMF>* 1 2 3 * 4 5 Softswitch, SS * # =True 
PULSE LNR <TDMF>* 1 2 3 * 4 5 PIN invalid for * key first, SS* # 

=True 

TONE 123*45 123*45 Manual Dial * Key 
TONE LNR 1 2 3 PIN =True 

TONE *123*45 * 1 23*45 If fires! key is * or # , then * , # is 
redialed 

TONE LNR * 1 2 3 * 4 5 SS* #=True 
TONE LNR * 1 2 3 

PAUSE 

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. 

SS* #=False 

matically into a number sequence if manual dialing 
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 1 2 3 ... 4 5 1 2 3 4 5 Manual Dial with Delay 
T/P LNR 1 2 3 ... 4 5 Redial, Pause Inserted if Autopause 

T/P 1 2 3 p 4 5 1 2 3 
T/P LNR 1 2 3 
TIP LNR 1 2 
T/P PAUSE 4 5 

DATA MODE 

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-

3 

=True 

p 4 5 Manual Dial, Pause Key Input 
p 4 5 Redial, PAUSE <> lnd 

Redial, PAUSE = lnd 
Complete Redial 

fer. If the OM option is selected, all digits entered af-, 
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. 

9/12 
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Table 7 : Data Mode Option. 

Mode Key Input Output Description 

T 123*45 ... N 1 2 3 * 4 5 ... N Data Mode {DM) Active After * or# 
T LNR 1 2 3 Digits before DM are redialed. 
T *123*45 ... N *123*45 ... N DM activated on first * entry. 

LNR * Only * is 'redialed. 
p 123*45 ... N 1 2 3 <T> * 4 5 ... N Softswitch to DM on * or #, SS *· # 

=True 
p 123*45 ... N 1 2 3 <T> 4 5 ... N Softswilch to DM, SS * # = False 
p LNR 1 2 3 Digits before DM are redialed. 
p * 1 23*45 ... N <T> 1 2 3 * 4 5 ... N ss *#=False 
p LNR <T> 

p *123*45 ... N <T>* 1 
p LNR <T> * 

DTMF OPERATION 

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. 

Key Input Standard Frequency 

-ROW1- 697 
-ROW2- 770 
-ROW3- 852 
-ROW4- 941 
-COL1- 1209 
-COL2- 1336 
-COL3- 1477 

PULSE OPERATION 

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 

SS * # = False, softswitches but 
nothing redialed. 

23*45 ... N SS *#=True 
SS *#=True 

sinusoidally weighted taps. The frequency and ac
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 
AS or A 16, by symultaneously pressing two buttons 
in the same row or column. 

Actual Frequency % Deviationfrom 
Standard 

699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 
1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

prior to the first break and remains active until an 
IDP p~riod following the output of the last digit from 
the buffer. The nominal pulse output rate is 1 Opps 
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. 

10/12 ------------------------- L~l ~~~~~:~~ 
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Table 9 : Pulse Output Options. 

Normal Sweden New Zealand 

0 ... 10 Pulses 0 ... 
1 ... 1 Pulse 1 ... 
2 ... 2 Pulses 2 ... 
3 ... 3 Pulses 3 ... 
4 ... 4 Pulses 4 ... 
5 ... 5 Pulses ·5 ... 
6 ... 6 Pulses 6 ... 
7 ... 7 Pulses 7 ... 
8 ... 8 Pulses 8 ... 
9 ... 9 Pulses 9 ... 

* ... Softswitch * ... 
# ... Ignored # ... 

TYPICAL APPLICATIONS 

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 an in
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 01 ,02 and 05 to break and make 
the loop current through the speech network. The 
MK53721 MASK output provides the logic level to 

1 Pulse 0 ... 10 Pulses 
2 Pulses 1 ... 9 Pulse 
3 Pulses 2 ... 8 Pulses 
4 Pulses 3 ... 7 Pulses 
5 Pulses 4 ... 6 Pulses 
6 Pulses 5 ... 5 Pulses 
7 Pulses 6 ... 4 Pulses 
8 Pulses 7 ... 3 Pulses 
9 Pulses 8 ... 2 Pulses 
10 Pulses 9 ... 1 Pulses 
Softswitch * ... Softswitch 
Ignored # ... Ignored 

the L3280 MUTE input to cause muting of the loud 
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 thatthe 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 CB, C9, R12, R13 and 03. 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. 
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Figure 3 : MK53721 Typical Application. 
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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) 
• PACIFIER TONE PROVIDES AUDIBLE INDI

CATION OF VALID KEY INPUT FOR NON
DTMF KEY ENTRIES 

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

DESCRIPTION 

The MK53731 is a Silicon Gate CMOS IC that pro
vides necessary signals for either DTMF or loop dis
connect (pulse) dialing. The MK53731 buffers up to 
28 digits into memory that can be later redialed with 
a single 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 access several unique functions 
with single key entries. These functions include : 
Last Number Dialed (LND), Softswitch, Flash, and 
Pause. Figure 2 shows the keypad configuration. 

A LND key input automatically redials the last num
ber dialed. 

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

January 1989 

DIP18 

ORDER CODE: MK53731 NOO 

Figure 1 : Pin Connection (top view). 

V+ 1 18 PULSE OUTPUT 

MODE 2 17 HKS 

C1 3 16 R1 

C2 4 15 R2 

C3 5 14 R3 

V- 6 13 R4 

OSC1 7 12 MUTE OUTPUT 

OSC2 8 11 PACIFIER TONE 

C4 9 10 DTMFOUTPUT 

Figure 2 : Keypad Configuration. 
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FUNCTIONAL PIN DESCRIPTION 

V+ 
Pin 1. V+ is the positive supply for the circuit and 
mu.st meet the maximum arid 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 hooks witch 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 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 
(T KD) 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. 
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 
in manual dialing as long as the key is pushed. The 
output tone duration follows the table 1. 

2/9 

130 

Table 1. Output Tone Duration. 

Key- Push Time, T* Tone Output• 

T s 32 ms No Output. Ignored by 
MK53731. 

32 ms s T s 75 ms 75 ms Duration Output. 
+ ToK 

T ~ 75 ms + TKo Output Duration = 
T- TKo 

• Note: TKo is 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-
lnput. Pin 6 is the negative supply input to the de
vice. This is the voltage reference for all specifica
tions. 

OSC1, OSC2 

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 M Hz 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. 

DTMFOUTPUT 

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: 

T 01 =- 12 dBm ± 1. dB 

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

Voc1 = 0.3 V+ + 0.5 Volts 
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Figure 4: Typical Single Tone.· 

Figure 5 :Typical Dual Tone. 

Figure 6 : Typical Spectral Response. 
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PACIFIER TONE 
Output. Pin 11. A 500 Hz square wave is activated 
upon acceptance of a valid 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 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 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 
Pl,JLSE 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. 

J/1..•'/ SGS·THOMSON 
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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 Column in
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 Output Frequency. 

Key Input Standard Frequency 

ROW 1 697 
2 770 
3 852 
4 941 

COL1 1209 
2 1336 
3 1477 

; Figure 7 :Tone Mode Timing. 

DIAL SEQUENCE QJ G I FLASH I 0 

ENTER ENTER ENTER 

I FLASH I 

MK53731 

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 53(31 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. 

Actual Frequency %Deviation 

699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

ENTER 

0 
KEYBOARD 

INPUT 
r-----------------, r-------------

KE~:RD --um. __________ JllUL! ____ ...:;K::,:EY,:::BO:;:A:;:RD:..::SC:::::A::.:,N ____ __.nnn. ______________ ~ , 
. ~. 

~~~T --------------------------------

DTMF -----~--~--------------------------~------------
OUTPUT ~ 1 r- .!1 2 1- I FLASH PERIOD I I 

o".!'Tl,;'iT ---r-1 -------~------- '• -----=~-:-~--~~~~~ 

MUTE ---

OUTPUT 1._--------------------' 
J.-ttTR--j 

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

DIAL SEQUENCE 0 0 I PAUSE I [!] 

ENTER ENTER ENTER CNTER 

I PAUSE I [!] 
KEYBOARD 

INPUT 
.----------------------------

-j r- 3 

KE~~~~RD =mnn.. ______ ..JUlll( KEYBOAROSCAN250Hz IRJUl _______ .IUUl.P-~[~~-~--
G~Tl2! r- 611 DIALfiGIT~ PAUSE2.5SEC I [~ 

;~,'i:'~, ---------uu--------u - -- - - --u-----------

0~~~~, ----1~--~l:j-J_~i ~~-- -l___f ----------- --0~""- ------
·-1 f--r. 

HKS ON ttCIOK 
INPUT OFF HOOK 

-j r- 4 

;,:;t•• ___ _. ______ • ____ Jll.. ____ _._ __________ ---------------------------

NORMAL DIALING (off-hook) 

c:Jc:Jc:J •.. ETC 

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

LAST NUMBER DIALED (LND) 

Last number dialing is accomplished by entering the 
LND key. 

PAUSE 

... 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 

I FLASH I ... 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 there
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 



the • key, or SOFTSWITCH, is depressed. Subse
quent* key inputs will cause the DTMF code for an 
• to be dialed. The softswitch will only switch from 

! Table 3 : Special Functio~ Delays. 

MK53731 

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. 

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. 

Function First/Auto 
Delay (seconds) 

Pulse Tone 

SOFTSWITCH FIRST 1.15 
AUTO 1.85 

PAUSE FIRST 1.84 1.15 
AUTO 2.50 1.20 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

DC Supply Voltage 6.5 v 
Operating Temperature 0 to+ 60 oc 
Storage Temperature -55to+125 oc 
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. 
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ELECTRICAL CHARACTERISTICS DC Characteristics 

No Symbol Parameter Min. Typ. Max. Unit Notes 

V+ DC Operating Voltage (tone mode) 2.5 6.0 v 
TONE 

VMR Memory Retention Voltage 1.5 v 1, 6 

Is Standby Current 0.4 1.0 !lA 1 

IMR Memory Retention Current 0.15 0.75 !lA 5,6 

VMUTE Mute Output Operating Voltage 1.8 v 7 

h Operating Current (tone) 300 600 !lA 2 

lp' Operating Current (pulse) 150 250 !lA 2 

IML Mute Output (2.5 V) 1.0 mA 3 
Sink Current (4.0 V) 3.0 mA 

lpL Pulse Output Sink Current 1.0 2.0 mA· 3 

lpc Pacifier Tone Sink/Source 250 500 !lA 4 

KRu Keypad Pullup Resistance ' 100 kQ 

KRo Keypad Pulldo~n Resistance 500 Q 

VIL Keypad Input Level-low 0 0.3 V+ v 
V1H Keypad Input Level-high 0.7V+ V+ v 

VPULSE Operating Voltage (pulse mode) 1.8 6.0 v 
Notes: 1. All inputs unloaded. Quiescent Mode (Oscillator off). 

2. All outputs unloaded. Single key input. 
3. Voor = 0.4 Volts. 
4. Sink Currentfor VoUT = -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 IMR is provided or the minimum VMR· The design does not have to pro

vide both the minimum curreni or voltage simultaneously. 
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7. Minimum voltage where activation of mute output with key entry Is ensured. 
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AC CHARACTERISTICS -TONE MODE 

No 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 mVrms 3 

Pe; Pre-emphasis, High Band 1.6 2.0 2.4 dB 

DC; Tone Output DC Bias (V+ - 2.5) 1.25 v 
(V+ 3.5) 1.5 v 

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 Tpso Pre-signal Delay 40 ms 6 

2 T1so Inter-signal Delay (repertory) 54 ms 

TouR Tone Output Duration (repertory) 74 ms 
Notes : 1. 0 dBm equals 1 mW power 1nto 600 Q or 775 mVolts Important Note. The MK53731 IS des1gned to dnve a 1 0 kO load. The 600 Q 

load is only for reference. 
2. Single tone (low group) as measured at pin IOTA= 25 ·c. 
3. Supply voltage= 2.5 to 6 Volts Re = 10 kO. 
4. Supply voltage= 2.5 Volts. 
5. Time from beginning of tone output waveform to 90% of final magnitude of etlher frequency Crystal parameters suggested for pro

per operation are Rs < 100 n, lm = 96 mH, Cm 0.02 pF, C, =5pF, f = 3.579545 MHz and CL= 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) 

No Symbol Parameter 

3 TKO Keypad Debounce Time 

FKs Keypad Scan Frequency 

FPT Frequency Pacifier Tone 

4 TPT Pacifier Tone Duration 

THFP Hookflash Timing 

Note : 1. Crystal osc1llator accuracy directly affects these t1mes. 

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter 

PR Pulse Rate 

5 PDP Pedigital Pause 

6 IDP lnterdigital Pause 

7 TMo Mute Overlap Time 

8 Ts Break Time 

9 TM Make Time 

Notes : 1. 10 PPS is !he nominal rate. 
2. Figure 8 illustrates this relationship. 

Min. Typ. Max. Unit Notes 

32 ms 1 

250 Hz 1 

500 Hz 1 

30 ms 1 

560 ms 1 

Min. Typ. Max. Unit Notes 

10 PPS 1 

48 ms 2 

740 ms 2 

2 ms 2 

60 ms 2 

40 ms 2 
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DIALER WITH FOUR EMERGENCY NUMBERS 

• SINGLE CHIP DTMF AND PULSE DIALER 
• STORES 518-DIGITTELEPHONE 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 all12 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 pau·se 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 

DIP20 

ORDER CODE : MK53760 NOO 

Figure 1 : Pin Connection. 

U• PULSE OUTPUT 

MODE HKS 

C1 R1 

C2 R2 

N.C. RS 

C3 R3 

u- R4 

osc 1 MUTE OUTPUT 

osc 2 PACIFIER TONE/ 
CHIP DISABLE 

C4 DTMF OUTPUT 

nB!!JNK53?6B-81 

Figure 2 : Keypad Configuration. 

1 2 ·3 FLASH 

4 5 6 PROG 

7 8 9 PAUSE 

* SOFT 8 tJ Lt-D 
SIJITD-l 

MEMl MC.M2 MI:.M;j MC.M4 

ffB9ffK53?6B-Bi' 
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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 soflswitch 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 
ione. 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 level1 (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 em~bled and any noise 
(bouncing contacts, etc.) is ignored for a debounce 
period (TKo) 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 : 
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Table 1 : Output Tone Duration. 

Key-Push Time, T* Tone Output* 
T :> 32ms No Output Ignored by 

MK53760. 

32ms :> T :> .75ms + T KD 75ms Duration Output. 

T <! 75ms + T KD Output Duration = 
T- TKo 

*Note : T KD is the key pad de bounce 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-

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

OSC1, OSC2 

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. 

DTMFOUTPUT 

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 waveform is 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: 

T oi = - 12dBm ± 1 dB 

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

VDC1 = 0.3V + + 0.5 Volts 



MK53760 

Figure 3 : MK53760 Functional Block Diagram. 

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 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 12 is swit
ched low, through a resistor (1 OK to 1 OOK), 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. 

DIAL SEQUENCE Q] G I FLASH I 0 
ENTER ENTER ENTER 

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. 

ENTER 

I FLASH I 0 
-KEYBOARD 

INPUT 
r-----------------~ ,------------

KE:~~~RD ----,nn_ __________ JliUrrl -----:K::::Ev=oo=-=•-=•o:-:s-:::cA:-::N------,IlJUl. ...... _ ------- ...... .nnn.r-
HKS 
INPUT-------------------------------

DTM~ --.,---~--~-------------------------~-----------
OUTPUT . " ~ 1 F- ~ 2 r- . I FLASH PERIOD I I 

o"u"T';."JT ---r-1 -----~-~------- ~--- .... -----~ -----=1-.--~-----

_ MUTE --- --------
OUTPUT 

1-·/T·--1 

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. 

ENTER ENTER ENTER 

DIALING SEQUENCE 0 [2] 0 
KEYBOARD 
INPUT --~~''--~11~--~~~~~ 

3---l f-
PULSE 
OUTPUT 8~·~~ 

-.~--4~~.1 I U 

LilJ 

iiiiiE 
OUTPUT 

PACIFIER 
TONE --~~~~~~--~------------
HKSISLOW 
(OFF-HOOK) 

Table 2 : DTMF Output Frequency. 

Key Input Standard Frequency 

ROW 1 697 
2 770 
3 852 
4 941 

COL 1 1209 
2 1336 
3 1477 

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 external pullup re
sistor to the positive supply. 
In the tone mode, "M"U"T"'E"'O""'U,..T"'PU"T,.. 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 IC and applications using both modes 

Actual Frequency %Deviation 

699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

would not necessarily share circuitry. MUTE OUT
PUT timing is shown in figure 8 for pulse mode si
gnaling and figure 7fortone 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. 
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PULSE OUTPUT 

Output. Pin 20. This is an output consisting of an 
open drain N-channel device. In either pulse 6rtone 
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) 

... ETC-

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

LAST NUMBER DIALED (LND) 

EJ 
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 torie. 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. 
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HOOK FLASH 

I FLASH I ... 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 redia led as such. When a 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 

[:] IFLASHI 
... 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 1-4). 
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) 



MK53760 

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 v 
Operating Temperature 0 to+ 60 oc 
Storage Temperature -55 to+ 125 oc 
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 2.5 6.0 v 
TONE (tone mode) 

VMR Memory Retention Voltage 1.5 v 1, 6 

Is Standby Current 0.4 1.0 )lA 1 

IMR Memory Retention Current 0.15 0.75 )lA 5, 6 

VMUTE Mute Output Operating Voltage 1.8 v 7 

IT Operating Current (tone) 300 600 )lA 2 

lp Operating Current (pulse) 150 250 )lA 2 

Operating Current On-Hook Program Mode 
Key Operated 200 )lA 
No-Key Operated 1 )lA 
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ELECTRICAL CHARACTERISTICS (continued) 

DC CHARACTERISTICS (continued) 

Symbol Parameter 

IML Mute Output (2.5V) 
Sink Current (4.0V) 

IPL Pulse Output Sink Current 

lpc Pacifier Tone Sink/Source 

KRu Keypad Pullup Resistance 

KRo Keypad Pulldown Resistance 

V1L Keypad Input Level-Low 

V1H Keypad Input Level-High 

VpuLSE Operating Voltage (pulse mode) 

Notes : I. AlllnpU1s unloaded. Quiescent Mode (oscillator off). 
2. All oU1puts unloaded, single key input. 
3. Voor = 0.4 Volts. 
4. Sink Current for Voor = 0.5 volts, Source Current for Voor = 2.0 Volts. 

Value 

Min. Typ. 

1.0 
3.0 

,, 1.0 2.0 

250 500 

100 

500 

0 

0.7 
V+ 

1.8 

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

Unit Note 
Max. 

mA 3 
mA 

mA 3 

!!A 4 

Kn 

Q 

0.3 v 
V+ '-

V+ v 

6.0 v 

6. Proper memory retention is guaranteed H either the minimum IMR is provided or the minimum VMR. The design does not have to pro
vide both the minimum current or voltage simultaneously. 

7. Minimum voltage where activation of mute oU1put with key entry is ensured. 

AC CHARACTERISTICS - TONE MODE 

Value 
No Symbol Parameter Unit Note 

Min. Typ. Max. 

TNK Tone Output No Key Down -80 dBm 1 

To; Tone Output (independent) -13 -12 -11 dBm 1, 2 
173 194 218 mVrms 3 

PEi Pre-Emphasis, High Band 1.6 2.0 2.4 dB 

Dc1 Tone Output DC Bias (V + = 2.5) 1.25 v 
(V + =3.5) 1.5 v 

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 Ratte 8.0 1/sec 

1 Tpso Pre-Signal Delay 40 ms 6 

2 T1so Inter-Signal Delay (repertory) 54 ms 

TouR Tone Output Duration (repertory) 74 ms 

Notes: I. OdBm equals tmWpower 1nto 600 ohms or775mV. Important Note: The MK53760 1sdes1gnedto drive a 10 k!lload. The600Q 
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load is only for reference. 
2. Single tone (low group) as measured at pin 10, TA = 25"C. 
3. Supply voltage = 2.5 to 6V, Re = 1 0 k!l. 
4. Supply voltage= 2.5V. These specifications are supply-dependent 
5. Time from beginning of tone oU1put waveform to 90 o/o of final magnitude of either frequency. Crystal parameters suggested for pro

per operation are Rs < 100 ohms, Lm = 96mH, Cm = 0.02pF, Ch = 5pF, I= 3.579545MHz, and CL = 1 BpF 
6. Time from initial key input until beginning of signaling. 



ELECTRICAL CHARACTERISTICS (continued) 

AC CHARACTERISTICS- KEYPAD INPUTS, PACIFIER TONE 
(numbers in left hand column refer to the timing diagrams.) 

No Symbol Parameter 

3 TKo Keypad Debounce Time 

FKs Keypad Scan Frequency 

Fpr Frequency Pacifier Tone 

4 Tpr Pacifier Tone Duration 

THFP Hookflash Timing 

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

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol 

PR Pulse Rate 

5 PDP Predigital Pause 

6 IDP lnierdigital Pause 

7 TMo Mute Overlap Time 

8 Ts Break Time 

9 TM Make Time 

Notes : 1. 10 PPS is the nominal rate 
2. Figure 8 illustrates this relationship. 

·Parameter 

r== SGS·ntOMSON A.."'f/ i>ID©Il©rnl!.ll@'ii"ll©lllll©l\l 

MK53760 

Value 
Unit Note 

Min. Typ. Max. 

32 ms 1 

250 Hz 1 

500 Hz 1 

30 ms 1 

560 ms 1 

Value 
Unit Note 

Min. Typ. Max. 

10 PPS 1 

48 ms 2 

740 ms 2 

2 ms 2 

60 ms 2 

40 ms 2 
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• 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 
• MINIMUM DTMF DURATION/SEPARATION 

GUARANTEED (74/54 ms) 
• PACIFIER TONE PROVIDES AUDIBLE INDI

CATION OF VALID KEY INPUT FOR NON
DTMF KEY ENTRIES 

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

DESCRIPTION 
The MK53761 is a Silicon Gate CMOS IC that pro
vides necessary signals for either DTMF or loop dis
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 all12 signaling keys 
and access several unique functions with single key 
entries. These functions include : Last Number Dia
led (LND), Softswitch, and Flash. Figure 2 shows 
the keypad configuration. 
A LND key input automatically redials the last·num
ber dialed. The PROG key provides an easy way to 
program a number into any memory location (1-9) 
whether on-hook on off-hook. The MEM'key allows 
easy redialing of the number stored in memory lo
cations (1-9). 
The FLASH key simulates a 560 ms hook flash to 
transfer calls or to activate other special features 
provided by the PABX or a central office. 
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MK53761 

REPERTORY DIALER 

DIP18 

ORDER CODE: MK53761N01 

Figure 1 : Pin Connection. 

V+ 1 18 PULSE OUTPUT 

MODE 2 17 HKS 

C1 3 16 R1 
C2 4 15 R2 

C3 5 14 R3 

v- 6 13 R4 

OSC1 7 12 MUTE OUTPUT 

OSC2 8 11 PACIFIER TONE/ 
CHIP DISABLE 

C4 9 10 DTMF OUTPUT 

Figure 2 : Keypad Configuration. 
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7 8 9 MEM 

* 50FT 8 ti LND 
SWITCH 
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MK53761 

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-of-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 level1 (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 
(T KD) 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. 
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Table 1 : Output Tone Duration. 

Key-Push Time, T* Tone Output• 
T!>32ms No Output Ignored by 

MK53761 
32 ms < T < 75 ms + T KD 75 ms Duration Output 
T ~ 75 ms + TKo •Output Duration = 

- T -TKo 
• TKO is the key pad debounce time which is typically 32 ms. 

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

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

OSC1, OSC2 

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. 

DTMFOUTPUT 

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=-12d8m±1 dB 

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

VDC1 = 0.3 V+ + 0.5 Volts 



Figure 3 : MK53761 Functional Block Diagram . 
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Figure 4 :Typical Single Tone. 
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Figure 5 :Typical Dual Tone .. 
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MK53761 

Figure 6 :Typical Spectral Response. 

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 Output Frequency. 

Key Input Standard Frequency 

ROW 1 697 
2 770 
3 852 
4 941 

COL 1 1209 
2 1336 
3 1477 

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 s_upply. 

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 wlien any key 
is pushed. 

In the pulse mode, MUTE OUTPUT is used to re
move ihe receiver and the network from the line. Dif
ferent circuitry is required for tone and pulse muting 
external to 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-
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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 (1 0 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. 

Actual Frequency %Deviation 

699.1 + 0.31 
766.2 - 0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 
1471.9 -0.35 

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. 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. 



MK53761 

Figure 7 :Tone Mode Timing. 

DtAL SEQUENCE QJ G I FLASH I 0 

KEYBOARD 
INPUT 

ENTER ENTER ENTER ENTER 

I FLASH 1 

KEYBOARD 
SCAN 

---.nn. _________ _MI._I _____ K:.::E::.;YBO=A .. =.:S<:A=N;:__ ____ __.Jmn. ______________ ~ 

HKS 

INPUT ------------------------------------

DTMF 
OUTPUT 

------~--~-------------------------~--~--------+1 1 F- .!.j 2 It I FLASH PERIOD I I -
PULSE 

OUTPUT 
-------------------- -------------------

.MUTE 
OUTPUT 

1 I I 
f-•rm --j 

1-----·--------l 

Notes : 1. For this example, key entries are,;75 ms, but;=e32 ms. 
2. MUTE goes active after any key is depressed. 

Figure 8 : Pulse Mode Timing .. 
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liU 

PACIAER 
TONE ----~~--~~--~~------------
HKS IS LOW 
(OFF-HOOK) 
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MK53761 

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) 

ODD ... ETC 

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

LAST NUMBER DIALED (LND) 

EJ 
Last number dialing is accomplished by entering the 
LND key. 

HOOK FLASH D IFLASHI D ... ETC 

Hook flash may be entered into the dialed sequence 
at any point by keying in the function key, FLASH. 
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Flash consists of a limed Break of 560 ms. The 
FLASH function is stored in memory, but it will not 
be redialed as such. \f'Jhen 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 there
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 
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. 

Function First/Auto 
Delay (seconds) 

Pulse Tone 

SOFTSWITCH FIRST 0.40 
AUTO 1.10 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value 

DC Supply Voltage 6.5 

Operating Temperature 0 to+ 60 

Storage Temperature -55 to+ 125 

Maximum Power Dissipation (25 °C) 500 

Maximum Voltage on any Pin (V•) + .3 ; (V-) - .3 
.. 

• All spec1f1cat1ons are for 2.5 Volt operation and full operatmg temperature range unless otherwise stated. 

ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS 

Symbol Parameter 
V+ DC Operating Voltage 

TONE (tone mode) 
VMR Memory Retention Voltaqe 

Is Standby Current 

IMR Memory Retention Current 
VMUTE Mute Output Operating Voltage 

IT Operating Current (tone) 
lp Operating Current (pulse) 

Operating Current On-hook Program Mode 
Key Operated 
No-key Operated 

IML Mute Output (2.5. Volts) 
Sink Current (4.0 Volts) 

lpL Pulse Output Sink Current 
lpc Pacifier Tone Sink/Source 
KRu Keypad Pullup Resistance 

KRD Keypad Pulldown Resistance 

V1L Keypad Input Level-low 

VIH Keypad Input Level-high 

VpuLSE Operating Voltage (pulse mode) 
Notes : 1. All inputs unloaded. Quiescent mode (oscillator off). 

2. All outputs unloaded, single key input. 
3. VoUT = 0.4 Volts. 
4. Sink current for VoUT = 0.5 Volts, Source Current for VoUT = 2.0 Volts. 

Min. Typ. 
2.5 

1.5 
0.4 

0.15 
1.8 

300 
150 

1.0 
3.0 
1.0 2.0 
250 500 

100 
500 

0 
0.7 v + 

1.8 

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

Max. Unit 
6.0 v 

v 
1.0 !lA 

0.75 !lA 
v 

600 !lA 
250 !lA 

200 !lA 
1 _Ill\ 

mA 
mA 
mA 

!lA 
kn 
Q 

0.3 v + v 
V+ v 
6.0 v 

Unit 

v 
oc 
oc 

mW 

v 

Notes 

1. 6 
1 

5. 6 
7 
2 
2 

3 

3 
4 

6. Proper memory retention is guaranteed if either the minimum IMR is provided or the minimum VMR· 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. 
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ELECTRICAL CHARACTERISTICS (continued) 

AC CHARACTERISTICS- TONE MODE 

No Symbol Parameter 

TNK Tone Output no Key Down 

To; Tone Output (independent) 

PE; Pre-emphasis, High Band 

DC; Tone Output DC Bias (V + =2.5) 
(V + =3.5) 

RE Tone Output Load 

TRIS Tone Output Rise Time 

DIS Output Distortion 

TR Tone Signaling Rate 

1 T PSD Pre-signal Delay 

2 T1s0 Inter-signal Delay (repertory) 

TouR- Tone Output Duration (repertory) 

Min. 

-13 
173 

1.6 

1.5 

40 

Typ. Max. Unit Notes 

-80 dBm 1 

- 12 - 11 dBm 1, 2 
194 218 mVrms 3 

2.0 ' 2.4 dB 

1.25 v 
v 

10 kn 4 

1.0 ms 5 

5.0 8.0 % 3 

8.0 1/sec 

ms 6 

54 ms 

74 ms 

Notes : 1. 0 dBm equals 1 mW power into 600 Q or775 mVolts.lmportant note: the MK53761 is designed to drive a 10 kn load. The 600 Q 

, · load is only for reference. 
2. Single tone (low group), as measured at pin 1 0, TA = 25"C. 
3., Supply voltage= 2.5 to 6 volts, RE= 10 kQ. 
4. Supply voltage= 2.5 volts. 
5. Time from beginning of 'tqne output waveform to 90% of final magnitude of etlher frequency. Crystal parameters suggested for pro

per operation are R,< 100 Q, Lm =96 mH, Cm= 0.02pF, Ch= 5 pF, f=3.579545 MHz, and Ct.= 18 pF. 
6. Time from initial key i~put until beginnig of signaling. 

AC CHARACTERISTICS- KEYPAD INPUTS, PACIFIER TONE 
· (numbers in left hand column refer to the timing diagrams.) 

No. Symbol Parameter Min. Typ. Max. Unit Notes 

3 TKo Keypad Debounce Time 32 ms 1 

FKs Keypad Scan Frequency 250 Hz 1 

FpT Frequency Pacifier Tone 500 Hz 1 

4 TPT Pacifier Tone Duration 30 ms 1 

THFP Hookflash Timing -560' ms 1 

Note : 1. Crystal oscillator accuracy directly affects these times 

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter Min. Typ. Max. Unit Notes 

PR Pulse Rate 10 PPS 1 

5 PDP Predigital Pause 48 ms 2 

6 IDP lnterdigital 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 PPS IS the nom1nal rate. 

2. Figure 8 illustrates this relationship. 
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• 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 

MODE AND 10 PPS IN PULSE MODE 
• DTMF ACTIVE UNTIL KEY RELEASE 
• MINIMUM DTMF DURATION/SEPARATION 

GUARANTEED (74/54 ms) 
• 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 MK53762 is a Silicon Gate CMOS IC that pro
vides necessary signals for either DTMF or loop dis
connect (pulse) dialing. The MK53762 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 all12 signaling keys 
and access several unique functions with single key 
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 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 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. 

January 1989 

MK53762 

REPERTORY DIALER 

DIP20 

ORDER CODE : MK53762N01 

Figure 1 : Pin Connection. 

V+ 1 20 PULSE OUTPUT 

MODE 2 19 HKS 

Ci 3 18 R1 
C2 4 17 ii2 
C5 5 16 R5 
C3 6 15 R3 
v- 7 14 iii 

OSC1 8 13 MUTE OUTPUT 

OSC2 9 12 PACIAER TONE/ 

C4 
CHIP DISABLE 

10 11 DTMFOUTPUT 

Figure 2 : Keypad Configuration. 

1 2 3 FLASH MEM9 

4 5 5 PROG MEMB 

7 8 9 PAUSE MEM? 

* 8 tt SOFT LND MEM6 
SWITCH 

MEM1 MEM2 MEM3 MEM4 MEM5 
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MK53762 

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 defau_Its 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,~,C3,C4,C5,R5,R4,R3,R2,R1 

Keyboard inputs. The MK53762 interfaces with ei
ther the standard 2-of-1 0 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
r!'ltion, either the Rows or the Columns are at a lo
gic level1 (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 
(T KD) 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. 
.Ais9 in the tone mode, the output tone is continuous 

2/9 

158 

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* Tone Output• 

T s 32 ms No output. Ignored by 
MK53762. 

32 ms s T s 75 ms + T KD 75 ms Duration Output. 

T;;:, 75 ms + TKo Output Duration = 
T-TKo 

'Note : T I<D 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-
lnput. Pin 7 is the negative supply input to the de
vice. This is the voltage reference for all specifica
tions. 

OSC1, OSC2 
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. 

DTMFOUTPUT 
Output. Pin 11. An NPN transistor emitter with a col
lector tied to V+ drives the DTMF OUT~UT 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: 

T of = - 12 d Bm ± 1 dB 
The DC component of the DTMF output while ac
tive is described by the following equation : 

VDC1 = 0.3 V+ + 0.5 Volts 



Figure 3 : MK53762 Functional Block Diagram. 
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Figure 4 :Typical Single Tone. Figure 5 :Typical Dual Tone. 
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MK53762 

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 12 is 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. 

DIAL'SEO~ENCE [2] G I FLASH I 0 
ENTER ENTER ENTER 

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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I FLASH I 0 
KEYBOARD 

INPUT 
~------------------~ ~-------------

KE~~~:Ro --um_ __________ JUljL.I _____ ..::•::.:•v_:::•o::::••::::o~sc:::•:::.•-------'JU,}fl ______________ ~ 

HKS 
INPUT-----------------------------~-

DTMF -----~--~-------------------------~-----------
OUTPUT +I 1 r- ~ 2 r- I FLASH PERIOD I I 

o"u"i:Jr ---r-~-------~------- ~----- ..... ----~ -----=1-:-~-----
MUTE --- --------

OUTPUT 

1-•ITn--J 

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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MK53762 

Figure 8 : Pulse Mode Timing. 

ENTER ENTER ENTER 

DIALING SEQUENCE 0 [i] 0 
KEYBOARD 
INPUT --~~~~--~fl~--~ll~~------------

3---l r-
PULSE 
OUTPUT rs=-{fljlF= s==tJ I 

1~:1:~ 7~~ 
LJ1J 

MUTE 
OUTPUT 

--,---; Ll I u 
PACIFIER 
TONE 

~4~ 

----~~--~----~--------------
HKS IS LOW 
(OFF-HOOK) 

Table 2 : DTMF Output Frequency. 

Key Input Standard Frequency 

ROW 1 697 
2 770 
3 852 
4 941 

COL 1 1209 
2 1336 
3 1477 

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 external pullup re
sistor to the positive supply. 

In the tone mode, ""M"U"'T'"'E'"""O""'U""T""P;-;U""T 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 co"m
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 IC and applications using both modes 

Actual Frequency %Deviation 

699.1 + 0.31 
766.2 -0.49 
847.4 -0.54 
948.0 + 0.74 

1215.9 + 0.57 
1331.7 -0.32 

-1471.9 -0.35 

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. 
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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) 

c:Jc:Jc:J ••. ETC 

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

LAST NUMBER DIALED (LND) 

EJ 
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. 

6/9 

HOOK FLASH 

~ · ••• 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 there
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 

c:J I FLASH I c:J ... 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). 



MK53762 

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 v 
Operating Temperature 0 to+ 60 oc 
Storage Temperature -55 to+ 125 oc 
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. 
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ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS 

Symbol Parameter 

V+ DC Operating Voltage 
TONE (tone mode) 

VMR Memory Retention Voltage 

Is Standby Current 

IMR Memory Retention Current 

VMUTE Mute Output Operating Voltage 

IT Operating Current (tone) 

lp Operating Current (pulse) 

Operating Current On-Hook Program Mode 
Key Operated 
No-Key Operated 

IML Mute Output (2.5 V) 
Sink Current (4.0 V) 

lpL Pulse Output Sink Current 

lpc Pacifier Tone Sink/Source 

KRu Keypad Pullup Resistance 

KRo Keypad Pulldown Resistance 

V1L Keypad Input Level-Low 

V1H Keypad Input Level-High 

VPULSE Operating Voltage (pulse mode) 

Notes: 1. All inputs unloaded. Quiescent Mode (oscillator off). 
2. All outputs unloaded, single key input. 
3. Your= 0.4 Valls. 
4. Sink Current for Your= 0.5 volts, Source Current for Your= 2.0 Volts. 

Min. Typ. 

2.5 

1.5 

0.4 

0.15 

1.8 

300 

150 

1.0 
3.0 

1.0 2.0 

250 500 

100 

500 

0 

0.7 
V+ 

1.8 

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

Max. Unit Note 

6.0 v 

v 1' 6 ° 

1.0 !lA 1 

0.75 !lA 5, 6 

v 7 

600 !lA 2 

250 !lA 2 

200 !lA 
1 !lA 

rnA 3 
rnA 

rnA 3 

!lA 4 

KQ 

Q 

0.3 v 
V+ 

V+ v 

6.0 v 

6. Proper memory retention Is guaranteed if either the minimum IMR is provided or the minimum VMR· 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. 
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ELECTRICAL CHARACTERISTICS (continued) 

AC CHARACTERISTICS -TONE MODE 

No Symbol Parameter 

- TNK Tone Output No Key Down 

- To; Tone Output (independent) 

- PE; Pre-Emphasis, High Band 

- DC; Tone Output DC Bias (V + = 2.5) 
(V + =3.5) 

- RE Tone Output Load 

- TRIS Tone Output Rise Time 

- DIS Output Distortion 

- TR Tone Signaling Rate 

1 Tpso Pre-Signal Delay 

2 T;so Inter-Signal Delay (repertory) 

TouR Tone Output Duration (repertory) 

Min. 

-13 
173 

1.6 

1.5 

40 

MK53762 

Typ. Max. Unit Note 

-80 dBm 1 

-12 -11 dBm 1, 2 
194 218 mVrms 3 

2.0 2.4 dB 

1.25 v 
v 

10 Kn 4 

1.0 ms 5 

5.0 8.0 % 3 

8.0 1/sec 

ms 6 

54 ms 

74 ms 

Notes : 1. OdBm equals 1 mWpowerinto600 ohmsor775 mVolts.lmportant Note: The MK53762is designed to drive a 10 kohm load. The 
600 ohm load is only lor 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 lor pro

per operation are Rs < 1 00 ohms. Lm = 96 mH, Cm = 0.02 pF, C" = 5 pF, I= 3.579545 MHz, and Ct.= 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.) 

No Symbol Parameter 

3 TKo Keypad Debounce Time 

- FKs Keypad Scan Frequency 

- Fpr Frequency Pacifier Tone 

4 Tpr Pacifier Tone Duration 

- THFP Hookflash Timing 

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

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter 

- PR Pulse Rate 

5 PDP Predigital Pause 

6 IDP lnterdi9ital Pause 

7 TMo Mute Overlap Time 

8 Ts Break Time 

9 TM Make Time 

Notes : 1. 10 PPS is the nominal rate 
2. Figure 8 illustrates this relationship. 

Min. Typ. Max. Unit Note 

32 ms 1 

250 Hi: 1 

500 Hz 1 

30 ms 1 

560 ms 1 

Min. Typ. Max. Unit Note 

10 PPS 1 

48 ms 2 

740 ms 2 

2 ms 2 

60 ms 2 

40 ms 2 
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• STORAGE. OF THIRTEEN 18-DIGIT NUM
BERS : 3 EMERGENCY LOCATIONS, AND 1 0 
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 TWO KEYS (MEM key plus key 1-9) TO AC
CESS THE 9 OTHER MEMORIES 

• TWO SELECT PINS ALLOW USER TO SELECT 
16 DIFFERENT COUNTRY OPTIONS 

• 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 

• P.I.N. (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 I C. This dialer provides signalling for both TONE 

January 1989 

MK53763 

REPERTORY WORLD DIALER™ 
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 all12 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 asoftswitch 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. 

1/2 
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PIN CONNECTION (top view) 

UDD PULSE OUT 
MODE HKS 

C1 R1 
C2 R2 
C3 R3 

uss R4 
USL.: 1 MUll UUT 
DSC 2 MASK OUT 

C4 DTMF OUT 
SELA SELB 

cs RS 
R6 PAC TONE/CO 

N89f1K53?53-B! 

KEYPAD CONFIGURATION 

1 2 3 FLASH MEM9 

4 5 6 PROG MEMB 

7 8 9 PAUSE MEM7 

* 0 tJ LNR MEM6 

MEM1 MEM2 MEM3 MEM4 MEMS 

E1 E2 E3 MEM ss 

f189f1K53?63~B2 
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L3280 

LOW VOLTAGE TELEPHONE SPEECH CIRCUIT 

• OPERATION DOWN TO 1.3 V/5 rnA 
• 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. It 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) 

SEND l1 

Rx I 2 

GND 13 
E1 14 
E2 Is 
Ml I 6 

MH' I 7 

November 1988 · 

ADVANCE DATA 

DIP14 Plastic (0.25) 

ORDER CODES : L3280B 
L3280AB 

14 ] 1LINE 

13 ] BIAS 

12 ] LINE+ 

1t ] NC 

10 ] MUTE 

9 ] BEEP 

8 ] DTMF 

S-9181 

1/6 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VL Line Voltage (3 ms pulse) 20 v 
IL Line Current 150 rnA 

Pta! Total Power Dissipation, T amb = 70 oc 1 w 
Top Operating Temperature -20 to 55 oc 
Ti Junction Temperature - 65 to 150 oc 

THERMAL DATA 

I Rth i-amb I Thermal Resistance Junction-ambient Maxi 80 octw 

2/6 
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Figure 1 :Test Circuits. 

Figure 2. 

APPLICATION 
CIRCUIT 
ABOVE 

5-9158 

Receiving gain 

GR= VRo 
VRI 

2 

s- 9157/1 

Figure3. 

A PP.LICATION 
CIRCUIT 
ABOVE 

5-9159 

Sending gain and sidetone : 

Gs= Vso ; ST = VRo 
VMI VMI 

L3280 
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ELECTRICAL CHARACTERISTICS (Tamb = 25 oc; frequency= 1 Khz; 11 = 20 mA: mute low; 
R1 (pin 14) = 43 Q unless otherwise spec.) 

Symbol Parameter Test Conditions Min. Typ. Max. 

VL Line Voltage IL = 20 mA 2.9 3.2 

VL Line Voltage IL =50 mA 5.8 6.2 

VL Line Voltage IL = 80 mA 8.5 10 

CMRR Common Mode Rej. Ratio 50 

Gs Sending Gain for B Type VMr = 2 mV, IL = 20 rnA 47.5 48.5 49.5 

Gs Sending Gain for AB Type VMr = 2 mV, IL = 20 rnA 47 48.5 50 

DGs Delta Sending Gain IL = 70 rnA -7 -5.5 -4 
VMI = 2 mV 

THos Sending Distortion (B type) Vso = 700 mV 2 

THoS Sending Distortion (AB type) Vso = 700 mV 5 

NTx Sending Noise IL =50 rnA -71 
VMr = 0 V 

ZMr Mic. Input Impedance VMr = 2 mV 40 

GR Receiving Gain (B type) IL = 20 rnA 7.5 8.5 9.5 
VAl= 0.2 V 

GR Receiving Gain (AB type) IL = 20 rnA 7 8.5 10 
VAl= 0.2 V 

DGA Delta Receiving Gain IL = 70 rnA -7 -5.5 -4 
VAr = 0.2 V 

THoR Receiving Distortion (B type) VAo = 350 mV ; RLOAO = 350 f.! 2 

THoR Receiving Distortion (AB type) VRo = 350 mV ; RLOAD = 350 f.! 5 

NRx Receiving Noise VRr = 0 V 300 

ZAo Receiving Output lmped. RLOAD = 200 n 10 
VRo =50 mV 

Sidetone VMI = 2 mV 40 

ZML Line Match. Impedance VAr=0.2V 500 600 700 

VL Line Voltage IL = 5.5 rnA 1.3 1.6 

Vso Sending Output Voltage IL = 5.5 rnA, THo = 5 % 100 

lAo Rec. Output Current IL = 5.5 rnA, T HD = 5 % 0.7 

OPERATION@ IL = 16 rnA 

MULO Mute Input Low (Speech) 1 

MUHI Mute Input High (Dial Mode) 2 

GMF DTMF Gain (B type) Vin = 2 mV ; Mute = 2 V 25.5 26.5 27.5 

GMF DTMF Gain (AB type) Vin = 2 mV ; Mute = 2 V 25 26.5 28 

RMF DTMF Input Impedance Mute= 2 V 6 8.5 

THDMF DTMF distortion (B type) Mute = 2 V ; Vin = 25 mV 2 

THDTMF DTMF Distortion (AB type) Mute = 2 V ; Vrn = 25 mV 5 

Gbeep Beeptone Gain Mute = 2 V ; Vrn = 25 mV 8.5 

Rbeep Beeptone Input lmped. Mute= 2 V; Vst = 100 mV 12 

THO Beeptone Distortion Mute= 2 V; Vs1 = 100 mV 5 

DvL Delta VuNE Mute = 2 V ; IL = 20 rnA 0.5 1.2 
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CHARACTERISTIC AT 1 KHz 

Figure 4 : Receive Characteristic and Max Output 
at2% THO. . 

GR VRO 
(VRMS) (dB) 

10 2V 

·a GR 

6 -
1V 

4 

2 

0 10 20 3040 50 60 70 80(mA) 
5-!115511 

Figure 6 : DC Characteristic Measured between 
Line and GND. 

VL 

12 RL= 43A 
DIAL 

10 

8 

6 

4 

2 

0 10 20 30 40 50 60 10 eo 90(mA) 
5- 9112'1 

LOGIC OF MUTE SWITCHING 

DTMF 

L3280 

Figure 5 : Sending ALC Characteristic and Max 
Output at 2 % THD. 

Gs · Vso 
(dB) (VRMS) 

50 r.s r-, 
46 ' vso 1.0 

. I '----
46 I 

0.8 

44 I 0.6 

42 I 0.4 
I 

40 I 0.2 

0 10 20 30 40 50 60 70 60 (rnA) 
5-9156 

BEEP MIC INPUT RECEIVE INPUT 

MUTEH 
ACTIVE TO LINE ACTIVE TO 

MUTED MUTED 
OUTPUT EARPHONE OUTPUT 

MUTE L MUTED MUTED ACTIVE ACTIVE 
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LS156 
TELEPHONE SPEECH CIRCUIT WITH MUL TIFREQUENCY 

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 
THE LINE 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 
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 

1 
(typically piezoceramic capsules, butthe device can 
work also with dynamic ones). Many of its electrical 

BLOCK DIAGRAM 

January 1989 

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 act~ 
as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 

1/11 
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LS156 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Line Voltage (3 ms pulse duration) 22 v 
Forward Line Current . 150 mA 

Reverse Line Current -150 mA 

Total Power Dissipation at T amb = 70 oc 1 w 
Operating Temperature ·- 45 to 70 oc 

Tj Storage and Junction Temperature - 65 to 150 oc 

PIN CONNECTION (top view) 

-
MIC. INPUT 11. 16 ~ MIC.INPUT 

+LINE I z 15 Voo 

MUTING I 3 14 MFINPUT 

BIAS AOJ. 14 13 ] RECEIVER OUtPUT 

SHUNT REG. I s 12 l RECEIVER OUTPUT BYPASS 

D.C.REGULATOR 6 11 ~- INPUT+(REC.AMP.) 

LINE CURRENT 7 10 ~ INPUT -(REC.AMP.) SENSING 

ZBAL SWITCH 8 9 ~ -LINE 

5·3838 J1 

THERMAL DATA 

Max 80 

2111 
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TEST CIRCUITS 

Figure1. 

TEST 
CIRCUIT 
R=6.8Kfi. 

C D E F 

5-£369/1 

V = 0.5 V ; CMRR 

Figure 2. 

TEST 
CIRCUIT 

R =6.8KO. 

Side tone= VRo ; Gs = Vso 
VMI VMJ 

LS156 

L.,, ~~~~m~:oo~l:. _____________ s1_11 
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LS156 

Figure 3. 

G 

TEST 
CIRCUIT 

R :6.8K.n 

5-4375 

Figure 4. 

TEST 
CIRCUIT 
R =1.2KJl. 

C 0 E F 

s- 437 sn 

ELECTRICAL CHARACTERISTICS (refer to the test circuits, S1 and S2 in (a), T amb =- 25 to 
+50 °C, f = 200 to 3400 Hz, unless otherwise specified) 

I Symbol I Parameter Test Conditions Min. Typ. Max. Unit Fig. 

SPEECH OPERATION 

VL Line Voltage Tamb = 25 °C IL=12mA 3.9 4.7 
IL=20mA 5.5 v 
IL =80 rnA 12.2 

CMRR Common Mode f = 1 kHz IL = 12 to 80 rnA 50 dB 1 
Rejection 

Gs Senditlg Gain Tamb = 25 oc f = 1 kHz I L = 52 mA 44 45 46 
dB 2 VMI =2 mV IL =25 mA 48 49 50 

Sending Gain VMI =2 mV frel = 1 kHz 
dB 2 Flatness IL = 12 to 80 rnA ±1 

Sending f = 1 kHz Vso = 1 V 2 % 2 
Distortion IL=16to80mA Vso = 1.3 V 10 

Sending Noise VMI =0 V IL=40mA -70 dBmp 2 

Microphone VMI = 2 mV IL=12to80mA 40 kn 
Input 
Impedance Pin 
1-16 

Sending Loss in VMI = 2 mV IL=52mA -30 dB 2 
MF Operation S2 in (b) IL=25mA -30 

GR Receiving Gain VR1 = 0.3 v IL=52mA 3 4 5 
dB f = 1 kHz IL = 25 mA 7 8 9 3 

Tamb = 25 °C 

Receiving Gain VAl =0.3 v ·frel = 1 kHz 
± 1 dB 3 Flatness I L = 12 to 80 rnA 
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter I Test Conditions Min. Typ. Max. Unit Fig. 

SPEECH OPERATION (continued) 

Receiving f = 1 kHz IL = 12 rnA VRo = 1.6 V 2 
Distortion iL = 12 rnA VRo = 1.9 V 10 % 3 

IL =50 rnA VRo = 1.8 V 2 
IL =50 rnA VRo =2.1 V 10 

Receiving Noise VRI = 0 v iL = 12 to 80 rnA 150 ~tV 3 

Receiver Output VRo=50mV IL =40 rnA 100 n 
Impedance Pin 
12-13 

Sidetone f = 1 kHz IL=52mA 36 
Tamb = 25 °C dB 2 
S1 in (b) IL=25mA 36 

ZML Line Matching VAl =0.3 v f = 1 kHz 500 600 700 n 3 
Impedance IL=12to80mA 

MUL TIFREQUENCY SYNTHESIZER INTERFACE 

Voo MF Supply 
Voltage IL = 12 to 80 rnA 2.4 2.5 v 
(standby and 
operation) 

loo MF Supply 
Current 
Stand by IL=12to80mA 0.5 rnA 
Operation IL = 12 to 80 rnA; S2 in (b) 2 

MF Amplifier IL = 12 to 80 rnA 
Gain fMF In = 1 kHz 15 17 dB 4 

VMFin =80 mV 

VI DC Input VMFin=80mV Voo v 
Voltage Level X 0.3 
(pin 14) 

R1 Input VM Fin= 80 mV 40 kO 
Impedance 
(pin 14) 

d Distortion VM Fin= 110 mV 2 % 4 
IL =12 to 80 rnA 

Starting Delay I L = 12 to 80 rnA 5 ms 
Time 

Muting Speech Operation 1 v 
Threshold M F Operation 
Voltage (pin 3) 

1.6 v 

Muting Stand IL = 12 to 80 rnA -10 ItA 
by Current 
(pin 3)) 

Muting IL = 12 to 80 rnA S2 in (b) +10 ItA 
Operating 
Current (pin 3) 
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' 
CIRCUIT DESCRIPTION 
1. DC CHARACTERISTIC 

In accordance with CCITT recommendations, any 
device connected to a telephone line must exhibit a 
proper DC characteristics VL, L 
The DC characteristic of the LS156 it is determilied 
by the shunt regulator {block 2} together with two 
seri~s resistors R1 and Ra. 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 10 is 7.5 rnA. 
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 IL - lo flows through the shunt regu
la~or being lb negligible. 

Ia is an internal constant current generator; hence 
Vo = VeED1 + Ia · Ra = 3.8 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 tolinecurrent(V5= V7+ VeED1 :(IL · lo} 
Ra + VeEo1}. 

PIN 6 PIN2 Rl 
0-----~--~-----~~----e--------

Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 6 Rl 

9 
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2. 2/4 WmES CONVERSION 

The LS156 performs the two wires (line) to four wires 
(microphone, earphone) conversion by means of a 
Wheatstone bridge configuration so obtaining the 
prop.er decoupling between sending and receiving 
signals (see fig. 7). · 

For a perfect balancing of the bridge ~~ = ~~ 
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 Ze (being 
Ze » ZL) ; the main part is sent to the line via R1. 
In receiving mode, the AC signal coming from the 
line is sensed acrqss the second diagonal of the 
bridge (pin 11 and 1 0). After amplification it is ap
plied to the receiving capsule. 
The impedance ZM is simulated by the shunt regu
lator that is also intended to work as a transconduc
tance amplifier for the transmission signal. 

The impedance ZM is defined as 1..Y!: . 
From fig. 6, considering C1 as a short circuit for AC 
signal, any variation t:Ns generates a variation. 

tN1 =fl. VA =!:Ns 'R RbR a+ b 

Figure 7 : Two to Four Wires Conversion. 

6 

LS156 

The corresponding current change is 

.il = .i~ 
Therefore 

ZM = ~f = R3 (1 + ~: ) 

The total impedance across the line connections 
(pin 11 and 9) is given by 

ZML = R1 + ZM II (R2 + Ze) 
By choosing ZM » R1 and Ze ~ ZM 

ZML = ZM = As (1 + ~: ) 

The received signal amplitude across pin 11 and 1 0 
can be changed using different values of R1 (of 

course the relationship ~L = ~1 must be always 
valid). 8 2 

The received signal is related to R1 value according 
to the approximated relationship 

Note that by changing the value of R1, the transmis
sion signal current is not changed, being the micro
phone amplifier a transconductance amplifier. 

11 ·------ ---
' 

I 

r1 
L_;ZL 

I 

' 

LINE 

----------------
9 5-£367/1 
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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 
transfe~red to pin 5 by the regulator. 

Vs = VsED1 + V7 = VBED1 + (IL- lo) · R3. 

The pin 5 Vs voltage, after a comparison with an in
ternal reference VREFG (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 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 lo 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 Zs 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 Zs is high 
(pin 8 open) and the additional + 1 dB gain is added 
to the receiving amplifier chain. 

For short lines, the impedance level of Zs 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
ded to drive piezoceramic capsules. [Low output im-
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pedance (1 00 n 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. MUL TIFREQUENCY 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 (1 0) 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 II standard (- 6,- 8 dBm).lf the EUROPE I 
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 Italian standard. The fig. 1 0 shows the 
connection for niute function (inhibition of the output 
stage when it is requested) by using an exiernal 
switch at pin 3. 
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APPLICATION INFORMATION {continued) 

Component Value Purpose Note 

R1 68 n R1 controls the receiving gain. 
Bridge Resistors The Ratio R2/R 1 fixes the amount of signal delivered to the 

R2 330 n line. R1 helps in fixing the DC characteristic (see R3 note). 

R3 30 n Line Current The relationships involving R3 are : 
Sensing. • ZML = (20 R3 II Zs) + R1 
Fixing DC . ZL II ZML 
Characteristics •Gs =K• ---

R3 
• VL =(IL-Ia) (R3 + R1) + Vo ; Vo = 3.8 V. 
Without any problem it is possible to have a ZML ranging from 
500 up to 900 n. 

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. 12). 

Rs 7.5 kn Balance The balance network has two possible impedance levels, selected 

Rs 5.1 kQ Network by the circuit referring to the line current (i.e. to the line length) in 

R1 1 kQ 
order to optimize the sidetone. It's possible to change R5 , R6 , R7 
values in order to improve the matching to different Jines; in any 
case: 
Zs R2 

with the two possible values for Z 8 : 
ZL- R1 

Zs(1 l = R7 + Rs II C4 (long lines) 
Zs(2) = R7 + (Rs II Rs) II C4 (short lines) 
(see fig. 13). 

Ra- Ra' 1.8 kQ Receiver R8 and Ra' must be equal; the suggested value is good for 
Impedance matching to piezoceramic capsule; there is no problem in 
Matching increasing and decreasing (down to 0 n) this value, but when 

low resistance levels are used a DC decoupling must IJe inserted 
to stop the current due to the receiver output offset voltage (max 
400-mV). 

Rg 3.6 kn Microphone The suggested value is typical for a piezoceramic microphone, 
Impedance but it is possible to choose R9 in a wide range. 
Matching 

c1 10 11F Regulator A value greater than 10 11F 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 

c2 47 nF Matching to C2 changes with the characteristics of the transmission line. 
a Capacitive 
Line 

c3 82 nF Receiving Gain C3 depends on balancing and line impedance versus frequency. 
Flatness 

c4 22 nF Balance Network See Note for R·7, Rs, Rs. 

Cs 0.33 11F DC Filtering The C5 range is from 0.1 11F to 0.47 JlF. The lowest value is 
ripple limited, the higher value is starting up time limited. 

Cs- C1 1000 pF RF Bypass 

Cs 1 11F De Decoupling The DC offset is very low. An electrolitic capacitor can be used. 
for Receiving 
Input 
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Figure 8 :Application Circuit with Multifrequency (EUROPE II std.). 
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Figure 9 :Application Circuit with Multifrequency (EUROP I std.). 
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Figure 10 :External Mute Function. 

18~------~~------~15 

M 761 Mut£> LS156 

15 t------QI..:J~---1 3 
Sp£>£>Ch 

s-~139 

Figure 11 : Application Circuit without Multifrequency. 

Figure 12: Sending and Receiving Gain vs. 

Gs 

{dB 

49 

47 

45 

43 

) 

Line Current. 

'\\ 
R(.=13K~ [\ R4 o6.5KO 

\\ I 

\\ 

20 40 60 

G UOO 

G, 

dB) c 

80 Jl(mA) 

,---------f 15 

LS156 
Mute 

CJ 

Figure 13 : Balance Network Impedance vs. 
Line Current. 

G- .t.I.0111 

za 1 1-....f..::~-+--+-o~~+-l--l-+-l 

ZB21--+--J.-1--+---"o-+-+-+-+---t 

30 32 34 36 38 IL{mA) 

r== SGS·1liOMSON ._,1 liiiilD©iil©rn~rn~cre©!llD©$ 
11/11 

187 





LS256 
TELEPHONE SPEECH CIRCUIT WITH MUL TIFREQUENCY 

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 
THE LINE LENGTH l'HROUGH 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) 

-...; 

MIC. INPUT 

+LINE 2 

MUTING I 3 

BIAS ADJ. 4 

SHUNT REG. 5 BYPASS 

D.C.REGULATOR 6 

LINE CURRENT 
SENSING 

GAIN CONTROL 8 

April1989 

DIP16 
(Plastic 0.25) 

ADVANCE DATA 

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. 

16 MIC.INPUT 

15 Voo 

14 MFINPUT 

13 RECEIVER OUTPUT 

12 RECEIVER OUTPUT 

11 INPUT+(REC.AMP.) 

10 INPUT -(REC.AMP.) 

9 ~ -LINE 

S- 4919 

1/5 

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 

RJ 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL Line Voltage (3ms pulse duration) 

IL Forward Line Current 

IL Reverse Line Current 

Ptot Total Power Dissipation at T amb = 70°C 

Top Operating Temperature 

Tstg, Tj Storage and Junction Temperature 

THERMAL DATA 

I Rth i-amb I Thermal Resistance Junction-ambient 

2/5 
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tMF 
\signal 

Max 

S-lo37J 

Value 

22 

150 

-150 

1 

- 45to 70 

-65 to 150 

80 

Unit 

v 
mA 

mA 

w 
oc 
oc 



TEST CIRCUITS 

Vz=18V 

13 
KA 30 

A R 
-B 

Figure 1. 

___!!,__ G 

A 

TEST 
CIRCUIT 
R:6.8K!l 

B 

c D E F 

5-<36911 

G 

Figure 2. 

___!!,__ G 

A 

B 

c 

2.9 
Kfi 

52 

5-. 3 6 8/2. 

TEST 
CIRCUIT 

R :6.8K!l 

D E F 

LS256 

3/5 

191 



LS256 

Flgure3. 

G 

TEST 
CIRCUIT 

R =6.8Kil 

E 

S-£375 

ELECTRICAL CHARACTERISTICS 

Figure 4. 

F 

TEST 
CIRCUIT 
R :1.2KJL 

S-637611 

(refer to the test circuits, 51, S2 in (a), Tamb =- 25 to + 50°C, f = 200 to 3400Hz, unless otherwise 
specified) 

SPEECH OPERATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VL Line Voltage Tamb =25°C k = 12mA 3.9 4.7 v 
IL =20mA 5.5 
IL =SOmA 12.2 

CMRR Common Mode Rejection f =1KHz IL = 12to SOmA 50 dB 

Gs Sending Gain Tamb =25°C f =1KHz IL =52mA 44 45 46 dB 
VMI =2mV IL =25mA 48 49 50 

Sending Gain Flatness VMI =2mV frel =1KHz ± 1 dB 
iL = 12to 80mA 

Sending Distortion f =1KHz Vso = 1V 2 % 
IL = 16to 80mA Vso = 1.3V 10 

Sending Noise VMI =OV k =40mA -68.5 dBmp 

Microphone Input VMI =2mV IL = 12to 80mA 40 KQ 
Impedance Pin 1-16 

Sending Loss in MF VM1 =2mV IL =52mA -30 qB 
Operation S2 in (b) IL =25mA -30 

4/5 
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ELECTRICAL CHARACTERISTICS (continued) 

SPEECH OPERATION (continued) 

Symbol Parameter Test Conditions 

GR Receiving Gain VR1 = 0.3V IL =S2mA 
f =1KHz IL =2SmA 
lamb= 2SoC 

Receiving Gain Flatness VRI = 0.3V fret =1KHz 
IL = 12 to SOmA 

Receiving Distortion f =1KHz IL = 12mA VRo = 1.6V 
IL = 12mA VRo = 1.9V 
IL =SOmA VRo = 1.SV 
IL =SOmA VRo = 2.1V 

Receiving Noise VRI = OV IL = 12 to SOmA 

Receiver Output VRo =SOmV IL =40mA 
Impedance Pin 12-13 

Sidetone F =1KHZ IL =S2mA 
lamb= 2SoC 
s, in (b) IL =25mA 

ZML Line Matching Impedance VAt= 0.3\( f =1KHz 
IL = 12 to SOmA 

MUL TIFREQUENCY SYNTHESIZER INTERFACE 

Symbol Parameter Test Conditions 

Voo MF Supply Voltage IL = 12 to SOmA 
(standby and operation) 

loo MF Supply Current IL = 12 to SOmA 
Stand by IL = 12 to SOmA; S2 in (b) 
Operation 

MF Amplifier Gain IL = 12 to SOmA 
fMF in= 1KHz 
VMF in =SOmV 

Vt DC Input Voltage Level VM Fin =SOmV 
(pin 14) 

R, input Impedance (pin 14) VMFin = SOmV 

d Distortion VMFin =110mV 
IL = 16 to SOmA 

Starting Delay Time IL = 12 to SOmA 

Muting Threshold Voltage Speech Operation 
(pin 3) MF Operation 

Muting Stand by Current IL = 12 to SOmA 
(pin 3) 

Muting Operating Current IL = 12 to SOmA S2 in (b) 
(pin 3) 

LS256 

Min. Typ. Max. Unit Fig. 

2.S 3.S 4.S dB 3 
7 s 9 

± 1 dB 3 

2 % 3 
10 
2 
10 

100 soo !!V 3 

100 n 

36 dB 2 

36 

soo 600 700 n 3 

Min. Typ. Max. Unit Fig. 

2.3S 2.5 v 

o.s mA 
2 

1S 17 dB 4 

.3Voo v 

40 Kn 

2 % 4 

s ms 

1 v 
1.6 v 

-10 !lA 

+ 10 !lA 

5/S 
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TELEPHONE SPEECH CIRCUITS 

• 2/4 WIRE INTERFACE 
• OPERATES DOWN TO 4 rnA 
• 3.5 Vpp DYNAMIC IN SENDING AT 25 rnA 

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 n 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 141eaa dual in-line pla-
stic package. · 

PIN CONNECTION (top view) 

RECEIVER [ 1 
OUTPUT 

LINE IMP. [ 2 ADJUST. 

-Vl [ 3 

DC REGULATOR( 4 

BIAS [ 5 

AC LOOP [ 6 
OPENING 

NC [ 7 

November 1988 

DIP14 
(Plastic) 

ORDER CODE: LS285AB1 

14 ] 
RECEIVER 

OUTPUT 

·13 ] •VL 

12 ] INPUT REC. 
. AMP.(•) 

11 ] INPUT REC. 
AMP.(-) 

10 ] MIC.JNPUT 

9 ] MIC.INPUT 

6 ] NC 

s-,029 

1/B 
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BLOCK DIAGRAM. 

~-----~-.-r---~·~--------------------~-!SO~S-~~~,=~SH~--r--------,------~ 
: 

' 
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' ' ' ' ' : 
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""'' Kfi : 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL Line Voltage (3 ms pulse duration) 

IL Forward Current 

IL Reverse Current 

Ptot Total Power Dissipation at T amb = 70 oc 
Tstg Storage and Junction Temperature 

Top Operating Temperature 

THERMAL DATA 

Thermal Resistance Junction-ambient 

2/8 
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.J 

5·31!1111 

Value 

22 

120 

- 150 

1 

-55 to 150 

-40 to 70 

Max 80 

Unit 

v 
rnA 

rnA 

w 
oc 
oc 
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DESCRIPTION 
The LS285 is based on a bridge configuration. 
They contain a regulator block, a sending amplifier 
and a receiver amplifier. 

The impedance to the line can be adjusted ; without 
any change in circuit parameters ; by changing an 
external resistor (6.8 Kn at pin 2). 

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 compo
nents. Gain variation over the operating tempera
ture range is less than ± 1 dB. 

Figure 1 :Test Circuit. 

LS285 

8 9 10 

R6 R7 

BASIC CIRCUIT CONFIGURATION. 

Rl a 

C3 ~ obj 52 1 lOOnF I 
IOOJ.JF CS j 

- 0---------- S-3792" 
Ml ROPHONE 

3/8 

197 



LS285 

Figure 2 : Sending Gain. Figure 3 : Receiving Gain. 

A A 

TEST 
CIRCUIT 

TEST 
CIRCUIT 350fl 

B B 

c 

350fl 350 Jl 

SMS0081/ 5-501011 

Gs= 
Vfio 

GR= 
VRo 

VMI VRI 

Figure 4 : Sidetone. Figure 5 : Return Loss. 
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ELECTRICAL CHARACTERISTIC (refer to the test circuit, Tamb = 25 oc, I= 300 Hz to 3400 Hz, 81, 
! 82 in "a" unless otherwise specified) 

Symbol Parameter Test Conditions 

VL Line Voltage - 15 °C < T amb < + 45 °C 
IL = 80 rnA 
IL=20mA 
IL=10mA 

Gs Sending Gain f = 1 KHz 
IL = 15 rnA; VMI = 1.0 VRMS 
IL = 30 rnA ; VMI = 2.5 VRMS 
IL = 60 rnA ; VMI = 3.7 VRMS 
IL = 80 rnA ; VMI = 4.5 VRMS 

Gs Sending Gain Variation vs. - 1 5 °C < T amb < + 45 °C 
Temp. 

Sending Gain Flatness I L = 1 0 to 80 rnA 
frel = 1 KHz 
S1, S2 in (b) 

Sending Distortion IL = 10 to 15 rnA; 
Vso = 0.7 Vp 

IL=16to24mA; 
Vso = 1.3 Vp 

IL = 25 to 80 rnA; 
Vsa = 1.7Vp 

Sending Noise VMI = 0 V IL=60mA 

Microphone Amplifier 
Impedance (pin 9-10) 

Max Sending Output (0 ) iL=10to80mA 
VMI =1 v 

GR Receiving Gain f = 1 KHz 
IL = 15 rnA; VRI = 0.8 VRMS 
IL =30 rnA ;VRI = 1.0 VRMS 
IL = 60 rnA; VRt = 1.8 VRMS 
IL = 80 rnA; VRI = 10 VRMS 

l'lGR Receiving Gain Variation - 15 oc < Tamb < + 45 oc 
vs. Temperature 

Receiving Gain Flatness fret= 1 KHz IL = 10 to 80 rnA 
S1, S2 in (b) 

Receiving Distortion IL=10to15mA 
VRo =300 mVp 

IL=15to80mA 
VRo =500 mVp 

Receiving Amplifier Output 
Impedance (pin 1-4) 

Receiving Noise VRI = 0 v IL = 60 rnA 
psophometric 

Max receiving Output IL=80mA 
Current VRt=10V 

n This output is limtted to allow for input overvoltages. 

~- SCS-THOMSON ... ""'!I li\'il~i!!ll'J@IID!.I<©'ii'IRI@lliU©IIl 

Min. Typ. Max. Unit Fig. 

9.5 11.5 
4.8 5.8 v 1 
3.6 1.6 

48.5 52.5 
47.4 51.5 dB 2 
42.7 46.1 
42.0 45.3 

0.8 dB 2 

-0.5 + 0.5 dB 2 

2 % 

2 % 2 

10 % 

-73 dBmp 2 

95 Q 1 

3 Vp 2 

- 13.3 -9.6 
-13.5 -10.5 dB 3 
-18 -14.9 
-19 -16 

0.25 dB 3 

-0.5 + 0.5 dB 3 

2 

2 
% 3 

110 Q 1 

80 fN 3 

3.6 mAp 3 
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ELECTRICAL CHARACTERISTIC (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig. 

5idetone f = 1 KHz IlL =20 rnA 7 dB 
4 

I IL = 80 rnA 0 dB 

Return Loss 53 in (a) 14 dB 
5 

53 in (b) 14 dB 

(•) This output is limtted to allow for input overvoltages. 

Figure 6 : Typical Application Circuit. 

cz ' LS 285A 
LINE __..__ 18¥ ZZnF 

s 5007 
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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 
Recommended 

Purpose Note Value 

R1 75Q Bridge Resistors The ratio R2/R1 fixes the amount of the signal 

R2 536 n 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 Kn. The recommended value assures the 
maximum swing (see fig. 9). 

R4 2.05 Kn Balance Network In order to optimize the sidetone it is possible 

R5 9.09 KQ to change R4 and R5 values. In any case: 
Ze R2 
--=- where Ze = R4 + R51/C4. 
ZL R 1 

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 : 

.6-Gs =20 log~ 
850 Q 

where Rx = R6 + R6' + Rmike· The trend of .6.G 5 

as a function of Rx value is shown in fig. 8. 

R7 and R7' 100 Q Receive Impedance R7 and R7' must be equal ; 1 oo n is a typical 
Matching value for dynamic capsules. 

C1 10 J.lF AC Loop Opening Ensures a high regulator impedance for AC 
signals (= 20 Kn). 
This capacitor should not be higher than 10 J.lF 
in order to have a short response time of the 
system. 

C2 22 nF Matching to a Capacitive C2 changes with the characteristics of the 
Line transmission line. 

C3 . 82 nF 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 1 J.lF DC decoupling for 
Receiving Input 

C6 and C7 1000 pF RF Bypass 

CB 22 nF Filter Capacitor 
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Figure 7 : Receiving Gain Variation vs. R1 Value 
(with fixed R1/R2 ratio). 
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LS356 
TELEPHONE SPEECH CIRCUIT WITH MUL TIFREQUENCY 

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 
VOL TAG E. IN ADDITION, THE LS356 CANAL
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 

RZ 

November 1988 

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). 

--------~------0~ 
!vl 

.1. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VL Line Voltage (3 ms pulse duration) '22 v 
IL Forward Line Current 150 mA 

k Reverse Line Current -150 mA 

Ptot Total Power Dissipation at T amb = 70 oc 1 w 
Top Operating Temperature -45 to 70 oc 

Tstg. Ti Storage and Junction Temperature -65 to 150 oc 

PIN CONNECTION (top view) 

MIC.INPUT 16 ~ MIC.INPUT 

+LINE 15 Voo 

MUTING 3 14 MFINPUT 

BIAS ADJ. 4 13 ~ RECEIVER OUTPUT 

SHUNT REG. 
5 12 RECEIVE.R OUTPUT BYPASS 

D.C.REGULATOR 6 11 INPUT+(REC.AMP.) 

LINE CURRENT 7 10~ INPUT -(REC.AMP.) SENSING 

GAIN CONTROL 8 9 ~ -LINE 

s-•919 

THERMAL DATA 

I R,h i·amb I Thermal Resistance Junction-ambient Maxi 80 
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TEST CIRCUITS 

IL +A -
33 
nF Vz:18V 

VL-

13 
Voo 

Kll 30 R3 .n R 

-B 

Figure 1. 

IL:12to~ G 

A 

TEST 
CIRCUIT 
R =6.6Kn 

6 

c 0 E F 

s-•921 

CMRR 

G 

P( 
2 , 6 10 

4 

7 L5356 

Figure 2. 

IL=12to~ G 

r---....----<OA 

S"d VRo . Vso 
1 e tone = VMl , G5 = VMl 

TEST 
CIRCUIT 

R =6.6Kn 

E F 

LS356 
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Figure 3. Figure4. 

IL:12~A G 
IL=12to~ A 

A I O.BSV 
TEST 

CIRCUIT TEST 
lO,oF R :6.8Kfi CIRCUIT 

R:1.2Kfi 

B B 
c D E F c D E F 

5-1..92-411 
S-L923 

GR= 
VRo GMF= VMo 
17;;;- VMF 

ELECTRICAL CHARACTERISTICS (refer to the test circuits, VG= 1 to 2 V, IL = 12 to 80 mA, 81 and 
82 in (a), Tamb =- 25 to + 50 oc, f = 200 to 3400 Hz, unless otherwise specified) 

I Symbol I Parameter· Test Conditions Min. I Typ. I Max. I Unit Fig. 

SPEECH OPERATION 

VL Line Voltage Tamb = 25 °C IL=12mA 3.65 4.5 
IL = 20 rnA 5 v -
IL =80 rnA 10 

CMR Common Mode f = 1 KHz 50 dB 1 
Rejection 

Gs Sending Gain for B Tamb = 25 oc f = 1 KHz VG =2 V 44.5 46.5 dB 2 
Type VMI =2 mV VG = 1 V 48.5 50.5 

Gs Sending Gain for AB Tamb = 25 °C f = 1 KHz VG =2 V 44 47 dB 2 
Type VMI =2 mV VG = 1 V 48 51 

Sending Gain Flatness VMJ=2mV · fref = 1 KHz - 1 + 1 dB 2 
{vs. frequency) 

{*) Sending Gain VG =2 V Ire! =50 rnA -0.5 + 0.5 dB 2 
Flatness for B Type 
{vs. current) 

{*) Sending Gain VG =2 V lref =50 rnA -1 + 1 dB 2 
Flatness for AB Type 
{vs. current) 

Sending Distortion for f = 1 KHz Vso = 775 mV 2 % .2 
B Type IL = 16 rnA Vso = 900 mV 10 

Sending Distortion for f = 1 KHz Vso = 775 mV 3 % 2 
AB Type IL=16mA Vso = 900 mV 10 

Sending Noise VMr = 0 V Va = 1 V -71 dBmp 2 

Microphone Input VMr =2 mV 40 KQ -
Impedance {pin 1-16) 

• F1xed ga1n mode. 
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ELECTRICAL CHARACTERISTICS (continued) 

I symbol I Parameter Test Conditions Min. I Typ. I Max. I Unit ·I Fig. 

Sending Gain in MF YMI =2 mY -30 dB 2 
Operation S2 in (b) 

GR Receiving Gain for B YRI =0.3 y YG =2 Y -5 -3 
Type I= 1 KHz dB 3 

Tamb = 25 oc YG = 1 Y -0.5 + 1.5 

GR Receiving Gain for AB YRI = 0.3 Y YG =2 Y -5.5 -2.5 dB 3 
Type f =1KHz 

Tamb = 25 ° C YG = 1 Y -1.0 + 2.0 

Receiving Gain YRI =0.3 Y I ref = 1 KHz -1 + 1 dB 3 
Flatness (vs. 
frequency) 

(*) Receiving Gain YG =2 y lref =50.mA -0.5 + 0.5 dB 3 
Flatness for B Type 
(vs. current) 

Receiving Gain YG =2 Y lret =50 mA - 1 + 1 dB 3 
Flatness for AB Type 
(vs. current) 

Receving Distortion for f = 1 KHz YRo =400 mY 2 % 3 
B Type YRo =450 mY 5 

Receiving Distortion for f = 1 KHz YRo =400 mA 3 % 3 
AB Type YRo =450 mA 5 

Receiving Noise YRI = 0 Y 100 J.LY 3 

Receiver Output YRo =50 mY 30 n -
Impedance (pin 12-13) 

Sidetone f =1KHz Tamb = 25 °C 36 dB 2 
S1 in (b) 

ZML Line Matching YRt=0.3Y I= 1KHz 500 600 700 n 3 
Impedance 

Ia Input Current for Gain -10 J.LA -
Control (pin 8) 

• Fixed gain mode. 
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol 1· Parameter I Test Conditions I Min. I Typ. I Max. I Unit I ·Fig. 

MUL TIFREQUENCY SYNTHESIZER INTERFACE 

Voo MF Supply Voltage 
(standby and 
operation) 

loo MF Supply Current 
Standby Operation 

MF.Amplifier Gain 

V; DC Input Voltage Level 
(pin 14) 

R; Input Impedance 
(pin14) 

d Distortion for B Type 

d Distortion for AB Type 

Starting Delay Time 
Muting Threshold 
Voltage (pin 3) 

Muting Standby 
Current (pin 3) 

Muting Operating 
Current (pin 3) 

CIRCUIT DESCRIPTION 

1. DC CHARACTERISTIC 

52 in (b) 

52 in (b) 

fMFin = 1 KHz 
VMFin=80mV 

VMFin =80 mV 

VMFin =80 mV 

VMF in = 110 mV 

VMFm = 110 mV 

Speech Operation 

MF Operation 

S2 in (b) 

2.4 2.5 2.7 v -

0.5 mA -
2 

15 17 dB 4 

0.3 v -
Voo 

60 ,KQ -

2 % 4 

4 % 4 

5 ms -
1 v -

1.6 v -
-10 f.IA -

+10 f.IA -

The fig. 5 shows the DC equivalent circuit of the LS356. 

Figure 5 : Equivalent DC Load to the Line. 

PIN 6 

'• 1 

PIN7 

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 
changing the value of the bias resistor connected to 
pin 4 (see block diagram). 

The minimum value of lo is 7.5 rnA. 

PIN2 ~ 

S-4365 

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). 

6/14 Jll..•'/ SliS·THDMSDN 
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Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 

Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 6 Rl 2 

9 
~---------------------4~-----~··492~ 

The difference IL- Ia flows through the shunt regu
lator being ib negligible. 

Ia is an internal constant current generator ; hence 
Vo = Vs + Ia · Ra = 3.8 V. 

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 + Vs = 
(IL-Ia) R3 + Vs). 

2. TWO TO FOUR WIRES-CONVERSION 

The LS356 performs the two wires (line) td"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 ~~ = =~ . 
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 Zs (being 
Zs » ZL) ; 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 1 0). After amplification it is ap
plied to the receiving capsule. 

The impedance ZM is simulated by the shunt regu
lator that is also intended to work as a transconduc
tance amplifier for the transmission signal. 

The impedance ZM is defined as ~i~: . 
From fig. 6 considering C1 as a short circuit for AC 
signal, any variation AVG generates a variation : 

Rb 
AV7=AVA=AV6 · R R a+ b 

The corresponding current change is 

•J- AV7 
Ll - R3 

Therefore 
!J.VG Ra 

ZM = Li.f = R3 (1 + Rb ) 
The total impedance across the line connections 
(pin 11 and 9) is given by 

ZML= R1 +ZM//(R2+Zs) 

By choosing ZM >> R1 and Zs >> ZM 
R 

ZML = ZM = R3 (1 + R~ ) 

The received signal amplitude across pin 11 and 1 0 
can be changed using different values of R1 (of 
course the relationship ZL!Zs = R1/R2 must be al
ways valid). 
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Figure 7 :Two to Four Wires Conversion. 

6 

11 ----- ......... - - ·--

VRI 1 I 

~iM;: I [")zL LINE 

I I 

I 

- ---------- __._ - --
9 

The received signal is related to R1 value according 
to the approximated relationship : 

R1 
VR = 2 VRI R1 + ZM 

Note that by changing the value of R 1, 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 (VREFG 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 
VG 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 VG (pin 8) to the re
gulator bypass (pin 5) it is possible to obtain a 
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gain charcteristic depending on the current. 
In fact (see fig. 6) : 

Vs = Vs + V7:: Vs + (IL- lo )" R3 

The starting point of the automatic level control 
is obtained at IL = 25 rnA when the drain current 
lo= 7.5 rnA. 

Minimum gain is reached for a line current of 
about 52 rnA for the same drain current 
lo = 7.5 rnA. When lo 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 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 rnA, and the minimum gain is obtained at 
IL = 95 rnA. 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 Voo voltage, available for 
supplying the MF generator, can be used. 



FigureS. 

b) When gains have to be related to the voltage at 
the line terminals ofthe 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 Kn) 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 n 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. MUL TIFREQUENCY INTERFACI~G 

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. 

LS356 

5-4696 

When no key of the keyboard is pressed the mute 
state is low and !lie LS356 feeds the M761 through 
pin 15 with low·:Yoltage 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 (1 0) delivers the dial tones 
to the sending paths. 

The application circuit shown in fig. 9 fulfils the EU
ROPE II standard (- 6, - 8 dBm). If the EUROPE I 
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. 
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Figure 10 :Application Circuit with Multifrequency (EUROPE 1). 
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Figure 11 :Sending and Receiving Gain vs. Line Current (application circuit of fig. 13). 
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Figure 12 :Application Circuit without Multifrequency. 

Figure 13 :Application Circuit with Gain Controlled by Line Voltage (French standard). 
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Figure 14 :Application Circuit with Fixed Gain 
Operation. 

Figure 15: External Mute Function. 

LS 356 

Ry = 0 Max gain condition 
R, = 0 Min gain condition 

15 

8 

Ry 

S-4697 

S-4928 

a) wHh multifrequency 

.--------t 15 

LS356 
Mute 

~----t3 Speec! 
S-4929 

b) wHhout muiiHrequency 

In addition to the above mentioned applications, dif
ferent values for the external components can be 
used in order to satisfy different requirements. 

The following table (refer to the application circuit of 
fig. 9) can help the designers. 

APPLICATION INFORMATION 

Component Value Purpose Note 

R1 39.2 n. 
Bridge 

R1 controls the receiving gain. When high current values are 
allowed, R1 must be able to dissipate up to 1 W. 

R2 392 n 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!1 Line Current The relationships involving R3 are : 
Sensing. - ZML = (20 R3//ZB) + R1 
Fixing DC _ Gs = K • ZLIIZML 
Characteristic R3 

-VL =(IL -lo) (R3 + R1) + Vo:Vo =3.8 V. 
Without any problem it is possible to have a ZML ranging from 
600 up to goo n. As far as the power dissipation is concerned, 
see R1 note. 

R4 13 Kn 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 Kn Balance It it possible to change R5 and RS values in order to Improve the 
Network matching to different lines ; in any cas~ : 

RS 10 Kn Ze R2 
ZL =R1 

Ze = R5 + R6//Xc4 
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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 11F Regulator AC A value greater than 1 0 11F gives a system start time to high for 
Bypass low current line during M F 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!1F DC Filtering The C5 range is from 0.1 1-1F to 0.47 11F. The lowest value is ripple 
limited, the higher value is starting up time limited. 

C6-C7 1000 pF RF Bypass 

cs 10 11F Receiving See note for R7, R7'. 
Output DC 
Decoupling 

C9 1 11F Receiving Input 
DC Decoupling 

14114 ..... '/ SCS·111DMSDN 
'J J liiiDI!lOOiliL!mlrllll@lliiJIC$ 
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LS588 

PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 

DESCRIPTION 
The LSSBB 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 LSSBB can be set in power down 
state, where the device displays a straw 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) 

GAIN CONTROL 

l MICROPHONE 
INPUT 

SENDING GAIN 
PROGRAM. 

RECEIVING GAIN 
PROGRAM. 

MUTE 

BAL. NETWORK 
AND REC.INPUT 

LINE (GNO) 

November 1988 

DIP16 
(Plastic 0.25) 

ORDER CODE : LS588N1 

AC LOOP OPENING 

AC AND DC 
IMPEO CONTROL 

SENDING AMPL 
OUTPUT 

l!NE+ANO 
REC.INPUT 

BIAS RESISTOR 

REF. VOLTAGE 

EARPHONE 
OUTPUT 
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LS588 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VL Line Voltage (3 ms pulse duration} 22 v 
IL Forward Line Current 150 rnA 

IL Reverse Line Current -150 rnA 

Ptot Total Power Dissipation at T amb = 70 oc 1 w 
Top Operating Temperature -45 to+ ?o oc 

Tstg. Ti Storage and Junction Temperature - 65 to+ 150 oc 

THERMAL DATA 

Thermal Resistance Junction-ambient Max 

BLOCK DIAGRAM 

~Rz~14 _R_t ~!3------~----r 
•• C2 

S•8fi41 

219 

218 

SWITCH 

r -SENDiNG &RECEtVIIHi -- -- I 
I STAGES 

I 
I 



TEST CIRCUITS 

Figure 1. 

C2 
lpF 

" 7 51-------, 

LS588 

3 9 10 

0 E F S-9012 

Figure 2. Figure 3. 

· Figure 4. 

TEST 
CIRCUIT 

LS588 
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LS588 

ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tamb =- 25 to+ 50 oc, f = 200 to 3400 Hz, 
IL = 15 to 100 rnA, R7 = 17.3 k.Q, R8 = 17.1 k.Q, 81 in A, 82 in A, unless otherwise specified) 

I Symbol! Parameter Test Conditions I Min. I Typ. I Max. I Unit I Fig. 

A.G.C. On 

VL Line Voltage IL=15mA Tamb = 25 °C 4.1 4.5 4.9 
IL=25mA 5.2 5.6 
IL=50mA 7 7.8 v 1 

IL=120mA 14 

CMR Common Mode Rejection f = 1 kHz 50 dB 2 

Gs Sending Gain IL=50mA R1 = 17.3 kO 39.0 41.0 dB 3 
f = 1 kHz 
Tamb = 25 °C 
VMI =2 mV R7 = 22.0 kO 43.8 46.2 dB 3 

~Gs Sending Gain Variation fret =50 mA -0.5 + 0.5 dB ? vs. Current Tamb = 25 °C 

vs. Current (S1 in B) fret =50 mA IL =25 mA 4.0 6 dB 
Tamb = 25 °C --2.0 

3 
IL = 100 mA 0 dB 

vs. Frequency I ref = 1 kHz -0.5 0.5 dB 3 

THDs- Sending Distortion IL = 15 to 25 mA 2 % 
Vso =450 mV f = 1 kHz 

3 
k = 25 to 1 00 mA 5 % 
Vso = 1.6 V f = 1 kHz 

Ns Sending Noise VMI =0 mV -74 dBm 3• 

ZMI Microphone Impedance VMI =3 mV 11 15 kO 3 

GR Receiving Gain IL =50 mA Ra=17.1k0 2.3 4.7 dB 4 
f = 1 kHz 
Tamb = 25 oc 
VRI =570 mV Ra = 14.7 kQ -0.1 1.9 dB 4 

ilGR Receiving Gain Variation lref =50 mA -0.5 + 0.5 dB 4 
vs. Current T amb = 25 °C 

vs. Current (S1 in B) lrel =50 mA IL =25 mA 4.0 6 
Tamb = 25 °C IL=100mA -2.0 0 dB 4 

vs. Frequency fref = 1 kHz -0.5 0.5 

THDA Receiving Distortion VR1 = 570 mV 

VRI = 775 mV 

2 

5 
% 4 

NR Receiving Noise VAl =0 mV 150 f.lV 4 

ZRo Receiving Output Impedance VAo =50 mV 50 n 4 

Sidetone f = 1 kHz 15 dB 3 

ZML Line Matching Impedance VAl =0.3 V f = 1 kHz 650 850 n 4 

Max Receiving Output VRI = 2 v 3.9 4.4 Vpp 4 (click suppression) 

VsM Microphone Supply R1oad = 2.2 kO 1.9 2.2 v 1 

4/9 
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LS588 

ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Conditions I Min. I Typ. I Max.l Unit I Fig. I 
MUTE OPERATION 

Mute Threshold Voltage (pin 6) Speech Condition 0.8 v -
Mute Condition 1.5 v 

Muting Operation Curr. (pin 6) (52 in B) 50 llA -
Line Dynamic in Mute : (52 in B) IL =3.5 rnA 600 mV -Condition THD =2% IL = 4 rnA 850 

Line Voltage in Mute Condition (52 in B) IL = 3.5 rnA 3.6 v -
IL '=' 4 rnA 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 VL, IL. 
The DC characteristics of the LS588 is determined 
by the shunt regulator (block 2) together with two 
series resistors Rt and R3 (see the block diagram). 
The equivalent circuit is shown in fig. 5. 
A fixed amount, Ia, of the total available current, IL, 
is drained to allow the circuit to operate correctly. 
The value of Ia can be programmed externally by 
changing the value of the bias resistor connected to 
pin 12. 
The recommended minimum value of 10 is 7.5 rnA 
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-Io flows through the shunt regula
tor since lb is negligible. 
Ia is an internal constant current generator ; hence 
Va = Ve + Ia · Ra = 3.8 V. 
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 Vts = Vts + 
Ve = (IL- Ia) As + Ve. 

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). 

For a perfect balancing of the bridge ZL = .!:!!_ 
Ze R2 

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 Zs (since 
Zs »ZL); the main part is sent to the line via Rt. 
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 lM is simulated by the shunt regu
lator which also acts as a transconductance ampli
fier for the transmission signal. 

The impedance lM is defined as 6V(t4-B) 
. 61(14·8) 

From fig: 6, considering Ct as a short circuit to the 
AC signal, any variation in Vt4 generates a variation 
as follows: 

Vts=VA=Vt4 Rb 
Ra+Rb 

the corresponding current change is : 

61 = 6Vts 
As 

Figure 5 : Equivalent DC Load to the Line. 
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LS588 

therefore 
ZM= !.J.V14 =R:3(1 +Ra ) 
' - !.J.I Rb 

The total impedance across the line connections 
(pin 13 and 8) is given by 

ZML = R1 + ZM II (R2 + Ze) 

By choosing ZM R1 and Ze ZM 

ZMu:ZM = Ra (1 + ~:) 
The amplitude of the signal received across pins 13 
and 7 can be changed using different values of R1. 

-(Of course the relationshi~21 = RR1 must always be 
valid. B 2 

The received signal is related to the value of R1 ac
cording to the approximated relationship : 

VR=VRr2 R1 
R1 +ZM 

Note that if the value of R1 is changed the transmis
sion signal current is not changed, since the micro
phone 9:mplifier is a transconductance amplifier. 

3. INPUT AND OUTPUT AMPLIFIERS 

The m_icrophone 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 piezocer'amic and dynamic capsules. It has low 
output impedance, a maximum voltage swing grea-
ter than 2 V P and a peak current of 2 mA. · 

With very low impedahce 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 r~ceiving output stage offset. 

4. GAIN CONTROL 
It is possible to set the LS588 gain characteristics 
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 attenuat!on (AGGon). : 

4.1. AGC OFF :In thi.s 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 R7 
(for Tx, between pln 4 and ground) andRe (for Rx, 
between pin 5 and ground), in a wide range (see 
fig. 8 and !)). 

4.2. AGC ON : Starting from any couplE!. of gain va
lues, fixed by the appropriate values of R7 and Rs, 

the LS588 can automatically change the sending 
and receiving gains depending on the line current. 
The line current is sensed across Ra (see fig. 7) and 
transferred to pin 16 by the regulator. 

V1s = Ve + V1s = Ve + (IL- lo) · Ra 
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 IL = 25 mA when the drain current lo = 
7.5mA. 

The external resistors R7 and Rs 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 rnA 
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 

_ A logical 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 
swit~h) and reduces (1) the bias current, to 
sabe about 1 0 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 

It is possible to avoid distortion of the sending signal 
limiting the sending gain with an external control at 
pin 4 (gain programming). . -
The maximum level to the-line will be : .. ·.. . 

Vs = 0.6 V X RAC1 + RAC2 
, -../2 _ RAC2 

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. 

6/9 
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LS588 

Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 14 

Figure 7: Two to four Wires Conversion. 

13 ------.-----

LINE 

8 
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LS588 

Figure 8 :Sending Gain vs. R7 Value (AGC OFF). 
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Figure 9 : Receiving Gain vs. Ra 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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APPLICATION INFORMATION 
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Figure 12: Application Circuit with Electret Microphone. 

cs 

13 

LS566 

LINE 
18V 

15 11 6 H. 

R3 R6 
391t 26Kfi 
1W 

b ---· 

LS588 

9/9 

225 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. I 

I 
I 
I 
I 

I 
I 

I 

I 
I 
I 

I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

I 

I 

I 
I 
I 
I 



·LS656 
TELEPHONE SPEECH CIRCUIT WITH MUL TIFREQUENCY 

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 CANAL
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) 

~--------~-~-

" 
"' 

January 1989 

DIP16 
(Plastic 0.4) 

SQ.20L 

ORDER CODES : LS6568 - LS656AB (DIP16) 
LS656D1 - LS656AD1 (S0-20) 

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 interlace for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 

1/15 
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LS656 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Test Conditions Unit 

VL Line Voltage (3 ms pulse duration) 22 v 
IL Forward Line Current 150 mA 

IL Reverse Line Current -150 mA 

Ptot Total Power Dissipation at T amb = 70 oc 1 w 
Top Operating Temperature -45 to 70 oc 

Tstg. TJ Storage-and Junction Temperature -65 to 150 oc 

THERMAL DATA 

R th j-amb I Thermal Resistance Junction-ambient Max I 80 oc/W I 

PIN CONNECTIONS (top view) 

DIP-16 S0-20L 

~ 

MIC INPUT 16 MIC INPUT 

+LINE 15 •oo 

MUTING 14 MFINPUT 

BIAS ADJ. 13 RECEIVER OUTPUT 

SHUNT REG. 

" RECEIVER OUTPUT LINE BYPASS 

DCREGULAT~ t1 INPUT+(REC AMP) 

liNE CURRENT 10 INPUT -(REC AMP) SEN51NG 

MIC INPUT [~p MIC INPUT 

t LINE ( 2 19 p VDD 

MUTING [ J 18 ~ MF INPUT 

BIAS ADJ [ 17 p RECEIVE~ OUTPUT 

... HUNT REG,BYPAc:S [ 5 16 p RECEIVER OUTPUT 

D.C.REG. [ 15 p INPUT+IREC AMP! 

CURRENT SENSING [ Up INPUT-IREC RMPI 

GRIN CONTROL [ 8 13 p - LINE 

N.C. [ 12 p N.C. 

N.C. [ HI 11 p N.L. 

n8BLS656·Bt 

GAIN CONTROL 9 -liNE 

TEST CIRCUITS 
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Figure 1. 

lt12to~ G 

A 
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Figure 3. 

IL:12~A G 

A 

TEST 
CIRCUIT 

lO,uF R =6.8Kll 

B 

c D E F 

LS656 

. Figure 2. 

IL:12to~ G 

A 

TEST 
CIRCUIT 

R :G.BKn 

B· 

c 0 E F 

Side tone = VRo 
VMI 

Gs= Voo 

Figure 4. 

IL=121o~ 

TEST 
CIRCUIT 
R=12Kll 

C 0 E F 

VMI 

I0.85V 
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, LS656 

ELECTRICAL CHARACTERISTICS (refer to the test circuits, VG = 1 to 2 V, IL = 12 to 80 mA, 81, 82 
and.S3 in (a), Tamb =- 25 to+ 50 °C, f = 200 to 3400Hz, unless otherwise specified) 

jsymbolj Parameter Test Conditions Min. Typ. Max. Unit Fig. 

SPEECH OPERATION 

VL Line Voltage T amb = 25 °C IL = 12 mA 3.4 3.9 
IL=30mA 5.1 v -
IL =60 mA 6.9 

CMR Common Mode f = 1 kHz 50 dB 1 
Rejection 

Gs Sending Gain Tamb = 25 °C IL = 25 mA 48.5 50.5 
forB and D1 f = 1 kHz IL =50 mA 44.5 46.5 dB 2 
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 2 
Types VMI =2 mV 

Sending Gain VMI =2 mV fref = 1 kHz -0.5 + 0.5 dB 2 
Flatness for B 
and D1 Types 
(vs. freq.) 

Sending Gain VMI =2 mV fref = 1 kHz -1 + 1 dB 2 
Flatness for AB 
and AD1 Types 
(vs. freq.) 

(*) Sending Gain VMI =3 mV I ref= 50 mA -0.5 + 0.5 dB 2 
Flatness for B S3 in (b) 
and D1 Types 
(vs. current) 

Sending Gain VMI =3 mV I ref= 50 mA -1 + 1 dB 2 
Flatness for AB S3 in (b) 
and AD1 Types 
(vs. current) 

Sending f = 1 kHz Vso = 775 mV 2 % 2 
Distortion for B IL = 16 mA Vso = 900 mV 10 % 
and D1 Types 

Sending f = 1 kHz Vso = 775 mV 3 % 2 
Distortion for AB IL = 16 mA Vso = 900 mV 10 % 
and AD1 Types 

Sending Noise VMI = 0 V; VG = 1 V -71 dBmp 2 

Microphone VMr =2 mV 40 kn -
Input Impedance 
(pin 1-16) 

Sending Gain in VMI =2 mV -30 dB 2 
MF Operation S2 in (b) 

4/15 
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LS656 

ELECTRICAL CHARACTERISTICS (continued) 

lsymboll Parameter Test Conditions Min. Typ. Max. Unit Fig. 

GR Receiving for B VRI =0.3 V IL=25mA -5.5 -3.5 
and 01 Types f = 1 kHz dB 3 

Tamb = 25 "C IL =50 rnA -10.5 -8.5 

GR Receiving for AB VRI =0.3 V IL =25 rnA -6 -3 
and A01 Types f = 1 kHz dB 3 

Tamb =25 °C k =50 rnA -11 -8 

Receiving Gain VRI =0.3 V frel = 1 kHz -0.5 + 0.5 dB 3 
Flatness for B 
and D1 Types 
(vs. freq.) 

Receiving Gain VRI =0.3 V frel = 1 kHz -1 + 1 dB 3 
Flatness for AB 
and AD1 Types .. 
(vs. freq.) 

Receiving Gain VRI =0.3 V lrel =50 rnA -0.5 + 0.5 dB. 3· 
Flatness for B 83 in (b) 
and D1 Types 
(vs. current) 

Receiving Gain VRI =0.3 V lrel =50 rnA -1 + 1 dB 3 
Flatness for AB 83 in (b) 
and AD1 Types 
(vs. current) 

Receiving f = 1 kHz VRo =400 mV 2 % 3 
Distortion for B k = 15 rnA VRo =450 mV 10 % 
and 01 Types 

Receiving f = 1 kHz VRo =400 mV 3 %' 3 
Distortion for AB IL = 15 rnA VRo = 450 mV 10 % 
and AD1 Types 

Receiving Noise VRI = 0 V ; VG = 1 V 150 11V 3 

Receiving VRo =50 mV 30 n -
Ouptut 
Impedance 
(pin 12-13) 

8idetone f = 1 kHz 36 dB 2 
Tamb =25 °C 
81 in (b) 

ZML Line Matching VRI =0.3 V f = 1 kHz ·5oo 600 700 n 3 
Impedance 

Ia Input Current for -10 llA -
Gain Control 
(pin 8) 

5/15 
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LS656 

ELECTRICAL CHARACTERISTICS (continued) 

jsymboll Parameter Test Conditions 

MUL TIFREQUENCY SYNTHESIZER INTERFACE 
Voo 

' 
loo 

VI 

Rl 

d 

d 

6/15 
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MF Supply 
Voltage Stand 
by and 
Operation 

MF Supply 
Current Stand 
by Operation 

MF Amplifier 
Gain 

DC Input 
Voltage Level 
(pin 14) 

Input Impedance 
(pin 14) 

Distortion for B 
and D1 Types 

Distortion for AB 
and AD1 Types 

Starting Delay 
Time 

Muting 
Threshold 
Voltage (pin3) 

Muting Stand by 
Current (pin 3) ) 

Muting 
Operating 
Current (pin 3) 

S2 in (b) 

S2 in (b) 

fMF In = 1 kHz 
VMFin =80 mV 

VMFin =80 mV 

VMFin = 80 mV 

VMF In = 150 mVp 
IL>17mA 

VMF in = 150 mVp 
IL>17mA 

Speech Operation 

MF Operation 

S2 in (b) 

lifi SGS·THDMSDN 
~/ 11:41DI:I!l@IMIW!Fi@lll0!!:$ 

Min. Typ. Max. Unit Fig. 

2.4 2.5 2.7 v -

0.5 rnA --
2 rnA -
15 17 dB 4 

Voo v -
X 0.3 

60 kQ -

2 % 4 

4 % 4 

5 ms -

1 v -
1.6 v -

-10 J.lA -

+ 10 J.lA -



CIRCUIT DESCRIPTION 

1. DC CHARACTERISTIC 

The fig. 5 shows the DC equivalent circuit of the 
LS656. 

A fixed amount Ia of the total available current IL is 
drained for the proper operation of the circuit. The 
value of Ia can be programmed externally by chan
ging the value of the bias resistor connected to pin 
4 (see block diagram). 

The minimum value of Ia is 7.5 rnA. 

The voltage Vo = 37 V of the shunt regulator is in
dependent of the line current. 

Figure 5 : Equivalent DC Load to the Line. 

PIN 6 

Vo 1 

PIN7 

Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 6 Rl 

LS656 

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 IL-Ia flows through the shunt regula
tor being lb negligible. Ia is an internal constant cur
rent generator; hence Vo = Vs + Ia. Ra = 3.7 V. 

The VL, IL characteristic of the device is therefore si
milar to a pure resistance in series to a battery. 

PIN2 __!..!:__ 

S-G365 

9 
L---------------------~------.5:~~ 
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LS656 

It is important to note that the DC voltage at pin 5 is 
proportional to the line current (V5 = V7 + Vs = (IL -
lo) R3 + Vs). 

Figure 7 : DC Characteristic. 

VL 
(V) 

" 

2. TWO TO FOUR WIRES CONVERSION 

n1 =30 n 
RJ=30A 

./ 
v 

20 •o 

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 ~~= =~ 
The AC signal from the microphone is sent to one 
diagonal ofthe bridge (pin 6 and 9). A small percent
age of the signal power is lost on Zs (being Zs 
» ZL) ; the main part is sent to the line via R1. In re
ceiving mode, the AC signal coming from the line is 
sensed across the second diagonal of the bridge 
(pin 11 and 1 0). After amplification it is applied to the 
receiving capsule. 
The impedance ZM is simulated by the shunt regu
lator that is also intended to work as a transconduc
tance amplifier for the transmission signal. 

The impedance ZM is defined as ll Vs- 9 
/lis-e 

From fig. 6 considering C1 as a short circuit for AC 
signal, any variation llVs generates a variation : 

llV7 = llVA = llVs · Rb 
~b 

The corresponding current is 

Ill= /).~; 

Therefore 
ZM = /lVs = R3 ( 1 + Ra 

"AI Rb 
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The DC characteristic of the LS656 is shown in 
fig. 7. 

G• U07 

v 
// 

v 

60 BO It (mAl 

The total impedance across the line connections 
(pin 11 and 9} is given by 

ZML = R1 + ZMII(R2 + Zs) 
By choosing ZM ~ R1 and Zs ~ ZM 

ZML: 2M = R3 (1 + =: ) 
The received signal amplitude across pin 11 and 1 0 
can be changed using different value of R1 (of 
course the relationship ZtlZs = R1/R2 must be al
ways valid). 
The received signal is related to R1 value according 
to the approximated relationship : 

VR = 2 VRI R~: ZM 

Note that by changing the value of R 1 , 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 (VREFG 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 
VG can be taken : 
a) from the LS656 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 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) 

V5 = Vs + V7 := Vs = (IL- lo) R3 

The starting point of the automatic level control is 
obtained at IL = 25 rnA when the drain current 
lo= 7.5 rnA. 

Minimum gain is reached for a line current of about 
50 rnA for the same drain current lo = 7.5 rnA. 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. 

It is 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 rnA, and 
the minimum gain is obtained at IL = 95 rnA. In ad-
dition to this operation mode, the VG voltage can be 
maintained constant thus fixing the gain value (Rx, 
Tx) independently of the line conditions. 

Figure 8 : Two to Four Wires Conversion. 

LS656 

For this purpose the Voo 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 (1 00 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). 

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. 

11 _____ __..... ___ _ 
' 
' 

[") ZL 

' 

LINE 

- ---------- __._ - --
S-L36711 
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5. MUL TIFREQUENCY 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 ttw 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. 

Figure 9. 
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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 (1 0) 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. 1 0 fulfils the EU
ROPE II standard (-6, -8 dBm). If the EUROPE I le
vels are required (-9, -11 dBm) an external divider 
must be used (see fig. 11 ). 

s-•696 



APPLICATION INFORMATION 

Figure 10 :Application Circuit with Multifrequency {Europe II STD). 
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Figure 11 : Application Circuit with Multifrequency {Europe I STD). 
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Figure 12 : Sending and Receiving Gain vs. Line Current (application circuit of fig. 1 0). 
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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). 
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Figure 15: Application Circuit with Fixed Gain Operation. 
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Figure 16: External Mute Function. 
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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. 1 0) can help the designers. 

Component ·Value Purpose Note 

R1 30 n R1 controls the receiving gain. When high current values are allowed, 
Bridge R1 must be able to dissipate up to 1 W. 

R2 330 n 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 30 n Line Current The relationships involving R3 are : 
Sensing - ZML = (20 R3//Zs) + R1 
Fixing DC ZLIIZML 
Characteristic - Gs =K• --

. R3 
- VL = (IL -lo) (R3 + R1) + Vo; Vo =3.7 V 
Without any problem it is possible to have a ZML ranging from 600 
up to 900 n. As far as the power dissipation is concerned, see R1 
note. 

R4 13 kO 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 
R5 2.2 kO Network matching to different lines ; in any case : 

Zs R2 
-=-

R6 6.8 kO ZL R1 
Zs = R5 + R6//Xc4 

R7-R7' 100 n 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 0) 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 n Microphone 
Impedance 
Matchin 
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Component Value Purpose Note 

C1 10 11F Regulator AC A value greater than 10 11F 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!1F DC Filtering The C5 range is from 0.1 11F to 0.47 11F. The lowest value is ripple 
limited, the higher value is starting up time limited. 

· C6-C7 1000 pF RF byPass 

cs 100 11F Receiving See note for R7, R7. 
Output DC 
Decoupling 

C9 1 11F Receiving 
Input DC 
Decoupling 
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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 REQUIRE-
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 

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 making 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 

Voc Line Voltage, tp = 2 s 22 v 
loc Continuous Operating Line Current (*) 100 rnA 

Tj Junction Temperature + 150 oc 
Tamb Operating Ambient Temperature -40to+70 oc 
Tstg Storage Temperature -55 to+ 150 oc 

(*)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 Without notice. 
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PBL3726 SERIES 

Figure 1 : Block Diagram and Typical Application. 
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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 circuit includes 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. In a nor
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 receiving am
plifiers. 

2136 

"244 

The circuit has an excellent return loss characteris
tic against both purely resistive lines such as 600 n 
and against complex networks such as 900 n in par
allel with 30 nF. 
The microphone input is balanced to provide a good 
CMRR. 
It is 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 high im
pedance input stage, allowing a less expensive RC 
network on the input. 



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. 

Figure 2. 

LINE 
r--------, 

I 

LINE 

L ________ _ 

. PBL3726 SERIES' 

A separate amplifier stage (Fa) can be used in se
veral different ways, for instance. 

1) Separating the sidetone balance network 
2) Compensating sidetone level for line length 
3) Providing an extra 20d8 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. 

MUTE0-~----------------------------------~ 

A, 8, 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) 

Figure3. 

LINE 

In this case an extra 20 dB amplification is added to 
the receiving part. A potentiometer provides the 

C :To set the gain and frequency response for re
ceiving 
D : For radio interference suppression and to give 
the correct return loss behaviour 

s-as:nn 

possibility of adjusting the gain to the required level. 
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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 R 1, 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 Voo. The 
input current at Voo is about 1 rnA. 

R4, RS, C3, C4. 

The netWork gives the amplification and frequency 
response for the transmitter. RS is used when a 
greater reduction of the gain is wanted.lnput imped
ance at F2 is about 17Kn with typical variation 
± 20%. The DC load on F1 must be greater than 
40Kn. 

LINE r----------- r------------.!..---
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Figure 5 : Typical Filters. 
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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. 
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R7, RB, R9, R1 0, R11, C5. 

This network sets the sidetone balance. The net
work in the application is one of many possibilities. 

Figur~ 7 : Sidetone Network. 

TYPE :UNREGULATED 

F2 
TYPE: REGULATED 

;---®: 
R6 ~ Rc : 

I : 
._ _ ___ .J 
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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 RB, R9 and C5. 

/ 

Examples given 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 8 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 a·mplifier with amplifi
cation greater than unit. In fig. 8 two balance 
networks without F3 are shown. F3 can then be used 
in other applications. 

FP+ 
__L_L 

'TYPE: REGULATED 

TYPE UNREGULATED 

5·11!53511 



PBL3726 SERIES 

In fig. 9 a circuit is shown, where F3 is used as an 
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 
in all version). 

UNE 

5-853611 

Figure 8 : Sidetone Netrwork without F3. 
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Figure 10: Rectifier Bridge and Overvoltage 
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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. 
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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 C2 

600 Q 600 Q 47!lF 15 nF 

900 n, 30 nF 900 Q 47 11F 15 nF 

1.2 kQ, 60 nF 1.2 kQ 47!lF 47 nF 

Figure 12: Example of complex Impedance 
Matching. 

LINE 

MODEL WITH PBL3726 

S-8540/f 

DC CHARACTERISTICS. 

The slope of the DC characteristics is set by the re
sistor R6 (fig. 13). The lower value of R6, the flatter 
the slope. With the steaper slope the minimum DC 

Figure 13 :Typical DC Characteristics. 
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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. 

= 

S-8541 

A table 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. 

Line R1 R2 
50 V, 2 X 200 Q 18 kO 47 kQ 

50 V, 2 X 400 Q 9.1 kQ 47 kQ 

50 V, 2 X 800 Q 0 = 
Unregulated (all lines) = 0 

Regulation input (pin 6 on PBL3726/6) 

PBL3726 SERIES 

Figure 16 :Typical Gain Regulation with Line 
Lenght. · 

dB~~~~~~~~~~~~ 
51 

0 100 500 lK 

0 100 500 1K 

TRANSMITIER GAIN. 

The resistor R4 sets the gain by attenuating the sig
nal from amplifier F1. ·If greater attenuation is 
needed a resistor {R5) can be connected to the 
minus line. 

To get a frequency response appropriate for the 
microphone used a filter function as in fig. 5 can be 
used. These filters were previously described in this 
document. 
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The circuit cari be provided with an unbalanced in
put as in fig. 18. 
Cut 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 signals can be added 
at input of F2. 

Figure 17 : T.ypical Response of PBL3726 Using 
Simple Filter. 
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For the version originally developed for electrody
namic/magnetic microphones it is also possible to 
use electret microphones as shown in fig. 20. 

RECEIVER GAIN 

In orderto 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 ver}t 

Figure 18 : Unbalanced Input. 

0~--:C~--------------~0-LINE 
5-8543 

Figure 19 :Special Function. 

S-1551.1, 

Figure 20 : Alternative Microphones of Electromagnetic and Electrodynamic Types for PBL3726. 

+ 
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-
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a. Electret without source
follower 

b. Eleoctret with source
follow<'r 3-l<'ad. 

c. Electret with source
follower 2-l£>ad; 

10/36 

252 



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. 

100 IK f(Hz) 
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The most difficult part of the design work is always 
to define the sidetone. This should always be done 
last when designing with PBL3726. The sidetone is 
the sound of your own voice fed back into the ear 
by the handset. 

PBL3726 SERIES 

The subjective effect of this is best seen in the for
mula above for "Side Tone Masking Rating". 

Summed at the frequencies ft = 0.2, 

0.25 ..... .4KHz (see fig. 22) 

Wsr = Weighing factor 

LE = Leakage at receiver capsule 

Ss = Send sensitivity 
SR = Receive sensitivity 

Arst = Hybrid-loss balance 

The part that can be alteren by the speech circuit is 
the Arst value that can be determined by the formu
la: 

Zc +Zso 
Arst = 20 1 Otog [ ---

2Zc 
Where: 

Z+Zc 
X --] 

Z-Zso 

Z = Impedance of the connected telephone line 

Zso = The balance impedance of the central office 
(PABX) 

Zc = Impedance of the speech circuit 

The sum of Z and Zso can be called Ztine 
The principle of the traditional so called active 
speech circuit has been the wheatstone bridge (fig. 
23). The formula for the minimum sidetone is to ba
lance until : 

Z2 Zbal 
Z1 = Ztine 

Figure 22 : CCITT Factors. 

f, WsT LE 
kHz dB dB 

0.2 86.4 8.4 

0.25 81.9 4.9 

0.315 78.5 1 

0.4 78.2 -0.7 

0.5 72.8 -2.2 

0.63 67.6 -2.6 

0.8 58.4 -3.2 

1 49.7 -2.3 

1.25 48.0 -1.2 

1.6 48.7 -0.1 

2 50.7 3.6 

2.5 49.8 7.4 

3.15 48.4 6.7 

4 49.2 8.8 
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PBL3726 SERIES 

The principle of PBL3726 is more complicated (even 
if calculation with the bridge in fig. 23 is possible). 
With the all-active bridge a method of cancelling the 
sidetone is a summing amplifier makes it possible 
to get not only one but two different sidetone opti
mums for different line lengths (see fig. 25). The 
function of the external components in fig. 7 have 
previously been described in this document. Fig. 26 
shows an example of a sidetone network using the 
Wheatstone principle with PBL3726. 

Figure 24 : Unregulated Sidetone Network. 

LEVEL 

12/36 
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62Kn 
12Kll 

6.2Kn 

L..._ ___________ LINE LENGTH 

s-esso 

47nF 

Figure 23 : Balance Bridge. 
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PBL3726 SERIES 

Figure 25 : Regulated Sidetone Network. 

s-85L911 

LEVEL 

~ 
I \ 

LINE LENGTH 

5-8551 

0.6 0.9 1.2Kfl. 
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PBL3726 SERIES 

Figure 26 : Wheatstone Type Sidetone Network. 
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PRODUCT SUMMARY 

Microphone Split 
Regu Extra Low Click Power 

Speech Electro Electro Line 
Ia ted Receive Cost Sup Supply 

Circuit Carbon Magne Dyna Electret Side Amp Speak pres for 
tic mlc tone Phone sor Output 

Amp 

PBL3726/6 • • Adjustable • • • • 
PBL3726/8 • • 36 v, 

2x500Q 
50 V, • • • • 
2x800Q 

PBL3726/9 • • Adjustable • • 0 • 
PBL3726/11 • • • • • • 
PBL3726/12 • .. Adjustable • • • • .. 
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APPLICATIONS 
To use PBL3726 in a hands-free telephone with a 
monitor function the schematics in fig. 27 can be 
used. Tlie transformer should be rather efficient. Or
dinary transistors can be used. 
PBL3726 can also be used as trunk interface in 
modems, PABX, key systems etc where an analog 

Figure 27 : Monitor Loudspeaker. 

LINE r-----, 

UNE 

TWO- WAY COMMUNICATION (SEND/RECEIVE} 

F~gure 28 : Trunk Interface Applications. 

i SWITCH 

PBL3726 SERIES 

interface against the telephone line is needed. The 
balanced inputs and outputs make this possible 
together with the possibility of regulated sidetone. 
Examples of both one-way and two-way data/signal 
communication with PBL3726/S are shown in fig. 
28. . 

ooon 

MpF 15 1.5 
•n on 

OHIDF'F 

15136 
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PBL3726 SERIES 

NOTES 
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PBLSERIES PBL3726/6 

MASK- PROGRAMMABLE SPEECH CIRCUITS 

SPEECH CIRCUIT 

• MINIMUM NUMBER OF INEXPENSIVE EX
TERNAL COMPONENTS, 5 CAPACITORS 
AND 1 0 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 x 200Q 2 x 400Q and 36V 
2 x 250Q can be handled. 

TEST CIRCUIT 

I<UTE 

DIP-18 
(Plastic) 

ORDER CODE : PBL3726/6 

Application-dependent pare meters 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. 

~LINE 

~-858L 

lifi SGS·ntOMSON 
~I ii\10©111@~~1<@1i'llil@llJO©i!l 
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.PBL3726/6 

ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 

Symbol Parameter Test Conditions 

Voc Line Voltage, tp = 2 s 22 

loc (*) Continuous Operating Line Current 100 

TJ Junction Temperature + 150 

Tamb Operating Ambient Temperature -40 to+ 70 

Tstg Storage Temperature -55!0+150 

(') Max current Increases linearly up to 130mA with max operating temperature lowered to + 55'C. 

RECOMMENDED OPERATING CONDITIONS 

Line Current 

CONNECTION DIAGRAM 

TEST SET-UP 

Parameter 

+LINE 

DC INPEOANCE 2 
MATCHING 

GAIN SET 

+0 C SUPPLY 4 _ 

LINE AGC 

MUTE 

SIOETONE 
CIRCUIT 

(*)"-'F WHEN LINE IS. USED 

'**JRlsOWHEN LINE IS U5ED 
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MUTEQ-

LINE 

18 

17 OUTPUT 

16 

15 RECEIVING 
INPUT 

" -LINE IGNDl 

13 I MICROPHONE 
INPUT 

12 

11 GAIN SET 

10 SIOETONE 
CIRCUIT 

5~8!186/1 

TEST 
CIRCUIT 

Zour •• 

EARPHONE 

~-87111] 

Unit 

v 
mA 
oc 
oc 
oc 



PBL3726/6 

THERMAL DATA 

Max 80 

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 

Symbol Parameter Test Conditions 

Voc Terminal Voltage loc = 15 mA 
ioc = 100 mA 

Gr Transmitting Gain (*) v2 
20. log10 ( v3 ) 1kHz 

RL = 0 E = E + 10% 
RL = 400 n 
RL = 900 n-2.2 kHz 

REGr Transmitting Range of 1kHz 
Regulation RL =on E = E + 10% 

to RL = 900 n 

Linr Transmitting Frequency 200 Hz to 3.4 kHz 
Response 

GR Receiving Gain (*) V4 
20 .log10 ( v1 ) 1kHz 

RL =on E=E+10% 
RL = 400 n 
RL = 900 n- 2.2 kQ 

REGR Receiving Range of Regulation 1kHz 
RL =on E = E + 10% 
to RL = 900 n 

LinR Receiving Frequency Response 200 Hz to 3.4 kHz 

z,N Transmitter Input Impedance 1kHz 

Vr Transmitter Dynamic Output 200 Hz - 3.4 kHz 
:> 2 % Distortion 
loc = 20-100 mA 

Vr Transmitter Max Output 200 Hz - 3.4 kHz 
loc = 0 - 1 00 mA 
V3 = 0-1 V 

ZouT Receiver Output Impedance 1kHz 

Receiver Dynamic Output •• 200 Hz - 3.4 kHz 
:> 2 % Distortion 
loc = 20 - 1 00 mA 

VR Receiver Max Output Measured with Line Rectifier 
200 Hz - 3.4 kHz 
loc = 0-100 mA 
V1 =0-50V 

NT Transmitter Output Noise Psof·Weighted, REL 1 V 
RLO 

NR Receiver Output Noise A-weighted, REL 1 V, with Cable 
0·5 Km 0 0.5 mm ; 
0-3 Km 0 0.4 mm 

IM Mute Input Current 

loc Extra Available Current when loc = 15-100 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. 

Min. Typ. Max. Unit 

3.3 3.7 4.1 v 
11 ,13 15 v 

41 43 45 dB 
43.5 45.5 47.5 dB 
46 48 50 dB 

3 5 7 dB 

-1 1 dB 

-18.5 -16.5 -14.5 dB 
-16 -14 -12 dB 

-13.5 -11.5 -9.5 dB 

3 5 7 dB 

-1 1 dB 

1.1 kQ 

1.5 Vp 

3 Vp 

3 + 310 n 

0.5 0.55 Vp 

0.9 Vp 

-75 dBpsof 

-85 dB A 

0.1 mA 

10 mA 
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PBL3726/6 

Figure 1 :Typical Application. 

KEYBOARD 

Some typical values for f'l1 and R2 for some diffe
rent supplies from telephone stations are shown in 
the next table. 

20/36 
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Type 

No Regulation all Feeding 
Systems 

48 v. 2 x 200 n 

48 v. 2 x 400 n 

36 v, 2x 500 n 

R1 R2 

= 0 

16 Kn 47 Kn 

9.1 Kn 47 Kn 

0 = 



PBLSERIES PBL3726/8 

MASK- PROGRAMMABLE SPEECH CIRCUITS 

SPEECH CIRCUIT 

• MINIMUM NUMBER OF INEXPENSIVE EX
TERNAL COMPONENTS, 6 CAPACITORS 
AND 1 0 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 2 x 800 , and 36V 2 x 500 can be handled. 

TEST CIRCUIT 

75Jl 
~o.sw 

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 co·ntrol or active sidetone balance. 

-LINE 

5-859411 
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PBL3726/8 

ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated)' 

Symbol Parameter 

Voc Line Voltage, tp = 2 s 

loc Continuous Operating Line Current 

Ti Junction Temperature 

Tamb Operating Ambient Temperature 

Tstg Storage Temperature 

RECOMMENDED OPERATING CONDITIONS 

Symbol 

IL Line Current 

Tamb Ambient Temperature 

CONNECTION DIAGRAM 

TEST SET-UP 

Parameter 

+liNE 

GAIN SET 

+DC SUPPLY 

MUTE 

510ETONE 
CiRCUIT 

(*)l.uF WHEN LINE IS USE.O 

(**)Rl"'OWHEN LINE I~ USED 
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MUTEo--

LINE 

16 

15 

13 

OUTPUT 

RECEIVIG 
INPUT 

12 -LINE (GNO) 

11 I MICROPHONE 
10 INPUT 

TEST 
CIRCUIT 

GAIN 5ET 

Zour 

Test Conditions 

22 

100 

150 

-40 to+ 70 

-55 to+ 150 

Min. Typ. Max. 

10 60 

-15 45 

EARPHONE 

~-176111 

Unit 

v 
mA 
oc 
oc 
oc 

Unit 

mA 
oc 



PBL3726/8 

THERMAL DATA 

Max 80 

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 

Symbol Parameter Test Conditions 

Voc Terminal Voltage loc = 10 mA 
loc =60 mA 

GT Transmitting Gain * v2 
20 .log10 ( v3 ) 1. kHz 

RL = 0 E=E+10% 
RL = 400 Q 
RL = 900 n- 2.2 kHz 

REGT Transmitting Range of 1 kHz 
Regulation RL =0 Q E=E+10% 

to RL = 900 Q 

LinT Transmitting Frequency 200 Hz to 3.4 kHz 
Response 

GR Receiving Gain (*) v4 
20. log10 ( v, ) 1 kHz 

RL =0 Q E=E+10% 

REGR Receiving Range of Regulation 1 kHz 
RL =0 Q E=E+10% 
to RL = 900 Q 

Lin A Receiving Frequency Response 200 Hz to 3.4 kHz 

ZIN Transmitter Input Impedance 1 kHz 

VT Transmitter Dynamic Output 200 Hz - 3.4 kHz 
$ 2 % Distortion 
loc = 11.25-50 mA 

VT Transmitter Max Output 200 Hz - 3.4 kHz 
loc = 0-50 mA 
v3 = o- 1 v 

ZouT Receiver Output Impedance 1 kHz 

VR Receiver Dynamic Output** 200 Hz - 3.4 kHz 
$ 3 % Distortion 
I oc = 11 .25 - 50 mA 

VR Receiver Max Output Measured with Line Rectifier 
200 Hz - 3.4 kHz 
loc = 0-50 mA 
v, = 0-50 v 

NT Transmitter Output Noise P501-weighted, REL 1 V 
RL = 0 

*Adjustable to both higher and lower values with external components. 
•• The dynamic output can be doubled. See application notes at R14. 

Min. Typ. Max. Unit 

3.0 3.5 4.0 v 
7 9 10.5 v 

33 34 35 dB 
35.5 36.5 37.5 dB 
38 39 40 dB 

3 5 7 dB 

- 1 1 dB 

- 17.9 -16.5 - 15.1 dB 

3 5 7 dB 

-r 1 dB 

17 20 kQ 

1.1 Vp 

3 Vp 

3 + 310 Q 

0.4 Vp 

0.9 Vp 

-75 
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PBL3726/8 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

NR Receiver Output Noise A-weighted, REL 1 V, with 
Cable 0-5 Km 0 0.5 mm; 
0-3 Km 0 0.4 mm 

IM Mute Input Current 

Voc Minimum DC-Iine Voltage when loc =2.5 mA 
Muted IM =0.1 mA 

Is Supply Current for Microphone loc = 11.25-50 mA 
Amplifier 

loc DC Voltage for Microphone loc = 11.25-50 mA 
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. 

24136 
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KEYBOARD 

69.8 47.5 
Kll KO 

t*J E.LECTRETE. MICROPHONE. 

Min. Typ. Max. Unit 

-85 dB A 

0.1 mA 

3.0 v 

300 flA 

2 v 



PBLSERIES PBL3726/9 

MASK- PROGRAMMABLE SPEECH CIRCUITS 

SPEECH CIRCUIT 

• MINIMUM NUMBER OF INEXPENSIVE EX
TERNAL COMPONENTS, 6 CAPACITORS 
AND 1 0 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. It is 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 4BV 
2 x 200Q, 2 x 400Q and 36V 2 x 25Q can be 
handled. 

TEST CIRCUIT 

9000 62Kn 
12KC 

DIP-18 
(Plastic) 

ORDER CODE : PBL3726/9 

Application-dependent pare meters 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. 

•LINE 

JSOJt 

JIOn 

-LINE 
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PBL3726/9 

ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 

Symbol Parameter Test Conditions 

Voc Line Voltage, tp = 2 s 22 

lac n Continuous Operating Line Current 100 

Ti Junction Temperature 150 

Tamb Operating Ambient Temperature -40 to+ 70 

Tstg Storage Temperature -55 to+ 150 

(•) Max. current increases linearly up to 130mA with max operating temperature lowered to+ ss·c. 

RECOMMENDED OPERATING CONDITIONS 

Line Current 

CONNECTION DIAGRAM 

TEST SET-UP 

Parameter 

+LINE 

DC INPEDANCE 2 
MATCHING 

GAIN SET 

+DC SUPPLY 

LINE AGC 

MUTE 

[ 9 

(*)1,uf WHEN liNE 15 USED 

(**lRl:OWHEN liNE IS USED 
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MUTEQ-

liNE 

18 

I ...... 17 

16 

15 ~ECEIVING 
INPUT 

1. -LINE (GNO) 

13 
\ MICROPH~NE 

12 
I ' INPUT 

11 GAIN SET 

10 SIDETONE 
CIRCUIT 

5-6629 

TEST 
CIRCUIT 

~-116113 

Unit 

v 
mA 
oc 
oc 
oc 



PBL3726/9 

THERMAL DATA 

Max 80 

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 

Symbol Paraineter Test Conditions 

VDc Terminal Voltage IDc = 15 mA 
IDc = 100 mA 

Gr Transmitting Gain • v2 
) i kHz 20 .log10 ( v3 

RL =0 E=E+10% 
RL =400 Q 
RL = 900 n - 2.2 kHz 

REGr Transmitting Range of 1 kHz 
Regulation RL =0 n E=E+10% 

to RL = 900 n 

Linr Transmitting Frequency 200 Hz to 3.4 kHz 
Response 

GA Receiving Gain • v4 
20 .log10 ( v, ) 1 kHz 

RL =0 Q E=E+10% 
RL =400 Q 
RL = 900 n - 2.2 kn 

REGA Receiving Range of Regulation 1 kHz 
RL =0 Q E=E+10% 
to RL = 900 n 

Lin A Receiving Frequency Response 200 Hz to 3.4 kHz 

ZtN Transmitter Input Impedance 1 kHz 

Vr Transmitter Dynamic Output 200 Hz - 3.4 kHz 
::;; 2 % Distortion 
I DC = 20 - 1 00 mA 

Vr Transmitter Max Output 200 Hz - 3.4 kHz 
IDc =0-100 mA 
V3 = o -1 v 

Zour Receiver. Output Impedance 1 kHz 

VA Receiver Dynamic Output ** 200 Hz - 3.4 kHz 
::;; 2 % Distortion 
I DC = 20 - 1 00 mA 

VA Receiver Max Output Measured with Line Rectifier 
200 Hz - 3.4 kHz 
I DC = 0 - 1 00 mA 
V, =0-50V 

Nr Transmitter Output Noise Psot·Weighted, REL 1 V 
RL =0 

• Adjustable to both higher and lower values with external components. 
•• The dynamic output can be doubled. See application notes at R14. 

Min. Typ. Max. Unit 

3.5 3.9 4.3 v 
11 13 15 v 

24 26 28 dB 
26.5 28.5 30.5 dB 
28 31 33 dB 

3 5 7 dB 

-1 1 dB 

-18.5 -16.5 -14.5 dB 
-16 -14 - 12 dB 

-13.5 - 11.5 -9.5 dB 

3 5 7 dB 

- 1 1 dB 

19 kn 

1.5 Vp 

3 Vp 

3 + 310 n 

0.5 0.55 Vp 

0.9 Vp 

-75 dBpsof 
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PBL3726/9 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

NT Transmitter Output Noise Psor-weighted, REL 1 V 
RL = 0 

NR Receiver Output Noise A-weighted, REL 1 V, with 
Cable 0-5 km 0 0.5 mm; 
0-3 km 0 0.4 mm 

IM Mute Input Current 

loc Extra Available Current when I DC = 15 - 1 00 rnA 
Muted at the Same DC-voltage 

Is Supply Current for the RL = 0-800 
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. 

KEYBOARD 

(*I ELECTRET£ MICROPHONE 

Min. 

0.1 

310 

Type 
Some typical values for R1 and R2 for some differ
ent supplies from telephone stations are shown in 
the next table. No Regulation, all Feeding 

Systems 

48 V, 2 X 400 Q 

48 V, 2 x 200 Q 

28136 

270 

Typ. Max. Unit 

-75 dBpsof 

-85 dB A 

rnA 

10 rnA 

)lA 

R1 R2 

00 0 

14.5 KQ 47 KQ 

18 KQ 47 KQ 



PBLSERIES PBL3726/1 t 

MASK- PROGRAMMABLE SPEECH CIRCUITS 

SPEECH CIRCUIT 
• MINIMUM NUMBER OF INEXPENSIVE EX

TERNAL COMPONENTS, 5 CAPACITORS 
AND 1 0 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 
• 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 200Q, 2 x 400Q and 
36V 2 x 250Q can be handled. 

TEST CIRCUIT 

"--TE 

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. 

+LINE 

.-,.---....::..0~~~ 

llOil 

5·86271] 
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PBL3726/11 

ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 

Symbol Parameter Test Conditions 

Voc Line Voltage, tp = 2 s 22 

loc (*) Continuous Operating Line Current 100 

Tj Junction Temperature 150 

Tamb Operating Ambient Temperature ' -40 to+ 70 

Tstg Storage Temperature -55 to+ 150 

(*)Max. current increases linearly up to 130mA with max operating temperature lowered to+ 55'C. 

RECOMMENDED OPERATING CONDITIONS 

Line Current 

CONNECTION DIAGRAM 

TEST SET-UP 

Parameter 

+LINE 

DC INPEOANCE 2 
MATCHING 

GAIN SET 

+DC SUPPLY 

LINE AGC 

MUTE 

SIOETONE 
CIRCUIT 

C*JI.uf WHEN LINE IS USED 

'**JRL"OWHEN LINE IS USED 
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MUTEo-

LINE 

10 

17 OUTPUT 

16 

15 RECEIVING 
INPUT 

14 -LINE (GNO) 

13 I MICROPHONE 
INPUT 

12 

11 GAIN SET 

10 ~ SIOETONE 
CIRCUIT 

S-6626 

TEST 
CIRCUIT 

~-11761tl 

Unit 

v 
rnA 
oc 
oc 
oc 



PBL3726/11 

THERMAL DATA 

Max 80 

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Terminal Voltage loc = 15 mA 3.3 3.7 4.1 v 
loc = 100 mA 11 13 15 v 

Gr Transmitting Gain • v2 
) 1 kHz 20 .log10 ( Va 

RL=O 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 

REGr Transmitting Range of 1 kHz 
Regulation RL =0 Q E=E+10% 3 5 7 dB 

to RL = 900 Q 

Linr Transmitting Frequency 200 Hz to 3.4 kHz - 1 1 dB 
Response 

GR Receiving Gain • v4 
20 .log10 ( V, ) 1 kHz 

RL =0 Q E=E+10% - 18.5 - 16.5 -14.5 dB 
RL =400 Q -16 -14 - 12 dB 
RL = 900 Q- 2.2 kQ - 13.5 - 11.5 -9.5 dB 

REGR Receiving Range of Regulation 1 kHz 3 5 7 dB 
RL =0 Q E=E+10% 
to RL = 900 Q 

LinR Receiving Frequency Response 200 Hz to 3.4 kHz -1 1 dB 

z,N Transmitter Input Impedance 1 kHz 1050 Q 

Vr Transmitter Dynamic Output 200 Hz - 3.4 kHz 1.5 Vp 
s 2 % Distortion 
I oc = 20 - 1 00 mA 

Vr Transmitter Max Output 200 Hz - 3.4 kHz 3 Vp 
I DC = 0 - 1 00 mA 
Va = 0-1 V 

Zour Receiver Output Impedance 1 kHz 3 + 310 Q 

Receiver Dynamic Output •• 200 Hz - 3.4 kHz 0.5 Vp 
s 2 % Distortion 
loc =20-100 rnA 
V, =0-50V 
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PBL3726/11 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

VA Receiver Max Output Measured with Line Rectifier 
200 Hz - 3.4 kHz 
I oc = 0 - 1 00 rnA 
v, =0- 50 v 

NT Transmitter Output Noise Psot·Weighted, REL 1 V 
RL=O 

NR Receiver Output Noise A-weighted, REL 1 V, with 
Cable 0-5 km 0 0.5 mm; 
0-3 km 0 0.4 mm 

IM Mute Input Current 

Icc Extra· Available Current when foe =15-100 rnA 
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. 

KEYOOAAO 

Type 

Min. 

0.1 

Some typical values for R1 and R2 for some diffe
rent supplies from telephone stations are shown in 
the next table. No Regulation, all Feeding 

Systems 

48 V, 2 X 200 Q 

48 V, 2 X 400 Q 
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Typ. Max. Unit 

0.9 Vp 

-75 dBpsof 

-85 dB A 

rnA 

10 rnA 

R1 R2 

= 0 

16 KQ 47 Kn 

9.1 K 47 KQ 



PBLSERIES PB L3726/12' 

MASK- PROGRAMMABLE SPEECH CIRCUITS 

SPEECH CIRCUIT 

• MINIMUM NUMBER OF INEXPENSIVE EX
TERNAL COMPONENTS, 5 CAPACITORS 
AND 1 0 RESISTORS 

• MUTE FUNCTION FOR PARALLEL OPERA
TION WITH DTMF GENERATOR OR DECA
DING IMPULSING 

• LOW VOLTAGE OPERATION, DOWN TO 3.3 V 
• VERY SHORT START-UP TIME 
• SEPARATE POWER SUPPLY POSSIBLE FOR 

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. 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. 
Typical current feeds as 48 V 2 x 250 n 2 x 400 n 
and 36 V 2 x 250 n can be handled. 

TEST CIRCUIT 

9000 6ZKO llKJ\ 

IOJTE 

INPUT 

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. 

+LINE 

OUTPUT 

t5nF 

-LINE 

5-859813 
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PBL3726/12 

ABSOLUTE MAXIMUM RATINGS 
(Maximum Ratings over Operating Free-air Temperature Range unless otherwise stated) 

Symbol Parameter Test Conditions 

Voc Line Voltage, tp = 2 s 22 

loc (*) Continuous Operating Line Current 100 

T; Junction Temperature 150 

Tamb Operating Ambient Temperature -40 to+ 70 

Tstg Storage Temperature -55 to+ 150 

(*) Max. current increases linearly up to 130 rnA with max operating temperature lowered to + 55 ·c. 

RECOMMENDED OPERATING CONDITIONS 

Line Current 

CONNECTION DIAGRAM 

TEST SET-UP 

Parameter 

+LINE 

DC INPEOANCE 2 
MATCHING 

GAIN SET 

+Ot SUPPLY 

LINE AGC 

MUTE 

SIDETONE 
CIRCUIT 

(*)T,uf WHEN li~E 15 U5E.O 

l**lRLeOWHEN LINE IS USED 
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MUTEo-

wu. 

16 

, OUTPUT 

16 

15 RECEIVING 
INPUT 

1< -LINE IGNDl 

13 f MICROPHONE 
INPUT 

. 12 

11 GAIN SET 

10 SIDETONE 
CIRCUIT 

5-858611 

TEST 
CIRCUIT 

Zour 

EARPHONE 

Unit 

v 
mA 
oc 
oc 
oc 



PBL3726/12 

THERMAL DATA 

I Rth i-amb I Thermal Resistance Junction-ambient Max 80 

ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Terminal Voltage loc = 15 rnA 3.3 3.7 4.1 v 
loc = 100 rnA 11 13 15 v 

Gr Transmitting Gain • v2 
20. log10 ( v3 ) 1 KHz 

RL = 0 E=E+10% 38 40 42 dB 
RL = 900 n- 2.2 KHz 43 45 47 dB 

REGr Transmitting Range of 1KHz 
Regulation RL =on E=E+10% 3 5 7 dB 

to RL = 900 n 

Linr Transmitting Frequency 200 Hz to 3.4 KHz -1 1 dB 
Response 

GR Receiving Gain • . V4 
20 .log10 ( v1 ) 1 KHz 

RL =on · E = E + 10% -18.5 -16.5 -14.5 dB 
RL = 900 n- 2.2 KQ -13.5 -11.5 -9.5 dB 

REGR Receiving Range of Regulation 1 KHz 3 5 7 dB 
RL =on E=E+10% 
to RL = 900 n 

LinR Receiving Frequency Response 200 Hz to 3.4 KHz -1 1 dB 

ZtN Transmitter Input Impedance 1KHz 2.5 Kn 

Vr Transmitter Dynamic Output 200 Hz - 3.4 KHz 1.4 Vp 
~ 2 % Distortion 
loc = 20-100 rnA 

Vr Transmitter Max Output 200 Hz - 3.4 KHz 3 Vp 
loc = 0-100 rnA 
v3 = o-1 v 

Zour Receiver Output Impedance 1KHz 3 + 310 Q 

VR Receiver Dynamic Output •• 200 Hz - 3.4 KHz 0.4 Vp 
,;; 2 % Distortion 
loc = 20 - 100 rnA 

VA Receiver Max Output Measured with Line Rectifier 0.9 Vp 
200 Hz - 3.4 KHz 
loc = 0-100 rnA' 
v1 = o-5o v 

NT Transmitter Output Noise Psot·Weighted, REL 1 V -75 dBpsof· 
RL = 0 

NR Receiver Output Noise A-weighted, REL 1 V, with Cable -85 dB A 
0-5 Km 0 0.5 mm ; 
0-3 Km 0 0.4 mm 

IM Mute Input Current 0.1 rnA 

loc Extra Available Current when loc = 15-100 rnA 10 rnA 
Muted at the Same DC-voltage 

• Adjustable to both higher and lower values with external components. 
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PBL3726/12 

Figure 1 :Typical Application. 

IIEVOOARO 

Some typical values for R1 and R2 for some diffe
rent supplies from telep~one stations are shown in 

Type 

No Regulation, all Feeding the next table. · · 
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Systems 

48 V, 2 X 400 Q 

48 V, 2 x 200 Q 

r== SGS·THOMSON A.""'J/ ~fill:IRJ@~Ilil@ll!Jfi~ 

R1 R2 

= 0 

14.5 kn 47 kn 

18 kQ 47 kn 



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 

Tb 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 

VCAPA 

RESET 

IL 

HVCONTROL 
RECEIVER 
POWERJlP 

_ANTISIDE-1 
TONE 

PRIVATE/ 
PUBLIC 

IMPEDANCE 

FILTER 2 

FILTER 1 

MICROPHONE 

KEYPAD 

INPUTS 

1/20 

279 



TEA7037 

BLOCK DIAGRAM 

28 

27 

16. 

~· . 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcse Supply Voltage 

Ptot Power Dissipation 

Taper Operating Temperature Range 

Tstg Sorage Temperature Range 

2/20 
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18 19 20 21 22 23 24 25 

12 

17 

10 

13 

,..----.__,--14 
,..----.__,--15 

Value 

8.5 

800 

-25 to 65 

-55to150 

Unit 

v 
mW 

oc 
oc 



TEA7037 

PIN DESCRIPTION 

No Name Description 

1 GNo Ground 

2 Vcapa C7 : Voltage Stabilizer Filtering Capacity 

3 Reset Microprocessor Reset 

4 IL R17/C6 Sets Call Frame Width 

5 Hv 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 Vref Reference Voltage 

17 I ref R9 Sets Internal Source Reference Current 

18 "D" 941 Hz Logic Input 

19 "C" 852Hz Logic Input 

20 "B " 770 Hz Logic Input 

21 
Keypad Inputs 

"A" 697Hz Logic Input 

22 "E" 1209Hz Logic Input 

23 • F " 1336 Hz Logic Input 

24 "G "1477Hz Logic Input 

25 " H " 1633 Hz Logic Input 

26 Oscillator Oscillator Input 

27 Antinoise C8 Decreases Line Noise Level 

28 Vaux Vee :Low Voltage Line 

3/20 --------------L.,,.~~~m~~:Ull~~---------------
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TEA7037 

ELECTRICAL CHARACTERISTICS (T amb = 25°C) 

Symbol Parameter Test Conditions 

Vc Stabilized Voltage (pin 2) IL =28mA 
(see figs. 9, 1 0) 

loEM Charging Current( pin 2) 

I, Line Current Regulation for Pin 4 = Pin 2 = GND 
HV Control (pin 5) IL = 150mA 

IL = 105mA 

Pin 4 QN; Pin 2 =GND 
IL =7pmA : 

Pin 4·0N ; pin 2 ON 
IL'=60mA 
IL =''16mA 

I rilL 28mA < IL < SOmA 

lint Internal Bias Current (pin 28) IL = 28mA; (see figs. 9, 10) 
R9 = 16.2Jql , 
(V2a = RS * hnt + Vc) 

v,., Reference Voltage IL =28mA ,·. 
I ref Current at v;., 

VMP Stabilized Supply at Pin 7 (see fig. 11) 

lcMPIIu Charging Current at Pin 7 Pin 4 = Pin 2 = GND 
ILt = k -Idem (note 2) 

lsM·P Static Current at Pin 7 IL =6 mA 
IL > 25 mA 
IL >25 mA + AC 

hMP Internal Consumption (see fig. 11) 

RESET MICROPROCESSOR (see fig.12) 

VRH High Threshold 

VRB Low Threshold 

VRsH Output High Reset= 1 

VRsB Output Low Reset= o 

AC CHARACTERISTICS (see figs. 12, 13, 14 and 15) 

GEL 
GEe 

DE 

ZE 

BEP 

Re 

CMRR 

4120 

282 

~x Gain at Long Line 
Tx Gain at Short Line 

Distortion in lx 

Microphone Input Impedance 

Tx Psophometric Noise 

Tx Attenuation M.F. and 
Silence Modes 

Common Mode Rejection 
Ratio 

IL=28mA 
IL =44 mA 

IL =28 to 44 mA 
VL = 1.5 dBm 
VL =4 dBm 

Symmetric Mode 

Z1N =2 K; IL > 28 mA 

IL > 28 mA 

·{-.'/ SGS·THOMSON 
'JJ /lll0Cili@IEI!..Im1!"1111@000~ 

IIJ!In. Typ. Max. Unit 

2.6 2.8 2.95 v 

2.6 mA 

150 jiA 
5 

150 jiA 

150 jiA 
100 nA 

0.9 1.0 1.1 j.LA/mA 

470 510 550 jiA 

1.35 1.42 1.49 v 
-10 100 jiA 

3.7 4 4.2 v 
Q.7 mAim A 

0.5 - - mA 
3.15 3.5 - mA 
1.6 1.75 - mA 

90 110 130 !lA 

0.82 v 
XVPM 

2.83 0.805 v 
X VpM 

0.9 v 
X VpM 

0.1 v 
X VpM 

54 55 56 dB 
47 49 51 dB 

3 % 
10 % 

1.82 2.15 2.47 Kn 

-69 dBmp 

60 dB 

60 dB 



TEA7037 

ELECTRICAL CHARACTERISTICS (Continued) 

Symbol Parameters Test Conditions Min. Typ. Max. Unit 

GRL Rx Gain at Long Line IL = 2BmA 28.5 29.5 30.5 dB 
GRc Rx Gain at Short Line' IL =44mA 27.5 23.5 25.5 dB 

DR Distortion in R, II_ = 28 to 44mA 
Vee =440mV 3 % 
Vee =790mV 10 % 

BRP Rx Noise IL > 2BmA ; Rec =soon ~ 74 dB mp 

GAL Side Tone at Long Line IL =28mA 22. dB 

GAc Side Tone at Short Line IL =44mA 26 dB 

ZAc AC Impedance IL > 28mA 500 600 700 n 
.. 

DTMF GENERATOR (see fig. 16) 

DFv Frequency Dispersion -0.5 - + 0.5 % 

NFB Low Frequency Group -10 - -6 dBm 

NFH High Frequency Group ..,.a - -4 dBm 

PFv Pre-Emphasis· 1 2 3 dB 

CFv Voice Frequency Monitoring 28 35 42 dB 

In pulse dialling the receiver mute is the silence mode. 

IL 

MODE 

Speech Silence 

FUNCTIONAL DESCRIPTION 

_ Logic inputs equivalent diagrams 

INPUTS E. F, G, H 
INPUTS A, B. C, 0 

Ul't,N:HIGH 
OPEN~ LOW 

5/20 
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TEA7037 

LOGIC TABLE· KEYBORD MODE 

Symbol 
Inputs Voice Mute Notes 

A B -c D E F G H Frequencies (Hz) 

- H H H H L L L L - Off a 
- L H H H L L L L 697 On 
- H L H H L L L L 770 On 

b 
- H H L H L 1.: L L 852 On 
- H H H L L L L L 941 On 
- H H H 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 

- H H H H L L L H 1633 On 
• 1 " 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 II L H 770 + ~336 On 
"6" L H 770 + 1477 On 
"B" L H 770 + 1633 On 

d 
''7 n L H 852 + 1209 On 
"8" L H 852 + 1336 On 
"9 II L H 852 + 1477 On 
"C" L H 852 + 1633 On 
n * 11 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. 
d. Hone of inputs E, F, G, H, is high, the others are low. 

Hone of Inputs A, B, C, D, is low, the other ars Ugh. 

'• 
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· LOGIC TABLE • MICROPROCESSOR MODE 

Symbol 
Inputs 

A B c D 

- H H H H 

- X X ~ X 
.. 1 .. H H H H 
-2- .H H H L 
.. 3 .. H H L H 
.. A .. H H L L 
.. 4 .. H L H H 
.. 5 .. H L H L 
.. 6 .. H L L H 
.. e·· H L L L 

"7" L H H H 
- 8- L H H L 

"C" L H L L 

"C" L H L L ... L L H H 
• 0. L L H L 
• #. L L L H 

·o· L L L L 
Notes : e. Conversion mode. 

· I. Silence setting. 

HFE 

G 

E F H G 

L L 

H L 

H H 

H H 

H H 

H H 
H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

SPEECH 

r 

Voice Mute 
Frequencies (Hz) 

-
-

697 + 1209 

697 + 1336 

697 + 1477 

697 + 1633 

770 + 1209 

770 + 1336 

770 + 1477 

770 + 1633 

852 + 1209 

852 + 1336 

852 + 1477 

852 + 1633 

941 + 1209 

941 + 1336 

941 + 1477 

941 + 1633 

VOICE 

FREQUENCIES 

L•• SGS·ntDMSDN 
'l• 11l!DICIIII@IEil.m!Wiil!illlDCS 

Off 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 
on· 

On 

On 

On 

On 

On 

TEA7037 

Notes 

e 
f 

SILENCE 
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TEA7037 

PUBLIC I PRIVATE ,-_ 

When a resistor is inserted between pin 1 0 and 
ground, the transmission and receiving efficiency 
control and antisidetone variation are inhibited with 
~espect to line current. 
1he transmission and receiving gains n:ayvary from 

Gmax(gel) to Gmax 6 dB (Gee) with respect to the re
sistance value. 
The equivalent antisidetone is related to the gain set 
by Rip 

Figure.1 :Transmission and Receiving Gain Attenuation. 

AldOl 

0 
REFERENCE= OdB FOR IL= ~rnA lG~Ll 

-......... 
!'-.... 

-............ 
~ 

TYPICAL CURVE 

............ 
"--

-2 

-4 

-6 

10 20 30 40 50 60 lp fPAl 

CONSUMPTION ON PIN 10 

Figure 2 : Equivalent Antilocal Network. 

LINE (km) 

3.5 

-.......... 
2.5 ....... TYPICAL CURVE 

!'.... 

1.5 
....... 

05 ........... 
........... 

lU 20 30 40 50 60 lp c,.&AI 

CONSUMPTION ON PIN 10 

8120 

286 

Figure3. 

7.8 
Rip In MW = lpf!A 

lp 

For Rip= 390K to 1% 
DG = - 2dB ± 0.4dB 

TEA 7037 
10 

Rip 

n 



Figure 4. 

60 

50 

30 

20 

10 

Figure 5. 

Figure 6. 

ILimAI 
SLOPE SET BY R2 

\ 
\ 
\. 

/ 
/ 

/ 
v 

10 20 30 

/ 
/ 

v 

CONTINUOUS MODE 

40 50 V21V) 

ON DIODE 

BRIDGE 

TERMINALS 

lsmp(mA) 

2.5 

1.5 

o.s 

GRL·GEL 

GRC-GEC 

/ 
,/ 

J 
/ IPIN7 -F ULI 

/ I I 
/ MINIMUM CURRENT AVAILABLE 

/ 

/ 
/ 

15 25 35 45 55 

GAIN (dB) TRANSMISSION AND 

RECEIVING GAIN =f ULI 

........ ,·.'·· 

=:· ........ 
-&+--+--1---~-+--~,:~.~~~+---

ILimA) 

L.__.l.__+--+---1--+--'.~:, '-.:...··~-+----- IL (mAl 

28 32 36 40 44 

~ SCS·THOMSON A.""'J/ l'OIUICII'J@IMC'iri!l@[l!]~l\l 

48 

TEA7037 
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TEA7037 

Figure 7 :To it set by: R17 · C6 (pin 4) or C7 (pin 2). 

POWERING 

I MAx=150mA 

To 

The TEA can stand the capacitive loads an all its 
pins, except pin 26 (oscillator). 

It is obvious that these capacites can change the cir
cuits alterning and/or transient behavior. 

Pin Name Max. Value Comments -, (grounded) 

1 Ground 

2 Vcapa 220J.1F 

3 Reset 470J.1F 

4 k = 120 or 2.2J.1F 
60ms 

5 Hv Control Few nF Max. In parallel with the capacitor across pin 28 and pin 1, hence changes 
impedance & circuit lime constants. 

6 Receiver 100nF Max. In Parallel on the Receiver 

7 POWJ.lP 470J.1F 

8 
Anti Local 10nF Receiver Signal Filter 9 

10 Private/Public 47nF 

11 Impedance 33 pF Max. Provides a high pass, hence increases DTMF harmonics & noise 
above cut-out frequency. 

12 Filter2 Few pF Max. Changes Refilter Impedance & Time CS 1 

13 Filter 1 82nF Should not be changed (preephasis). 

14 Microphone 100nF 
15 

16 VREF 10J.1F 

17 I REF 680pF Max. 

18 
19 
20 
21 Keyboard 

10nF Max. ·sear Time Constants in Mind 
22 Inputs 
23 
24 
25 

26 Oscillator NO 

27 Antinoise 2.2nF 

28 Vaux Few nF Cf. Comment Pin 5 

10120 Jill.. ... '/ SGS·ntDMSDN 
•JJ liliiDICIIi@IEII.miiWIIII@LIIJDI:S 

288 



TEA7037 

Figure 8 : DTMF Harmonic Distortion vs. Frequency. 

-33 rr 
\ 

37 

HF. 
DISTORTION 
AMPUlUDE 

-43 

1\ 
\ 
\ 

-49 \ 

'\ 
-53 

\ 

2 345681K 2 3456810K 2 34568100K2345681M 2 3 F(Hzl 
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TEA7037 

COMPONENTS VALUES (for figures 9 to 16) 

R1 10Q 
R2 12MQ 
R3 100kQ 
R4 4.7MQ 
RS 220kQ 
R6 5.9kQ 
R7 
R8 
R9 16.2kQ 
R10 
R11 
R12 
R13 
R14 220kQ 
R15 845Q 
R16 220Q 
R17 820kQ 
R18 75Q 
RIP 390kQ 
RuP 5.6kQ 
Zec -220Q 

T1 MJE340 
T2 PBF259 
T3 PBF493S 

C1 
C2 
C3 
C4 
cs 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 

01 
02 
03 

QUARTZ 

2.2nF 
4.7nF 
1nF 
1001J.F 

I 111F 
I 111F (depending on 11P) 
68nF 
111F 
= 6.8nF 
- 3.3!1F 
- 2.2nF 
- 2.2nF 
= 1 D11F 
= 2.211F 
= 470nF 

ZENER 15V 
BAT43 
BAT43 

3.58MHz 

• ZL= 600W 
- R7 =0 
- RB = 124kQ 
- R10 =0 
- R11 = 124kQ 
- R12 =3.9kQ 
- R13 = 3.9kQ 

-cs 
-C6 
-C7 
-C8 

= 27pF 
=1nF 
= 27pF 
= 1nF 

• 0.4mm France cable varying between Okm and 3.5km. 
- R7 56kQ - CS = 560pF 
- R8 - 124kQ - C6 = 4.7nF 
-R10 10kQ -C7 =100pF 
-R11 115kQ -C8 =2.2nF 
- R12 4.99kQ 
-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 
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Figure 9 : Vc. hnt. Vret. 

R1 

R2 

C3 

I-t 

C19 

R7 R1D R14 

RB 

03 

I IC6 ICB 
R12 

R1rC9 'l C1D 

R17 

RpP R15 

lint= Vpin 28- Vc 
R6 

Width § R6 = 5.9kn 
§ R9= 16.2kn 

R4 

TEA7037 

QUARTZ 

R9 

C17 D-----1 

13120 
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TEA7037 

Figure 10: Idem 1,. 

R1 

R2 

C19 

R7 R14 

RB 

03 

Ic& lea 
R12 I C9 

R1 
CIO 

14/20 
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02 

S4 

........... 
R17 

R15 

82, 84 closes 
Idem, II <150mA 

82 close, 84 open 
. IL<75mA 
82 open, 84 close 

IL<60mA 
52,54 opens 

Gabarit DC VL = f (IL) 

QUARTZ 

A9 

en i}---1 



Figure 11. 

lcmp, Vmp, lsmp, limp, 
Vrh, Vrb, Vrsh, Vrsb. 
82, 84, 87 closes 

lcmp 
82, 84, 87 opens 

Vmp, lsmp 
Limp by the time discharge of C9 
when the line power is cut off. 

"' 
R2 

•• 

.,'f"" 'l C1D 

TEA7037 

. Reset microprocessor 

VmpV 
Vpin3tl_ 

Vrsh -

Vrh 

Vrb ----

Vreb 1 

QUARTZ 

R1S 

15/20 
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TEA7037 

Figure 12. 

Gel. Gee. Re. De. Bep. 

"' 

R7 RlD R14 

03 

c& lea jca I R12 "'l C10 

I 

16120 

R15 

51 open 

(Gel, Gee) = 20 log 
VL 
VM 

Re=20 log 
VL (51 open) 

VL (S1 close) 

•• 



Figure 13. 

Grl, Grc, Dr., Brp, 
,GAL= 20 log Vpin6 

VpinB 

AI 

R7 

Grc =20 log 

AIS 

Vpin6 

Vpin9 

TEA7037 

17/20 
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TEA7037 

Figu.re 14. 

Gai,Gac 

RS 

R7 R10 

1 1 IC6 IC8 
R12 

18/20 
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(Gal, Gac) = 20 log 

Rl 

R14 

03 

R15 

Vpin28 

Vpin6 

R4 

QUARTZ 

C17H-



TEA7037 

Figure 15. 

Zac VL1 forRL1 =300Q 

Zac=RL1 xRL2 
VL2-VL1 VL2 for RL2 = 600Q 

VL2-VL1 
2VL1-VL2 

VL1 x RL2 - VL2 x RL 1 Zac = 600 x 

R1 

R4 

R7 R10 R14 

QUARTZ 

RB 

03 

CI7H 

R15 

I res lea 
R12 

19/20 
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TEA7037 

Figure 16. 

Nib, Nih, Pfv, Cfv, 

RS 

R7 RlO R14 

Rll 

20/20 
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02 

R17 

C4 

1-----{i 
C18 

H 

RIP 

R15 

697Hz + 1 209Hz 
Level and preemphasis are measured 
on pin28 

Cfv= 20 log 
Vpin28 
Vpin6 

R4 

QUARTZ 



TEA7050 

HIGH RANGE SPEECH CIRCUIT WITH SQUELCH FUNCTION 

• 214 WIRES INTERFACE WITH 
- DOUBLE ANTISIDETONE NETWORK 
- MICROPHONE NOISE THRESHOLD 

(squelch) 
- RX 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) 

December 1988 

AHTISIDETONE LONG LINE 

AHTISIDETDNE SHORT LINE 

AC IMPEDANCE 

EXTRA RECE!UE OUTPUT 

AMPLIFIED TRANSMISSION 

Uref 

OTMF INPUT 

MICROPHONE INPUT 

I ref 

PRIUATE/PUBLlC 

MICROPHONE MUTE 

POUER CURRENT SOURCE 

THRESHOLD 1 

THRESHOLD 2 

DIP28 S0-28 

ORDER CODES : TEA7050DP (DIP28) 
TEA7050D (S0-28) 

RECEIVE OUTPUT 

MICROPROCESSOR SUPPLY 

ANTINOISE FILTER 

uc 

ULINI:. 

SURCHRRGE FILTER 

PULSE DIAL INPUT 

HU STAGE CONTROL 

MICROPROCESSOR RESET 

HOOK DETECTION 

RECEIUE MUTE 

GROUND 

THRESHOLD 4 

THRESHOLD 3 
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BLOCK DIAGRAM 
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3 28 

12 21'! 27 11'! 
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ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

Vc Stabilized Voltage (pin 25) 

Idem Charging Current (pin 25) 

lr Line Current Regulation for HV 
Control (pin 21) 

lr/11 

lint Internal Bias Current (pin 25) 

Vref Reference Voltage 

I ref Current at Vref 

Vmp Stabilized Supply at Pin 27 

lcmp Charging Current at Pin 27 

lspm Static Current at Pin 27 

limp Internal Consumption 

lea Supply Current for Parallel 
Circuits (pin 12) 

Microprocessor Reset 
Vrh High Treshold 

I Vrb Low Treshold 
Vrsh Output High 
Vrsb Output Low 

Test Conditions 

II =27mA ', 

II =27mA 

Pin 19 =Pin 25 = GND 
II= 150mA 
II= 100mA 

Pin 19 ON; Pin 25 = GND 
II =75mA 

Pins 19 and 25 ON 
II =60mA 
II= 16mA 
27mA < II < 50mA 

II =27mA; 
R9 = 26.7 Kohms ; 
(V24 = R6*1int + Vc) 

II =27mA 

Pin 19 =Pin 25 = GND 
IL1 = 11-ldem 

11=6mA 
II> 25mA 

R9 = 26.7Kohm 
II= 10mA 
II =27mA 
II =42mA 

Reset= 1 
Reset= 0 

,._. SGS·THDMSDN 
. • II liiJDCIII@IEIUEIC1I'RIIlJili!DC8 

TEA7050 

Min. Typ. Max. Unit. 

2.6 2.8 2.95 v 
2.6 rnA 

150 pA 
5 

150 pA 

150 pA 
100 nA 

0.8 0.9 1.0 pAlmA 

.410- 460 510 pA 

1.32 1.38 1.47 v 
-10 100 pA 

3.1 3.3 . 3.5 v 
0.7 X rnA 
x IL1 

0.5 rnA 
2.5 2.8 

90 120 160 pA 

3 rnA 
8 9.5 11 mA 

21 23.5 '26 rnA 

0.845 0.89 Vmp 
0.76 0.8 0.84 (pin 27) 
0.9 

0.1 

3115 
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ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit. 

Vmh Mute Microphone (pin 11) ON 1.6 v 
Vmb OFF 0.8 v 
Vmh Mute -Earphone (pin 18) ON 2.7 v 
Vmb OFF 2.1 v 
Gel Tx Gain Long Line II= 27mA 48.5 49.5 50.5 dB 
Gee Tx Gain Short Line II =42mA 41.5 43.5 45.5 

DGe Squelch Attenuation -9 dB 

Vse Squelch Switch-off Level on the II= 27mA -44 -39 -34 dBm 
Line 

Gmt DTMF Gain II= 27mA 33.5 34.5 35.5 dB 
Pin 11 > 1.6V 

De Tx Distortion II =27 to 42mA 
VI =OdBm 3 "'o 
VI =3dBm 10 "'o 

Ze Microphone Impedance 9.6 12 14.5 Kohm 

Bep Tx Noise II> 27mA -71 dBmp 
(psophometric) 2K at Pins 6-8 . 

Re Tx Attenuation in Mute Mode II= 27mA 60 dB 
Pin 11 > 1.6V 

Grl Rx Gain Long Line II= 27mA 29 30 31 dB 
Grc Rx Gain Short Line II =42mA 22 24 26 

Dr Rx Distortion II= 27 to 42mA 
Vee =500mV 3 "'o 
Vee= 700mV 10 "'o 

Brp Rx Noise II> 27mA -74 dBmp 

Rc Rx Attenuation in Mute Mode II =27mA 60 dB 
Pin 18 > 2.7V 

Gal Antisidetone II =27 to 42mA -22 dB 

Zac AC Impedance II> 27mA 500 650 800 ohm 

Grs Confidence Level Pin 11 > 1.6V ; 28 31 34 dB 
VrecNmf Pin 14 > 2.7V 

4/15 
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TEST CIRCUIT 

19 

:btBBuF 
I 
I 

4.7nF ~3 

~ H~ :: 1.2nF R3 

IL i I : 
I 

~ 8~93~ 
I 

MJE34B 6BB I 
I 

.--------·-: ~~~---------
: ~-t-, ZALC : : ZALL riD : 
I I 1 

!_ ~!t_ __ R_!~J !...Bt4__Jl!~l-: 
----r .. -- -I 

I 
II I 

I 

~~13 II 
Rc':: 

I : : CB II ~: ....... 
I :I ZRL I 
~ ZRC --- - -- -

R4 

R5 

2.2K R1? I 

1u: R1B 

R2 218 1K 

33u 
398 

Ul u 
II 

28 26 1BBn 
21 f.- f.-

TEA7959 

25~~--~~·~~·~--4 
24 R6 1 ~~ 

23~~-~·~'--~--1 
22Bn ~I -!!:::l 

19 
RZ 

R1 

2? 1---~ 
1?1---~---4 

R9 '. :::::2.2n 16 ~ . _ ,... i=.:..._--1 11 3 .3n; ~ 

D 1\s 2s 22 1l5 f-
R1ay :j:cLt-a..:;;._:;;:......:;;;;.---=;::.......J R8 I~ ~c3 .... 

DTtiF INPUT 

MICROPHONE MUTE 

RECEIUE MUTE 
33K u EKTRfupCJILRVREMT 

C11~~ 23.3 
MICROPROCESSOR RESET ----------------.......1 

PULSE DIAL INPUT ------------------..J •'- IIBBT£11?1158·113 

Rf =920Kn 
R2=820Kn 
R3=1.5Mn 
R4=75Q 
R5=5.1Kn 
RB=13Kn 
R9=26.7Kn 
R11 =140Kn 

R12=Bn 
R13=2.7Kn 
R14= an 
R15= 140Kn 
R16=2.7Kn 
R17=1.2Kn 
RIB= 680Kn for private complex 

Cf = 188)1F 
C2 =4.7)1F 
C3 = 10)1F 
C4=11'F 
CS = 100)1F 

C6=27pF 
C7=27pF 
CB=2.2nF 
C9=2.2nF 
C10=2.2)1F 
C11 = 220)1F 
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TEA7050 

CIRCUIT DESCRIPTION 

1. DC-CHARACTERISTICS 

1.1 . VC (PIN 25). The stabilized voltage Vc is 
connected to Vline (pin 24) through an internal shunt 
regulator which presents to the line a high AC. impe-

Figure 1. 

R6 

C1 

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 th-an 400msec 
(T-charge) 

_ SOmA max in steady state (conversation) 

Figure 2. 

IL 

15BmA lmaxl 

5Bmf'l lmaxl 

IL1 

dance at frequencies higher than 200Hz. Atthis pur
pose the value of C1 (at pin 25) must be not lower 
than 47 microFarad. 

l 

nBBTEf/7858-84 

T-charge of 240msec (typ) is obtained with 
C1 = 220jlF. 

Vex C1 
T-charge = typically. 

Idem 

IL2 

nBBT£11?858-85 48BmS lmaxl t 

6/15 
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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. 

IL 

HOOK 
DETECT. 

TEA7050 

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 = O.Bsec. 

To reduce the minimum time between a "on-hook I 
off-hook" sequence, R2 may be replaced by a switch 
to ground. 

RING CALL 

t 

R1/R2/C2 

ffBBTEfi7B5B-B5 t 

b) Application with a microprocessor 

Pin 19 may be controlled directly by the micro-controller, through a resistor R1 b which replaces R1, R2 and C2. 

·Figure 4. 

IL 

HOOK 
DETECT. 

RING CALL 

MICROPROCESSOR SIGNAL 

ffBBTEfi7B5B-B7 

t 

t 
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TEA7050 

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 Vc (pin 
25) and Ground (see also paragr. 1.1.) : 

Vline = Vc + R6 x lint. 

Figure 5. 

25 

R9 

Vc is fixed by design at about 2.8 volts. 

lint is reversely related to R9 (lint= 12V I R9 at lline 
=27mA). 

ffBBT£11?858-BB 

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 = 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 : 

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. 

8/15 . r== SGS•THOMSON ------------- ~"11 ~lltr:iil©l<l!.rn©'iriil@ll'lll!Cill 
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Figure 6. 

a) pin 19 and 25 ON 
HIJ 

CONTROL t CURRENT 
158uA 

27uA 

HIJ 
CONTROL 

·cuRRENT 

HU 
CONTROL 
CURRENT 

HU 
CONTROL 
CURRENT 

£1'uA 

38 59 Ill rnA l 

b) pin 19 and 25 grounded 

128 Ill rnA J 
c) pin 19 ON ; PIN 25 grounded 

39 69 IL[rnAJ 
d) pin 19 grounded ; pin 25 ON 

39 68 IllrnAJ 

TEA7050 

IL 

58 

39 

IL 

129 

7 9 
UL[UJ 

IL 

68 
~ 
I 

39 I 
I 
I 1-j I 

UL[UJ 
7 9 198 

IL 
68 

38 

UL[UJ 
7 8.5 

NBB1ER?B58-B!I 

9115 
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2. TRANSMISSION CHAIN 

Figure 7. 

PREAMPLI AGC 

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 ofthe 
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 = ZouV/Zint//Zext 

where: 
_ Zint = 1 Okohm II 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 Gee 
(short line), Gel (long line) or intermediate, depen
ding on !line. 

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 !line. 

2.4. ANTISIDETONE BUFFER. The signal coming 
from the sending preamplifier is internally presented 

10/15 
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24 

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 internal 
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. 



Figure 8. 

u 
LINE 

-39d8m 

3. RECEIVE CHAIN 

Figure 9. 

ffBBTE/1?858- 11 

24 0>------~..., 

I 
I 
I 

: ZRL 

6 o--4--lf---....J 

TEA7050 

UMICROPHONE 
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3.1. A.G.C. IN RECEIVE. As described for the 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 ne.twork 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 : 
_ Zalll Zrl to pin 1 for long lines sidetone compen

sation, 
_ Zalc 1 Zrc to pin 2 for short lines sidetone com

pensation. 

Zrl and Zrc define the total receive gains : 

V 28 Zrl 
a) V24 = Grl x Zrl + Zall for long lines 

V 28 Zrc h 1• b) V24 = Grc x for s ort ~nes 
Zrc + Zalc 

Zall and Zalc define the sidetone compensation of 
the circuit. 

The equivalent balancing impedance is given by the 
formula: 

Zal = K x Zalc + (1 K) x Zall 
where K = 0 at lline = 27mA or lower (long line) 

K varies from 0 to 1 with ILi_ne between 27mA 

12115 
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and 42mA, 

-K=1 at lline=42mA or higher (short line). 

Calculations to define Zall and Zalc are : 
Zline(long) II Zext II Zint II Zout 

a) Zall = 70 x R5 x Zout 

. Zline(short) II Zext II Zint II Zout 
b) Zalc = 70 x R5 x Zout 

where: 
Zext = R611 C4// (Zelectret) (at pin 24) 

_ Zint = 10Kohms 118.5nF (internal impedance) 
_ Zout = 1 0.65 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//Zint//Zext/IZalc//Zall (see par. 2.2. and 
3.2.) 

= Zout//Zint/IZext (Zalc, Zall Zpar) 

3.4. RECEIVE MUTE (and confidence level). When 
the receive channel is muted (Vpin 18 2.7V) there
ceive gain is reduced of 60dB minimum. 

In this condition an internal connection is activated 
from DTMF input (pin 7) to Receive Output (pin 28) 
with a gain Gmf = 31 dB to provide acoustic feed
back of the DTMF transmission. 



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 (!line - Idem), 
where Idem = 2.6mA is the current charging C1. 

Figure 10. 

TEA7050 

Vmp = 3.3V in normal operation and current in
creases linearly.from O.SmA min, aU line= GmA,Jo 
2.5mA min, at !line = 27mA, remaining stable for hi
gher values of lline. 

Is 
lmRI 

MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 

3.13 

2.5 

2.13 

1.5 

1.13 

13.5 

5 113 213 313 

4.2. MICROPROCESSOR RESET (pin 20). The 
Microprocessor Reset becomes active when Vmp 
overcomes 85% of its nominal level. 

Figure 11. 

u 
SUPPLY 

u 
RESET 

1/ 

NBBT£11?858-13 

913% 

413 513 ILl mR I 

1188T£117BSB-14 

It becomes low when Vmp undergoes 84%. 

Slope A is related to C3, limp (internal consumption) 
and to the external load (microprocessor or dialer). 

ss'0 
KER 

t 

""" 
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5. PUBLIC I PRIVATE 

5.1. A. G. C. OFF (PIN 1 0). An external resistor, R18, 
applied between pin 10 and ground disconnects the 
AGC control. 
Sending, receiving gain and sidetone compensation 

Figure 12. 

dB 
lt88TER:l'BS8-IS 

Km.J GAIN REDUCTION 
B 3.5 Tx and Rx 

REFERENCEaGel-BdB 

~ 
and EQUIUALENT 
SIDETDNE LINE 

-2 

""' 1.75 
.......... 

-4 1'-. 

"" .......... 

-5 B "" 
2 4 5 8 18 12 Ip!uAl 

5.2. SECRET FUNCTION FOR PRIVATE (PINS 11 
& 18)'. The two separate Mute pins allow "Secret 
Function" (only microphone muted). 
As the two controls have different threshold levels, 
they can be operated : 

14/15 

312 

are now independent of the line length and the va
lue of the current lp,. flowing through R18, defines 
the length of the line for which sidetone is optimized 
(lp = 2.7V I R18). 

TEA7858 

IREF 

Ip 1 i 2.7 
R1B - ---Ip 

R1B = 58BK 

ll.G = -2d8 ~ B.SdB 

a) separately through two different control logic, 
b) connected in short circuit with a three levels logic 
(Vm = OV speech mode ; Vm = 1.8V microph mute ; 
Vm = 3V all mute). 



TEA7050 

6. POWER MANAGEMEN AND HANDS-FREE INTERFACE 

6.1. POWER MANAGEMENT (PIN 12). Most of the The voltage level at pin 12 must be defined by an 
. DC current available from the line will be delivered external regulator (i.e. : zener) and, if necessary,.fil-
by the speech circuit at the output !source (pin 12) tered with a capacitor (47 to 220 (.LF). 
through an internal current gen~rat~r. In case Vline (at pin 24) approaches vat pin 12, 
Typical values of this current, lea, are : then the internal current source switches off and its 
_ lea = (0.3 x !line) for !line < 22mA DC current is shunt to ground through an internal 
_ lea= (0.9 x !line 13mA) for !line> 22mA complementary generator, thus avoiding any nega-
(ex: lline=16mA then lea=4.8mA tive effect on the Ac and DC impedances of the te-

lline=30mA then lea=14.0mA - lephone set application. 
lline=60mA then lea=41.0m) 

Figure 13. 

I PIN 12 

!mAl 

48 

38 

28 

18 

.- / -~ !--

18 28 

nBBTERi'BSB-16 

I PIN 12aFIILl 

/ 

/ 
~ 

/ 
v 

/ 

38 48 ILimAl 

6.2. EXTRA RECEIVE OUTPUT (PIN 4). The Extra 
Receive Signal is 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. 

The gain at this pin is 30dB lower than standard Re
ceive Output (pin 28). 

L•• SGS·ntDMSDN 
'III!IiUIC~I!Cil 
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TEA7052 

SPEECH CIRCUIT WITH POWER MANAGEMENT 
ADVANCE DATA 

• 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 

! The TEA7052 is expressely designed to meet the 
french specification for telephone set in medium and 
high range equipments. 

BLOCK DIAGRAM 

12 

18 

17 

16 23 

DIP24 50-28 

ORDER CODES : TEA7052DP (DIP24) 
TEA7052D (S0-28) 

TEA1052 

~~~=-----------------618 
1--------ou 

22 1--------()11 

3 24 1 2 5 13 nBBTE/171152-81 

December 1988 
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 

S0-28 

2/14 
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ANTISIDETDNE LONG LINE 

ANTISIDETDNE SHORT LINE 

AC IMPEDANCE 

EKTRA RECEIVE OUTPUT 

AMPLIFIED TRANSMISSION 

Uref 

DTMF INPUT 

MICROPHONE INPUT 

I ref 

PRIVATE/PUBLIC 

MICROPHONE MUTE 

PDUER CURRENT SOURCE 

ANTISIDETDNE LONG LINE 
ANTISIDETDNE SHORT LINE 

AC IMPEDANCE 
EKTRA RECEIVE OUTPUT 

AMPLIFIED TRANSMISSION 
Vref 

OTMF INPUT 
MICROPHONE INPUT 

I ref 
PRIVATE/PUBLIC 

MICROPHONE MUTE 
POWER CURRENT SOURCE 

N.C. 
N.C. 

nBBTEIIi'l/52-82 

L-.., SGS·1HDMSDN 
'/J lillDICII@Ii!l.liiC'illli©OOIICIII 

RECEIVE OUTPUT 

MICROPROCESSOR SUPPLY 

ANTINOISE FILTER 

Uc 

ULINE 

SURCHARGE FILTER 

PULSE DIAL INPUT 

HU STAGE CONTROL 

MICROPROCESSOR RESET 

HOOK DETECTION 

RECEIUE MUTE 

GROUND 

RECEIVE OUTPUT 
MICROPROCESSOR SUPPLY 
ANTINOISE FILTER 
Vc 
ULINE 
SURCHARGE FILTER 
PULSE DIAL INPUT 
HV STAGE CONTROL 
MICROPROCESSOR RESET 
HOOK DETECTION 
RECEIVE MUTE 
GROUND 
N.C. 
N.C. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DIP-24 configuration) 

Symbol Parameter 

· Vc Stabilized Voltage (pin 21) 

Idem Charging Current (pin 21) 

lr Line Current Regulation for HV 
Control (pin17) 

lr/11 

lint Internal Bias Current (pin 21) 

Vref Reference Voltage 

Ire! Current at Vref 

Vmp Stabilized Supply at Pin 23 

lcmp Charging Current at Pin 23 

lspm Static Current at Pin 23 

limp Internal Consumption 

lea Supply Current for Parallel 
Circuits (pin 12) 

Microprocessor Reset 
Vrh High Treshold 
Vrb Low Treshold 
Vrsh Output High 
Vrsb Output Low 

Test Conditions 

II =27m~ 

II =27mA 

Pin 15 =Pin 21 = GND 
II= 150mA 
II= 100mA 

Pin 15 ON ; Pin 21 = GND 
II =75mA 

Pins 15 and 21 ON 
II =60mA 
II= 16mA 
27mA < II < SOmA 

II =27mA; 
R9 = 26.7 Kohms ; 
(V20 = R6 X lint + Vc) 

II =27mA 

Pin 15 =Pin 21 = GND 
IL1 = 11-ldem 

II =6mA 
II> 25mA 

R9 = 26.7Kohm 
II= 10mA 
II =27mA 
II =42mA 

Reset= 1 
Reset =0 

L•• SGS·1HOMSON 
• 1 • !lilUCilil!ll!lll.IECVIIIII!!IOOIIC$ 

Min. Typ. Max. Unit. 

2.35 2.6 2.85 v 
2.6 mA 

150 !!A 
5 

150 !!A. 

150 !!A 
100 nA 

0.8 0.9 1.0 !IAfmA 

250 280 310 !!A 

1.32 1.38 1.47 v 
-10 100 !!A 
3.7 4.0 v 

0.7 X rnA 
X IL1 

0.5 rnA 
2.5 2.8 

90 120 160 !!A 

3 rnA 
8 9.5 11 mA 

21 23.5 26 mA 

0.845 0.89 Vmp 
0.76 0.8 0.84 (pin 23) 
0.9 

0.1 

3114 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DIP-24 configuration) 

Symbol 

Vmh 
Vmb 

Vmh 
Vmb 

Gel 
Gee 

·Gmt 

De 

Ze 

Bep 

Re 

Grl 
Grc 

Dr 

Brp 

Rc 

Gal 

Zac 

Grs 

4/14 
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Parameter 

Mute Microphone (pin 11) 

Mute Earphone (pin 14) 

Tx Gain Long Line 
Tx Gain Short Line 

DTMF Gain 

Tx Distorsion 

Microphone Impedance 

Tx Noise 
(psophometric) 

Tx Attenuation in Mute Mode 

Rx Gain Long Line 
Rx Gain Short Line 

Rx Distorsion 

Rx Noise 

Rx Attenuation in Mute Mode 

Antisidetone 

AC Impedance 

Confidence Level 
VrecNmf 

Test Conditions 

ON 
OFF 

ON 
OFF 

II =27mA 
II =42mA 

II =27mA . -
Pin 11 > 1.6V 

II =27 to 42mA 
VI =OdBm 
VI =3dBm 

II> 27mA 
2K at Pins 6-8 

II =27mA 
Pin 11 > 1.6V 

II =27mA 
II =42mA 

II ='27 to 42mA 
Vee =500mV 
Vee =700mV 

II> 27mA 

II =27mA 
Pin 14 > 2.7V 

II =27 to 42mA 

II> 27mA 

Pin 11 > 1.6V; 
Pin 14 > 2.7V 

JJ>. ... '/ SGS·ntOMSON 
'JJ ~DICOOiill.mcrnJ:il!lllliDICi! 

Min. Typ. Max. Unit. 

1.6 v 
0.8 v 

2.7 v 
2.1 v 

41 42 43 dB 
34 36 38 

41 42 43 dB 

3 % 
10 % 

20 Kohm 

-73 dBmp 

60 dB 

29 30 31 dB 
22 24 26 

3 % 
10 % 

-74 dBmp 

60 dB 

-22 dB 

500 650 BOO ohm 

35.5 38.5 41.5 dB 
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TEST CIRCUIT 

I 

:i ~1BBuF : 

I 
I 

6BB I 
I 

"I~ 
1__ ___ ,._ 

DTnF INPUT 

nlCIIIJPHDNE nuTE 

liECElUE nuTE 

~ 2.2K 

1u: i: 
un~~ 

11! 

4.7nF~3 -
-f~ :~t.ZnF R3 

MJE34B ~ BF39~g) ~1-H----f 
1BBK ~lBV 

1K ... 
Ul --11---

24 22 ·. 17 f---f--- 1BBn 

21 -IJI--
R6 1 ~~ 

28 

19 ~-~-n~---~ 
TEA7852 rt~ 

15 1---+-c::~--<L...+ 
R2 

Ill 

231----4 
13 1---+---4 

Mli:RDPRDCE55DR RESET +--------------_.J 
PULSE DIAL INPUT 

R1 = 920Kn 
R2 = 820Kn 
R3 = 1.5MQ 
R4 =75Q 

R12=0il 
R13= 2.7KQ 
R14 =on 
R15 = 140KQ 
R16 = 2.7KQ 
R17= 1.2 Kn 

C1 = 100f!F 
C2 = 4.7f!F 
C3 = 10f!F 
C4= 1f!F 
C5 = 100~F R5 =5.1Kn 

RS = 13KQ 
R9 = 26.7KQ 
.R11 = 140Kil 

R18 = 6BOKn for private complex 

~ SGS·THOMSON 
.. ..,., 6iilfiil:IIJ@~Ilil@llilfill$ 

CS = 27pF 
C7;, 27pF 
ca = 2.2nF 
C9 = 2.2nF 
C11 = 220~F 

5/14 
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. TEA7052 

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. 

28 

R6 

21 

C1 

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) 

_ SOmA max in steady state (conversation) 

Figure 2. 

IL 

15BmA [maxl 

6BmA lmaxl 

IL1 

dance at frequencies higher than 200Hz. At this pur
pose the value of C1 (at pin 21) must be not lower 
than 47 microFarad. 

ff88T£fi?B52-84 

T-charge of 240msec (typ) is obtained with 
C1= 220!!F. 

Vex C1 
T-charge = typically. 

Idem 

IL2 

ff88T£fi?85B-85 4BBmS [maxl t 

6/14 
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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. 

IL 

HOOK 
DETECT. 

TEA7052 

Optimum values are :- R1 x C2 = 1.8 sec ; 

R2 x C2 = 0.8 sec. 

To reduce the minimum time between a "on-hook I 
off-hook" sequence, R2 may be replaced by a switch 
to ground. 

RING CALL 

t 

R1/R2/C2 

HBBTER?BSB-96 t 

J. b) Application with a microprocessor 
Pin 15 may be controlled directly by the micro-controller, through a resistor R1 b which replaces R1, R2 and C2. 

Flgure.4. 

IL 

HOOK 
DETECT. 

RING CALL 

MICROPROCESSOR SIGNAL 

~ SGS·ntDMSDN .. "'!I 110101CIIII@IE!Jm1i'IIII@IEOCII 

t 

t 

7/14 
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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.) : 

Vline = Vc + R6 x lint. 

Figure 5 .. 

Urefi 

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 De-characteristic and lightnings (pins 15 
and 21 ON) . 

Vc is fixed by design at about 2.6 volts. 
Lint is reversely related to R9 (Lint = 7.5V/R9 at 
lline = 27mA). 

25 

I int 

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
ject!3d into the external high voltage transistor stage, 
requested by the French specification. 

8/14 ~ SGS·niOMSON A."'f/ i'tilOICIR©mnJW'ii"lll@lllOC!! 
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Figure 6. 

HU 
a) pin 19 and 25 ON 

CONTROL r CURRENT 
158uA 

27uA 

HU 
CONTROL 
CURRENT 

HU 
CONTROL 
CURRENT 

HU 
CONTROL 
CURRENT 

L't"uA 

313 68 !L( rnA) 

b) pin 19 and 25 grounded 

128 IL(rnAJ 
c) pin 19 ON ; PIN 25 grounded 

313 513 IL(rnAJ 

d) pin 19 grounded ; pin 25 ON 

313 513 IU rnA J 

TEA7052 

IL 

58 

313 

UL(UJ 
7 8.5 45 11313 

IL 

1213 

7 9 
UL(UJ 

IL 

513 
I I 
I 

313 

1---
I UL(UJ 

7 9 11313 

IL 
58 

313 

UL(UJ 
7 8.5 

f1881ER?BSB-B9 

9/14 
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2. TRANSMISSION CHAIN 

Figure 7. 

PREAMPLI AGC 

8 

7 ()-------t 

DTMF AMPLI 

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 ofthe 
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 = 1 Okohm II 8.5nF (internal) 
_ Zext = R6 // C4 (at pin 20) 

10114 

324 

5 

5 

T>< AMPLI 

213 

NBBT£11?652-!B 

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 Gee 
(short line), Gel (long line) or intermediate, depen
ding on lline. 
In sending mute conditioR J(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 I line. 
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 !)ide
tone cancellation (see paragraph 3.2.). 



3. RECEIVE CHAIN 

Figure a. 

29 0>------l....., 

~--------, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

: ZRL 

6 ~--+---r-----~ 

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 SdB when 
!line 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 I Zrl to pin 1 for long lines sidetone com
pensation, 
Zalc/ Zrc to pin 2 for short lines sidetone com
pensation. 

Zrl and Zrc define the total receive gains : 
V 24 Zrc 

a) V 20 = Grl x Zrl + Zall for long lines 

b) V 20 = Grc x Zrc for short lines 
V 24 Zrc + Zalc 

Zall and Zalc define the sidetone compensation of 
the circuit. 

The equivalent balancing impedance is given by the 
formula: 

TEA7052 

14 

1188 TE/1?852 -12 

Zal = K x Zalc + (1 - K) x Zall 
where K = 0 at !line = 27mA or lower (long line) 

K varies from 0 to 1 with !line between 27mA 
and 42mA, · 

K = 1 at !line = 42mA or higher (short line). 
Calculations to define Zall and Zalc are : 
a) Zall = 70 x R5 x . Zline(long) //~ext II Zint II Zout 

out 

b) Zalc = 70 x R5 x Zline(short) II :ext II Zint II Zout 
out 

where: 
_ Zext = RS II C4// (Zelectret) (at pin 20) 
_ Zint = 1 OKohms II 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 = 5.1 Kohm ± 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) 

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 (!line -Idem}, 
where Idem = 2.6mA is the current charging C1. 

Vmp = 3.95V in normal operation and current in
creases linearly from O.SmA min, at lline=6mA, to 
2.5mA min, at !line = 27mA, remaining stable for hi
gher values of !line. 

Figure 9 : Microprocessor Supply Current vs. Line Current. 

Is 
!mAl 

MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 

3.9 

2.5 

2.9 

1.5 

1.9 

9.5 

5 19 29 39 

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 %. 

Figure 10. 

u 
SUPPLY 

u 
RESET 

v 

NBBTcl/?858- 13 

9951: 

49 59 I LimA l 

nss T£11?ese -z4 

Slope A is related to C3, 11 mp (internal consump
tion} and to the external load (microprocessor or dia
ler}. 

BB~ KEA 
t 

"" 
t 

12114 11..9 '/ SGS·ntOMSON 
"J< ~UICii®llll.IW'II'IIIImUIC!I 
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5. PUBLIC I PRIVATE 

5.1. A.G.C. OFF (pin 1 0). An external resistor, R18, 
applied between pin 10 and ground disconnects the 
AGC control. 

Sending, receiving gain and sidetone compensation 

Figure 11. 

ffBBTEI/?852-15 
dB KmJ GAIN ATTENUATION 

9 3.5 Tx and Rx 
REFERENCE~Gel~8dB 

""' 
and EQUIUALENT 
SIDETDNE LINE 

~ 
-2 

1.75 

""' -4 "" ~ 
"'-
~ 9 -6 

TEA7052 

are now independent of the lhie length and the va
lue of the current lp, flowing through R18, defines 
the length of the line for which sidetone is optimized 
(lp = 2.7V I R18). 

TEA7B52 

IREF 

R18 

R18 c 589K 

2.7 

Ip 

~G ~ -2d8 ~ 8.5d8 

2 4 6 8 18 12 IJJ[uAl 

5.2. SECRET FUNCTION FOR PRIVATE (pins 11 
& 14). The two separate Mute pins allow "Secret . 
Function" (only microphone muted). 

As the two controls have different threshold levels, 
they can be operated : 

/ 
; 

a) separately through two different control logic, 

b) connected in short circuit with a three levels logic 
(Vm = OV speech mode ; Vm = 1.8V microph 
mute; 
Vm = 3V all mute). 

13/14 
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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 lsource (pin 12) 
through an internal current generator. 
Typical values of this current, lea, are : 
_ lea= (0.3 x !line) for !line< 22mA 
_ lea= (0.9 x !line 13mA) for !line> 22mA 
(ex : !line= 16mA then lea= 4.8mA 

!line= 30mA then lea= 14.0mA 
!line = 60mA then lea = 41.0mA 

Figure 12. 

I PIN 12 

(mAl 

48 

38 

28 

113 

The voltage level at pin 12 must be defined by an 
external regulator (i.e. : zener) and, if necessary, fil
tered with a capacitor (47 to 220 micro F). 
In case Vline (at pin 20) approaches V at pin 12, 
then the internal current source switches off and its 
DC current is shunt to ground through an internal 
complementary generator, thus avoiding and nega
tive effect on the AC and DC impedances of the te
lephone set application. 

n88rEII?858·16 

I PIN 12~F(!Ll 

/ 
v 

/ 

/ 

/ 
f.--1--

18 

6.2. EXTRA RECEIVE OUTPUT (pin 4). The Extra 
Receive Signal is active also in Receive Mute condi
tion, so allowing the transit of the receive signal from 
the speech circuit to an external hands-free system 
even when the earpiece is muted. 

14/14 
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The gain at this pin is 30dB lower than standard Re
ceive Output (pin 24). 



• 2/4 WIRES INTERFACE WITH 
- DOUBLE ANTISIDETONE NETWORK 
_ RX GAIN AND AC IMPEDANCE EXTER-

NALLY PROGRAMMABLE 
• DTMF INTERFACE 
• PULSE DIAL INTERFACE 
• 3.25 VOLTS SUPPLY FOR MICROPROCES

SOR OR DIALER 
• DC CHARACTERISTIC AND ON/OFF HOOK 

FOR FRANCE 
• CONTROL AGAINST HIGH VOLTAGE TRAN

SIENTS · 

DESCRIPTION 
The TEA7053 is expressely designed to meet the 
french specification for basic telephone set. 

PIN CONNECTION (top view) 

' January 1989 

ANTISIOETONE LONG LINE 

ANTISIOETONE SHORT LINE 

AC IMPEDANCE 

AMPLIFIED TRANSMISSION 

Uref 

OTMF INPUT 

MICROPHONE INPUT 

I ref 

PRIUATE/PUBLIC 

MUTE 

nBBTEII?B53-BZ 

TEA7053 

SPEECH CIRCUIT 

DIP20 

ORDER CODE : TEA7053DP 

RECEIUE OUTPUT 

MICROPROCESSOR SUPPLY 

ANTINOISE FILTER 

Uc 

ULINE 

SURCHARGE FILTER 

PULSE DIAL INPUT 

HU STAGE .CONTROL 

HOOK DETECTION 

GROUND 

1/11 
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BLOCK DIAGRAM 

13 

5 

8 

2/11 
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12 

TX 
AMPLIFIER 

3 28 

LINE 

CURRENT 

CONTROL 

TEA7G53 

MICRO 
PROCESSOR 

POWER SUPPLY 

1 2 4 

~------------------{]19 

~------------------{]18 

7 

5 

11 N88TE:11?853-81 
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ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit. 

Vc Stabilized Voltage (pin 17) II =27mA 2.35 2.6 2.85 v 
Idem Charging Current (pin 17) II =27mA 2.6 rnA 

lr Line Current Regulation for HV Pin 12 =Pin 17 = GND 
Control (pin 17) II= 150mA 150 !lA 

II= 100mA 5 

Pin 12 ON ; Pin 17 = GND 
II= 75mA 150 !lA 
Pins 12 and 17 ON 
II =60mA 150 !lA 
II= 16mA 100 nA 

lr/11 27mA < II < SOmA 0.8 0.9 1.0 J.!A/mA 

lint Internal Bias ·current (pin 17) II = 27mA ; R9 = 26.7 Kn ; 250 280 310 !lA 
(V16 = R6·1int + Vc) 

Vref Reference Voltage II =27mA 1.32 1.38 1.47 v 
Ire! Current at Vref -10 100 !lA 

Vmp Stabilized Supply at Pin 1 9 3.1 3.3 v 
lcmp Charging Current at Pin 19 Pin 12 =Pin 17 = GND 0.7 X rnA 

IL1 =II -Idem X IL1 

lspm Static Current at Pin 19 II =6mA 0.5 rnA 
II> 25mA 2.5 2.8 

limp Internal· Consumption 90 120 160 !lA 
Vmh Mute Microphone (pin 1 0) ON 1.6 v 
Vmb OFF 0.8 v 
Vmh Mute Earphone (pin 1 0) ON 2.7 v 
Vmb OFF 2.1 v 
Gel Tx Gain Long Line II =27mA 41 42 43 dB 
Gee Tx Gain Short Line II =42mA 34 36 38 

Gmt DTMF Gain II =27mA 41 42 43 dB 
Pin 10 > 1.6V 

De Tx Distortion II =27 to 42mA 
VI =OdBm 3 % 
VI =3dBm 10 % 

Ze Microphone Impedance 20 Kohm 

Bep Tx Noise (psophometric) II> 27mA ; 2K at Pins 5-7 -713 dBmp 

Re Tx Attenuation in Mute Mode II = 27mA ; Pin 1 0 > 1.6V 60 dB 

Grl R~ Gain Long Line II= 27mA 29 30 31 dB 
Grc Rx Gain Short Line II =42mA 22 24 26 

Dr Rx Distortion II =27 to 42mA 
Vee= 500mV 3 % 
Vee= 700mV 10 % 

Brp Rx Noise II> 27mA -74 dBmp 

Rc Rx Attenuation in Mute Mode II= 27mA; Pin 10 > 2.7V 60 dB 

Gal Antisidetone II= 27 to 42mA -22 dB 

Zac AC Impedance II> 27mA 500 650 BOO Q 

Grs Confidence Level VuNE I VREC Pin 10 > 2.7V 35.5 38.5 41.5 dB 
(DTMF) 

3/11 

331 



TEA7053 

Figure 1 :Test Circuit. 

18 

~lBBuF 4.7nF~3 I 
>--jf-~ * 1. 2nF 

6BB MJE34B~ BF393~~+----i 
lBBK 

R2 18U --
r---------·~r~---------
i ~~ ZALC i J ; ZALL riEl i 
1 _ _!l!1 ___ R_gj ~~!_4 __ _!l!~J-: 

------,- --+-1 
i ~13 : : R1 c: I : 
1 ::ca : 1 C9u:;: : ._,----L:::J------1 
I ZRC : I ZRL I I 1 R" 

~ --- - --t-' I 
'-=l----r---1 

R4 

I 
2~ 

1 18 

2 13 t-I-
3 

17 
4 

5 16 

6 

R3 

lK 

33u 
398 

dr ,__,. 

.. 
II 

1B8n 

n1 

116 I ~~ 
II 

cs:;~ 
-

2.2K R17 15 
22Bn II -L_,~ 

7 TEA7053 
12 

11UTE 

PULSE DIAL INPUT 

DTMF INPUT 

R1 = 820KQ 
R2 = B20KQ 
R3 = 1.5MQ 
R4 =750 
R5=5.1KO 
RB = 13KQ 
R9 = 26.7KQ 
R11 = 140Ka 

4/11 
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R12 = OQ 
R13= 2.7KQ 
R14= OQ 
R15 = 140KO 
R16= 2.7KQ 
R17=1.2Ka 
R 1 B = SBOKQ for private complex 

RlB 
8 

9 

18 

14 

33K 

C1 = 100f1F 
C2 = 4.7f1F 
C3 = 10fiF 
C4 = 1f1F 
C5 = 100f1F 

R2 
R1 

19 

11 

:iii:C3 

. 
nBBTE'II?D53-B3 

CS = 27pF 
C7 = 27pF 
CB = 2.2nF 
C9 = 2.2nF 
C11 = 220f1F 



CIRCUIT DESCRIPTION 

1. DC-Characteristics 

1....1....JlQ (pin 17). The stabilized voltage Vc is 
connectea to Vline (pin 16) through an internal shunt 
regulator whic!l presents to the line a high AC imps-

Figure 2. 

16 

17 

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 slate (conversation) 

Figure 3. 

IL 

158mA !maxl 

58mA !maxl 

TEA7053 

dance at frequencies higher than 200Hz. At this pur
pose the value of C1 (at pin 17) must be not lower 
than 47 microFarad. -

IL1 

l 

T-charge of 240msec (typ) is obtained with 
C1=220~-tF 

Vex C1 
T-charge = Idem typically. 

IL2 

N88TE:II?858-85 488mS !maxl t 

5111 
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1.2. HOOK DETECTION (in ring mode) (pin 12). 
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) 

Figure 4. 

IL 

HOOK 
DETECT. 

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. 

Optimum values are :- R1 x C2 = 1.8sec ; R2 x C2 
= 0.8sec. 
To reduce the minimum time between a "on-hook I 
off-hook" sequence, R2 may be replaced by a switch 
to ground. 

RING CALL 

t 

:R1/R2/C2 

1188T£f/?B5B-B6 t 

b) Application with a microprocessor 
Pin 12 may be controlled directly by the micro-controller, through a resistor R1 b which replaces R1, R2 and C2. 

Figure 5. 
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IL 

HOOK 
DETECT. 

RING CALL 

t 

MICROPROCESSOR SIGNAL 

f188TEfi?B58-8? t 



1.3. VuNE (pin 16). The line voltage (pin 16) is de
termined by the value of the external resistor R6 and 
by the internal current, lint, flowing between Vc (pin 
17) and Ground (see also parag. 1.1.) : 

VuNE = Vc + R6 * lint. 

Vc is fixed by design at about 2.6 volts. 

Figure 6. 

1.4. HIGH VOLTAGE CONTROL STAGE (pin 13). 
The behaviour of "HV control" is determined by se
veral conditions, both internal (!line sensor) and ex
ternal (pins 12 and 17) 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 12 
and 17 ON) 
b) DC-characteristic at off-hook (pin 12 and 17 
grounded) 

TEA7053 

lint is reversely related to R9 (lint= 7.5V/R9 at 
I LINE= 27mA). 
VuNE 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 !line= 16mA. This 
typical value is obtained with R6 = 13Kohm. 

c) DC-characteristic during decadic dialing (pin 17 
grounded) 

d) DC-characteristic after off-hook in ringing (pin 12 
grounded) 

To do that, HV control pin regulates the current in
jected into the external high voltage transistor stage, 
requested by the French specification. 

7/11 
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Figure 7. 

HU 
a) pin 12 and 17 ON 

CONTROL IL 
CURRENT 

1513uA 613 

38 
27uA 

UL!UJ 
38 513 Ill rnA J 7 8.5 45 .188 

b) pin 12 and 17 grounded 

HU IL 
CONTROl 
CURRENT 128 

UL!UJ 
128 Ill rnA J 7 9 

c) pin 12 ON ; pin 17 grounded 

HV IL 
CONTROL 
CURRENT 513 

~ 
38 I 

I 
I t--

I' UL!UJ 
38 58 IL!rnAJ 7 9 188 

d) pin 12 grounded; pin 17 ON. 

HU IL 
CONTROL 68 
CURREN1 

38 
27uA 

UL(VJ 
313 58 IL!rnAJ 7 8. 5 

NBBTER?BSB-89 
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2. Transmission Chain 

FigureS. 

PREAMPLI AGC 

6 o---------1 

DTMF AMPLI 

2.1. A.G.C. IN TRANSMISSION. The transmission 
gain between Microphone Input (pin 7) and Vline 
(pin 16) is internally decreased of 6dB when the line 
current varies from 27mA to 42mA with a constant 
AC load of 60Qohms. 
2.2. SENDING IMPEDANCE. The impedance of the 
Output Stage Amplifier, Zotit, is determined by the 
impedance Z4 at pin 3. 

Zout = 1 0.65 x Z4. 
The total AC impedance shown to the line is· the pa
rallel 

Zpar = ZouVIZinVIZext 
where: 
_ Zint = 1 Okohm II B.SnF (internal) 

TEA7053 

n< AMPLI 

3 

BUFFER 

UREF 
5, 

nBBT£:11?853-!8 

_ Zext = R6 '!. C4 (at pin 16) 
2.3. SENDING MUTE. In normal speech operation 
(Vmute at pirf 10 -. O.BV), the signal at Microphone 
Input (pin 7) is amplified to Vline (pin 16) with the 
gains Gee (short line), Gel (long line) or interme
diate, depending on !line. 
In sending IT)Ute condition (Vmute 1 .6V) these 
gains are reduced of at least 60dB. In the same 
condition DTMF input (pin 6) 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 4 and thl!n buffered to pins 1 and 2 for side
tone cancellation (see paragraph 3.2.). 
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3. Receive Chain 

Figure 9. 

16 Of-----~-, 

I 
I 
I 

: ZRL 

so---~r--------' 

3.1. A.G.C. IN RECEIVE. As described for the trans
mission chain, also the receiving gains Gr, from pins 
1 and 2 to pin 20, have a reduction of 6dB when I line 
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 I Zrl to pin 1 for long lines sidetone compensa
tion, 
Zalc I Zrc to pin 2 for short lines sidetone compen
sation. 
Zrl and Zrc define the total receive gains : 

V 20 Zrl 
a) V 16 = Gr) x Zrl + Zall for long lines 

V 20 Zrc 
b) V 16 = Grc x Zrc + Zalc for short lines 

Zall and Zalc define the sidetone compensation of 
the circuit. 
The equivalent' balancing impedance is given by the 
formula: 

Zal = K * Zalc + (1-K) * Zall 
where: 

- K = 0 at lline = 27mA or lower (long line) 
_ K varies from 0 to 1 with I line between 27mA and 

42mA, 
- K = 1 at lline = 42mA or higher (short line). 

ff88TEIIr853-12 

Calculations to define Zall and Zalc are : 
a) Zall = 70 x R5 x Zline(long) II Zzext II Zint II Zout 

--~~~'ou~t~-----

b) Zalc = 70 x R5 x Zline(short) IIZZext II Zint II Zout 
out 

where: 
_ Zext = R6 II C4 II (Zelectret) (at pin 16) 
- Zint = 1 OKohms II 8.5nF (internal impedance) 
_ Zout = 1 0.65 * Z4 (at pin 3 ; see paragr. 2.2.) 
- Zline (short) and (long) are the impedances ofthe 

line at OKm and 3.5 Km. 
_ R5=5.1 Kohm±1% 
3 3 AC IMPEDANCE. The total AC impedance of 
the circuit to the line is : 
Zpar = ZouV/ZinV/Zext//Zalc//Zall (see par. 2.2. and 

3.2.) 
= ZouV/ZinVIZext (Zalc, Zall » Zpar) 

3 4 RECEIVE MUTE (AND CONFIDENCE LE
VEL). When the receive channel is muted (Vmute 
at pin 1 0 2. 7V) the receive gain is reduced of 60dB 
minimum. 

In this condition an internal connection is activated 
from· line DTMF output (pin 16) to Receive Output 
(pin 20) with a gain Gmf = 38.5dB to provide acou
stic feedback of the DTMF transmission. 

10/11 W SGS·THOMSON 
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4. Microprocessor Interface 
4.1. MICROPROCESSOR SUPPLY (PIN 19). At 
"off-hook" the first priority of the circuit is to make 
some current available at the Microprocessor Sup
ply (pin 19) to charge quickly the external capacitor 
C3. 

Figure 10. 

Is 
(mRJ 

3.B 

2.5 

2.B 

1.5 

!.B 

B.5 

MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 

5 19 28 38 48 58 IUmFll 

Figure 11. 

dB 
IIBBT£11?853-15 

Km.l GAIN ATTENUATION 

B 3.5 Tx and Rx 
REFERENCE=Gel=BdB 

and EQUIVALENT 

"" 
S I DETDNE LINE 

-2 

I"" 1.75 

""" -4 "" 
""' '""" -5 B ~ 

TEA7053 

This charging current is : lcpm = 0.7 *(I line- Idem), 
where Idem = 2.6mA is the current charging C1. 

, Vmp = 3.25V in normal operation and current in
creases linearly from 0.5mA min, at !line= 6mA, to 
2.5mA min, at !line = 27mA, remaining stable for hi
gher values of !line. 

5. Public/Private 

5.1. A.G.C. OFF (PIN 9). An external resistor, R18, 
applied between pin 9 and ground disconnects the 
AGC control. 

Sending, receiving gain and sidetone compensation 
are now independent of the line lenght and the va
lue of the current lp, flowing through R18, defines 
the lenght of the line for which sidetone is optimized 
(lp = 2.7V/R18). 

' 

TEA7053 

IREF 

Ip l Q 2.7 
R18 = ---

Ip 

R1B • 58BK 

t.G = -2d8 ± B.5dB 

2 4 5 B 19 12 I~CuAl 

5.2. SECRET FUNCTION (PIN 10). The Mute pin 
allows "Secret Function" (only microphone muted), 
when the circuit is used for private market. 

As the control of sending and receiving must have 
different threshold levels, it can be operated with a 
three levels logic : 

a) Vm = OV speech mode ; 
b) Vm = 1.8V microphone muted ; 
c) Vm = 3.0V all speech muted. 
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SPEECH CIRCUIT WITH POWER MANAGEMENT 

• 214 WIRES INTERFACE WITH 
_ double antisidetone network 
_ Rx gain and AC impedance externally pro

grammable 
- AGC attack/disconnect points programmable 

• DTMF INTERFACE 
• 3.3 VOLTS SUPPLY FOR MICROPROCES

SOR OR DIALER 
• CURRENT SUPPLY FOR LOUDSPEAKER 

DESCRIPTION 
The TEA7062 is designed to meet the different eu
ropean specifications for telephone set in medium 
and high range equipments. 

BLOCK DIAGRAM 

19 

16 

3 iB 

January 1989 

9 

DIP18 

ORDER CODE : TEA7062DP 

13 

TEA7052 

~------------~17 

1--------------6 12 

7 

6 

i 2 • H nSBTER7B62·Bl 
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PIN CONNECTIONS (top view) 

ANTISIDETONE LONG LINE 

ANTISIDETDNE SHORT LINE 

AC IMPEDANCE 

AMPLIFIED TRANSMISSION 

Uref 

DTMF INPUT 

MICROPHONE INPUT 

I ref 

I-START IAGCI 

lftlBTER?INi2-tl2 

TEST CIRCUIT 

~ ~IBBuF I 
I 

H I 

R4= 7sn 
R5 = 5.1Kn 
R6 = 1BKn 
R9 = 100Kn 
R11 = 140 Kn 
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DTI1F INP 
HUTE 

••• I 

----;; . ~ :.!=• r--------, ---------, 
7b. I L'~ I ZALC I 1 ZRLL I 

I I I 

:_ !1_! __ 1!_1!J !..!l~ __ l!_t!~_: 
I 

j" ---,- ----, 
•• 2 

I ,I 
:::Ret; 

.,. :: ..... 3 
II c•: I' • L ~~c I ZRL RS 

5 ... 
cs~ ~ 1.2K 

• -
? 

tu ;: ;-B 

UT 

un 

R12 =on 
R13 = 2.7Kn 
R14 =on 
R15 = 140Kn 
R16= 2.7Kn 

RS - 12 

IB 

16 

14 

15 

TEA7052 17 

" 
9 

11 

1B 

R17 = 1.2Kn 
C1 = 47JlF 
C2 = 4.7JlF 
C3 = 220JlF 
C4 = 1JlF 

Jiii SGS·ntDMSDN 
~/ ~UICim©IEI.IliC'II'Illl©lllOO::ill 

RECEIVE OUTPUT 

MICROPROCESSOR SUPPLY 

ANTINOISE FILTER 

Uc 

ULINE 

I-SLOPE IAGCI 

MUTE 

GROUND 

POYER CURRENT SOURCE 

"·?~F .. 
~~u 39B 

Ul .. -
•• t:!n 

" ~: 
RLC I 
RLL 1 ~: 

Ul 

EXTRA CURRENT 
POldER SUPPL 'f 

03 + f'·'" -
C5 = 100J.1F 
C6 = 27pF 
C7 = 27pF 
CB = 1.5nF 
C9 = 1.5nF 
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ELECTRICAL CHARACTERISTICS 
(R9 = 1 OOKil ; T a = 25°C ; identification of the pins related to DIP-18 unless otherwise noted) 

Value 
Symbol Parameter Test Conditions 

Min. Typ. Max. 
Unit 

vc Stabilized Voltage (pin 15) IL =25mA 2.3 2.5 2.7 v 
lint Internal Bias Current (pin 15) IL = 25mA 210 ~ 

IL = 6mA 145 
(V14 = R6*1int + VC) 

Vref Reference Voltage IL = 25mA 1.05 1.2 1.35 v 
I ref Current at Vref -10 100 ~ 

Vmp Stabilized Supply at Pin 17 3.1 3.3 3.5 v 
lcmp Charging Current at Pin 17 Pin 15 = GND 0.6 X rnA 
rnA luna 

lspm Static Current at Pin 17 IL = 6mA 0.5 1.6 rnA 
IL > 25 rnA 1.4 

IL > 25mA; R9 = 68K 2.8 rnA 

limp Internal Consumption 90 120 160 ~ 
lea Supply Current for Parallel IL = 16mA 5.0 rnA 

Circuits (pin 1 0) IL = 30mA 13.0 rnA 
IL =SOmA 40.0 rnA 

Vmh Mute Microphone (pin 12) ON 1.6 v 
Vmb OFF 0.8 v 
Vmh Mute Earphone (pin 12) ON 2.7 v 
Vmb OFF 2.1 v 
Gs Tx Gain Long Line IL = 20mA 50 51 52 dB 

AGCs Line Lenght Control -7 -6 -5 dB 

Gmt DTMF Gain Pin 12 > 1.6V 34.5 35.5 36.5 dB 

THDs Tx Distortion IL > 25mA 
VI= OdBm 3 % 
VI =3dBm 10 % 

Ze Microphone Impedance 9 12 15 Kn 

Nep Tx Noise (psophometric) IL > 25mA -70 dBmp 
2Kn at Pins 5-7 

Rs Tx Attenuation in Mute Mode IL > 25mA 60 dB 
Pin 12 > 1.6V 

Gr Rx Gain Long Line IL = 20mA 29 30 31 dB 
AGCr Line Lenght Control -7 -6 -5 dB 

THOr Rx Distortion IL > 25mA 
Vro = 500mV 3 % 
Vro = 630mV io % 

Nrp Rx Noise IL > 25mA -72 dBmp 

Rr Rx Attenuation in Mute Mode IL = 25mA 60 dB 
Pin 12 > 2.7V 

Gas Antisidetone IL =20mA -22 dB 

Zac AC Impedance IL > 25mA 500 650 800 n 

Grs Confidence Level VuNENREC in Pin 12 > 2.7V 29 32 35 dB 
DTMF 
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CIRCUIT DESCRIPTION 

1. DC Characteristics 
1.1 Vc (pin 15). The stabilized voltage Vc is connec
ted to Vline (pin 14) througth an internal shunt regu
lator T1, T2, which presents to the line a high AC 
impedance at frequencies higher than 200Hz. At 

Figure 1. 

1.2 VuNE (pin 14 ). The line voltage (pin 14) is de
termined by the value of the external resistor R6 
and by the internal current, hnt, flowing between 
Vc (pin 15) and Ground (see also paragr. 1.1) : 

VuNE = Vc + R6 x hnt. 
Vc is fixed by design at about 2.5V. 

lint is reversely related to R9 (lint = 16V/R9 + 601!A 
at I LINE > 25mA). 

Figure 2. 

lll!NE 
pin 14 llll 

this purpose the value of C1 (at pin 15) must be not 
lower than 47 microFarad (suggested value is 
1 OO~tF). 

The shunt regulator, T1 and T2, also controls the 
extra current source, or power management, at pin 
10 (see also paragraph 6). 

VuNE must be externally adjusted (with R6) to gua
rantee both DC and AC characteristic in accordance 
to the specific standard of the different administra
tions. 

Another adjustment of the DC characteristic is pos
sible with R9. Increasing the value of R9 causes a 
decrease of hnt and consequently a reduction of the 
product hnt x R9. 

6 R9·6BK 

I R9-1BBK 

4 

IJliH R6-6.2Koms 

2 

6 25 59 75 189 Ill ml'll 

nBBTEfli'B62~B5 
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2. Transmission Chain 
Figure 3. 

PREAMP AGC 

DTMF RMP 

2 1 A G C IN TRANSMISSION The transmission 
gfl.in between Microphone Input (pin 7) and \!line 
(pin 14) is internally decreased of 6dB when the line 
current varies from ILL to ILS with a constant AC 
load of soon. 
The values of ILL (long line current) and ILS (short 
line current) are programmable through !-start (pin 
9) and !-slope (pin 13) (see also paragr. 4). 

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 

TEA7062 

OUTPUT STAGE 

nss TEhi"B62- 1 s 

where: 
_ Zint = 1 OkQ//8.5nF (internal) 
_ Zext = R6//C4 (at pin 14) 

2.3 SENDING MUTE. In normal speech operation 
(Vmute at pin 12 < O.SV), the signal at Microphone 
Input (pin 7) is amplified to Vline (pin 14) with the 
gain Gs (long line) or up to 6dB lower (shorter lines) 
depending on AGC control (see paragr. 4). 

In sending mute condition (V12 > -1.6V) these gains
are reduced of at least 60dB. In the same condition, 
DTMF input (pin 6) is activated, with gain Gmf to the 
line independent from !line. 

2 4 ANTISIDETONE BUFFER The signal coming 
from the sending preamplifier is internally presented 
at pin 4 and than buffered to pins 1 and 2 for side
tone cancellation (see paragraph 3.2). 
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3.Receive Chain 
Figure 4. 

140----l-. 

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 
6d8 when lline moves from ILL to ILS (see also 
paragr. 4). 

3 2 SIPETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to 
optimize both at long and short lines. 
In case double antisidetone network is not reques
ted by the application needs, pins 1 and 2 can be 
connected to each other and 5 external passive 
components can be saved (ZALL and-ZRL). 
Before entering pins 1 and 2, the received signal is 
areduced by the two attenuating networks : 
-ZALIJZRL to pin 1 for long lines sidetone com-
pensation, -

-ZALS/ZALS to pin 2 for short Hnes sidetone com
pensation. 
ZRL and ZRC define the total receive gains : 
a) V18 ZRL 
-- = Gr x for long lines 
V14 ZRL+ZALL 

b) · V18 ZRS for short lines • 
-- = (Gr- 6d8)x --
V14 ZRS+ZALS 

ZALL and ZALS define the sidetone compenstaion 
of the circuit. 
The equivalent balancing impedance is given by the 
formula: 

6/9 
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ZAL = K x ZALS + (1 - K) ~ ZALL 
where: 
-K = 0 at I line = ILL or lower (long line) . 
-K varies from 0 to 1 with lline between ILL and ILS 
-K = 1 at lline = ILS or higher (short line). 
Calculations to define ZALL and ZALS are : 

a) . Zline (long)//Zexti/ZinV/Zout 
ZALL_= 70 x R5 x 

Zout 

~LS = 70 x R5 x Zline (short)//Zexti/ZinV/Zout 
Zout 

where: 
- Zext = R6//C4//(Zelectret) (at pin 11) 
- Zint = 10Kohms//8.5nF (internal impedance) 

- Zout = 10.~5 * Z4 (at pin 3; see paragr. 2.2) 
- Zline (short) and (iong) are the impedances of tlie_ 

line at minimum and maximum line length 
- R5 = 5.1Kohm ± 1% 

3.3 AC IMPEDANCE. The total AC impedance of 
the circuit to the line is : 

ZAC =: ZouV/ZinV/ZexVIZALS//ZALL (see par. 2.2 
and 3.2) · · 

. ZAC ,;_zouV/ZinV/Zext (ZALS, ZALL>>ZAC) 

3 4 RECEIVE MUTE (and confidence level). When 
the receive channel is muted (Vpin 12 > 2,7V) the 
receive gain is reduced of 60d8 minimum. 



In this condition an internal connection is activated 
from line DTMF output (pin 16) to Receive Output 

4. A.G.C. and Sidetone Programming 

Figure 5. 

[dB) 

TX II. RX 
GAINS 

GAIN LONG 
LINE 

TEA7062 

(pin 18) with a gain Gmf = 32dBto provide acoustic 
feedback of the DTMF transmission. 

GAIN SHORT LINE 

ldBl JILL 1ILS IllmAl 

SIOETONE 
EFFICIENCY ''-'"'---''"--;--'".........,'.........,'.........,'""---''.........,~' ..... Y I 

I JLL 

4 1 PROGRAMMABLE CONTROLS. AGC and si
detone attack and disonnect points (or currents) 
are programmable externally through two inde
pendents pins, 1-start (pin 19) and !-slope (pin 13). 

4.2 I-START (pin 9). An external resistor RLL 
connected between 1-start (pin 9) and Microproces
sor Supply (pin 17) controls the attack point of AGC 
and ZAL (antisedetone Z). 

ILL is the line current at which the control starts. 
Formulas for ILL and RLL with R9 = 1 OOK are : 

ILL 2880 +11mA 
RLL 

RLL 2880 
(ILL-11mA) 

4.3 I-SLOPE (pin 13) 

An external resistor RLS connected between !-slope 
(pin 13) and Microprocessor Supply (pin 17) controls 
the disconnect point of AGC and ZAL (antisidetone 
Z). ILS is the line current at which the control stops. 
Formulas for ILS and RLS with R9 = 1 OOK are : 

ILS = 4680 + ILL; 
RLS 

I ILS Ill mAl 
NBBTEh?B62-B? 

RLS= 4680 
(ILS -ILL) 

4.4 A.G.C. OFF (pi"n 9 and 13). Programming ILL 
and ILS respectively higher than 70mA and 
450mA is forcing the IC in AGC OFF Condition. 

Suggested external components are : RLL 
51kohm and RLS = 10Kohm. 

Sending, receiving gain and sidetone compensation 
are so independent of the line lenght. Pins 1 and 2 
can be connected to each other saving 5 passive 
external components at pin 2. 

4.5 SECRET FUNCTION FOR PRIVATE (pin 12). 
The two separate thresholds for sending and Re
ceiving Mute (pin 12) allow "Secret Function" (on
ly microphone muted). 

Pin 12 can be set: 

a) between OV and 0.8V for speech mode, 

b) betWeen 1.6V and 2.1 V for "secret" mode (micro 
phone muted), 

c) between 2.7V and 3.3V for "all muted" mode 
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5. Microprocessor Interface 

5 1 MICROPROCESSOR SUPPLY (pin 17). At "off
hook" the first priority of the circuit is to make some 
current available at the Microprocessor Supply (pin 
17) to charge quicly the external capacitor C2. 

This charging current is lcpm = 0.6 x luNE. 

T-charge of about 1 msec is necessary, with 
C2 = 4. 7/!J.F, to charge pin 17 at the specified value 
of 3.3V typical : 

Figure 6. 

I smp 
lmRl 

3.3VxC2 
T-charge ':" typically. 

0.6 X IUNE 

Vmp = 3.3V in normal operation and current in
creases linearly from 0.5 rnA min, at IUNE = 6mA, to 
2.5mA, at luNE = 25mA, remaining stable for higher 
values of luNE. 

:~--------R9_·_1_8_8_K ____________ __ 
2 

R9-6BK 

28 48 

6. Power Management 

6.1 POWER MANAGEMENT(pin 1 0). Most of the 
DC current available from the line be delivered by 
the speech circuit at the output !source (pin 1 0) 
through an internal current generator. 

Typical values of this current, lea with R9 = 1 OOK, 
are: 

lea = (0.3 xluNE) for luNE < 16.5mA 

lea = (0.9 x luNE - 1 OmA) for luNE > 16.5mA 

(ex : luNE = 16mA then lea= 5mA 

8/9 
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68 98 ILlmR l 

nBBT£117862-BB 

luNE = 30mA then lea = 17mA 

luNE = SOmA then lea= 11 rnA). 

The voltage level at pin 10 must be defined by an 
external regulator (i.e. : zener) and, if necessary, fil
tered with a capacitor (47 to 220 micro F): 

In case VuNE (at pin 14) approaches voltage at pin 
1 0, then the internal current source switches off and 
its DC current is shunt to ground through an inter
nal complmentary generator, thus avoiding any ne
gative effect on the AC and DC impedances of the 
telephone set application. 



Figure7. 
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• DESIGNED FOR TELEPHONE BELL RE-
PLACEMENT 

• LOW CURRENT DRAIN 
• SMALL SIZE "MINI DIP" PACKAGE 
• ADJUSTABLE 2-FREQUENCY TONE 
• ADJUSTABLE WARBLING RATE 
• BUlL T-IN HYSTERESIS PREVENTS FALSE 

TRIGGERING AND ROTARY DIAL "CHIRPS" 
• EXTERNAL TRIGGERING OR RINGER DISA

BLE (ML8204) 
• ADJUSTABLE FOR REDUCED SUPPLY INI-

TIATION CURRENT (ML8205) 
• TELEPHONE SET TONE RINGERS 
• EXTENSION TONE RINGER MODULES 
• ALARMS OR OTHER ALERTING DEVICES 

DESCRIPTION 
The ML8204/ML8205 tone ringers are monolithic 
devices, each incorporating two oscillators, an out
put amplifier and a power supply control circuit. The 
oscillator frequencies can be adjusted over a wide 
range by selection of external components. One os
cillator, normally operated at a low frequency (fL), 
causes the second oscillator to alternate between 
its nominal frequency (fH1), and a related higher fre
quency (fH2). The resulting output is a distinctive 
"warbling" tone. The output amplifier will drive either 
a transformer coupled loudspeaker or a piezo-cera
mic transducer. The device can be powered from a 
telephone line or a fixed d.c. supply. The power sup
ply control circuit has built-in hysteresis to prevent 
false triggering and rotary dial '!chirps". The ML8204 
can be triggered externally under logic control. The 
ML8205 has provision for adjustment of the power 
supply initiation current. 

November 1988 

ML8204 
ML8205 

TONE RINGER 

MINIDIP 

ORDER CODE : ML8204 
ML8205 

PIN CONNECTIONS (top view) 

vs 

TRIGGER IN 2 

LOW I I TIME 
CONSTANT 

LOW! I TIME 
CONSTANT 

8 

ML8204 

~·SB71o 

ML8205 
6 

5·8875 

OUTPUT 

I HIGH I TIME 
CONSTANT 

GNO 

OUTPUT 

I HIGH I 
TIME 

CONSTANT 

GNO 
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ML8204/8205 

BLOCK DIAGRAM 

TRIGGER IN 
IML820•I 

RsL 
(ML8205) 

GNO 

o----

o----

I 

POWER SUPPLY 
CONTROL 
CIRCUIT 

(WITH HYSTERESIS! 

J 

ABSOLUTE MAXIMUM RATINGS* 

-t> 
LOW FREQUENCY 

OSCILLATOR 

LOW I 
TIME CONSTANT 

Symbol - Parameter 

Vs Supply Voltage - GND 

Top Ope'ratil']g Temperature 

Tstg Storage Temperature (E package) 

Ptot Total Power Dissipation (E package)" 

J 
----1../ 

HIGH FREQUENCY 
OSCILLATOR · 

HIGH I 
TIME CONSTANT 

,......, OUTP UT 
~ 

OUTPUT 
AMPLIFIER 

5·8876 

Value Unit 

30 v 
-45t0+65 oc 
-65to+150 oc 

400 mW 

Stresses in excess of ihos listed unter "Absolute Maximum Ratings" may cause permanent damage to the,device. This Is a 
stress rating orlly and functional operation of the device at these or any other conditions in excess of those indicated in the 

THERMAL DATA 

Thermal Resistance. Junction-ambient Max 6.3 

2113 L•., SGS·ntDMSDN 
'1 J ll:iiDICii©IEI!.RWII©OOIICil 
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ML8204/8205 

ELECTRICAL CHARACTERISTICS (all voltages referenced to GND unless otherwise noted 
Tamb = 25 oc) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vs Operating Supply Voltage 29 

Vsi Supply Initiation Voltagel1 l Trigger in Open Circuit 17 19 21 
(ML8204) 

Vsus Sustaining Voltagel2) 9.7 11 12 

lsi Supply Initiation Current No Load Vs = V5 ; 1.4 2.5 4.2 
RsL = 6.8 kQ (ML8205) 

I sus Sustaining Current No Load Vs = Vsus 0.7 1.2 

Vm Trigger Voltagel3 l 10.5 

1m Trigger Current13 l 40 1 ooot5> 

Vo1s Disable Voltage14 l 0.8 

lo;s Disable Current14 > -50 

Va Output Voltage No Load V5 =21 V 17 19 21 

fa Oscillator Frequency Tolerance Component Tolerance ± 7 
Excluded 

Notes : 1. v,, is the value of supply voltage which must be exceeded to trigger oscillation. 
2. v,.,. is the value of supply voltage required to maintain oscillation. 
3. VrR and ITA are the conditions applied to Trigger In to start oscillation for Vsus,; Vs ,; v.,. 
4. Vors and Iars are the conditions applied to Trigger In to inhibit oscillation for v., < Vs. 
5. Trigger Current must be limited to this value externally. 

Unit 

v 
v 

v 
rnA 

mA 

v 
!!A 
v 

!!A 
v 
o/o 

Figure 1a : Supply Current vs. Supply Voltage 
(no lead). 

Figure 1b: Load Voltage and Supply Current vs. 
Load Current. 

G-5969 6·5970 

's 
mAl 

4 •s=2•v H+H+H++-t++-t++-l 
3.5 

3 

~ 

2 

1.5 
, 

rsu s-
I H-+++t- v5 :15to21V +-+-l-1-+-l 

o.• 

0 

2 6 ral 14 181 22 26 3a 34 Vs(V) ra 20 30 It (rnA) 
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M L8204/8205 

FUNCTIONAL DESCRIPTION 
The MB204/MLB205 Tone Ringers are primarily in
tended fcir use as replacements for the mechanical 
bell in telephone sets. Each incorporates two oscil
lators, an output amplifier and a power supply 
control circuit. The devices can be powered direct
ly from the telephone line using the a.c. ringing vol
tage, or they may be powered from a separate d.c. 
supply. The output amplifier is capable of driving a 
wide range of load impedances when powered from 
a low impedance supply. The power supply control 
circuit provides the hysteresis required to ensure po
sitive triggering of the device and to prevent tran
sient triggering due to dial pulsing. 

As the power supply voltage to the ML8204/ML8205 
is increased up to the supply initiation voltage (Vs1), 
the supply current also increases up to (lsi). When 
Vs1 is exceeded, oscillation begins and the static po
wer supply current decreases (see fig. 2a). The low 
frequency oscillator (LFO) oscillates at a rate (fL) 
controlled by an external resistor and capacitor. The 
frequency can be determined using the relation fL = 
1 /(1.234RC) where R is the value of the resistor 
connected between pins 3 and 4, and C is the va
lue of the capacitor connected between pin 3 and 
ground. · 

The output of the LFO is internally connected to the 
switching threshold circuitry of the high frequency 
(HFO). When the output of the LFO is high, HFO os
cillates at its nominal rate (fH1}, described by there
lation fH1 = 1/(1.515RC) where R is the value of the 
resistor connected between pins 6 and 7, and Cis 
the value of the capacitor connected between pin 6 
and ground. When the output of the LFO is low, the 
HFO oscillates at a higher rate (fH2) described by 
the relation fH2 = 1.25 fH1. Thus the LFO sets the 
warbling rate : the rate at which the HFO switches 
between the two tone frequencies fH1 and fH2- Os
cillation continl!eS until the supply voltage de
creases below the sustaining voltage (Vsus). At this 
point, the power supply current undergoes a step in
crease (from lsus), and then ramps down in accoar
dance with the supply voltage. 

In normal applications, Trigger in (pin 2) of the 
ML8204 is left open circuit. This pin allows external 
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triggering of oscillation of the ML8204 at supply vol
tages in the range Vsus :5: Vs :5: Vsi. To do so, a vol
tage at least equal to the minimum trigger voltage 
(VTR) must be applied to pin 2. 

Triggering the device is accomplished by sourcing 
a minimum current (lrR) into pin 2. This current must 
be limited to prevent damage to the triggering cir
cuit. Tone ringer oscillation may also be inhibited at 
supply voltages in the range Vsi < Vs:5: Vs(max) by ap
plying a maximum disable voltage (VDJs) to pin 2. 
Disabling is accomplished by sinking a minimum 
current (lois) out of pin 2. (See Applications Section 
for details on the operation and use of the Trigger in 
pin). 

The ML8205 requires the connection of a resistor, 
RsL, fo program the slope of its supply current ver
sus supply voltage characteristic prior to triggering 
(Vs:5:Vsi). This in turn determines the maximum sup
ply initiation current (lsi drawn at the initiation vol
tage (Vsi)). Programming is accomplished by 
connecting a slope determining resistor, RsL, bet
ween pin 2 and ground. The value of lsi varies inver
sely with the value of RsL. This feature can be used 
to control effective impedance presented to the te
lephone line by the ringer circuit. (See Applications 
section for detailed description on the operation and 
use of the. RsL pin). 

The output amplifier of the ML8204/ML8205 is ca
pable of driving a wide range of load impedances 
when driven from a low source impedance power 
supply. When the device is powered from a tele
phone line, load impedance should be kept fairly 
high (BOO or greater) to prevent power supply regu
lation problems. A transformer is thus required for 
driving loudspeakers as is an output coupling capa
citor. Piezo-ceramic transducers may be driven di
rectly. However, the tone frequencies fH1 and fH2 
must normally be set higher (around 2 KHz) to en
sure that the transducer delivers sufficient acoustic 
power. (Suitable piezo-ceramic transducers typical
ly have maximum efficiency around 2KHz). It is al
so necessary to connect a zener diode in parallel 
with the transducer to limit voltage surges genera
ted by the transducer during mechanical shocks. 



Table 1. 

No Pin function 

1 Vss 

Trigger in 
2 

RsL 

Lowf 
3 Time 

Constant 

5 GND 

High f 
6 Time 

Constant 

8 Output 

Figure 2 : ML8204/ML8205 Timing Diagram. 

EVENTS 

vs 

's 

rLosc 
OUTPUT 

OUTPUT 

'sus 

ML8204/8205 

Description 

Positive Power Supply 

ML8204 - Oscillator External Trigger/Inhibit pin 
(must be connected through a current limiting resistor when 
used) 

ML8205- Initiation Current (lsi) Programmming Pin. (must 
be connected) 

Low Frequency Time Constant Adjustement Pins. 
Used to Set Frequency Oscillator Switches f1 (by 
connection of appropriate resistor and capacitor. see fig. 3) 

Negative Power Supply 

High Frequency Time Constant Adjustement Pins 
Used to Set Nominal Tone Output Frequency (fH1) (by 
connection of appropriate resistor and capacitor. see fig. 3) 

Tone Output. (must be capacitively coupled for transformer 
coupled or resistive loads) 

1':1o~l~IJN ------------ ---------~~G~-~~:~~~:__r---t __ url_- ----lL_ __ _.r-----

s-un 

1 . I,; varies with RsL on ML8205. _ 
2. Trigger in on Ml8204 connected through current limiting resistor. 
A) Oscillation triggered by V, > V, .. 
B) Oscillation maintained until Vs < Vsus. 
C) Oscillation triggered by trigger in high for V'"',; V,,; V,;. 
D) Oscillation stopped by trigger in low for Vs;, V'"'· 
E) Oscillation triggered by trigger in high, maintained until V, < V'"'· 
F) Oscillation inhibited by trigger in low for V, > V,. 
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M L8204/8205 

APPLICATIONS 

TYPICAL TELEPHONE OR EXTENSION TONE 
RINGER CIRCUIT 
The circ~it showo in fig. 3 illustrates the use of the 
ML8204/8205 devices in a typical telephone or ex
tension tone ringer application. The a.c. ringing vol
tage appears across the TIP and RING inputs of the 
circuit and is attenuated by capacitor C1 and resis
tor R1: <?1 also provides isolation from d:c. voltages 
on the hne. After full wave rectification by the diode 
bridge BR1, the waveform is filtered by capacitor C4 
to. provide a d.c. supply for the tone ringer chip. As 
th1s voltage exceeds the initiation voltage, Vs;, oscil
lation starts. With the components shown, the out
put frequency chops between 512 Hz (fH1) and 
640 Hz (fH2) at a 10 Hz (fL) rate. The loudspeaker 
load is coupled through a 1300 n to 8 n transfor
mer. While the output impedance of the ML8204 is 

· q~ite lo~, .the load impedance must be kept fairly 
h1gh. Th1s IS to prevent d.c. power supply regulation 
problems due to high source impedance of the te
lephone line and coupling components C1 and R1. 
The output coupling capacitor Cs is required with 

Figure 3 :Typical Tone Ringer Circuit. 

,...--- ----- -----------
: 
I 
I 
I 
I 
I 

: 
RsL 0 

CML82051 I 

I 
I 
I 
I 

Ul 
zgv 

151JF 
lSV 

transformer coupled loads. The value shown 
(0.22 j.LF) presents a high enough impedance at the 
nominal ringing frequency to allow connection of 
fairly-low impedance loads without upsetting the 
supply regulation. If the load impedance is large en
ough, then the value of this capacitor can be increa
sed to couple more power to the load without upset
ting the power supply to the ML8204. Potentiome
ter P1, is used to adjust the audio amplitude and re
sistor R4 is a current limiting resistor. Resistor Rs is 
a quenching resistor used to limit back emf genera
·ted by the inductive load when ringing stops. When 
driving a piezo-ceramic transducer type load, the 
coupling capacitor Cs is not required. However, a 
current limiting resistor is required as is a 29 V ze
ner diode in parallel with the transducer. This diode 
limits the voltage transients than can generated by 
mechanical shocking of a piezo-ceramic transdu
cer. The electrical characteristics shown in Table 2 
indicate typical performance of this circuit. The in
coming ringing voltage and frequency are determi
ned by the telephone system. 

1"-----1 

cs 

Cl 
6BOOpF 

'!5.,. 

Tl 

II[} 
en 

Table 2: Typical Electrical Characteristics of Tone Ringer Circuit (fig. 3) 

Parameter Min. Typ. Max. Unit Parameter Min. Typ. Max. Unit 

Input Voltage 75 88 120 Vrms Output 
Frequencies 

Input Frequency 16 20 60 Hz fL 9' 10 11 Hz 
fH1 461 512 563 Hz 
fH2 576 640 704 Hz 

Input Current 
8 

Output Voltage 
(when ringing) - 11 mArms (Pin 8 10' loop) - 25 - Vpp 

Output power 
(into 8 - 40 - mW Output Sound 80 85 90 dBA 
transformer Pressure 
coupled load) 
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USE OF TRIGGER IN (pin 2 ML8204) 

Pin 2 of the ML8204 may be used to a) externally 
trigger oscillation for voltages in the range Vsus:;; Vs 
:;; VsJ, or b) disable ringer operation. Th~ equiv?le~t 
circuit at pin 2 is shown in Fig. 5. The nnger c1rcu1t 
can only oscillate when 01 is conducting. Normally 
when supply voltage Vs exceeds the supply initia
tion voltage (Vs;), base current flows into 01, via D2 
and 01 causing 01 to conduct. This continues until 
V5 is taken below the minimum sustaining voltage 
(Vsus). 
The ML8204 can be made to oscillate when powe
red from supply voltages in the range Vsus:;; Vs:::; VsJ. 

Figure 4 : Pin 2 Input Equivalent Circuit. 

ML8204 

Figure 5a : Enabling Oscillation of the ML8204 
for Supply Voltages less than Vsi. 

ML8204/8205 

Oscillation is ensured by forcing a current ITR (1 0 !!A 
:;; lm :;; 1 rnA) into pin 2 to provide base current to 
0 1• This requires the voltage applied to pin 2 to ex
ceed Vm where Vm is the sum of the zener voltage 
of 03, the forward voltage drop of D2 and the VsE of 
0 1 (typically 11 V). The required current drive can 
be provided by connecting a resistor RE between 
pin 1 and Vs (Fig. Sa) ; where : 20 KQ:::; RE:::; (Vs -
11 )/1 0 MQ. To operate the ML8204 from a d.c. 12 
V supply, RE should be typically 50 K. This mod~ of 
operation can also be used to reduce the effective 
value of the V5;, by inserting a zener diode in series 
with RE (fig. Sb). This modifies the initiating voltage 
to Vs; (Elf)= VTR + VE + 10 RE (RE is in M Q). 

S-8879 

Figure 5b : Reducing the Effective Value of Vsi 
for the ML8204 

20Kfi:$R 

ITR 
cc-11lM Vsi(Etfl=Vm+Yz•10 

1rR IRE inM 
E:~SI_V_ 

1 
~ 

RE 
2 ,...--, 

~1 
ML8204 

5 r--

10 1. j~ ..__!_ 
V . RE 2 

~,1 
GND 
lOY! 

S-8880 

~ SCiS·THDMSDN 
A. "'fl ~ocm~W:VIi@ll'ID!:i! 

ML8204 

~ 

GND 
IDYl 
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ML8204/8205 

Oscillation of the ML8204 may be inhibited for vol
tages in the range Vsi < Vs ~ Vs(max) by sinking the 
current from D1, starving 01 of base current. This is 
achieved by either a) grounding pin 2 (fig. 6a), or b) 
applying a voltage ViNH via a resistor R1 to pin 2 
(fig. 6b) to ensure that : 

Vo;s 0.8 V, and lo;s = 
Vo;s- V;NH 

R1 
~40J.lA. 

Figure 6 : Inhibiting Oscillation of the ML8204. 

_____!__ 

2 

, 
(Al 

Ml820~ 

_L 

GND 
(0 Vl 

Figure 7a : Gating the ML8204 from CMOS. 

L 
+12T0+15V 

,. 
4049UB 

RING"L~ 2 
JNHIBIT .. H" 

15Kn Ml820l. 

l GNO 
(OVI 
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When driven from a fixed d.c. supply, oscillation of 
the ML8204 may be gated on or off by CMOS or 
TTL logic as shown in Fig. ?a and Fig. 7b respecti-
vely. · 

----------t-------•Vs 

r----------,lms 

ocv015 ~o.sv 

IOis=VoiS-VINH ~.t.OuA 
-RI-

.----
c._!_ 

~ : --- 2 ML8204 

: Rl n : 
' . ~ ' 
i J i 
: VINH ~ : VDIS 

:_~_I 

------~------4--~~ 
IBl 

S-!881 

Figure 7b : Gating the ML8204 from TTL. 

+12 T0+24V 

SOKn L +5V~ ,,. 
7406 

RING"l" 2 
INHIBIT"H"' 

ML8204 

l GNO 
10 V) 

s-e~B2 



PROGRAMMING THE ML8205 INITIATION CUR
RENT 

Pin 2 of the ML8205 requires connection of an ex
ternal resistor RsL (fig. 8), which is used to program 
the slope of the supply current vs, supply voltage 
characteristic, and hence the supply current up to 
the initiation voltage (Vsi). This initiation voltage re
mains constant independent of RsL. The supply ini
tiation current (lsi) varies inversely with RsL, decrea
sing for increasing values of resistance. Thus, in
creasing the value of RsL will decrease the amount 
of a.c. ringing current required to trigger the device, 
As such, longer subscriber loops are possible since 
less voltage is dropped per unit length of loop wire 
due to the lower current level. RsL can also be used 
to compensate for smaller a.c. line coupling capaci-

Figure 6 : Adjusting lsi by Varying RsL. 

ML8204/8205 

tors (providing higher impedance) which can be 
used alter the ringer equivalence number of a tone 
ringer circuit. 

The graph in fig. 9a illustrates the variation of sup
ply current with supply voltage of the ML8205. Three 
curves are drawn to show the change in the slope 
of the 1-V characteristic with RsL. Curve B (RsL = 

6.8 KQ) shows the 1-V characteristic for the ML8204 
tone ringer. Curve A is a plot with RsL = 5.0 KQ and 
shows an increase in the current drawn up to the ini
tiation voltage Vsi· The 1-V characterisiic after initia
tion remains unchanged. Curve C illustrates the 
effect of increasing RsL to 13.0 KQ. Initiation current 
decreases but agairi current after !rigging is u nchan
ged. The variation of lsi, with RsL is illustrated in 
fig. 9b. 

ML8205 ML8205 
13Kn [J ML8205 

5 G.BKfl 

(Al INCREASING 151 

Figure 9a : 1-V Slope Change Due to RsL. 

's 
(mA) 

3.5 

2.5 

1,5 

0,5 

c 

I 

6 10 14 18 22 26 30 34 V5(Vl 

5 

(Cl DECREASING 151 

S-8883 

Figure 9b : Supply Initiation Current. (lsi) vs. RsL. 
G-5972 

.. 
5 tt:tttttttttt$t:Utttt 

4 6 8 10 12 14 16RSL (Kfi) 
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ML8204/8205 

MITEL F.C.C. APPROVED TONE RINGER MO
DULE USING ML8205 

The Mite! tone ringer module (CM3215) using the 
Mite! ML8205 tone ringer chip in the circuit below 
(fig. 1 0) has been approved by the F.C.C. (F.C.C. 
reg. number BN2858673550TN). The circuit has 
been given a ringer equivalence of 0.7 B. This ac
complished by increasing the value of RsL to 13 KQ 
which reduces the supply initiation current (Is;). This 
reduction in lsi allows the use of higher line coupling 
components (R1 = 8.2 KQ) while ensuring sufficient 
voltage drop betWeen pins 1 and 5 of the ML8205 
for triggering. The 5.1 V zener diode D1 presents a 
high impedance to low level signals on the tele-

Figure 10: F.C.C. Approved Tone Ringer Circuit. 

V12SOVRMS 

phone line while allowing tone ringer powe'ring from 
high level rigging voltages. 

TRANSIENT OVERVOL TAGE TESTING OF THE 
ML8204 TONE RINGER 

The following tests were performed to investigate 
the ability of the ML8204 to withstand transients on 
its power supply rails. All tests were performed using 
the circuit shown in fig. 11 with transient voltage 
pulses of the form shown in fig. 12. After each ap
plication of a transient pulse, functionality of the de
vice was checked by switching S1, S2, and S3 to the 
configuration shown in fig. 11. 

R5 C5 

47tl tpF 

TO 

CJ R4 

Bn SPEAKER 
II[]IJ L __ JL---12700pF .22on 

1300fi 

Figure 11 : ML8204 Test Circuit (power supply transient) . 
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The device was tested in two ways by applying 
pulses : 1) directly into the ML8204 power supply 
pins, and 2) to the complete ringer circuit TIP and 
RING inputs. In the first case with 81 in position "b", 
a series of pulses with magnitudes (V) from 30 V up
wards applied from the TF152 until the ML8204 fai
led to operate. This was repeated for 10 devices. 
The unloaded value of V at which the devices cea
sed to operate varied from 84 to 88 V (VsK). Subse
quently a number of devices were tested by applying 
70 V pulses to each device. Instability was noted in 
some devices after 100 pulse applications. All de
vices ceased to function after 172 to 203 pulse ap
plications. A further set of devices were tested with 
64 V pulses. All devices withstood 300 pulse appli
cations without any sign of degradation. In the se
cond test, with switches 82 and Ss in position "b" 
and S1 in position "a", 800 and 1500V pulses were 
repeatedly applied to the TIP and RING inputs of the 

Figure 12: Typical Transient Tset Waveform. 

v 

' : ~ __, 

ML8204/8205 

circuit. No degradation of the d~vices' operation wa's 
observed. · 
SINGLE TONE OPERATION OF THE 
ML8204/ML8205 . 
The ML8204/ML8205 can b·e· made to oscillate at 
one or the other of its output tone frequencies fH1 or 
fH2· To do so, the tone frequency determining com
ponents are connected to pins 6 and 7 as normally 
done. Pin 3 is used as a control input. When pin 3 
is connected to Vs, the output (pin 6) will oscillate at 
the fH1 frequency. Conversely, when pin 3 is at 
ground, the output will oscillate at the fH2 frequency. 
The output ci:m thus be switched between fH1 and 
fH2 externally by applying a control signal to pin 3. 
The low frequency oscillator may also be used se
parately by connecting the frequency determining 
components between pins 3 ·and 4 as normally 
done. The output is taken from pin 4. However, this 
is a fairly high impedance output. 

V:!S:BOOV tt~560,us 
V = 1500V It~ 160,us 

s-6666 

Figure 13 : Single Tone Operating of ML8204/ML8205. 
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ML8204/8205 

TYPICAL APPLICATION CIRCUITS FOR USE 
WITH A PIEZO-ELECTRIC TRANSDUCER 

Feedback from a piezo-electric transducer can 
cause spurious oscillations on the output of a 
ML8204/5 tone ringer. These oscillations corrupt the 
normal two-tone output and change as the ringer 
switches off. · · 
The oscillations occur because the piezo electric 
transducer resonates at its characteristic frequency. 
If the resonant amplitude is sufficient to pull pin 8 
one bipolar threshold below pin 5 then the tone rin
ger may give a short spurious pulse. 

This effect can be eliminated by using a bypass ca
pacitor across the transducer as shown in fig. 14. 
The size of this capacitor is obviously dependent on 
the piezo-electric transducer used, but a value of 
0.1 J.LF is usually sufficient. 
It is possible under specific conditions for a 
ML8204/5 tone ringer with a piezo-electric load to 
continue oscillating after the ringing voltage stops. 

The ringer can b'e powered by the smoothing capa
citor which is across pins 1 and 5 (seefig.14). This 
causes the device to switch off slowly and since the 
output frequencies shift by about a musical semi
tone before oscillation stops, the output can have an 
unpleasant tail-off. 

To eliminate this, a simple monitor can be used 
which switches the output off when ringing stops. 
fig. 16 shows a circuit which works with an ML8204. 
When ringing voltage is applied from the line, pin 2 
is held between 2 and 10 V and the device functions 
normally. When ringing stops, pin 2 is pulled to 
ground and the ML8204 switches off. 

There is no enable on the ML8205 corresponding 
to pin 2 on the ML8204. Fig. 16 shows a circuit which 
does not require the enable pin. The output is swiF 
ched through an NPN transistor instead. During rin
ging the base of the transistor is forward biased and 
the load is enabled. When ringing stops the transis
tor switches off and deactivates the load. 

Figure 14 : Typical Application Circuit for Use with a Piezo-electric Transducer .. 

6 

2 r-------
1 3 ML8ZOMS 6 C6 

0 
s 

I 

5-8888 

C6=01!!F 
S = Piezo-electric transducer 
Other components same as figure 3 
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Figure 15: ML 8204 Circuit to Eliminate Tail-off. 

:.• -
C6 =0.1 11F 
C7=4.7 11F 
R6=51 KQ 
R7=22 KQ 
S = Piezo-electric Transducer 
Other Components Same as fig. 3 

Figure 16 : ML8204/5 Circuit to eliminate Tail-off. 
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S = Piezo-electric Transducer 
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L3240 

·ELECTRONIC TWO-TONE RINGER 

• LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 4 
DEVICES 

• INTEGRATED RECTIFIER BRIDGE WITH ZE
NER DIODES TO PROTECT AGAINST OVER
VOLTAGES 

• LITTLE EXTERNAL CIRCUITRY 
• TONE AND SWITCHING FREQUENCIES AD

JUSTABLE BY EXTERNAL COMPONENTS 
• INTEGRATED VOLTAGE AND CURRENT 

HYSTERESIS 
• BRIDGE OUTPUT CONFIGURATION 

DESCRIPTION 
L3240 is a monolithic integrated circuit designed to · 
replace the mechanical bell in telephone sets, in 
connection with an electro acoustical converter. The 
device can drive either directly a piezo ceramic 
converter (buzzer) or a small loudspeaker. In this 
case a transformer is needed. The two tone frequen
cies generated are switched by an internal oscilla
tor in a fast sequence and made audible across out
put amplifiers in the transducer ; both tone frequen
cies and the switching frequency can be externally 
adjusted. 
The supply voltage is obtained from the AC ring si-

PIN CONNECTION ( top view) 

LINE 
,, 

GROUND 2 

SWEEP RATE 
CONTROL CA"ACITOR 

OUTPUT FREQUENCY 
4 CONTROL RESISTOR 

November 1988 

Minidip S0-8J · 

ORDER CODES : L32408 (Minidip) 
L3240D1 (S0·8) 

gnal and the circuit is designed so that noise on the 
line or variations of the ringing signal cannot affect 
the correct operation of the devices. 

The output bridge configuration allows to use a high 
impedance transducer with acoustical results much 
better than in a single ended configuration. 

The two outputs can also be connected inde
pendently to different converters or actua
tors (acoustical, opto, logic). 

'-../ 

8 ~ LINE 

7 RECTIFIER 
CAPACITOR 

6 BUZZER. 

BUZZER 

s- 6202 

1/4 

367 



c.:> IN 
~ ~ 

~ 
!11UI 
if! I:'! 
l!;l'!' 
"';! 
~0 
i!lli: !§rn 

- :t~§jl 

TELEPHONE RECTIFIER 
LINE CAPACITOR BUZZER BUZZER 

""\. 

B TIN 

-y sj sl 7 

+ THRESHOLD 
RECTIFIER CIRCUIT OUTPUT 

WITH 
BRIDGE HYSTERESIS STAGE 

-
IN l 

l 
SWITCHING ·TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 31 4_.-l 
"'\.. 

TELEPHONE 
LINE 

GND SWEEP RATE OUTFUT FREQUENCY 
CONTROL CAPACITOR CON1ROL RESISTOR 

t189L324B-B1 

m 
r-
0 
0 

" c 
:; 
G) 
::0 
)> 
s: 

r 
(,) 
N 
,j::o 
0 



ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VAs Calling Voltage (f =50 Hz) Continuous 

VAB Calling Voltage (f =50 Hz) 5s N/10s OFF 

DC Supply Current 

Tap Operating Temperature 

Tstg Storage and Junction Temperature 

THERMAL DATA 

Figure 1 :Test Circuit. 

S-9115 

Figure 3: Application Compatible with LS1240 
(single ended output). 

1pF 

o-J 

R1 
1-'KA 

S-9117 

3.56 X 104 Ft 
At ~ Ft (HZ) x ( 1 - 0.16 x In 2543 ) 

L3240 

Value 

120 

200 

30 

-20 to+ 70 

-65 to+ 150 

Max 100 

Figure 2 : Typical Application with Balanced 
Output. 

VAB LINE r 7 

1 OpF .._"T1 _,..__,.._-i-_. 

Unit 

Vrms 

Vrms 

mA 

oc 
oc 

Rl 
1-'KA 

5-9116 

Figure 4: Ft Out vs. At. 
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(K 
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10 

1000 1500 2000 2500 F1 [Hz) 

fsWEEP = ___,7:....:5:..:0:...,...-. 
C1 (nF) 
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L3240 

ELECTRICAL CHARACTERISTICS (Tamb = 25 'C; Vs =applied between pins 7-2; 
otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. 

Vs Supply Voltage ' 

Is 
Current Consumption Without Load 

Vs = 16.5 to 29.5 V 1.5 
(pins 8-1) 

VoN Activation Voltage 12 

VoFF Sustaining Voltage 7.8 

Ro Differential Resistance in OFF 6.4 
Condition (pins 8-1) 

Vour Output Voltage Swing Vs -5 

lour Short Circuit Current (pins 5-6) Vs =20 V 35 

Vs 
Voltage Drop Between 

3 
Pins 8-1 and Pins 7-2 

AC OPERATION 

Output Frequencies Vs =26 V R1=14KQ 
Fout 1 Vs = 0 V 2,29 
Foul 2 v. =6 v 1.6 

Fout 1 
1.33 --

Fout 2 

Programming Resistor Range 8 

Sweep Frequency R1=14KQ C1=100nF 5.25 7,5 

4/4 
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Max. Unit 

26 v 
1.8 rnA 

13.5 v 
9.3 v 

KQ 

v 
rnA 

v 

2,8 KHz 
2.1 

1.43 

56 KQ 

9.75 Hz 



LS1240 
LS1240A 

ELECTRONIC TWO- TONE RINGER 

• LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 
4 DEVICES 

• INTEGRATED RECTIFIER BRIDGE WITH ZE
NER DIODES TO PROTECT AGAINST OVER
VOLTAGES 

• LITTLE EXTERNAL CIRCUITRY 
• TONE AND SWITCHING FREQUENCIES AD

JUSTABLE BY EXTERNAL COMPONENTS 
• INTEGRATED VOLTAGE AND CURRENT 

HYSTERESIS 

DESCRIPTION 
LS1240 and LS1240A are monolithic integrated cir
cuits designed to replace the mechanical bell in te
lephone sets in connection with an electro-acousti
cal converter. Both devices can drive directly a pie
zoceramic converter (buzzer). 

The output current capability of LS1240A is higher . 
than LS1240. For driving a dynamic loudspeaker 
LS1240 needs ·a transformer, while LS1240A, 
needs a decoupling capacitor. 

No current limitation is provided on the output stage 
of LS1240A, so a minimum load DC of 50 Q is ad
viced. 

The two tone frequencies generated are switched 
by an internal oscillator in a fast sequence and made 
audible across an output amplifier in the loudspea
ker, both tone frequencies and the switching fre
quency can be externally adjusted. 

PIN CONNECTION (top view) 

LINE 
,, 

GROUND I 2 

SWEEP RATE 
CONTROL CAPAqTOR 

OUTPUT FREQUENCY 
4 CONTROL RESISTOR 

November 1988 

MINIDIP 

SO-SJ 

ORDER CODES : 
I Minidip I S0-8 I 
I 

LS1240 ILS1240D1 I 
LS1240A LS1240AD1 

The supply voltage is obtained from the AC ring si
gnal and the circuit is designed so that noise on the 
line or variations of the ringing signal cannot affect 
correct operation of the device. 

......__, 

LINE 

RECTIFIER 
CAPACITOR 

6 ~ N.C. 

5 ~ BUZZER 

5- 6202/1 
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LS1240/LS1240A 

BLOCK DIAGRAM 

TELEPHONE RECTIFIER 
LINE CAPACITOR N.C. BUZZER 

" " " 
B 7 6 sJ 

IN 

' 
THRESHOLD OUTPUT CIRCUIT RECTIFIER WITH -

HYSTERESIS STAGE 
BRIDGE 

-

IN I 

J 
SWITCHING TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 3 41 
TELEPHONE 

LINE 
f1BBLS124B-Btfl 

GND SWEEP RATE OUTPUT FREQUENCY 

Figure 1 :Test Circuit. 
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LS1240/LS1240A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VAs Calling Vollage (I =50 Hz) Continuous 120 Vrms 

VAB Calling Vollage (f =50 Hz) 5s ON/10s OFF 200 Vrms 

DC Supply Current 30 mA 

Top Operating Temperature -20 to+ 70 oc 
Tstg Storage and Junction Temperature -65 to+ 150 oc 

THERMAL DATA 

I Rth i-amb I Thermal Resistance Junction-ambient Max 100 oc/W 

ELECTRICAL CHARACTERISTICS 
(T amb = 25 oc; V8 =applied between pins 7-2 unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

v. Supply Vollage 26 v 
Ia Current Consumption without V5 =9.3 to 25 V 1.5 1.8 mA 

Load (pins 8-1) 

VoN Activation Voltage LS1240 12.2 13.2 v 
LS1240A 12 13.5 v 

VoFF Sustaining Voltage LS1240 - 8 9 v 
LS1240A 7.8 9.3 v 

Ro Differential Resistance in OFF 6.4 KQ 
Condition (pins 8-1) 

VouT Output Voltage Swing v.- 5 v 
louT Short Circuit LS1240 v. =20 v RL = on 35 mA 

Current (pins 5-2) LS1240A RL =250 Q 70 mA 

AC OPERATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Output Frequencies v. =26 v R, = 14 Kn 
f, fout1 v. = ov 1.74 2.14 KHz 
!2 fout2 v. = 6V 1.22 1.6 

fout1 
1.33 1.43 

fout2 

Programming Resistor Range 8 56 KQ 

fsWEEP Sweep Frequency R1 =14KQ C1 =100nF 5.25 7.5 9.75 Hz 
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LS1240/LS1240A 

Figure 2: Typical Application for LS1240. 

Figure 3 :Typical Application for LS1240A. 

R1 
14KA 

S-911' 

C1 such that I ZLOAD I > 1 !ill 
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LS1241 

. ELECTRONIC TWO- TONE RINGER 

• LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF A 
DEVICE . . . :· 

• INTEGRATED RECTIFIER BRIDGE WITH:ZE
NER DIODES TO PROTECT AGAINST _O~ER 
VOLTAGES 

• LITTLE EXTERNAL CIRCUITRY .- .. 
• TONE AND SWITCHING FREQUENCIES AD

JUSTABLE BY EXTERNAL COMPONENTS -
• INTEGRATED VOLTAGE AND· CURRENT 

HYSTERESIS 

DESCRIPTION 
LS1241 is a monolithic integrated circuit designed 
to replace the mechanical bell in telephone sets, in 
connection with an electro acoustical converter. The 
device can drive either directly a piezo ceramic 
converter (buzzer) or a small loudspeaker. In this 
case a transformer is needed. The two tone frequen
cies generated are switched by an output amplifier 
in the loudspeaker ; both tone frequencies and the 
switching frequency can be externally adjusted. ·. · 

' , .. ·'-

PIN CONNECTION (top view) 

November 1988 

LINE 

GROUND 

SWEEP RATE _ _ 
CONTROL CAPACI.TOR . 

g~Jf~JL FRRls~~TE~Y: t. 

-, :. 

The supply voltage is obtained from the AC ring si
gnal and the circuit is designed to that noise on the· 
line or variations of the ringing signal cannot affect 
correct operation of the device. 

5- 6202/1 

S0-8J 

ORDER CODE: LS1241 (Minidip) 
. . LS1241D1 (SO·BJ) 

LINE 

RECTIFIER 
CAPACITOR 

N.C. 

BUZZER 
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LS1241 

BLOCK DIAGRAM 

TELEPHONE RECTIFIER 
LINE CAPACITOR N.C. BUZZER 
~ ~ 

B 7 6 sJ 
IN 

t 
THRESHOLD OUTPUT CIRCUIT RECTIFIER WITH '-----

HYSTERESIS STAGE 
BRIDGE 

-

IN I 

I 
SWITCHING TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 3 4,l 
~ ~ 

TELEPHONE 
LINE 

118BLS124B-Btfl 

GND SWEEP RATE OUTPUT FREQUENCY 

Figure 1 :Test Circuit. 
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LS1241 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VAs . Calling Voltage (I = 50 Hz) Continuous 120 Vrms 

VAs . Calling Voltage (I = 50 Hz) 1.8s ON/3.6s OFF 200 Vrms 

DC Supply Current 30 rnA 

Top Operating Temperature -20 to+ 70 oc 
Tstg Storage and Junction Temperature -65 to+ 150 oc 

* See test CirCUli of f1gure I. 

THERMAL DATA 

I Rth i·amb I Thermal Resistance Junction-ambient Max 100 °C/W 

ELECTRICAL CHARACTERISTICS 
(T amb = 25 ac; V s = applied between pins 7-2 unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Supply Voltage 26 v 
Is Current Consumption without V5 =9 to 25 V 1.5 1.8 rnA 

Load (pins 8-1) 

VoN Activation Voltage 12.2 13.2 v 
VoFF Sustaining Voltage 8 9 v 
Ro Differential Resistance in OFF 6.4 KQ 

Condition (pins 8-1) 

VouT Output Voltage Swing Vs- 5 v 
louT Short Circuit Current (pins 5-2) V5 = 20 V 35 rnA 

AC OPERATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Output Frequencies V5 =26 V Rt=14KQ 
It foutt v3 = OV 1.21 1.5 KHz 
12 fout2 v3 = 6V 0.93 1.25 

foutt 
1.2 1.3 --

fout2 

Programming Resistor Range 5 50 KQ 

FswEEP Sweep Frequency R, =14KQ c, =100nF 5.25 7.5 9.75 Hz 
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• WIDE OUTPUT TONE SELECTION 
• DIRECT DRIVE FOR PIEZOCERAMIC OR DY-

NAMIC TRANSDUCERS 
• BUlL T IN BAND PASS FILTER (20 TO 60 Hz) 
• (lP CONTROL INPUT-
• CMOS TECHNOLOGY 

DESCRIPTION 
The M764A is a high performance electronic ringer 
suitable for application in standard and parallel 
connection telephones ; it can also be used as an 
alarm indicator. An incorporated bandpass filter pre
vents spurious ringing caused by transients and 
dialling pulses. Pin-selectable options permit three, 
two and single tone sequences. 
The output stage allows direct drive of both piezo
ceramic and dynamic transducers. The output tone 
level can be externally programmed to increase gra
dually during the first three bursts. Output tone sta
bility and the bandpass filter corner frequencies are 
guaranteed by a crystal controlled oscillator. 
The M764A is available in 16 pin dual in-line plastic. 

January 1989 

M764A 

THREE TONE RINGER 

DIP16 
(Plastic Package 0.25) 

ORDER CODE: M764A 81 

PIN CONNECTION 

--...r----
1 t6 v00 

FRI 2 15 Sf 

14 SOt 

EIN 4 13 '02 
M 764A 

NC 5 12 OE 

MDI 6 11 ll! 

Ml 7 tO TO 

ODM B s Vss 

S-43861.1 
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M764A 

ABSOLUTE MAXIMUM RATINGS 

symbol Parameter Value Unit 

Voo -Supply Voltage -0.5 V to+ 17 v 
V1 Input Voltage - 0.3 to Voo + 0.5 v 

Pta! Power Dissipation 400 mW 

Top Operating Temperature Range -25 to 70 oc 
Tstg Storage Temperature Range -55 to 125 oc 

BLOCK DIAGRAM 

MOl TO 

Ml TO 

OE 
502 

501 

Sl 

ODM 

B FEN 
EIN 
FRI 

219 

380 



M764A 

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

I Symbol I Parameter Test Conditions Min. I Typ. I Max. I Unit 

DC CHARACTERISTICS 

Supply 

Voo Voltage Supply 6 17 v 
VrH Power onfoff Reset Threshold 4.5 5.5 v 
VrH Sequence Logic Power 1.8 2.8 v 

onfoff Reset 

loo Operating Supply Current Voo = 15 V OE = 1 0.75 mA 

looo Stand-by Supply Current Voo = 15 V 0.15 mA 

Main Oscillator 

Ml Main Oscillator Input IIH V1H = 15 V 
Voo=15V 

+5 
J.lA 

I1L VIL =0 V -1 

M01 Main Oscillator Output 1 loH VoH = 13 V 
Voo=15V 

-250 
J.lA 

loL VoL= 1 V + 250 

Sweep Oscillator 

Sl Sweep Oscillator Input I1H VIH=15V 
VDD = 15 V 

+ 1 
J.lA 

I1L V1L =0 V -1 

S01 Sweep Oscillator Output 1 loH VoH = Voo- 1 V 
Voo= 15 V 

-90 
J.lA 

loL VoL= Voo 13 V + 90 

S02 Sweep Oscillator Output 2 loH VoH = Voo- 1 V 
Voo = 15 V 

-90 
J.lA 

loL VoL= Voo 13 V + 90 

Control Pins 

EIN Enable Input liH VIH=15V 0.1 + 1 
FEN Filter Enable Input J.lA 
ODM Output Drive Mode I1L V1L =0 V -0.1 -1 

A Output Sequence Selection I1H VIH=15V 0.1 5 J.lA 
B Pins 
C* I1L V1L =2 V 1 mA 

Frequency Input 

FRI Frequency Input I1L V1L =0 V 1 
J.lA 

I1H VIH =4 v 4 20 40 

VrH 2 4 v 
Output Enable 

OE loHVoo=15V 10 
Vo = 13 V mA 

loLVoo=15V 1 
Vo = 1 V 

• Input resistor of 1.5 Kn is active until VTR of input inverter is reached. 

319 
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M764A 

ELECTRICAL CHARACTERISTIC (continued) 

Symbol Parameter Test Conditions I Min. I Typ. I Max. I Unit 

Tone Outputs 

TO Output loHVoo=15V 10 
V0 = 13 V 

mA 
loL Voo =,15 V 10 

Vo =1 V 

TO Inverted Output loH Voo = 15 V 10 
Vo = 13 V 

mA 
loL Voo = 15 V 10 

Vo = 1 V 

• Input resistor of 1.5_ KQ is active until VrR of input inverter is reached. 

AC CHARACTERISTICS 

Main Oscillator 

IsM Start up Time Voo =6 V 10 
fo =455KHz ms 
RF = 1 MQ See Tables 
C1 =Co= 100 pF 1-2 

Sweep Oscillator 

Iss Start up Time- Voo = 6 V 5 
f = 1140 to 11400 Hz(') 

ms 

(') R > 50 kQ 
C> IOOpF 

FUNCTIONAL DESCRIPTION 

MAIN OSCILLATOR 

The main oscillator has been designed to be driven 
either by an external RC network or by a ceramic re-
sonator (see fig. 1) : · 

The accuracy of the output tones and of the band
pass filter characteristics are determined by the ac
curacy of the main oscillator frequency. 

The crystal guarantees good performance over the 
whole temperature range with no external trimmer. 
The main oscillator as well as the sweep oscillator 
are maintained in a stand-by condition or forced to 
run according to table 1 .. 

SWEEP OSCILLATOR 

The sweep oscillator (fig. 2) controls the repetition 
rate of the output tone sequence. The output repe
tition period is given by 

4/9 
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384 . 
Trep = -=---

F sweep oscill. 

OUTPUT TONE ACTIVATION (pins FEN, EIN, 
FRI) 

The output stage is enabled by the signal OE (out
put enable) under control of pins FEN, EIN, FRI as 
shown in table 1, and fig. 3. 

Pin FEN and EIN are standard C-MOS inputs. 

Pin FRI has a pull-down resistor of approximately 
300 Kn. 

OUTPUT ENABLE (OE) 

The output enable pin (OE) can be used in special 
· application to drive a LED or any external circuit to 
indicate that an incoming ringing signal has been . 
detected by the tone ringer as in automatic respon
ders. 

OE timing diagrams are shown in table 1. 

The OE output stage configuration is shown in fig.4. 



M764A 

' ' ' 
Figure 1 : a) Crystal Controlled Oscillator. Figure 2. 

Ml MOl 

RF 502 

s 4384/2 

5·4382/1 

-
Figure 3 : Timing Diagram. 

11 = IsM 12= 25msMAX Y3 = n IDENTIFICATION TIME tir + TSM 

Figure 4. 
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M764A 

Table 1 .. 

osc. OUT. 
FEN EIN FRI EN. EN. TONE OUT 

0 0 0 0 0 0 

0 0 0 0 

0 ..JL 0 IL.. II_ ~ 
to " to t1 to 11 to 11 

0 .fL.. rL_ ___r--t_ 
to t1 to t1 to t1 

f 

J:fiL' 0 JU1lliL ~ 0 ~ I I 0 I I 
to 11 It to " to It 

IFfmln<f <fmax 

'l:z ;rz t'z 

J1IUUlll lL _r-n_ __jil_· 
to It It 

l'2 = 25 ms MAX 

TONE OUTPUTS (TO, TO) 

Two complementary outputs are provided to drive 
in a bridge configuration both piezoceramic and dy
namic transducers {see fig. 5). 
The configuration of the output buffer is shown in 
fig. 6. 
The output waveform is a square wave with 50 % 
.duty cycle. 

6/9 

384 

to 11 to It 

Y'3 = n IDENTIFICATION TI~E tir + TSM 

The generated tone level can be constant or can be 
gradually increased up to the max. level during the 
detection of the first three ring signals. 

This function has been implemented controlling the 
output voltage swing that can be Voo for max. out
put level, 0.4 Voo for the intermediate output level 
and 0.1 Voo for the lowest output level. 



I; 

! OUTPUT DRIVE MODE (ODM) 

The output level is constant if this pin is a logical 0 : 
it gradually increases to the max. level if this pin is 

; a logical1 : the sequence can take place if after the 
first ring signal during the ring tone pause period the 

-supply does not fail below the power on reset thres
hold (5.5 V) and always starts from the lowest level. 

FigureS. 

JlJliL 

Figure 6. 

OUTPUT TONE SELECTION (B) 

Table2. 

M764A 

B Output Tone Sequences and Frequencies 
fmax osciiL = 455 KHz 

0 

1 
. 800 

800 
1066 
1066 

PIEZOCERAMIC 
TRANSDUCER 
DRIVING 

DYNAMIC 
TRANSDUCER 

.DRIVING 

1333 

7/9 lifi ~~~~m&r;,:ij!~~- -------------
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M764A 

TYPICAL APPLICATIONS 

Figure a :Tone Ringer for Standard telephone Applications. 

4.7 KO 10V 

OE 
t. 7Kn 

TOHZ}--;-f 
TO 1------l..( 

100KO 2 2,uF 

If pin EIN is connected to Voo the ringer is activated 
by frequencies upper than 20 Hz. 

- In both cases the volume potentiometer can be 
avoided connecting the ODM to Voo allowing the 
gradually increase of the ringer volume in 

three steps. 

-The number of the output available tones and their 
frequencies are controlled by ABC pins according 
to table 2. 

Figure b :Tone Ringer for Alarm,Buzzer or Ring Tone Detection in Centralized Equipments. 

8/9 
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M764A, 

ANTI TAPPING APPLICATION, 
In the anti-tapping application an input current threshold is established. 

r-~-. 
I I 
I I 
' I 

<1:1 all 

9/9 

387' 





• ON-CHIP RECTIFIER BRIDGE AND TRAN
SIENT PROTECTION 

• DIRECT DRIVE OF PIEZOCERAMIC OR DY
NAMIC TRANSDUCERS 

• NOISE SUPPRESSION BY DIGITAL FRE
QUENCY FILTER AND LEVEL DETECTOR 

• USES LOW COST CERAMIC RESONATOR 
FOR MAIN OSCILLATOR 

• REPETITION RATE OF TONE SEQUENCE AD
JUSTABLE BY RC TIME CONSTANT 

DESCRIPTION 
The SAA1 094 replaces the electromechanical tele
phone bell and calls the subscriber by a melodic 
tone sequence. It derives its power supply by recti
fying the ac ringing signal, requires only a minimum 
of additional components and is compatible with the 
conventional telephone network. 

PIN CONNECTION 

January 1989 

OPTION PIN [ 
FREQUENCY 1 

cnNNECTION FOR l [ 2 
CERAMIC 
RESONATOR I 3 

NEGATIVE SUPPLY I 4 
VOLTAGE 

INPUT A I s 

POSITIVE SUPPLY I 6 
VOLTAGE 

INPUT B 

SAA1094 

THREE-TONE RINGER 
ADVANCE DATA 

DIP14 

ORDER CODE : SAA1094-2 

14 ~ 

13 ~ 

·DIGITAL OUTPUT 

OPTION PIN 
OUTPUT 

PULSE WIDTH 

12 ~ }OUTPUT SOUND 
h TRANSDUCER , 

11 ~ 

10 j 

] 
CONNECTION FOR 

9 RCCOMBINATION 

8 ] 

1/6 
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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SAA:t094 

Figure 1 : Block Diagram. 

14 

I 
I 
I ______ _j 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Supply Current 15, 17 =± 25 V· 

v, Input Voltage v, Vss - 0.3 to Voo + 0.3 v 
Output Current 111, 112, 114 =± 10 rnA 

·'Tap Operating Ambient Temperature -25 to+ 60 oc 
Ts1g Storage Temperature -40 to+ 125 oc 

Furthermore, the Conditions of Section 9 are Applicable 

Stresses 1n excess of thos listed unter "Absolute Maxrmum 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 conditions in excess of those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating condition for extended periods 
may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 

Symbol .Parameter Min. Typ. Max. Unit 

fc Clock Oscillator Frequency 455 kHz 

Power Supply (see functional description) 

216 
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SAA1094 

ELECTRICAL CHARACTERISTICS (at V6-4 = 10 V; fc =455KHz ; Tamb = 25 °C) 

Symbol Parameter Min. Typ. Max. Unit 

15, 17' Current Consumption, Outputs whithout Load 1.4 2.2 rnA 

f1N Frequency range of the ac input current into pins 5 and 7 which 
gives an output signal at pins 11 and 12 ; (test circuit - fig. 7}. 
a} Pin 1 unconnected 23 54 Hz 
b) Pin 1 connected to Pin 4 = Vss 12 54 Hz 
c) Pin 1 connected to Pin 6 = V AD 

de Operation (see section 3} 

fiN Frequency ranges of the ac input current into pins 5 and 7 which 
do no produce output signals at pins 11 and 12 ; 
(test circuit - fig. 8} 0 18 Hz 
a} Pin 1 is unconnected 60 = Hz 

RoN On-resistance of Outputs : 
Pin 11, Pin 12, at loL = 5 rnA or loH =- 5 rnA 90 Q 

Pin 14, at loL = 5 rnA 500 Q 

Pin 14, at loH =-5 rnA 300 Q 

fo1 Frequency of the Output Signal at Pin 11, Pin 12 813 
fo2 · 1083 
fo3 1354 

Start-up Time of Clock Oscillator 10 ms 
V6-4 Internal Supply Voltage Limitation at 15, 17 = 10 rnA 15 22 v 

Switching Levels of Voltage Level Detector : 
V6-4 ON Turn-on Level 
V6-4 OFF Turn-off Level 

GENERAL DESCRIPTION 
The SAA 1094 replaces the customary electrome
chanical telephone bell and calls the subscriber by 
a melodic tone sequence, using a small magnetic 
or piezo-ceramic sound transducer. The melody rin
ger circuit, together with its transducer is powered 
by the ringing current from the enge. This makes it 
compatible with the conventional telephone network 
and, in addition, no battery or mains connections are 
needed (fig. 2). It is also possible to apply a DC si
gnal instead of the AC ringing signal (fig. 3). As 
shown in fig. 2 and 3 the amount of additional com
ponents is reduced to a minimum. 

FUNCTIONAL DESCRIPTION OF THE 
TONE RINGER CIRCUIT 

POWER SUPPLY . 

The tone ringer circuit (fig. 2) derives the power re
quired for its operation from the ringing AC supplied 
by the exchange via linea a and b. Together with the 
loop resistance, the specified 1 11F isolating capaci
tor and a 2.2 kQ resistor is needed to ensure a mi
nimum impedance. 

Th'e supplied alternating current is fed to pins 5 and 
7 of the tone ringer and is rectified by means of an 

6 7.5 v 
3 4.5 v 

integrated bridge circuit in the SAA 1094. The recti
fied current charges the electrolytic capacitor at pin 
4 and 6. The direct voltage V 6-4 generated across 
this capacitor is the supply for the intemal circuit. It 
mainly depends on the loop resistance and on the 
ringing frequency. Its maximum value is limited by 
an internal Zener diode to about 20 V. · 

CLOCK SIGNAL GENERATION 

The clock oscillator, integrated in the SAA 1094 tone 
ringer lc requires only an inexpensive ceramic reso
nator connected to pins 2 and 3, for example the 
455 KHz type Murata CSB 455E. The frequency of 
this oscillator is used to derive the three input tone 
frequencies and the clocks for the output frequency 
comparator. 

MONITORING THE INPUT RINGING 
FREQUENCY 

The frequency frN of the ringing AC supplied to the 
inputs pins 5 and 7 is monitored in the SAA 1 094 by 
a frequency comparator. The result of the frequen
cy comparison is used as one criterion for activiting 
the tone generator (see section 4 for the other crite-
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SAA1094 

rion). The circuit generates output tones only if the 
input ringing signal is inside a specified frequency 
band. Three different modes can be selected by the 
option pin 1. 

a) Pin 1 unconnected : 

In this mode a frequency fiN from 23 to 54 Hz will 
be accepted for producing the output' tone se
quence. 

b) Pin 1 connected to pin 4 = 0 

In this mode a frequency f1N from 12 to 54 Hz will 
be accepted. Due to this option, the SAA 1094 can 
also be employed in telephone systems having a 
ringing frequency below 20 Hz. 

c) Pin 1 connected to pin 6 = 1 

In this mode the result of the frequency comparison 
has no influence. A DC signal can be applied to the 
SAA 1094 at pins 4 and 6 or pin 5 and 7 for produ
cing the output tone sequence. 

A digital noise suppression circuit in the SAA 1 094 
ensures that noise signals in the range from 0 Hz to 
20 KHz and with a maximum amplitude of 9 V RMS 
will not affect the correct function of the SAA 1094 if 
the input ringing signal applied to the terminal a and 
b fig. 2 has an amplitude of 50 V RMS and a fre
quency in the range specified for producing an out
put signal. 

VOLTAGE LEVEL DETECTOR 

The voltage level V 6-4 is monitored in the SAA 1 094 
and used as another criterion for activiting the tone 
generator. The tone sequence will be started when 
V 6-4 increases to a level around 6 V. The tone se
quence will be ended when V 6-4 decays to a level 
around 3 V. 

TONE SEQUENCER 

The ringing signal produced by the SAA1094 is a 
sequence which is determined by the external RC 
network of the tone sequence oscillator and by the . 
ratio of the frequency divider. the relationship bet
ween repetition rate fR and oscillator frequency fos 
is: 

fos 

3. 32 

The repetition frequency can be adjusted from 
2.4 Hz± 0.2 Hz to 25Hz± 3.5 Hz using the connec
tion scheme of Fig. 4 and the following component 
values: 

4/6 

392 

C=4.7nF 
R3 = 43 kW · 
R4 = 0 to 600 kW 

The repetition frequency can be calculated using the 
formula: 

106 
fR (Hz)= ------

134.4 · C · (20 + R) 

with C (nF) =capacitance between pins 8 and 9, 
R (KQ) = resitance between pins 8 and 1 0. 

The repetion frequency depends slightly on the sup
ply voltage V 6-4. The variation is equal of less than 
+~%per 1 V. 

TONE GENERATOR 

The ringing signal is a sequence of three tones. their 
frequencies are derived from the clock frequency at 
division rates of 560, 420 and 336. Depending of the 
clock frequency fc the tone frequencies are 

813 Hz, 1083 Hz, 1354 Hz for fc =455kHz or 

800 Hz, 1067 Hz, 1333 Hz for fc = 448 kHz 

This is a harmonic ratio of 3 : 4 : 5. the sequence 
will be started if two conditions are fulfilled : the in
put ringing sign I f1N has to be inside a specified fre
quency band and the supply voltage V 6-4 has to be 
increased to the turn-on level. The sequence always 
starts with the lowest tone. The sequence ends, if 
f1N departs from the specified frequency band or if 
V 6-4 is lowered to the turn-off level. 

TONE OUTPUT 

The output amplifier of the SAA 1094 tone ringer is 
a push pull bridge circuit. It supplies two square 
wave signals of opposite phase at pin 11 and pin 12. 
The high value of the signal equals the potential of 
pin 6 and the low value equals the potential of pin 4, 
if no load is connected to the outputs. Optionally, the 
pulsewidth of the squarewave output signal can be 
limited to 0.2 ms internally, in order to save the com
ponents of an external limiting circuit containing a 
capacitor. The shorter pulse-width is of advantage 
in the case of an electromagnetic transducer being 
used which will operate with increased efficiency in 
this case. The connection of pin 13 determines the 
mode :when connected to pin 4, the pulsewidth is 
not affected. If pin 13 is left unconnected, the pulse
width will be 0.2 ms. The waveform of the current 
through the load is shown for both cases in Fig. 5. 

DIGITAL OUTPUT 

The digital output pin 14 can be used for connecting 
a supplementary load to the supply terminals pins 4 
and 6 when the tone generation is deactivated. Wi
thout the supplementary load the voltage V 6-4 may 
decrease significantly upon activation of the tone 
generation. 



The digital output is at the voltage level of pin 6 as 
long as the two conditions (fiN and V 6-4) for the tone 
generation are not fulfilled. A supplementary load 
current can then be drawn through an external re
sistor between pins 14 and 4. As soon as the condi
tions for the tone generation are fultilled, the digital 
output switches to the voltage level of pin 4. 

OVERLOAD PROTECTION 

The SAA 1 094 can withstand an alternating voltage 
of 11 0 V at a frequency of 50 Hz across terminals a 
and b fig. 2 for 15 seconds. 

The circuit will not be damaged by a transient volt
age test with the following test conditions : 

Voltage across the charge capacitor 2 kV 
Pulse tinming 1 0/700 IJ.S 
Pulse sequence 30 s 
Number of transients 16 
Polarity change after 5 transients 
Test circuit Fig. 6 

Figure 3 : SAA 1094 with Power Supplied by DC. 

SAA1094 

Figure 2 : SAA 1094 with Power Supplied by the 
_ AC Ringing Signal.. · 

Figure 4 : Circuit Connection Scheme for Repeti 
lion Frequency Adjustement Described 
in Section 5. 

5·9073 

5/6 

393 



SAA1094 

Figure 5a/5b : Diagram of Output Current through-a Load between Pins 11 and 12. 

a) pin 13 connected to pin 4 

Figure 6 :Circuit for Transient Voltage Test 
Described in Section 9. 

!SA 25Jl a 

TONE RINGER 
0.22/'F CIRCUIT 

OF FIG. 2 

b 

5-9015 

b) pin 13 not connected 

5-9074 

Figure 7 :Test Circuit which Activates the Output 
Signal Generator (see also frequency 
specification). 

a 

TONE RINGER 
Rj =0 CIRCUIT 

3pf 
OF FIG. 2 

b 
S-9076 

Figure 8: Test Cirquit which does not Activate the Output Signal Generator (see also frequency 
specification). 

b 
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OF FIG_ 2 



LB1006 

TELEPHONE RINGING DETECTOR 
AN AT & T PRODUCT 

• MEETS BOTH TYPE A AND B RINGING RE
QUIREMENTS (40 VRMS ~ VIN ~ 150 VRMS, 
15 Hz:s; FiN :'>68Hz 

• OPERATES ON LESS THAN 1 rnA FROM THE 
TELEPHONE LOOP 

• INTERNAL POLARITY GUARD PROVIDES 
1500 V liGHTNING SURGE PROTECTION 
WHEN CONNECTED AS IN FIG. 11 AND 12 

• IMMUNE TO ROTARY DIAL PULSING (BELL 
TAP) 

DESCRIPTION 

The LB1 006 provides ringing detection functions 
from the Tip-ring pair of a telephone loop. This de
vice provides approximately 1 rnA output current for 
two types of output drivers. The output can be 
connected to either an opto-isolator device or to a 
logic interface with a microprocessor. 

January 1989 

PRELIMINARY DATA 

MINIDIP A 

ORDER CODE : LB 1006AB 

PIN CONNECTION 

RP [ ~ 8 :J TP 

OUTH [ 2 7 p COMMON 

MIRROR [ 3 6 p V+ 

BLANK [ 4 5 P OUTL 

S-10707 
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Figure 1 : Functional Diagram. 

TP 

RP 

COMMON 

PIN DESCRIPTION 

No Symbol 

8 TIP 

1 RING 

2 OUTH 

3 MIRROR 

5 OUTL 

6 v• 

7 GND 

4 NC 

396 

V+ 

AlVIN I 

REF. CURRENTS 
AND 

VeG REF. VOLTAGES 

(MAG.) !INTERNAL 
CONNECTIONS) 

S 10"/0G 

OUTH 

MIRROR 

OUT l 

Description 

AC Input Signal from Telephone Line 

AC Input Signal from Telephone Line 

Sources Current when ringing is detected 

Mirror Cumin! from OUTH to Activate Pin OUTL 

Sinks Current when ringing is detected 

Internal Supply Voltage. This voltage is usually derived from the 
AC signal which is present on the Tip-ring pair. This pin must 
have a 10 J.LF capacitor to common for energy storage and 
«smoothing» purposes. For «stand alone application .. , an external 
voltage niay be used to bias this pin. 

Ground 

No Connection 



LB1006 

ABSOLUTEMAXIMUN RATINGS 

Symbol Parameter Value Unit 

v· Supply Voltage (ref to GND) 30 v 
OUTH Supply Voltage (ref to GND) 30 v 
OUTL Supply Voltage (ref to GND) 30 v 

TIP Voltage (tip-ring) ± 30 v 
lo Operating Current (tip-ring) ± 100 mA 

IMIR Mirror Current 2.0 mA 

TA Ambient Operating Temperature Range -20 to+ 75 oc 

Tstg Storage Temperature Range -40 to+ 125 oc 

- Pin Temperature (soldering 15 sec) 300 oc 

Po Power Dissipation (package limitation) 600 mW 

Stresses in excess of 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 conditions in excess of those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

ELECTRICAL CHARACTERISTICS(at 25 OC unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

Power Supply Current v· = 28 v (see fig. 2) 200 365 900 

Power Supply Current v• = 15 v (see fig. 2) 200 360 800 

Tip-ring Current VTIP-RING = 4.5 V (see fig. 3) - 30.4 65 

OUTH Current vTIP = v• = 15 v (see fig. 5) 540 900 1040 !lA 

OUTL Current VrtP = v• = 15 v (see fig. 4) 750 - 1400 

Mirror Current IMJRROR = 1.0 mA, 750 1245 1400 
VourL = 5.0 V (see fig. 8) 

Tip Current, No Load VrtP-RING = 20 V (see fig. 7) 0.25 1.410 1.8 
mA 

Ring Current, No Load VTIP-RING =- 20 V (see fig. 7) -0.25 - 1.41 -1.8 

Input Threshold Voltage, Tip-ring v• = 10 v (see fig. 6) 6.0 7.2 8.0 

lrp =20 mA (see fig. 9) 22.5 25.5 30 

Clamp Voltage 
ITP =- 20 mA (see fig. 9) -22.5 -25.5 -30 v 
Jrp = 100 mA (see fig. 9) - 3.6 5.5 

ITP =-100 mA '(see fig. 9) - -3.6 -5.5 
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TEST CIRCUITS 

Figure 2. 

+ 
V+ 

Figure 4. 

S-10710 
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8 7 6 5 
TP COM V+ OUT M 

RP OUT H MIRROR 
2 3 4 

5 10708 

15 v 

4 

Figure 3. 

Figure 5. 

S-10711 

7 5 
COM V+ OUT M 

OUT HMIRROR 
2 3 

S-10709 

5 
V+ OUT L 

A 



Figure 6 

Figure 8 

JMJAROR 

INPUT THRESHOLD VOLTAGE 

10 v 

RP OUT H MIRROR 
1 2 3 

DETECT 
RINGING 

MIRROR CURRENT 

+ 

c__ _____ j_sv 
S-1071t. 

APPLICATION 

The LB1 006 detector derives its power by rectifying 
the AC ringing signal from the Tip-Ring pair of ate
lephone loop. It operates over widely varying wave
forms (15 to 68Hz at 40 to 150 VRMs). It uses this 
derived power to activate ringing detector logic, and 
then transfers most of this power to an output cur
rent driver. There is essentially no loading under 
non-ringing conditions. This device has two outputs, 
OUTH and OUTL. The OUTH output is used to 
source output current when ringing is detected. The 

Figure 7 

5-1 0713 

Figure 9 

RP OUT H MIRROR 
2 

LB1006 

5 
OUTM 

7 6 5 
COM V+ OUT M 

OUT HMIRROR 
2 3 

S-10716 

OUTL output will sink output current when the 
OUTH output is connected to the mirror input and 
when ringing is detected (see application diagram 
figure 11 and 12). The device does not have to de
pend upon power derived from the Tip-Ring inputs 
to become operational. Connecting an external vol
tage source to V+ will also allow the device to ope
rate in what is described as "Stand Alone Applica
tions". 
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Figure 10 : Simplified Output Diagram. 

r + ~:':9:1_59tL~~~R 
8.2 kll 

~~~~ ~f~~J TIP o----f! ~~ 

I o.ss,,F DETECTED 
OUTPUT 

8 7 6 5 
TP COMMON V+ OUTL 

RP OUTH MIRROR BLANK 
1 2 3 4 

J RING I lOUT = 900 ,,A -

NOMINAL 
5- 10717 

Figure 11 :Typical Application for Opto-isolator Drive. 

r-~--------~----~v. 

OUTL 
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Figure 12: Typical Application for Interface Direct to Logic. 

8.2 k!l 

LOGIC 
--o(+V) 

RPULL·UP 

10 ,,F 
,--4.--- RINGING DETECTED 

TO LOGIC 

V+ OUT L 

LB1006AB 

MIRROR BLANK 
3 4 

RINGo---------' 5-10'718 

LB1006 

717 
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TEA7031 

MONITOR AMPLIFIER AND RINGER 

LOUDSPEAKER AMPLIFIER 
• ANTI-ACOUSTIC FEEDBACK (antilarsen) 
• ANTIDISTORSION BY AUTOMATIC GAIN 

ADAPTATION 
• PROGRAMMABLE GAIN INSTEPSOF6dBOR 

LINEARLY 
• ON/OFF POSITION 
• LOWVOLTAGE 
• POWER :·100 mW AT 5 V 
RINGER 
• SWITCHING REGULATOR TO TRANSFORM 

HIGH INTO LOW VOLTAGE IN RING MODE 
• MICROCOMPUTER SUPPLY WITH RESET, 

HALT AND RING DETECTION SIGNAL 
• TUNE GENERATION BY MCU AND RINGING 

BY LOUDSPEAKER 

DESCRIPTION 

TEA7031 is a 28-pin DIL integrated circuit providing 
the following facilities : 

_ Loudspeaker amplifier 
_ Anti-acoustic feed-back system (anti-Larsen 

system) 
_ Microprocessor supply and control 
_ Switching regulator control 

PIN CONNECTION (top view) 

BPN 

!NRU 

UZ1 

B 

c 

GNO 1 

FAGC 

ucs 

nc 1 

nc 2 

FAL 1 

FAL 2 

!HEAR 

UZMP 

S0-28 

DIP28 

ORDER CODES : TEA7031 DP (DIP28} 
TEA7031 FP (S0-28} 

These facilities are generally electrically separated ; 
hence selective use of the functions provided is 
possible. 

Us• 

OS 

ON/OFF 

PG 1 

PG A 

GNO 3 

LS 2 

UREF 

LS 1 

!HRG 

HALT 

RS 

GNO 2 

A 

N88TEIVB31-tlt 
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TEA7031 

PIN DESCRIPTION 

Name No Description 

BPN 1 Base Drive to External Transistor of the Switchmode Power Supply 

INRV 2 Switchmode Power Supply Regulation Input 

VZ1 3 3.5 V Reference Voltage to Switchmode Power Supply 

8 4 Adjust VZ1 

c 5 Adjust VLS 

GND 1 6 Ground 

FAGC 7 Gain Control Filter 

vcs 8 Supply Voltage 

MC 1 9 Microphone Input 1 

MC2 10 Microphone Input 2 

FAL 1 11 Antilarsen Filter 1 

FAL 2 12 Antilarsen Filter 2 

!NEAR 13 Earphone Input 

VzMP· 14 Microprocessor Suppiy Voltage, Internally Zener Stabilized {3.3 V) 

A 15 Adjust VZMP 

GND 2 16 Ground 

RS 17 Microprocessor Reset Output 

Halt 18 Microprocessor Halt Output 

INRG 19 Input Ringing Signal 

LS 1 20 Loudspeaker Output 

VREF 21 Internal Reference 

LS 2 22 Loudspeaker Output 

GND 3 23 Ground 

PG 0 24 Gain Level Programming 
PG 1 25 

ON/OFF 26 Loudspeaker ON/OFF 

DS 27 Ring Signal Indication 

Vs + 28 Rectified Ring Signal Input 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VLs Supply Voltage {adjustable) 6 v 
Vs+ Input Voltage Rectified Ring Signal 22 v 
ILs Supply Current 90 mA 

Ptot Power Dissipation 360 mW 

VzMP Microprocessor Short Regulator Voltage 6 v 
izMP Microprocessor Short Regulator Current 30 mA 

Toper Operating Temperature Range -5 to+ 45 oc 
Tsro Storage Temperature Range -55 to+ 125 oc 
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ELECTRICAL CHARACTERISTIC (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLs Shunt Voltage Regulator ILs =2 mA 2.65 .2.8 3.2 v 
ILs =30 mA 2.7 2.9 3.4 v 

v, Voltage Pin 1 ILs = 2 mA to 30 mA 1.25 v 
IAGCoff Gain Control Current ILs =30 mA (fig. 1) 1 j.tA 

IAGC on VLs = 2.6 V (fig. 2) -4 -2.5 j.tA 

G Loudspeaker Amplifier f =300Hz 

GAIN= 
V22- V2o VouT = 0.8 VRMS (fig. 3) 

v,s ON/OFF PGo PG1 

GND GND GND 12 14 16 dB 
GND GND VLs 18 20 22 dB 
GND VLs GND 24 26 28 dB 
GND VLs VLs 30 32 34 dB 

VLs GND GND -30 -20 dB 
THD Distortion ILs =30 mA; 

VouT = 0.8 VRMS 
f = 300 Hz to 1 0 kHz 
(fig. 3) 

ON/OFF PGo PG1 

GND VLs VLs 2 % 

GRING Ringing Gain (fig. 4) 

GAIN= 
V22- V2o ON/OFF PGo PG1 

V,g 
VLs GND GND 12 19 16 dB 

VLs GND VLs 18 20 22 dB 

VLs VLs GND 24 26 28 dB 

VLs VLs VLs 30 32 34 dB 

ZMIC IN Microphone Input Symetrical (pins 9 - 1 0) 4.5 kO 

Asymetrical (pin 1 O) 36 kO 

ZEAR IN Earphone Input 2.8 kO 

ZRING IN Ringing Input 1.2 kO 

IPGO Input Current ON State ILs = 30 mA (fig. 3) - 10 -5 j.tA 
IPG1 V21= V2s = V2s = GND - 10 -5 f!A 

ioN/OFF -10 -5 j.tA 

IPGO Input Current OFF State ILs = 30 mA (fig. 3) 1 j.tA 
IPG1 V21 = V2s = V2s = VLs 1 j.tA 

iON/OFF 1 j.tA 

G MIC Microphone Gain =~ ILs = 30 mA (fig. 5) 18 22 26 dB 
(Vg- V,o) 

ANT RMS 
Antilarsen Control = 

(V22- V2ol ILs = 30 mA (fig. 6) 

v,s V13 =20 mVRMS 
V,2=0.3Voc 20 dB 
V12 =0.6 Voc -20 dB 
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ELECTRICAL CHARACTERISTIC (continued) 

Symbol Parameter Test Conditions Min Typ Max Unit 

MICROCOMPUTER SUPPLY SECTION 

VzMPl Supply Voltage lzMPl = 3 rnA (fig. 9) 3 3.3 3.6 v 

lzMP Supply Current VzMP = 0.8 VzMPl 0,3 rnA 
(fig. 1 0) 

I RESET Reset ON V17 =0 V ;V14 =VzMPl 1 !!A 
Reset OFF V17 = o v; v,4 = 0.8 VzMPl - 150 -75 !!A 

I HALT Halt ON V1a =0 V ;V14 =VzMPl 1 llS 

Halt Off v,a =0 v ;V14 =0.8 VzMP1 - 150 -75 !!A 
SWITCH MODE SUPPLY SECTION 

VsA Maximum Input Voltage lvs = 1 rnA, (fig. 7) 22 v 

V21 Voltage Reference Vs+ = 22 V; VLs = 2,8 V ·· 3,2 3,5 3,8 v 
(fig. 7) 

lsPN ON PNP Base ON v,4 = o v; v2 = 3 v 1 2 rnA 
lsPN OFF PNP Base OFF (fig. 8) 

V14=0V;V2=4V 1 !!A 
{fig. 8) 

Vz1 AOJ Adjust VZ1 V14=0V;V2=4V 1.1 v 
(fig. 8) 

los oN Ring Detection ON v,4 =3.5 v (fig. 8) 0,8 14 rnA 
los OFF Ring Detection OFF V14 = 0.8 X VzMP1 {fig. 8) !!A 

Figure 1 :Test VLS, VREF, I AGC, V (5). 
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Figure 2 :Test Power Supply- ILS- I AGC. 

6 
GN01 

7 
F AGC 

8 
VLS 

9 

I 
VLS M Cl 

10 
MC2 

11 
FALl 

10 kU 
12 

FAL2 
13 

I NEAR 
14 

VZMP 

vs+ 
OS 

ON OFF 

PG 1 

PGO 

GN03 

LS2 

VREF 

LSI 

I NAG 

HALT 

RESET 

A 

28 

23 

22 

21 

I• 
t 

VouT 

20 

1Y 

18 

TOJ!F 

r~-+---t1~ 
1 F =800Hz 

I,.VRING 

Figure 3 :Test Loudspeaker Amplifier- Gain- Distortion- ILS. 

10N OFF 

vs+ 
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PG 1 
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Figure 4 :Test Amplifier. 

+~ 

vs+ 28 
+~ 

INRV DS 

ON OFF + ,_ ~ 

PG 1 VouT 

PGO 
, .. 

6 23 I 
GNDl GND3 

7 
F AGC LS2 

22 

8 21 
VLS VREF 

9 20 

~· 
MCl LSI 
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MC2 INRG 

19 

11 18 
FALl HALT lJ.I 

1okn 
12 

FAL2 I F =800Hz 
RESET 

13 
I NEAR I.VRING 

14 
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Figure 5: Test Antiacoustic System Efficiency. 
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Figure 6: Test Antiacoustic System Efficiency. 

28 " vs• 
77 

OS 
2G 

ON l)f F 
25 

1s ~s~ 
PG 1 
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c PG 0 

6 23 
GND1 GND3 
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9 20 

MC1 LS1 
10 

MC2 I NAG 
Hi 

11 V12 HALT 
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~ 
RESET 

I 
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Figure 7 :Test Power Supply in Ring Mode- VZ1 - IBPN - IDS. 
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Figure 8: Test Power Supply in Ring Mode- VB+ MAX . 

.-----------~-----r-'-1+ ~ 

VzMP 

I 

.I 

CIRCUIT DESCRIPTION 
TEA7031 is a 28-pin OIL integrated circuit providing 
the following facilities : 

_ Loudspeaker amplifier 
_ Anti-acoustic feed-back system (anti-Larsen 

system) 
_ Microprocessor supply and control 
_ Switching regulator control 

These facilities are generally electrically separated ; 
hence selective use of the functions provided is pos
sible. 

Figure 9 : Loudspeaker Amplifier. 

EARPHONE INPUT 

RINGING INPUT 

N88TE11?83t -82 

I -

'· 
1---------"-1.. t-=--------1 

~, 4V 

1os 

!-"-------' .. ~!~ 

IO!If 

1.1 LOUDSPEAKER AMPLIFIER 
The amplifier is divided into 3 main sections : 
a) Automatic Gain Control (AGC) 
b) Preamplifier 
c) Push-pull amplifier (bridge structure). 

GAIN ADJ B 
26 

DN/DFF 

2B 

22 

9/22 
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TEA7031 

a) The AGC section is used for the anti-Larsen and 
anti-distortion system. 

_ When used in a telephone set to avoid Lar
sen effect the AGC automatically decreases 
loudspeaker amplifier gain. 

_ When the required output level exceeds the 
capabilities of the available current, the AGC 
decreases the loudspeaker amplifier gain to 
avoid distorsion. 

Figure 10: Output Stage. 

VEA 

Amplifier DC Supply. 
In transmission mode, the supply voltage is control
led by the internal shunt DC regulator. For this rea
son, the TEA7031 should be supplied from a curren! 

10/22 
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b) The preamplifier permits step control of amplifier 
gain in steps of 6 dB, using pins GAIN ADJ 1 and 2, 
which may be controlled using switches or by a 
microprocessor. 
The amplifier may be muted using the ON/OFF 
control signal (pin 26). 

c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 

IN 

source (see : supply considerations). 
An anti-distortion system is embodied which pro
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 



Figure 11. 

Circuit action. 
When the supply voltage is unsufficient, the voltage 
at pin 5, falls below the reference voltage 1.1 V, re
sulting in transistor (TR) being switched off, resul-

, ting in zero current flow in resistor R. This state en
' abies the gain control system. Under these condi

tions, the shunt DC supply will switch at a rate de
termined by the time constant of the RC network on 
pin 7. 

Figure 12. 

LINE 

TEA7031 

-This switching action accomodates normal speech 
characteristics under low supply conditions. 

1.2 . ANTIACOUSTIC FEEDBACK SYSTEM 
(antilarsen system). 

The purpose of this system is to control AGC action, 
in order to avoid acoustic feedback between the 
loudspeaker and the microphone, when used in a 
telephone set. -

LARSEN EFFECT 

Principle of Operation. 
When examining, the spectral density of the voice 
area and the Larsen area, it may be seen that the 
dominant features of each exist in different frequen
cy bands. -

To extract the Larsen component, the microphone 
signal is first filtered by a second order filter (formed 
by two first order filters), then amplified arid rectified 
in order to produce the AGC control signal. 

11/22 
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TEA7031 

Figure 13. 

Figure 14. 
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TEA7031 

The first filter is generated by the capacitors on pins 9 and 10 and the input resistor Rin ; the second filter 
by the RC network on pin 11. 

Figure 15. 

G 

• Filter on pins 9-1 0 : 

f2 = C9 + C10 
2n . Zin.C9.C1 0 

• Theoretical result. 

If f2 = f3 the anti-Larsen system filter is equivalent 
to a second order filter. 

f2 = f3 

C9 + C10 

2 1t. Zim.C9.C1 0 

~ SGS·THOMSON ... ""!I II>IO©IJ1@~~~©1lllil@lll0©1!1 

2n R5 C5 
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TEA7031 

A complete telephone set has two anti-Larsen sys
tems: 

_ one in the transmission circuit (for example : 
TEA7050) antisidetone network ; 

Figure 16. 

LIN£ 

TEAJ046 

_ one in the loudspeaker amplifier (for example: 
TEA7031). -

Together these form a high efficiency anti-Larsen 
system. 

,-
1 

-- --\.::,\-. --------l 

14/22 
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1.3 . MICROPROCESSOR CONTROL. 

TEA7031 provides the following signals for an as
sociated microprocessor : 

_ halt and reset signal, 

Figure 17. 

MCUSUPPLY 

2 kn<a< a kn. 

TEA7031 

_ a regulated supply. 

The MCU shunt supply voltage is internally fixed at 
3.2 V but can be adjusted via pin 15. 

MCU SUPPlY 

17 

~CU SUPPLY 

18 

Note : Reset and Halt outputs, which are open collector outputs, require external resistors to zero volt. 

15/22 
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TEA7031 

1.4 . SWITCHING CONVERTER. 

Under ringing conditions the line supply available 
has a high voltage (- 22 V), low current (- 6 rnA) 
characteristic. In order to be used by the I.C., this 

Figure 18. 

T1 

01 

02 

~ 
C2 

Transistor T1 is switched either ON/OFF via pin 1 in 
accordance with the result of a comparison between 
an internal reference voltage and the I. C. supply· 
voltage (pin 2). When transistor T1 is off, the diode 

16/22 
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supply has to be converted to a low voltage(- 3.5 V) 
and higher current (15- 20 rnA), using a switching 
converter. 

11 v 

02 provides a return current path for L 1. 
Under speech conditions, the switching converter 
has to be isolated from the main supply VLS by 01, 
to prevent reverse current. 



TEA7031 

Figure 19. 

(BASE Til 

I 
L.----30C:..... _ __L ---
1 I 

IDIOU_DE 0211 ! : : 
I I I 

b_ _ ____b_, 
Internal conditions during switching converter ope
ration : 

_ the internal zener diodes VLS, MCU supply 
are automatically disconnected, 

SWITCHING POWER SUPP.L Y EFFICIENCY. 

Contribution of external components 

Figure 20. 

v, 

VZl 

_ the Earphone input is OFF and ringing input 
is ON. 

Note : For better converter efficiency, it is advisable to use 
schottky diodes for 01 and 02. 

17/22 
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TEA7031 

EQUIVALENT DRAWING: 
Efficiency calculation hypotheses : 

- 1oM average output current 
- RL. C2 > T.T,;, switching period 

Figure21. 

v2 J 
F=-=. r-----

0 

D2 

FORWARD 
CURRENT 

PNP 
COLLECTOR 

CURRENT 

.INDUCTOR 
CURRENT 

0 
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o. 

T 

I ton 
~ Dutycycetr=r 

- Be careful that resonance frequency of L.C2 
must be lower than switching frequency. 

..-------

~L------



If 

If 

Po = load output power 
Pe = input power 

Ppo = dissipated power in D2 and L 
Ppe = dissipated power in 01 and D1 
Po = Pe - Ppo - Ppe 

Th ff. . . Po 1 Ppo + Ppe 
e e 1c1ency IS o = Pe = - Pe 

Dissipated power in D2 and L 
Ppo . (Vo2 + r o . 1oM) . 1oM (1 - 't r) 
Vo2 = forward voltage of D2 

Dissipated power in 01 and D1 
Ppe = (Vo1 + VcES1) . I oM. 'tr 
Vo1 =forward voltage of D1 

VcEs1 =Saturation voltage (at lc = 1oM) of 01 

Relation between o and -r r 
Vo 1 . { Po = o . Po 

'tr=- ·- detail 
Vi e Vo, 1oM = o · 1oM Vi · 'tr 

Vo Vi- (Vo1 + VcES1) + Vo2 + r o · 1oM 
fJ = Vi = Vo + Vo2 + ro · 1oM 

2 . PIN FUNCTIONS 

PIN 1 : SWITCHING CONVERTER DRIVE 
OUTPUT: 

Base drive output for the external PNP switching 
transistor in the switching converter. This switching 
transistor should have the following characteristics : 

VcEo> 30 V; lc > 200 rnA; Gmin> 100; tr<:: 1 MHz. 

PIN 2 : SWITCHMODE POWER SUPPLY 
REGULATION INP!JT: 

This input provides the voltage sensing feedback in
put to the switching converter. 

PIN 3 : VZ1 :REF. VOLTAGE TO SWITCHING 
CONVERTER COMPARJ\TOR : 

With pin 4 open circuit, VZ1 is internally stabilized 
at 3.5 V. 

PIN 4 : ADJUST VZ1 : 

This pin is used to adjust the switching converter po
wer supply reference voltage. 

PIN 5 : ADJUST VLS : 

This pin is used to adjust the I. C. supply voltage. 

PINS 6-16-23: GROUND: 

These pins have to be connected together. 

TEA7031 

PIN 7 :AUTOMATIC GAIN CONTROL FILTER : 

The anti-distortion system response is adjusted by 
the RC network on this pin. 

PIN 8: CIRCUIT SUPPLY VOLTAGE: 

With pin 5 open circuit, VLS is internally stabilized 
at 2.8 V. 

When the TEA7031 is under AGC control, the vol
tage on this pin varies slightly (due to AGC action). 

PIN 9/10: MICROPHONE INPUTS: 

These are used for anti-Larsen control. 

PIN 11 : ANTI-LARSEN FILTER 1 

The second filter of the anti-Larsen system (1 st fil
ter : pins 9-1 0) is formed by the RC network R5C5. 
In order to obtain a second order filter for the anti
Larsen system, the cut-off frequency defined at this 
pin, should be the same as tha!'chosen for the first 
filter. 

For correct TEA7031 operation R6 and R5 should 
be fixed at 10 kn and 1 kQ respectively. 

PIN 12 :ANTI-LARSEN FILTER 2 : 

The gain and the response of the anti-Larsen sys
tem can be adjusted respectively by the resistor and 
the capacitor on this pin, according to the acoustic 
characteristics of the telephone set. 

The value of the resistor should not exceed 390 kn. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4 V, the AGC system is enable. 

~N13:EARPHONEINPU~ 

Input for loudspeaker signal. This input is only ac
tive in transmission mode, but not in ringing mode ; 
in ringing mode, input pin 19 should be used for am
plification of ringing tones. In transmission mode no 
signal should applied on pin 19, fora proper working 
of the I. C. 

PIN 14: MICROPROCESSOR SUPPLY 
VOLTAGE. 

With pin 15, open circuit, MCU supply is internally 
stabilized at 3.3 V, and is available for microproces
sor supply purposes. 

PIN 15 : MCU SUPPLY ADJUST. 

This pin is used to adjust the microprocessor sup
ply voltage. 

19/22 
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TEA7031 

PIN 17 : MICROPROCESSOR RESET OUTPUT. 

· . This output is an open collector output which deli
vers a reset signal for a microprocessor. 

PIN 18 : MICROPROCESSOR HALT OUTPUT. 

This output is an open collector output with delivers 
a halt signal for a microprocessor. 

PIN 19: SQUARE WAVE RINGING MELODY 
SIGNAL INPUT. 

Input for loudspeaker signal. 

This input is only active in ringing mode (when sup
plied by the switching supply). In transmission mode 
(when supplied by the shunt DC supply), input 13 
should be used and no signal should be applied on 
pin 19. In ringing mode, it could be used, for exam
ple, to generate the microprocessor melody. 

GAIN ADJUSTEMENT INPUTS 

GAIN GAIN 
ADJ 0 ADJ 1 

1 1 

1 0 

0 1 

0 0 

20/22 
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PINS 20-22 : LOUDSPEAKER OUTPUTS. 

Outputs to be connected to a 50 Q impedance 
loudspeaker. 
Output voltage: Vpp = 2 VLS- 2.5 Volts (with a gain 
of 32 dB). . 
Maximum current :depending of the supply voltage. 

PIN 21 : Vret : INTERNAL REFERENCE. 

Output which provides an internally regulated refe
rence voltage. 
Vref : 1.1 V typical. 
Maximum available current : 5 11A 

PINS 24-25 : GAIN ADJUSTMENT INPUTS. 

These pins are used to adjust the loudspeaker am
plifier gain. Four steps of 6 dB/step are available 
(pin open circuit= high level). 

GMAX 

GMAX- 6 dB 

GMAX- 12 dB 

GMAX- 18 dB 



PIN 26 : LOUDSPEAKER MUTING. 

This pin is used to mute the loudspeaker. Pin open
circuit= high level= loudspeaker muted. Pin low le
vel = loudspeaker enabled. 

PIN 27: RING SIGNAL INDICATION. 

This NPN open collector output provides ready sta
tus when in ringing condition. 

DS is ON (low-level) when the switching converter 

3. SUPPLY CONSIDERATIONS 

3.1 . SWITCHING SUPPLY LAY-OUT. 

TEA7031 

is established in the running state and when the 
microprocessor supplies are stabilized. The DS si
gnal is validated by "Halt". 

It may be used to cause an associated micro
processor to generate the ringing tones. 

PIN 28 :RECTIFIED RING SIGNAL INPUT. 

High voltage input for the switching converter. 

Maximum voltage : 22 V. 

To avoid switching-noise, C2, C3, D2 should be tied together as close as possible. 

Figure 23. 

01 

Tl 
PIN 1 

PIN 28 

3.2 . TEA7031 SUPPLY. 

As the I. C. has a zener characteristic, it should be 
supplied by a current source. 

Constant voltage supply : 

The TEA7031 can be supplied by an external 
constant voltage on condition : 

Ll 

PIN 2 

MINIMUM AREA 

STAR GROUND 

To set the zener voltages at a level higher than the 
supply voltage. 

To tie the automatic gain control pin (pin 7) to the 
ground (otherwise the I.C. will always be in AGC 
mode). 
Note : The maximum loudspeaker level is depending of the 

supply voltage. 

21/22 
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TEA7031 

Figure 24 : Typical Application. 

LIST OF COMPONENTS 
RESISTORS: 

R1 :22kn 

R3 

Rs :1 kQ 

R7 :330kQ 

R9 :(Skn) 

R11: 

R13: 100kn 

CAPACITORS : 

C1 :22pF 
C3 :10 JlF/35 V 

C5 :68nF 
C7 :470nF 

C9 :33nF 
C11 :33 JlF/10 V 

C13: 33 JlF/10 V 

22/22 
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SUPPLY INPUT 

R2 

R4 :470 kQ 

R6 :10kQ 

RS :1 kQ/1 W 

R10:100kn 

R12: 100 kQ 

R14:47kQ 

C2 :220 JlF/10 V 
C4 : 10 JlF/10 V 

C6 :220 nF 
CB :1 J1F/2SO V 

C10 :33 nF 
C12: 22J1F 

C14: 1.5 nF 

RDS MCUSUPPLY 
TO TO 
MCU MCU 

INPUT 

DIODES: 

D1: BAT43 D2: BAT43 

D3: BAT43 D4: 1 N4004 

DS: 1 N4004 D6: 1 N4748·BZX SSC (22 V) 

D7: 1 N4748·BZX BsC (22 V) 

INDUCTOR: 

L1 :470H ·680 H 

TRANSISTOR : 

T1 : BCW93 • BCW92 



• PROGRAMMABLE GAIN IN STEPS OF 6dB OR 
LINEARLY 

• ON/OFF POSITION 
• LOWVOLTAGE 
• POWER: 100mWAT5V 

DESCRIPTION 
This 16 pins IC is designed for monitor (loudspea
ker) telephone set and provides : 
a) Signal amplification for monitoring (loudspeaker) 
b) Antiacoustic feedback (antilarsen) 

1 c) Antidistortion by automatic gain adaptation 

PIN CONNECTION (top view) 

ADJ 
GND 
ADS 
ULS 

MIC1 
MIC2 

FAL 
TC1 

1189TER?531-81 

TEA7531 

MONITOR AMPLIFIER 

DIP-16 
(Plastic 0.25) 

S0-16J 

ORDER CODES: TEA7531 DP (DIP16) 
TEA7531 FP (S0-16J) 

ON/OFF 

PG1 
PGB 
GND 
L52 
Uref 

L51 
INP 

January 1989 /iii SGS·DIDMSDN 1/17 
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TEA7531 

BLOCK DIAGRAM 

MICROPHONE 

EARPHONE 

C6 

INPUT ~ 
SIGNAL ,:i: 

AGC 

ABSOLUTE MAXIMUM RATINGS 

ON!pFF 

111 
LEVEL CONTROL 

Symbol Parameter 

Top Temperature Range 

VLs Supply Voltage 

ILs Supply Current for T > 300ms 
for T :> 300ms 

VL Voltage Level (pins, PGO, PG1, ON/OFF) 

2/17 
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C11I 18uF 

C4 
LOUDSPEAKER 

z:sea 

1189TEI1?531-B2 

Value Unit 

-5to+45 oc 
6 v 
90 rnA 
150 rnA 

- 0.6 >to VLs + 0.6 v 



PIN DESCRIPTION 

No Symbol 

1 ADJ Adjust Internal Reference VLs 

2 GND Ground 

3 ADS Antidistortion 

4 VLs Supply 

5 MIC1 Microphone Input 

6 MIC2 Microphone input 

7 FAL Antilarsen Filter 

8 TC1 Antilarsen Time Constant 

9 INP Input Signal 

10 LS1 Output Loudspeaker 2 

11 VREF Internal Resistance 

12 LS2 Output Loudspeaker 2 

13 GND Ground 

14 PGO Inputs Program Level to 'Loudspeaker 
15 PG1 
16 ON/OFF 

FUNCTIONAL DESCRIPTION 

TEA7531 performs the following functions : 
The circuit amplifies the incoming signal and feeds 
itto the loudspeaker. PGO and PG1 inputs are used 
to set the loudspeaker gain in a range of 32dB to 
14d8 in 6d8 steps. 

The TEA7531 inputs (PGO, PG1, ON/OFF) permit 
the loudspeaker to be cut-off thus ensuring privacy 
of communication. 

• The antilarsen (antiacoustic feedback) system is 
incorporated. 

TEA7531 

Description 

• The maximum power available on a 50 ohms im
pedance loudspeaker is 25mW at 3 volts and 
1 OOmW at 5 volts. 

Limit values for external components : 

R3 min = 5 kohms (R3 adjust VLS). 

R7 max = 390 kohms. 

R6 min= R?/35. 

R max between pin 5 and 6 = 10 kohms + C min = 
10nf. 

~ SCS·niOMSON a."'! I &\\Jna:oomn.m!Wilil@llln©$ 
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TEA7531 

ELECTRICAL CHARACTERISTICS : (T amb = 25•C, ILs = 30mA unless otherwise specified) 

Value 
Symbol Parameter Test Conditions 

Min. Typ: Max. 
Unit 

VLS1 VLs Supply ks = 2mA (fig. 6) 2.8 3.0 3.2 v 
ILs = 30mA (fig. 6) 3.15 3.4 

VLsM VLs Maximum lpin 1 = 40pA (fig. 6, SO = closed) 5.5 v 
VADJ Voltage Pin 1 ILs = 2mA to 30mA (fig. 6) 1.1 1.25 1.4 v 

G Loudspeaker Amplifier I = 800Hz (fig. 7) 

Gain= 
V(1o)- Ye12) Ve1o)- Ve12) = 0.8Vrms 

Veal 
ON/OFF PGO PG1 

GOOO GND GND GND 12 14 16 dB 
G001 GND GND VLs 18 20 22 dB 
G010 GND VLs GND 24 26 28 dB 
G011 GND VLs VLs 30 32 34 dB 
G100 VLs X X -30 -20 dB 

THO Distortion I = 300Hz to 2kHz 2 % 
Ve1o)- Ve12) = O.BVrms 
G =G011; (fig. 7) 

ZMICIN Microphone Input Symetrical at (pins 5-6) fig. 8 4.5 kQ 
Asymetrical at (pin 6) fig. 8 28.5 36.0 43.5 k!l 

ZINPIN Earphone Input (fig. B) 2.2 2.8 3.4 k!l 

VoFFS Ouput Offset G011 ; (fig. 7) -50 50 mV 
fVe1ol- Ve12l] 

IoN/OFF Input Current ON State VPGI = OV; (fig. 7) -10 -5 j.IA 
IPGO -10 -5 
IPG1 -10 -5 

IoN/OFF Input Current OFF State VPGI = VLs ; (fig. 7) 1 
IPGO 1 j.IA 

IPG1 1 

V1L ON/OFF Input Voltage ON State 0.45 v 
V1L PGO 0.45 v 
VILPG1 0.45 v 

V1H ON/OFF Input Voltage OFF State 1.5 v 
V1H PGO 1.5 v 
VIHPG1 1.5 v 

GMIC Microphone Gain = VMIC = 1Om Vrms 21.5 23.0 24.5 dB 
V(7)/[Vesl- Vesll I = 2kHz ; (fig. 9) 

Ve Voltage Pin B 0.48 0.67 0.90 v 
GATT Loudspeaker Attenuated G011 ; Veal= 0.6V; (fig. 9) -30 -20 dB 

Gain = [V e1 OJ - Ve12J]N esl G011 ; Veal = 0.4V ; (fig. 9) 20 30 dB 

4/17 
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Figure 1 : Loudspeaker Gain versus Voltage on 
Pin(3) - (8) with Pin 2 Open. 
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Figure 3 : Power Available on Loudspeaker 
versus VLS Typical Curve. 
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Figure 5 : Output Power versus Supply Current. 
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Figure 2 : AC Output Voltage versus Amplifier 
Gain. 
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Figure 4 : Distortion versus Output Power. 
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TEA7531 

TEST CIRCUIT 

Figure 6 : Shuntvoltage Regulator/Reference Voltage at Pin 1. 

f1B9TEJ!:I?531-B9f!:l 
Note : SO open for VLS 1. 

SO close for VLSM. 

6/17 

432 



Figure 7 : Loudspeaker Amplifier : Gain/Distortion/Output Offset. 

UIH2 47BnF 
16 

2 

1 
15 

5 

14 
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TEA7531 

7 
4 

47uF 12 
9 

3 
18 
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f189TE/l?531-1B 

•G= V(10)-V(12) Vout 
v (9) v (9) 

• VoFFS with Vin = 0 

s, : VLs = 1 
GNo=O 

TEA7531 

S1 S2 S3 

G1XX 1 X X 

GOOO 0 0 0 

G010 0 1 0 

G001 0 0 .1 

G011 0 1 1 
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TEA7531 

Figure 8 : Impedance ZMIC, ZINP and Zin2. 
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TEA7531 

Figure 9 : Antiacoustic Feedback System at G011. 
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CIRCUIT DESCRIPTION 

TEA7531 is a 16 pin DIL integrated circuit providing 
the following facilities : 

1.1. LOUDSPEAKER AMPLIFIER. 

Figure 10. 

EARPHONE INPUT 

ff89TEI'Ii''53t -13 

The amplifier is divided into 3 main sections. 
- Automatic Gain Control (AGC) 
- Preamplifier 
- Push-pull amplifier (bridge structure) 

a) The AGC section is used for the antilarsen and 
antidistortion system. 

- Loudspeaker amplifier. 

- Antiacoustic feed-back system (antilarsen 
system). 

14 
1-'(;1:1 

16 
ON/OFF 

• When used in a telephone set to avoid larsen ef
fect the AGC automatically decreases loudspea
ker amplifier gain. 

• When the required output level exceeds the ca
pabilities of the available current, the AGC de
creases the loudspeaker amplifier gain to avoid 
distortion. 

9/17 
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TEA7531 

b) The preamplifier permits step control of amplifier 
gain in stepsof6dB, using pins PGOand PG1, which 
may be controlled using switches or by a micropro
cessor. The amplifier may be muted using the 
ON/OFF control signal (pin 16). 

Figure 11. 

Amplifier de supply. 
In transmission mode, the supply voltage is control
led by the internal shunt DC regulator. For this rea
son, the TEA7531 should be supplied from a current 
source. 

Figure 12. 

IN 

c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 

(see :supply considerations). 

An antidistortion system is embodied which pro" 
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 

r---~------------~~---------------.------ VLS 

A 
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Circuit action. 
When the supply voltage is insufficient, the voltage 
at pin 1, falls below the reference voltage 1.1V, re
sulting in transistor (TR) being switched off, resul
ting in zero current flow in resistor R. This state 
enables the gain control system. Underthese condi
tions, the shunt DC supply will switch at a rate de
termined by the time constant of the RC network on 
pin 3. 
Figure 13. 

Principle of operation. 
When examining the spectral density of the voice 
area and the larsen area, it can be seen that the do-

Figure 14. 

MICRO 

FILTER 

max votce 
den11ty 

TEA7531 

This switching action accomodates normal speech 
characteristics under low supply conditions. 

1.2. ANTIACOUSTIC FEED-BACK SYSTEM 
(antilarsen system) 

The purpose of this system is to control AGC action 
in order to avoid acoustic feed-back between the 
loudspeaker and the microphone, when used in a 
telephone set. 

LINE 

minant features of each exist in different frequency 
bands. 

FAEQ 

FAEQ 

11117 
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TEA7531 

To extract the larsen component, the microphone 
signal is first filtered by a second order filter (formed 

~ Figure 15. 

C9 

(, 

Zin: 4KQ 
V7 

V5-V6 
=15 

by two first order filters), then amplified and rectified 
in order to produce the AGC control signal. 

AGC 

The first filter is generated by the capacitors on pins 5 and 6 ; the second filter by the R-C network on pin 7. 

12/17 
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Figure 16 : Antilarsen System Filter Response. 

THEORETICAL 
RESULT 

6 d8HlCI 

I f; 
I 
I 

"- I 12 dB/ocl( 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Filter on pins 5 & 6 
f2 = C9+C10 

21t Zin C9 C1 0 

Filer on pin 7 
1 

f1 = -=--=---==-:-:--=-=-21t (RS + R6) CS 

1 
f3= ---

21t RS CS 

Antilarsen system 

Filter response 

TEA7531 

If f2 = f3 the Antilarsen system filter is equi
valent to a second order filter. 

C9 + C10 
27t Zin C9 C1 0 27t RS C5 
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TEA7531 

A complete telephone set has two antilarsen sys
tems: 

_ one in the transmission circuit (for example : 
TEA7051) antisidetone network ; 

Figure 17. 

TEA7531 
L1NE 

_ one in the loudspeaker amplifier (for example 
: TEA7531). 

Together these form a high efficiency antilarsen sys
tem. 

ant•s•dttone sysu:m 
-20dB 

TEA7531 

F~~ -, 

I 
I 
I 
I 
I 
I 
I 

L----------------------~--------------~ 

PIN FUNCTIONS 

PIN 1 : ADJUST VLS 

This pin is used to adjust the IC supply voltage. 

PINS 2-13 Ground: 
These pins have to be connected together. 

14117 

440 

PIN 3 :AUTOMATIC GAIN CONTROL FILTER 
The antidistortion system response is adjusted by 
the R-C network on this pin. 
The AGC will be switched ON when the level on pin 3 
is greater than the reference voltage (0.4V), the RC
network charges (current source ON) or discharges 
(c~rrent source OFF) according to the supply voltage. 

-I 



THEORETICAL VOLTAGE ON PIN 3 

Figure 18. 

- The value of R affects the system time constant 
and the charge/discharge duty cycle. 

- The value of C only affects the system time 
constant. 

Figure 19. 

Vol!age on 
pin 3 

0,4V 

TEA7531 

- R should be greater or equal than 150k.Q for cor
rect AGC operation. 

--+-------------------------------------- rome 

PIN 4 :CIRCUIT SUPPLY VOLTAGE 
With pin 1 open circuit, VLS is internally stabilized 
at2.8V. 

When the TEA7531 is under AGC control, the vol- · 
tage on this pin varies slightly (due to AGC action). 
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TEA7531 

PIN 5/6 : MICROPHONE INPUTS 
These are used for antilarsen control. 

PIN 7 :ANTI LARSEN FILTER 1 
The second filter of the antilarsen system (1 st fil
ter : pins 5-6) is formed by the RC network R5C5. 
In order to obtain a second order fitter for the antilar
sen system, the cut-off frequency defined at this pin, 
should be the same as that chosen for the first filter. 
For correct TEA7531 operation R6 and R5 should 
be fixed at 1 Okn and 1 kn respectively. 

PIN 8 : ANTI LARSEN FILTER 2 
The gain and the response of the antilarsen system 
can be adjusted respectively by the resistor and the 
capacitor on this pin, according to the acoustic cha
racteristics of the telephone set. 
The value of the resistor should not exceed 390kn. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4V, the AGC system is enabled. 

PIN 9 : EARPHONE INPUT 
Input for loudspeaker signal. 

PIN 10-12 : LOUDSPEAKER OUTPUTS 
Maximum output voltage : Vpp = 2 VLS- 2.5V (with 
a gain of 32dB). 
Maximum output current : depending of the supply 
current 

Figure 20. 

§}L------1 
;;.,.. 

/ 

Two loudspeaker connection methods are possible, 
using the amplifier in either "H" mode or "B" mode. 
Note : It is advisable to connect a 47nF capacitor 

in parallel with the loudspeaker (between 
pins 1 0 and 12). 

- "H" Mode 
This is for low voltage working, but at a higher sup
ply current. The highest output power is available in 
this mode, due to the 5.5V maximum supply voltage 
restriction, imposed by the TEA7531. 
Loudspeaker impedance recommended value : 
500. 
Maximum gain available between earphone input 
and loudspeaker output : 32dB. 
- "B" Mode 
This allows higher voltage operation, but at a lower 
supply current. 
Loudspeaker impedance recommended value : 
250. 

Maximum gain available between earphone input 
and loudspeaker output : 32 - 6 = 26dB. 

PIN 11 : Vref : INTERNAL REFERENCE 
Output which provides an internally regulated refe
rence voltage. 
Vref = 1.1 V typical 
MAXIMUM AVAILABLE CURRENT: 5!!A. 

Figure 21. 

~~-------. 

J: 
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PIN 14-15: GAIN ADJUSTMENT INPUTS 

Figure 22. 

PIN 16 : LOUDSPEAKER MUTING. 

PGD PG1 

1 1 Gmax 

1 0 Gmax- 6d8 

0 1 Gmax- 12dB 

0 0 Gmax- 18d8 

These pins are used to adjust the loudspeaker. 
Pin open circuit : high level = loudspeaker muted. 

S~JA 

Pin low level : loudspeaker enabled. 
See connection of Pins 14 and 15. 

TEA7531 
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! 

• PROGRAMMABLE GAIN INSTEPSOF6dBOR 
LINEARLY 

• ON/OFF POSITION 
• LOWVOLTAGE 
• POWER : 100 mW AT 5 V 

DESCRIPTION 

This 16 pins IC is designed for monitor 
(loudspeaker) telephone set and provides : 

a) Signal amplification for monitoring (loudspeaker) 

b) Antiacoustic feedback (antilarsen) 

c) Antidistortion by automatic gain adaptation 

d) Antilarsen adjustment (full duplex) 

PIN CONNECTION 

ADJ 
ALADJ 

ADS 
ULS 

MIC1 
MIC2 

FAL 
TC1 

fiBBTER?532-B1 

October 1988 

TEA7532 

MONITOR AMPLIFIER 

DIP16 
(Plastic 0.25) 

S0-16J 

ORDER CODES : TEA7532DP (DIP16) 
TEA7532FP (S0-16J) 

ON/OFF 
PG1 
PG0 
GND 
LS2 
Vref 

LS1 
INP 
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TEA7532 

BLOCK DIAGRAM 

MICROPHONE 

EARPHONE 

l I 1~ ttBBTEn?532-132 

LEUEL CONTROL 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Top Temperature Range -5to+45 oc 
VLs Supply Voltage 6 v 
ILs Supply Current for T > 300 ms 90 mA 

forT ~300 ms 150 mA 

VL Voltage Level (pins, PGO, PG1, on/off) 0.6 >to Vs + 0.6 v 

2/16 
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PIN DESCRIPTION 

No Symbol 

1 ADJ Adjust Internal Reference VLs 

2 ALADJ Antilarsen Adjustement 

3 ADS Antidistortion 

4 VLs Supply 

5 MIC1 Microphone Input 

6 MIC2 Microphone input 
' 

7 FAL Antilarsen Filter 

8 TC1 Antilarsen Time Constant 

9 INP Input Signal 

10 LS1 Output Loudspeaker 2 

11 VREF Internal Resistance 

12 LS2 Output Loudspeaker 2 

13 GND Ground 

14 PGO 
15 PG1 Inputs Program Level to Loudspeaker 
16 ON/OFF 

FUNCTIONAL DESCRIPTION 

TEA7532 performs the following functions: 
The circuit amplifies the incoming signal and feeds 
it to the loudspeaker. PGO and PG1 inputs are used 
to set the loudspeaker gain in a range of 32 dB to 
14 dB in 6 dB steps. 
The TEA7532 inputs (PGO, PG1, ON/OFF) permit 
the loudspeaker to be cut-off thus ensuring privacy 
of communication. 

The antilarsen (antiacoustic feedback) system 
is incorporated. 

TEA7532 

Description 

' 

The maximum power available on a 50 ohms 
impedance loudspeaker is 25 mW at 3 volts and 
100 mW at 5 volts. 

Limit values for external components : 

R3 min = 5 kohms (R3 adjust VLs) 

R7 max = 390 kohms 

R6 min = R7 /35 

R max between pin 5 and 6 = 10 kohms + C min = 
10 nF. 
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TEA7532 

ELECTRICAL CHARACTERISTICS : (T amb = 25 oc, ILs = 30 rnA unless otherwise Specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLS1 VLs Supply iLs = 2 rnA (fig. 7) 2.8 3.0 3.2 
v 

ILs = 30 rnA (fig. 7) 3.15 3.4 

VLsM VLs Maximum I pin 1 = 40 !LA (fig. 7; So = closed) 5.5 v 

VAoJ Voltage Pin 1 ILs = 2 rnA to 30 rnA (fig. 7) 1.1 1.25 1.4 v 

G Loudspeaker Amplifier 

Gain= 
V(1oJ-V(12J 

V(sJ 

ON/OFF PGO PG1 

GOOO GND GND GND 12 14 16 dB 
G001 GND GND VLs 18 20 22 dB 
G010 GND VLs GND 24 26 28 dB 
G011 GND VLs VLs 30 32 34 dB 
G100 VLs X X -30 -20 dB 

THD Distortion f = 300 Hz to 2 kHz 2 % 
V(1 o)- V(12l = 0,8 Vrms 
G = G011 ; (fig. 8) 

G2 [V(10)- V(12)]N2 PGo = PG1 = VLs ; 30 32 39 dB 
v,a) = o.8 v (fig. 8) 

ZMICIN Microphone Input Symetrical at (pins 5-6) 4.5 kQ 
Asymetrical at (pin 6) fig. 9 28,5 36,0 43,5 ks:l 

ZINPIN Earphone Input (fig. 9) 2.2 2.8 3.4 kQ 

Z1N2 Antilarsen Adjustment 1 1.2 1.45 kQ 
Input 

VoFFS Ouput Offset G011 ; (fig. 8) -50 50 mV 
[V(10)- v,12Jl 

ioN/OFF Input Current ON State VPG1 = 0 V ; (fig. 8) - 10 -5 
J.lA IPGO - 10 -5 

IPG1 -10 -5 

ioN/OFF Input Current OFF State VPG1 = VLs ; (fig. 8) 1 
lpGQ 1 J.lA 
IPG1 1 

V1L ON/OFF Input Voliage ON State 0.45 v 
V1L PGO 0.45 v 
V1L PG1 0.45 v 

VIH ON/OFF Input Voltage OFF State 1.5 v 
V1H PGO 1.5 v 
V1H PG1 1.5 v 
GMIC Microphone Gain = 

VMIC =10m Vrms 21,5 23.5 24.5 dB 
V(7)/[V(sJ- V(sJ] 

Vg Voltage Pin 8 
f = 2'kHz ; (fig. 1 0) 

0.48 0.67 0.90 v 
GATT Loudspeaker Attenuated G011 ; V(Bl = 0.6 V; (fig. 10) -30 -20 dB 

Gain= [V(1o)- V(12J]N(sJ G011 ; V(a) = 0.4 V ; (fig. 1 0) 20 30 dB 
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Figure 1 : Loudspeaker Gain Versus Voltage on 
Pin (3) - (8) with Pin 2 Open. 
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Figure 3 : AC Output Voltage Versus Amplifier 
Gain. 
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Figure 2 :Loudspeaker Gain Versus Voltage on 
Pin (3) - (8) and Versus R2. 

!dB I N89TEfi?532-B4fl 

38 

~ ATTENUATION 

t\\ R2-18K 
1--- -

~ 

28 

18 

UIN 1\\ UIN 
!Ptn 31 !Pin Bl 

\ \ 

-HI 

1\'' 
\ ' 

-28 

-38 

-48 
8.3 8.4 8.5 8.6 UINIUI 

ATIENUATION = 
Zin2 (1.2 K) 

Zin2 (1.2 K) + R2 (EXT) 

R2= 10 K=>ATI=20d8 
R2=3 K=>ATI=10d8 

Figure 4 : Power Available on Loudspeaker 
Versus VLs Typical Curve. 
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TEA7532 

Figure 5 : Distortion Versus Output Power. 
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Figure 6 :Output Power Versus Supply Current. 
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TEST CIRCUITS 

Figure 7 : Shuntvoltage Regulator/ Reference 
Voltage at Pin 1. 

N ole : SO open for VLS 1 . 
SO close for VLSM. 

Figure 9 : Impedance ZMIC, ZINP and Zin2. 

2 16 

15 

ao----, 
1BKc 

TEA7532 
6 12 

9 

18 

13 

lf89T£11?'532~ 11A 

Zmic= 
1.1 v . 1.1 v 

;Zin2= 
1.1 

16 
; Zmp =-19-- 12 

TEA7532 

Figure 8 : Loudspeaker Amplifier : Gain/Distor 
tion/Output Offset. 

51 52 53 

•G= 
v (10)- v (12) 

V(9) 

• VOFFS with Vin = 0. 

Vcs = 1 
GNo = 0 

GIXX X X 

GOOO 0 0 0 

GOIO 0 1 0 

GOO! 0 

Vout 

V(9) 

Figure 10 : Antiacoustic Feedback System at 
G011. 
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TEA7532 

CIRCUIT DESCRIPTION 
TEA7532 is a 16 pin DIL integrated circuit providing 
the following facilities : 

_ Loudspeaker amplifier 

1.1. LOUDSPEAKER AMPLIFIER 

Figure 11. 

E~RPHONE INPUT 

AliT!LARSEii 
ADJUSTMEiiT 

nBBTER?532-13 

The amplifier is divided into 3 main sections. 
_ Automatic Gain Control (AGC) 
_ Preamplifier 
_ Push-pull amplifier (bridge structure) 

a) The AGC section is used for the antilarsen and 
antidistortion system. 

When used in a telephone set to avoid larsen 
effect the AGC automatically decreases louds
peaker amplifier gain. 

• When the required output level exceeds the 
capabilities of the available current, the AGC 

Figure 12. 

8/16 
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IN 

_ Antiacoustic feed-back system 
(antilarsen system) 

PGB 
16 

Oli/OFF 

decreases the loudspeaker amplifier gain to 
avoid distortion. 

b) The preamplifier permits step control of amplifier 
gain in steps of 6 dB, using pins PGO and PG1, 
which may be controlled using switches or by a 
microprocessor. The amplifier may be muted using 
the ON/OFF control signal (pin 16). 

c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 



Amplifier de supply. 

In transmission mode, the supply voltage is control- . 
led by the internal shunt DC regulator. For this rea
son, the TEA7532 should be supplied from a cur
rent source 

Figure 13. 

TEA7532 

(see :supply considerations). 
An antidistortion system is embodied which pro
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 

,.--.....------------------- VLS 

Circuit action. 

When the supply voltage is insufficient, the voltage 
at pin 1, falls below the reference voltage 1.1 V, re
sulting in transistor (TR) being switched off, resul
ting in zero current flow in resistor R. This state en
ables the gain control system. Under these condi
tions, the shunt DC supply will switch at a rate de
termined by the time constant of the RC network on 
pin 3. 

Figure 14. 

A 

This switching action accomodates normal speech 
characteristics under low supply conditions. 

1.2. ANTIACOUSTIC FEED-BACK SYSTEM 
(ANTILARSEN SYSTEM) 

The purpose of this system is to control AGC action 
in order to avoid acoustic feed-back between the 
loudspeaker and the microphone, when used in a 
telephone set. 

LINE 
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TEA7532 

Principle of operation. 
When examining the spectral density of the voice 
area and the larsen area, it can be seen that the do-

Figure 15. 
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min ant features of each exist in different frequency 
bands. 
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To extract the larsen component, the microphone 
signal is first filtered by a second order filter (formed 

Figure 16. 

Zin: 4 kQ 
. V7 

A= = 15 
V5-V6 

TEA7532 

by two first order filters), then amplified and rectified 
in order to produce the AGC control signal. 

AGC 

The first filter is generated by the capacitors on pins 5 and 6 ; the second filter by the R-C network on pin 7. 
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TEA7532 

Figure 17 : Antilarsen System Filter Response. 

THEORETICAL 
RESULT 
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456 

I. 
I 
I 

......._ I 
12 dB/oct I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I . I 
I 
I 

Filter on pins 5 & 6 

12= 
C9+ C10 

271Zin C9C10 

Filter on pin 7 
1 

11 = 
271 (R5 + R6) C5 

!3 = 
271 R5C5 

_ Antilarsen system 

Filter response 

If f2 = f3 the Antilarsen system filter is equivalent 
to a second order filter. 

C9 + C10 

27t Zin C9 C10 21t R5 C5 



A complete telephone set has two antilarsen 
systems: 

_ one in the transmission circuit (for example : 
TEA7051) antisidetone network; 

Figure 18. 

TEA7051 

_ one in the loudspeaker amplifier 
(for example : TEA7532). 

TEA7532 

Together these form a high efficiency antilarsen 
system. 

LINE 

an1<11detone system 
-20dB 

TEA7532 

-1 
I 
I 
I 
I 

I I 
I - I 
L I 
-------------------------------------~ 

PIN FUNCTIONS 

PIN 1 : ADJUST VLs 

This pin is used to adjust the IC supply voltage. 

PIN 2 : ANTI LARSEN ADJUSTMENT 

The AC signal at this pin is amplified to the louds
peaker without AGC attenuation. 

PIN 3 : AUTOMATIC GAIN CONTROL FILTER 
The antidistortion system response is adjusted by 
the R-C network on this pin. 
The AGC will be switched ON when the level on pin 
3 is greater than the reference voltage (0.4 V), the RC-

- network charges (current source ON) or discharges 
(current source OFF) according to the supply voltage. 
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TEA7532 

THEORETICAL VOLTAGE ON PIN 3 

Figure 19: 

S~o~A • A 

0.4 v 

Figure 20. 

Voltage on 
pin 3 

0.4 v 

PIN 4: CIRCUIT SUPPLY VOLTAGE 
With pin 1 open circuit, VLS is internally stabilized 
at2.8V. 

14/16 
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_ The value of R affects the system time constant 
and the charge/discharge duty cycle. 

_ The value of C only affects the system time 
constant. 

_ R should be greater or equal than 150 kQ for cor
rect AGC operation. 

When the TEA7532 is under AGC control, the voltage 
on this pin varies slightly (due to AGC action). 



PIN 5/6 : MICROPHONE INPUTS 

These are used for antilarsen control. 

PIN 7 :ANTI LARSEN FILTER 1 

The second filter of the antilarsen system (1 st filter 
: pins 5-6) is formed by the RC network R5C5. 
In order to obtain a second order filter for the anti
larsen system, the cut-off frequency defined at this 
pin, should be the same as that chosen for the first 
filter. 

For correct TEA7532 operation R6 and R5 should 
be fixed at 10 kn and 1 kn respectively. 

PIN 8 : ANTI LARSEN FILTER 2 

The gain and the response of the antilarsen system 
can be adjusted respectively by the resistor and the 
capacitor on this pin, according to the acoustic cha
racteristics of the telephone set. 

The value of the resistor should not exceed 390 kn. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4 V, the AGC system is enabled. 

Figure 21. 

PIN 9 : EARPHONE INPUT 

Input for loudspeaker signal. 

TEA7532 

PIN 10-12: LOUDSPEAKER OUTPUTS 

Maximum output voltage: Vpp = 2 VLs- 2.5 V (with 
a gain of 32 dB). 

Maximum output current : depending of the supply 
current. 
Two loudspeaker connection methods are possible, 
using the amplifier in either "H" mode or "B" mode. 
Note : It is advisable to connect a 47 nF capacitor 

in parallel with the loudspeaker (between 
pins 10 and 12). 

- "H" Mode 
This is for low voltage working, but at a higher sup
ply current. The highest output power is available in 
this mode, due to the 5.5 V maximum supply voltage 
restriction, imposed by the TEA7532. 
Loudspeaker impedance recommended value :50 Q. 
Maximum gain available between earphone input 
and loudspeaker output : 32 dB. 

§1.....__----,1 

~ 

121------..... T' 
Figure 22. 
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TEA7532 

- "8" Mode 
This allows higher voltage operation, but at a lower 
supply current. 
Loudspeaker impedance recommended value: 25 Q. 
Maximum gain available between earphone input 
and loudspeaker output : 32 - 6 = 26 dB. 

Figure 23. 

PIN 13: GROUND 

PIN 14-15: GAIN ADJUSTMENT INPUTS 

These pins are used to adjust the loudspeaker am
plifier gain. Four steps of 6 dB/step are available 
(pin open circuit= high level). 

. PIN 16: LOUDSPEAKER MUTING. 

This pin is used to mute the loudspeaker. Pin open
circuit : high level = loudspeaker muted. 
Pin low level : louspeaker enabled (see connection 
of pins 14 and 15). · 
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PIN 11 : Vref : INTERNAL REFERENCE 
Output which provides an internally regulated refe
rence voltage. 

Vref = 1.1 V typical 

MAXIMUM AVAILABLE CURRENT: 5 !fA 

PGO PG1 

1 1 Gmax 

1 0 Gmax- 6 dB 

0 1 Gmax- 12 dB 

0 0 Gmax- 18 dB 



• NOISE/SPEECH DISCRIMINATION IN EMIS
SION AND RECEPTION 

• INTEGRATED SIGNAL GAIN COMPRESSOR 
IN BOTH MODES 

• PROGRAMMABLE ATTENUATORS IN BOTH 
MODES 

• ADAPTED TO ACOUSTIC PARAMETERS OF 
ALL CABINETS 

• LOW OPERATING VOLTAGE 2.5V 
• LOW OPERATING CURRENT 2.1 rnA 
• CHIP SELECT BETWEEN HANDSFREE AND 

MONITORING MODES 

DESCRIPTION 

This 28 pins IC is an innovative approach to quality 
handsfree telephone sets. It results from an exten
sive research on speech signal. 

PIN CONNECTION (top view) 

GND 
cs 

OUTE 
ATTE 

HYST1 
HYST2 

TIM 
CCE 
CE3 
CE2 
CE1 

MICOUT 
INE 

UREF 

f1BBTER?'548-81 

February 1989 

TEA7540 

HANDS FREE 
ADVANCE DATA 

DIP28 

ORDER CODE : TEA7540DP 

U+ 

IREF 
OUTR 
ATTR 
ATR 
AMP2 
AMP1 
UOL 
CCR 
CR3 
CR2 
CR1 
h!ECOUT 
INR 

. 1/5 

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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TEA7540 

PIN FUNCTION 

No Name Function 

1 GND Ground 

2 cs Chip Select 

3 OUTE Transmit Attenuator Output 

4 ATTE Transmit Attenuator Input 

5 HYST1 Transmit Channel Hysteresis 

6 HYST2 Receive Channel Hysteresis 

7 TIM RC Timer 

8 CCE Time Constant of the Transmit Signal Compressor 

9 CE3 Transmit Noise Memorisation 

10 CE2 Transmit Peak Detector 

11 CE1 Transmit Rectifier Input 

12 MICOUT Transmit Signal Compressor Output 

13 INE Transmit Signal Compressor Input 

14 VREF V+/2 

15 INA Receive Signal Compressor Input 

16 RECOUT Receive Signal Compressor Output 

17 CR1 Receive Rectifier Input 

18 CR2 Receive Peak Detector 

19 CR3 Receive Noise Memorisation 

20 CCR Time Constant of the Receive Signal Compressor 

21 VOL Volume Control 

22 AMP1 Handset Preamplifier Power Supply 

23 AMP2 Handset Preamplifier Input 

24 ATR Attenuation Value 

25 ATTR Receive Attenuator Input 

26 OUTR Receive Attenuator Output 

27 I REF Reference Current Source 

28 V+ 

FUNCTIONAL DESCRIPTION 

SWITCHED ATTENUATORS 

Fig. 1 represents a block diagram of a handsfree 
subset with attenuators in signal mode. To prevent 
the system from howling, the total loop gain, inclu
ding acoustic feedback through the housing and si
detone coupling, must be less than OdB. For this 
purpose, two switched attenuators are inserted in 
each mode (emission and reception). The attenua-

lion is shifted from one mode to the other, resulting 
from the speech level comparison between each 
way. 
To prevent the circuit to switch continuously in one 
way, the operation of the IC must be fully symetrical 
in both ways. This involves signal comparison, atte
nuation value. 

~ SGS·1HDMSDN ._"'f/ &WDII:I!I@MC1i'llil@llJDI:i!l 
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TEA7540 

Figure 1. 

LOUDSPEAKER 

GAIN COMPRESSORS 

SWITCHED 
AtTENUATOR 

SWITCHED 
ATTENUATOR 

In TEA7540, two signal compressors are inserted in 
each mode before the signal comparison, so the si
gnal coming from each end has the same level 
(1 OOmV peak), the losses in. each way (for inst~~ce 
losses resulting from the hne lenght 1n receiving 
mode) are compensated and the signal compa~son 
is fully symetrical. The time constant of each s1gnal 
compressor is fixed by an external capacitor, but the 
gain of the compressor decreases 100 time~ m~re 
quickly than it increases to prevent fro~ no1se ~~
creasing between words. The compressing depth IS 
38dB. ' 

BACKGROUND NOISE DISCRIMINATION 

An additional feature provided in TEA7540 is 
background noise level discrimination in each way. 
The IC stores the background sound level with a 
long time constant (3 to 5 seconds depending on an 
external RC) and compares it with the incoming si

. gnal in order to distinguish a usefull signal (speech) 
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SIOETDNE 
COUPLING ( '"'"'"'~' LINE 

from the background noise. This background noise 
memorisation is also used to compensate the noise 
in each mode before signal comparison : the noise 
level in each mode is substracted from the incoming 
signal before the comparison. So a very high noise 
level in one mode cannot trouble the comparison 
between the usefull signals. 

The result of the comparison manages the attenua
tors in the following way : 

-The maximum attenuation is switched on the mode 
where the speech signal is the lowest. The maxi
mum attenuation is fixed by two external resistors 
(maximum 52dB). The time constant of the switch 
is fixed by the timer via an external capacitor. 

- When neither party is talking both attenuators are 
set to a medium attenuation. Thus each mode is 
in idle mode. The time constant of the switch from 
active mode to idle mode must be long enough to 
prevent from switching to idle mode between two 
words (see fig 2). This time constant is fixed by an 
external RC. 
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TEA7540 

Figure 2. 

Em Rrc :_J 
1 I -------

O - - - ~ - - - - - - - - - - - - - - t~------SPEECH. NOISE 

1 I 

OdB 

A rna• dB 

TEA7540 OPERATION 

TEA7540 is powered through an external shunt re
gulator (for instance the shunt regulator of the mo
nitor amplifier TEA7531) or an external zener diode. 
It can work at a very low voltage (2.5volts) over the 
circuit and it has a low current consumption (2.1 mA). 

It's also possible via the chip select pin (CS) to put 

Figure 3 : Application Diagram. 
Example of high r.ange telephone set using TEA7540. 

LINE 

KEYBOARD 

I 

I OLE lA max dS 21 

the handsfree function in standby to use the circuit 
in monitoring mode with the handset microphone. 

TEA7540 is designed to work with all kinds of micro
phones, including Electret. 
TEA7540 also handles the handset microphone si
gnal (AMP2) when the system is set to normal 
conversation mode (AMP1 ). 

HANDS-FREE 
LOUDSPEAKER 

HANDS-FREE 
MICROPHONE 

1--____.,.----,- 5/5 
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• VERY FEW EXTERNAL COMPONENTS 
• BUlL TIN PARTIAL BRIDGE 
• HIGH IMMUNITY AGAINST EMI 
• ACCURATE GAIN CONTROL 
• NO CAPACITOR REQUIRED 
• WIDE OPERATING VOLTAGE AND CURRENT 

RANGE 
• PROGRAMMABLE DC CHARACTERISTICS 

DESCRIPTION 
The LS1 88 is a monolithic microphone amplifier 
designed to be used with several kinds of transdu
cers. It can replace the carbon microphone in tele
phones and may also be used in cassette recorder, 
walky talkies, or infrared receiver applications. The 
circuit is assembled in a 8-pin Dual in Line Package. 
The LS1 88 consists of a differential input amplifier, 

PIN CONNECTION (top view) 

LINE 

MIKE INPUT { : 

November 1988 

LS188 

MICROPHONE AMPLIFIER 

internal reference and a current modulator stage 
enabling the device to send the amplifier speech to 
the line. 

MINIDIP 

ORDER CODE: LS188CB 

DC 
8 CHARACTERISTICS 

7 GROUND 

6 
\ GAIN 

PROGRAMMATION 

su 
s- 6204 
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LS188 

BLOCK DIAGRAM 

._--!.-1--V 2 

4 

5 7 6 

TEST CIRCUIT 

60V 

Z13 

S-620611 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VM Microphone Voltage (3ms duration) 20 v 
IM Microphone Current 150 mA 

Ptot Power Dissipation 600 mW 

Tap Operating Temperature - 30 to 70 oc 

THERMAL DATA 

Max 100 "C/W 
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LS188 

ELECTRICAL CHARACTERISTICS (refer to the test circuit at 25 "C with f = 300 Hz to .3400 Hz 
(pins 5-6 floating), unless otherwise specified) 

Symbol Parameter Test Conditions 

Gs Sending Gain VM1 = 1 mV 
f = 1 KHz 
IM = 15 mA 

G Gain Spread vs. Temperature - 25 °C T amb = + 60 °C 

G Gain Spread vs. Polarity IM=±15mA 

G Gain Spread vs. Line Current VMI = 1 mV 
f = 1 KHz 
lref = 15 mA 

v1-7 Microphone Voltage IM = 7mA 
IM=15mA 
IM=40mA 

Differential Resistance and IM = 7 to 60 mA 
Output Impedance 

Frequency Response IM = 15 mA 

Sending Noise VMI =0 

Input Impedance IM = 7 to 60 mA 

Distortion I ref= 1 KHz 
IM = 7 to 15 rnA 
IM=15to60mA 

lq Quiescent Current 

. TYPICAL GAIN VERSUS PIN 5 • 6 
1 CONNECTION 

Pin 5 
Pin 6 

Floating Grounded 

Floating 40.5 dB 47 dB 

Grounded 45.5 dB 49.5 dB 

Intermediate values of Gs are obtained by right resistors from 
pins 5 or 6 to ground. 

IM = 7 to 60 mA 

Vo=0.4V 
Vo=1.25V 

Min. Typ. Max. 

39.5 40.5 41.5 

± 1 

± 0.3 

± 1 

4.5 
5.9 
8.65 

120 200 

± 1 

-67 

7.3 9.75 12.2 

2 
7 

1 

Unit 

dB 

dB 

dB 

dB 

v 
v 
v 
Q 

dB 

dBmp 

KQ 

% 
% 

mA 
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• ON CHIP POLARITY GUARD 
• MEETS DC LINE CHARACTERISTICS OF EI-

THER CCITT AND EIA RS 464 SPECS 
• PULSE FUNCTION 
• HIGH AC IMPEDANCE 
• OFF HOOK-STATUS DETECTION OUTPUT 
• LOW EXTERNAL COMPONENT COUNT 

DESCRIPTION 
The circuit provides DC loop termination for analog 
trunk lines. 

The V-1 characteristics is equivalent to a fixed volt- , 
age drop (zener like characteristic) in series with an 
external resistance that determines the slope of the 
DC characteristic. 

An external low voltage electrolytic capacitor causes 
the circuit to exhibit a very high impedance to all AC 
signal above a minimum frequency that is determi
ned by the capacitor itself and by a 20 K nominal re
sistor integrated on the chip. 

The Off-Hook status is detected all the time a typic 
of 8 rnA is flowing into the circuit. In this condition a 
constant current generator is activated to supply an 
external device (typically an optocoupler) without af
fecting the AC characteristic of the circuit. 

When Pulse Dialing is required the PULSE input 
(pin 3) connected to V- causes the device to reduce 
the fixed DC voltage drop and to exhibit a pure re
sistive impedance equal to the external resistor. 

November 1988 

L3845 

TRUNK INTERFACE 
PRELIMINARY DATA 

MINIDIP 

ORDER CODE : L3845 

PIN CONNECTION 
(top view) 

IN108 U+ 
U- 2 7 IN2 

PULSE 3 6 OCT 

HOD 4 5 ACT 

1188L3845-82fl 
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L3845 

BLOCK DIAGRAM 

B I 
1 U+ 

IN1 ~ 
PULSE 

POLARITY r " ""' H "' "'" 3 

GUARD TERMINATION DETECTION 
7 - CIRCUIT 4 

( }------. -. 

HOD 

IN2 

5 6 2 

~ 
ACT l OCT 

U-
t188L3845-Btfl 

TC1 R1 
1 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VL Max Line Voltage (pulse duration 10 ms max) 20 v 
IL Max Line Current 150 rnA 

Ptot Total Power Dissipation at T amb = 70 °C 800 mW 

Top Operating Temperature -40 to+ 70 oc 
Tsrgo Tj Storage and· Junction Temperature -55 to+ 150 oc 

THERMAL DATA 

I Rth i-amb I Thermal Resistance Junction-ambient Max 120 
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L3845 

DC ELECTRICAL CHARACTERISTICS 
(IL = 10 rnA to 100 mA, R1 =56 Q, R2 = 150 Kn, S1 =Open, Tamb = + 25 oc, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VL Line Voltage PULSE= Open 
(normal mode) IL=10mA 5 v 

IL = 20 rnA 5.5 v 
IL=100mA 12 v 

VLP Line Voltage PULSE= v-
(pulse mode} IL = 20 rnA 4 v 

IL =35 rnA 5.5 v 
IL =80 rnA 9.5 v 

lhn ON/OFF-Hook 6.5 9.5 rnA 
Line Current Detection Threshold 

lht OFF/ON-Hook 5 8 rnA 
Line Current Detection Threshold 

lour OFF-Hook IL = 10 rnA 1.5 rnA 
Output Drive Current at Pin HDO IL ~ 20 rnA 2 rnA 

VpM Pulse Input Low Voltage 0.8 v 
IPM Pull-up Input Current at Pin PULSE IL=100mA 20 !!A 

(pulse mode) Pulse= v-
INM lmput Current at Pin Pulse 3 !!A 

(normal mode) 

AC ELECTRICAL CHARACTERISTICS 
(I L = 10 mA to 100 mA, R1 =56 n, R2 = 470 KQ, S1 ;,_, Open, T amb = + 25 °C, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

ZL AC Line Impedance c1 = 2.2 flF 
F = 1 KHz 20 KQ 

Sending/Receiving Distortion F = 1 KHz 
Vs = 775 mVRMS 
IL = 15 to 100 rnA 2 % 

Sending/Receiving Distortion S1 =Closed; 
2 % 

Vs = 1.3 VRMS 

APPLICATION INFORMATION 
With the use of this circuit it is possible to terminate 
an analog trunk so that all the DC current compo
nent is flowing in the TRUNK TERMINATION CIR
CUIT while the AC component is decoupled with a 
low voltage capacitor and can be used with a small 
and low cost audio coupler transformer to provide 
the AC balancing termination and two to four wire 
conversion. 

Therefore it is useful! both for MODEM and PABX 
systems. 

Figure 1 gives the typical application circuit ; it is 
worth to note that the TRUNK TERMINATION CIR
CUIT, together with the LS5018 transient suppres
sor provides a compact and low cost module fully 
protected against lightning or overvoltages fre
quently present on telephone lines. 

The PULSE input when connected to V- allows the 
device to reduce the Line Voltage and to show are
sistive impedance equal to R1 to the line. When 
PULSE input is left open, this function is disable. 
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L3845 

Figure 1 :Typical Application. 
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Designed to interface an equipment with the tele
phone line, this 8 pin IC provides : 
• LINE ADAPTATION 
• RING DETECTION 

It is particularly convenient for modem applications 
and fulfills a wide range of international specifica
tions. 

Line adaptation : (DC characteristics) 
• ZENER CHARACTERISTIC WITH ADJUSTA

BLE SLOPE 
• ADJUSTABLE DYNAMIC IMPEDANCE 
• ADJUSTABLE MAXIMUM AMPLITUDE OFTHE 

SIGNAL 
• USE ONLY A LOW COST DRY TRANSFOR-

MER 
• NEED NO DIALLING RELAY 

Ring detection : 
• ADJUSTABLE DETECTION LEVEL 
• ADJUSTABLE AC IMPEDANCE 
• VERY LOW LINE DISTORTION 

BLOCK DIAGRAM 

January 1989 

TEA7868 

LINE INTERFACE 

• LOGIC SIGNAL OUTPUT 

Other: 
• LOW WORKING VOLTAGE 
• WIDE OPERATING CURRENT RANGE 

MINIDIP 

ORDER CODE : TEA7868DP 

l t"::,.. nvs L.:: 
' 
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TEA7868 

PIN CONNECTION (top view) 

PIN DESCRIPTION 

VOLTAGE STABILIZER 

Name No. Description 

v1 1 Voltage Over the IC 

Vc 2 CvsT decouples the voltage stabilizer and RvsT fixes the impedance. 

Rc 3 Rc fixes the voltage through RvsT. 

RM 4 RM fixes the slope of the DC characteristic. 

GND 8 Ground 

RING DETECTOR 

Name No. Description 

VR 5 Ring detection output connected to an optocoupling device. 

Rs 6 Rs fixes the ring detection level. 

Ro 7 Ring Detection Input. Ro fixes the impedance of the ring detector. 

OUTLINES 

Specially designed for the modem applications, this 
8 pins IC provides line adaptation, ring detection and 
easy pulse dialling. It is a Direct Connect Circuit 
(DCC) which has been designed to fulfill a wide 
range of AC and DC specifications for various coun
tries. 

RING DETECTION 

This circuit detects the incoming ringing signal and 
generates a logic signal to the microcomputervia an 
optocoupling device. The detection level can be 
fixed by an external resistor. The dynamic impe
dance of the ring detector is also fixed by an exter
nal resistor. The line distortion of the ringing signal 
is very low compared to the distortion introduced by 
a zener detector. 

LINE ADAPTATION 

The DC characteristic can fulfill a wide range of DC 
specifications : 
_ zener characteristic with adjustable slope fixed 

by an external resistor 
_ line current limitation using an external CTP. 

The dynamic impedance is fixed by an external re
sistor Rvsr so as to match with different line impe
dances. 

The maximum amplitude of the signal is fixed by two 
external resistors Rvsr and Rc. · 

This circuit ha:s been designed to be connected to 
a low cost dry transformer. 

The application has been studied to avoid the use 
of dialling relay. 

With its possibility of ring detection, off-hook are dial
ling this circuit is adapted to the application in smart 
modems. It also satisfies the FCC Rules Part 68. 

2/10 ------------- L-,, ~~~;ID&'::oo~~ 
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TEA7868 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Supply Voltage 16 v 
v7 16 v 

P1o1 Power Dissipation 600 mW 

Toper Operating Temperature -25 to 65 oc 
Ts1g Storage Temperature -55 to 150 oc 

STATIC ELECTRICAL CHARACTERISTICS (Tamb = 25 °C) 

Symbol Parameter Min. Typ. Max. Unit 

IL Line Current {pin 1) 10 120 mA 

v, Voltage over the IC {pin 1) {see fig. 1) 
3.0 3.2 3.4 v v, IL=10mA 
4.3 4.5 4.7 v IL=100mA 

Vc Voltage Stabilizer {pin 2) {see fig.1) 
1.9 2.1 2.3 v 

Vc IL=10mA 
IL = 100 mA 3.2 3.4 3.6 v 

DYNAMIC ELECTRICAL CHARACTERISTICS (T amb = 25 °C) 

Symbol Parameter Min. Typ. Max. Unit 

R.L. Impedance of the Transmission Part. {see fig. 2) 
Return loss compared to 600 n : 15 dB 
300Hz< f <5kHz; IL = 20 mA 

VR Ring Detection Level {see fig. 3) 
for a Low Level on Pin 5 {< 0.3 V) :no Detection 19 20 Vpp 
for a High Level on Pin 5 {> 0.8 V) : Ring Detection 20 24 

ZR Impedance of the Ring Detection Part : 
9.5 10.5 11.5 kn Typically Rs + Ro/13 {see fig. 3) 

Distortion in Ring Mode :IRing =50 Hz {see note 4) 
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TEA7868 

Figure 1 :Static Electrical Characteristic Test Diagram. 

External components : 
Cvsr = 1 OOJlF Rvsr = 1.2k!l 
Rc=2.71ill RM=12il. 

Figure 2 : Impedance Measurement. 

External components : 
Cvsr = 1 OOJlF Rvsr = 1200Q 
Rc = 2.7kQ RM = 12Q 
RPL= 1200Q 

4/10 
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TEA7868 

Figure 3 : Ring Detection Level and Impedance. 

10 k!l 561<!! 

• Ring detection level • Impedance of the ring detection part : 
for: VA= 19Vpp V(5) < 0.3V 
for: VA= 21Vpp V(5) > o.av 

VA 
ZA =--

lA 

Figure 4 : Ring Detection Distortion. 

a} 

SPECTRUM 
ANALYZER 

Test conditions : 
VA=90VAMS 

b) 

-26dB 

-36d8 

10kfl 

soon <RL < 14oon 

56 kO 

No distortion peaks appear in the forbidden area of 
the following shape : 

'------1------1--------------f"---- FAEOUENCY(Hz) 

150 300 600 
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TEA7868 

APPLICATIONS INFORMATION 

Figure 5 : Ring Detection. 

CPU 

The ringing signal coming from the line is rectified 
by the diode bridge ; the circuit compares the peak 
amplitude of the signal to a predeterminated detec
tion level fixed by Rs. On the output transistor of the 
optocoupling device a logic signal is generated 
which frequency is twice the frequency of the ringing 
signal. 

"0" =the amplitude of the ringing signal is grea
ter than the detection level. 

"1" =the amplitude of the ringing signal is lower than 
the detection level. 

The ring detection circuit is fully linear ; so the dis
tortion on the line is very low compared to the dis
torsion introduced by a zener detector as usually 
used. 
Three external components affect the characteristic 
of the ring detection circuit. The capacitor CR pro
vides the DC solation from the line. 
The AC impedance of the circuit at the ringing fre
quency is given by the formula : 

ZAc = ZcR(f) + Ro + Rs/13 

ZcR is the impedance of the capacitor CR at the rin
ging frequency. 

The ring detection level is fixed by the external re
sistor Rs with the following formula : 

11 volts 
Rs = ------Ro 

VR-Vo-3 volts 

VR is the peak amplitude of the ringing signal at the 
detection level. 

Vo is the voltage over the diode bridge and the ca
pacitor CR at the ringing frequency. 

CH 

The DC characteristic is a zener characteristic which 
slope is fixed by RM (see fig.8). The voltage over the 
circuit (pin 1) is fixed via a current source driven 
through Rvsr. The value of this current source is 
fixed by the external resistor Rc with the formula : 

Rvs1 
V(RvsJ) = V(pin1)- V(pin2) = -- x 2.46 volts 

Rc 

Note that the voltage through Rvsr also limits the 
amplitude of the emitted signal. 

The external resistor Rvsr also defines the AC im
pedance of the circuit : 

ZAc = Rvsr I I impedance seen from the transformer 
(see hybrid system) 

* When a current limitation is required for the DC 
characteristic (as for the French specification), an 
external TPE is connected between the telephone 
line and the circuit (see application diagram). 

PULSE DIALLING 

Pulse dialling is easily done using a high voltage op
tocoupling device and a high voltage PNP transis
tor as shown on the typical application diagram. 

HYBRID SYSTEM 

This system uses an operational amplifier to prevent 
from injecting the emitted signal in the receiving path 
of the modem IC. A typical diagram is given at fig. 
9. 
RL represents the impedance of the telephone line 
ZL in parallel with Rvsr. Typically we take ZL = 600 
ohms. 

6/10 ------------- sa..,, ~~~~m~~:~~tt 
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TEA7868 

Figure 6 : AC/DC Line Adaptation. 

HYBRID 

~r 
TEA 7968 

Figure 7 :This part of the TEA7868 is· used for line adaptation. 

RVST 

RC RM 
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TEA7868 

Figure 8 :An Equivalent Diagram of the Circuit is given at fig. 7 . 

...._RI'vl 

L-......te. _______ __,_ v 

The_hybrid gain of the system is given by :. 
Vs R2 + Ra R1 

Go=--=1- -----
VE R2 R1 .f. RL 

For a maximum efficiency you must have Go = 0 
and this gives : 

Ra RL 

R2 R1 

The impedance seen from the line must be 600 
ohms, this impedance is given by : 

Zout = R1 // RvsT 

So, if RvsT is fixed, R1 is also fixed by Zout = 600 
ohms. 

Figure 9. 

VE 

The gain between the online signal and the modem 
input is: 

RL 

R1 + RL 

The gain between the line and the modem input is : 

R3 
'GR=1 + --

R2 

Those calculations are purely theoretical ; really the 
line impedance has a complex component, so there 
will be little changes in the value of R1, R2, Ra to 
adapt the hybrid system. 

RL=ZL: RVST 

_a,_1o~--------------------- L~l ~~~©~~~:~~ 
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Figure 10 : Complete DAA Interface Circuit with TEA7868. 

CPU 
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TEA7868 

Figure 11 :Complete DAA Interface Circuit with Current Limitation. 

CPU 
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LH1028 

TELEPHONE INTERFACE CIRCUIT 
AN AT&T PRODUCT 

• WITHSTANDS TELEPHONE LOOP VOL
TAGES TO 150 V DC AND 200 V PULSED 

• OPERATES AT LOW TIP-RING VOLTAGES 
(typically as low as 2. 7 V) 

• POLARITY GUARD HAS LOW INTERNAL 
VOLTAGE DROPS 

• MONOLITHIC SOLID-STATE CONSTRUC
TION GIVES COMPETITIVE EDGE IN PHYSI
CAL AREA CONSERVATION AND 
RELIABILITY 

DESCRIPTION 

Dielectric isolation and a monolithic high-voltage 
DMOS technology are used to fabricate the LH1 028 
Telephone Interface Circuit (TIC). This integrated 
circuit performs the following basic functions : high
voltage dial pulse switching, protection against re
versal of Tip-Ring polarity from the Central Office, 
and overvoltage/overcurrent protection of tele
phone circuits. 

PIN DESCRIPTION 

Pin Symbol Description 

2 Tip Tip Input 

8 Ring Ring Input 

3 T Prime (T') Positive Output of Polarity 
.Guard 

7 DP Control for Internal Dial 
Pulse Switch 

6 DP Prime Control for Internal Dial 
(DP') Pulse Switch 

4 R Prime Negative Output of Polarity 
(RP') Guard 

1,5 NC No Connection Allowed 
Reserved Pins 

January 1989 

ADVANCE DATA 

MINI DIP 

ORDER CODE: LH1028BB 

PIN CONNECTION (top view) 

NC [ 1 8 :J RING 

TIP [ 2 7 J DP 

TP [ 3 s poP 

RP[ 4 s pNc 

5- 10720 

116 

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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LH1028 

Figure 1 : Functional Diagram. 

{+) 

TIP ---- POLARITY 

I GUARD 
(FULL-WAVE _____. RECTIFIER) RING 

H 

CURRENT 

SENSIN~[ 
RESISTOR 

s -10719 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

OUTPUT VOLTAGE 'J. l-' 
LIMITING DEVICE 1\ 

DIAL PULSE/CURRENT 
LIMITING CONTROL 

I 
I 
I 
I 
I 

__.----1;; 
DIAL 

PULSE 
SWITCH 

[ 

Value 

VTRo Dialling Voltage (tip-ring) (toN= 2 ms ; I = 10 Hz) 180 

VIMP Pulse Voltage (tip-ring) (toN = 2 J!S ; toFF = 30 sec) 200 

TA Ambient Operating Temperature Range 0 to 50 

Tstg Storage Temperature Range -40 to+ 125 

Pin Temperature (soldering, 15 sec) 300 

Po Power Dissipation (package limitation) 750 

THERMAL DATA 

Max 

2/6 
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LH1028 

ELECTRICAL CHARACTERISTICS (see figure 2) 
( TA = 4 to 49 'C for min. and max. value) (T A = 25 'C for typical value) 

Parameter Test Conditions Min. Typ. Max. Unit 

Breakdown Voltage (tip-ring) Vop = 2 V; RL = 1000 Q 155 175 -
Increase VrR until 
IrA =3 rnA (see fig. 3) v 

Dial Pulse Control Voltage, Vop VTR = 48 V ; RL = 200 Q - 1.7 2 
lop =5 !!A (see fig. 4) 

Dial Pulse Control Current VTR = 48 V; Vop = 2 V; - - 20 !!A 
RL =200 Q (see fig. 3) 

Off-state Leakage Current VTR = 48 V ; VDP = 2 V ; - - 400 !!A 
RL =200 n (see fig. 3)· 

Tip-ring Operating Voltage Increase VrR until 
Vour =.1.6 V (see fig. 4) - 2.7 2.9 
R =400 n 
IRP =- 4 rnA 

On-state Voltage VrR = 6 V R =235 Q; IRP =-20 rnA; - 1.05 1.3 v 
Vop=0.65 V 
Measure VrR - Vour (see fig. 4) 

Output Voltage, VrR = 140 V peak Measure Vour peak (see fig. 5) - 26 30 

Turn-on Time DP Initially at + 2 V (see fig. 6) - 20 500 

Turn-off Time DP Initially shorted to DP' (see fig. 7) 20 500 
JlS 

-
Current Limiting RL =40 Q; 155 - - rnA 

Vop =0.65 V (see fig. 8) 

Figure 2 : Simplified Schematic Illustrating Characteristic Symbology. 
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LH1028 

TEST CIRCUITS 

Figure3. 
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Figure 5. 
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Figure 6 :Turn-on Time Test Method. 
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LH1028 

Figure 7 :Turn-off Time Test Method. 
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Figure 8 : Current Limiting Characteristics. 
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APPLICATION 
The LH1 028 device can be connected in the follo
wing manner to perform telephone interface func
tions. An overvoltage metal-oxide-varistor or other 
similar type of device shunts the Tip-Ring input ter
minal of the LH1 028 TIC and limits the voltage 
across these terminals to less than 200 V (the maxi-

' mum voltage rating of the LH1 028). The output ter
minals of the LH1028 TIC are TPRIME (T') and 

RPRIME (R'). T' and R' are the positive and nega
tive sides of the TIC polarity guard, respectively. R' 
is connected to the telephone circuitry through a 
switch which is internal to the LH1 028 TIC. This in
ternal switch opens when a dial pulse voltageis ap
plied between terminal DP (Dial Pulse) and DP' (Dial 
Pulse Prime). · 
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LH1028 

Figure 9 :Typical Telephone Set Configurations. 
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LH1056 

SINGLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 

" HIGH VOLTAGE IC FABRICATED IN A DIE
LECTRIC ISOLATION PROCESS 

a OPTICAL COUPLING BETWEEN INPUT AND 
OUTPUT 

a CAN SWITCH LOADS UP TO 350V AT CUR-
RENTS UP TO 1 OOmA 

D LOW ON-RESISTANCE 
• CLEAN, BOUNCE-FREE SWITCHING 
" HIGH CURRENT SURGE CAPABILITY 
• LOW-POWER CONSUMPTION 
• NO ELECTROMAGNETIC INTERFERENCE 

DESCRIPTION 
The LH1056 (Multipurpose Solid-State Relay) is a 
low-cost, bi-direciional, SPST designed to switch 
both AC and DC loads. Output is rated at 350 volts 
and can handle loads up to 1 OOmA. It is packaged 
in a specialS-pin plastic DIP. 
Each device consists of one GaAIAs LED to optical-
ly couple the control signal to a high-voltage integra
ted circuit. The typical ON-Resistance is 30 ohms at 

Figure 1 : Functional and Equivalent Relay Diagrams. 
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February 1989 

T ,, 
LED 

2 
0 
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S' 

3 
0 

AN AT&T PRODUCT 

DIP6 
(Plastic Package) 

ORDER CODE: LH1056AT 

25mA, and is exceptionally linear up to 50mA. 
Beyond 50mA, the incremental resistance becomes 
even less, thereby minimizing internal power dissi
pation. The LH1056 also has internal current limi
ting which clamps the load current at 150mA to in
sure that the device will survive during current 
surges. 

SPST(NORMALLY OPEN) 
I 

s~~s· 
~I 
~ 

CONTROL LED 

EQUIVALENT RELAY DIAGRAM 
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LH1056 

PIN CONNECTION (top view) 

CONTROL(+) s 

CONTROL(-) NC 

BLANK S' 

PIN DESCRIPTION 

Name Description 

Control+ These pins are the positive and negative inputs respectively to the input control LED. An 
Control- appropriate amount of current through the LED will close the circuit path between S and S'. 

s-s· These pins are the outputs. The pin pair S-S' represents one normally open relay pole. 

Blank This pin may be used as a tie-point for external components. Voltage on this pin should not 
exceed 300V. 

NC This pin is connected to internal circuitry. It should not be used as a tie-point for external 
circuitry. 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 

Ambient Operating Temperature Range -40 to+ 85 oc 
Storage Temperature Range -40 to+ 100 oc 
Pin Temperature (soldering time ;15s) 300 oc 
LED Input Ratings : Continuous Forward Current 20 rnA 

Reverse Voltage 10 v 
Recommeded Maximum Output Operation : Operating Voltage 350 v 

Load Current 100 rnA 

Stresses in excess of 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 conditions in excess of those indicated in the operational sections of this specifica
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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LH1056 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise noted) 

Parameter Test Conditions Min. Typ. Max. Unit 

* LED Forward Current for Turn-on ILOAD = 100mA 1.5 2.5 rnA 

I LOAD =SOmA, 70°C 2.5 5.0 

LED ON Voltage ILED = 10mA 1.15 1.30 1.45 v 
ON Resistance : RoN = VM/25mA I LED = 2.5mA ; I LOAD = 25mA 20 30 50 n 
Breakdown Voltage I LED = 011A ; I LoAD = 50!-lA 350 380 v 
Output Off-state Leakage Current 100V, ILED =OilA 1.0 200 nA 

1 OOV, I LED = 200!-lA 0.1 2.0 !lA 

300V, I LED = 2001-lA 0.1 5.0 !lA 
Turn-on Time RLOAD = 10kQ; I LED= 5mA 1.0 2.0 ms 

Turn-off Time 0.5 2.0 

Feedthrough Capacitance, Pin 4 to 6 (4V p-p, 1kHz) 24 pF 

! * Supply a minimum of SmA LED current to insure proper operation over the full operating temperature range. 

TEST CIRCUITS 

Figure 2 : RoN, ON Voltage and Breakdown 
Voltage. 

Figure 3 : Leakage Current. 

-IL 
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tLOAD 
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LH1056 

Figure 4 : 'tONI'tOFF Test Circuit and Waveform. 
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Figure 5 : Solid-state Relay Typical ON Characteristics. 
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Figure 6 : Normalized Turn-on Time vs. 
Temperature. 
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Figure 8 : Normalized Switching Time vs. Load 
Voltage. 
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Figure 10 : Normalized Threshold Current vs. 
Temperature. 
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Figure 7 : Normalized Turn-off Time vs. 
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Figure 9 : Normalized On-resistance vs. Tempe
rature. 
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LH1056 

INPUT/OUTPUT ISOLATION 

The optical coupling between input and output pro
vides a great degree of isolation between the low
voltage control and the high voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La
boratories) test, which requires the product to 
withstand 1500Vrms for a time' of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 

In order to further assure long term reliability, each 
device is tested with an additional 600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, less than 
1 OOnA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 
the data sheet. 

LOAD PROTECTION 

The LH1 056 has been designed to protect the swit
ching load by quick transient suppression and by 
output current limitation. These features can be il
lustrated by evaluation of the step response of the 
closed contact. · 
The circuit used for evaluation is shown in figure 12. 
First, a control signal is applied in order to activate 
the switch.'Then transistor TR1 is turned on, which 
activates a 50V step through 1 OOQ across the clo
sed switch. The switch reacts. to the leading edge of 
the step by quickly deactivating, stopping current 
flow in the load. The resultant load current is shown 
in figure 13. After 250!ls, the switch recloses, allo
wing current to flow in_ the load, up to the current li
mit of the device, if necessary. This clamping can 
be seen in figure 14 which also shows the fast shu
toff at the leading edge of the step. 

Figure 12 : Circuit used for Measurements of figures 13, 14. 

CURRENT PROBE 
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Figure 13: Current Spike (RL = 100.Q, Vs = 22V). 
X = 0.5)1S/div. 
Y = 30mA/div. 
Upper Trace :load current. 
Lower Trace : command pulse. 

APPLICATION 

This device has been optimized to meet the de
mands of switching high voltages at moderate 

1 current levels in applications such as telecommuni
cations, instrumentation, and medium-power swit
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and de si
gnals is desirable. 

The operational range of this device includes low
power commercial voltage applications where mil
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi-

LH1056 

Figure 14: Current limiting (Vs = 22V, RL = 100.Q). 
X= 0.2ms/div. 
Y = 40mA/div. 
Upper Trace: command pulse. 
Lower Trace: load current. 

gher voltages, or greater current capability, the 
LH1 056 can be easily combined in parallel or series 
arrangements, as required, with their control LEOs 
simply driven in series. 
The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti
cal coupling provides isolation of the switch from the 
control signal in high-voltage and high-frequency 
applications. 
The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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Figure 15: Triac Predriver . 
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LH1061 

DOUBLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 

AN AT & T PRODUCT 

• HIGH VOLTAGE IC FABRICATED IN A DIE
LECTRIC ISOLATION PROCESS 

• OPTICAL COUPLING BETWEEN INPUT AND 
OUTPUT 

• CAN SWITCH TWO SEPARATE LOADS UP TO 
200V EACH AT CURRENTS UP TO 200mA 

• LOW ON-RESISTANCE 
• CLEAN, BOUNCE-FREE SWITCHING 
• HIGH CURRENT SURGE CAPABILITY 
• LOW-POWER CONSUMPTION 
• NO ELECTROMAGNETIC INTERFERENCE 

DESCRIPTION 
The LH1061 (Multipurpose Solid-State Relay)·is a 
low-cost, bi-directional, SPOT designed to switch 
both AC and DC loads. Outputs are rated at 200V 

' and can handle contemporarily two loads up to 
200mA. It is packaged in a specialS-pin plastic DIP. 

! Each device consists of one GaAIAs LED to optical
ly couple the control signal to two high-voltage inte
grated switches. The typical ON-Resistance is 15Q 
at 25mA, and is exceptionally linear up to 1 OOmA. 

' Beyond 1 OOmA, the incremental resistance be
comes even less, thereby minimizing internal power 
dissipation. The LH1 061 also has internal current li
miting which clamps the load current at 300mA to 
insure that the device will survive during current 
surges. 

February 1989 
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PIN CONNECTION 
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NC 

CONTROL -

BLANK 
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LH1061 

Figure 1 : Functional and Equivalent Diagram. 

DP5T (NORMALLY OPEN) 

5l=ti~51' 
52 ~52' 

JJr 
CONTROL 

PIN DESCRIPTION 

Name Description 

Control+ These pins are the positive and negative inputs respectively to the input control LED. An 
Control- appropriate amount of current through the LED will close the circuit path between S and S'. 

81, 81' These pins are the outputs. The pins designated as 8 represents one side of a relay pole. The 
82, 82' pins designated as 8' are the complementary side of a relay pole. Note that 82 is connected to 

the substrate. 

NC This pin is connected internally for test purposes. It should NOT be used as a tie-point for 
external components. 

Blank This pin may be used as a tie point for external components. Voltage applied to this pin should 
no exceed 150V. 
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· LH1061 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 

Ambient Operating Temperature Range -40 to+ 85 oc 
Storage Temperature Range -40 to+ 100 oc 
Pin Soldering Temperature (I = 15s max) 300 oc 
LED INPUT: 
Continuous Forward Current 20 rnA 
Reverse Voltage 10 v 
Operating Voltage 200 v 
One Pole (S1, S1' or S2, S2') 300 rnA 

Each Pole (two poles operating simultaneously) 200 rnA 

Stresses in excess of 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 conditions in excess of those indicated in the operational sections of this specifica
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (at .25°C unless otherwise specified) 

Parameter Test Conditions Min_ Typ. Max. Unit 

LED Forward Current for Turn-on* I LOAD = 200mA 1.5 2.5 rnA 

ILOAD = 160mA, 70°C 2.5 5.0 rnA 

LED ON Voltage@ 10mA ILED = 10mA 1.15 1.30 1.45 v 
ON Resistance : RoN = VM/50mA ILE'o = 2.5mA ; I LOAD = 50mA 8 12 15 Q 

ON Voltage I LED= 2.5mA; I LOAD = 200mA 2.0 2.5 v 
Output Off-state Leakage Current 1 OOV, I LED = O).lA 1.0 nA 

1 OOV, I LED = 200).lA 0.1 2.0 pA 

Breakdown Voltage@ 50).lA (figure 2) I LED = O).lA ; I LOAD = 50).lA 200 230 v 
Turn-on Time RL = 15kQ 2.0 

I LED= 5mA 
ms 

Turn-off Time 1.0 

Feedthrough Capacitance, Pin 4 to 6 (4VPP• 1kHz) 35 pF 

Pole to pole Capacitance (4V PP• 1kHz) 20 pF 

• Supply a minimum of 6mA LED current to insure proper operation over the full operating temperature range. 
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LH1061 · 

TEST CIRCUITS 

Figure 2 : RoN, ON Voltage and Breakdown 
Voltage. 
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Figure 4 : ioNhOFF Test Circuit and Waveform. 
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Figure 3 : Leakage Current. 
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LH1061 

CHARACTERISTICS CURVES 

Figure 5 : Solid-state Relay Typical ON Characteristics. 
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LH1061 

Figure 8 : Normalized Switching Time vs. Load 
Voltage. 
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Figure 10: Normalized Threshold Current vs. 
Temperature. 
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INPUT/OUTPUT ISOLATION 
The optical coupling between input and output pro
vides a great degree of isolation between the low
voltage control and the high-voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La
boratories) test, which requires the product to with
stand 1500Vrms for a time of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 
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Figure 9 : Normalized On-resistance vs. Tempe
rature. 
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Figure 11 : Normalized Current Limit vs. Tempe-
rature. ' 
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In order to further assure long term reliability, each 
device is tested with an additional .600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, less than 
1 DOnA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 
the data sheet. · 



LOAD PROTECTION 
The LH1 061 has been designed to protect the swit
ched load by quic,k transient suppression and by 

i output current limitation. These features can be il
~ lustrated by-evaluation of the step response of the 

closed contact. 
The circuit used for evaluation is shown in figure 12. 
First, a control signal is applied in order to activate 
the switch. Then transistor TR1 is turned on, which 
activates a 50V step through 1 oon across the cia-

LH1061 

sed switch. The switch reacts to the leading edge of 
the step by quickly deactivating, stopping current 
flow in the load. The resultant load current is shown 
in figure 13. After 250J1S, the switch recloses, allo
wing current to flow in the load, up to the current li
mit of the device, if necessary. This clamping can 
be seen in figure 14 which also shows the fast shu
toff at the leading edge of the step. 

Figure 12 : Circuit used for Measurements of figures 13, 14. · 

CURRENl PROBE 

us uo 
SBU 5U 

Figure 13 : Current spike (RL = 1 OOQ, Vs = SOV ). 
X= 0.5J1S/div. 
Y = 60mA!div. 
Upper Trace : load current. 
Lower Trace: command pulse. 

Figure 14: Current limiting (Vs = SOV, RL = 100Q). 
X= 0.2ms/div. 
Y = BOmA!div. 
Upper Trace : command pulse. 
Lower Trace : load current. 
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LH1061 

APPLICATION 
This device has been optimized to meet the de
mands of switching high voltages at moderate 
current levels in applications such as telecommuni
cations, instrumentation, and medium-power swit
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and de si
gnals is desirable. 
The operational range of this device includes low
power commercial voltage applications where mil
lampere control signals and low ON-resistanpe are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi
gher voltages, or greater current capability, the 

Figure 15 : Balanced Switchhook Application. 

+ 

CONTROL 

LH1 061 can be easily combined in parallel or series 
arrangements, as required, with their control LEOs 
simply driven in series. 
The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti
cal coupling provides isolation of the switch from the 
control signals in high-voltage and high-frequency 
applications. 
The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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LH1061 

Figure 16: Balanced Two-line Multiplexer Application. 
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LS204 

HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 
• LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. 
The circuit presents very stable electrical characte
ristics over the entire supply voltage range, and it 
particularly intended for professional and telecom 
applications {active filters, etc). 

PIN CONNECTIONS {top views) 

OUTPUT 
A 

IN'liNP. 
A 

NONINV. 
INP. A 

-v. 1 , 

-Vs 5-3586/1 
(casE!) 

T0-99 

ORDER CODES 

Type T0-99 

LS204 LS204TB 

LS204A LS204ATB 

LS204C LS204CTB 

January"1989 

~ 

Mini dip 

T0-99 

SO-BJ 

8 .v. our:uT 11 

OUTPUT INVINP. 
B A 

6 
INV.INP. NONINV. 

B INP.A 

NON INV. 
INP. B -Vs 4 

S-3590 

Minidip -
-
-

LS204CB 

MINIDIP 
(Plastic) 

8 +Vs 

OUTPUT 
B 

INV.INI! 
B 

NONJNV 
5 INP. B 

S-3Sn 

S0-8 

SO-B 

LS204M 

-
LS204CM 
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LS204 

ABSOLUTE MAXIMUM RATiNGS 

Symbol Parameter T0·99 Minidip JlPackage 

Vs Supply Voltage ± 18V 

Vi Input Voltage ± Vs 

V; Differential Input Voltage ±(Vs-1) 

Top Operating Temperature for LS204 -25 to 85°C 
LS204A -55 to 125°C 
LS204C o to 70°C 

Ptot Power Dissipation at T amb = 70°C 520mW 665mW 400mW 

TJ Junction Temperature H)ooc 150°C 150°C 

Tstg Storage Temperature - 65 to 150°C -55 to 150°C -55 to 150°C 

THERMAL DATA 

Max 

ELECTRICAL CHARACTERISTICS (V s = ± 15V, T amb = 25°C, unless otherwise specified) 

LS204/LS204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 0.7 1.2 0.8 1.5 mA 

lb Input Bias Current 50 150 100 300 nA 

T min < Top < T max 300 700 nA 

R; Input Resistance f =1KHz 1 0.5 Mn 

Vas Input Offset Voltage R9 s: 10Kn 0.5 2.5 0.5 3.5 mV 

R9 s; 10Kn 3.5 5 mV 
T min < Top < T max 

' 
!Nos Input Offset Voltage R9 = 10Kn 5 5 JlVI°C -- Drift T min < Top < T max ,H 

los Input Offset Current 5 20 12 50 nA 

T min < Top < T max 40 100 nA 

Ll.los Input Offset Current T min < Top < T max 0.08 0.1 nA 
-- Drift -

Ll.T oc 
lsc Output Short Circuit . 23 23 mA 

Current 

· Gv Large Signal Open T min < Top < T max dB 
Loop Voltage Gain RL =2KQ Vs=±15V 90 100 86 100 

Vs =± 4V 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

eN Total Input Noise f =1KHz nV 
Voltage R9 =500 8 15 10 \1HZ 

R9 = 1 KQ 10 12 
Rg = 10KQ 18 20 

/ 
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LS204 

ELECTRICAL CHARACTERISTICS (continued) 

LS204/LS204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

d Distortion Gv =20dB RL =2KQ 0.03 0.1 0.03 0.1 
Vo = 2Vpp f =1KHZ 

Vo DC Output Voltage RL =2KQ Vs =± 15V ±13 ± 13 
Swing Vs =± 4V ±3 ±3 

Vo Large Signal Voltage 
Swing 

RL = 10KQ 
f =10KHz 

28 28 

SR Slew Rate Unity Gain 0.8 1.5 1 
RL = 2KQ ' 

CMR Common Mode V; =10V 90 86 
Rejection T min < Top < T max 

SVR Supply Voltage V; = 1V f =100Hz 90 86 
Rejection T min < Top < T max 

cs Channel Separation f =1KHz 100 120 120 

Note: Figure 1: Supply Current vs. Supply Voltage. 

Temp. LS204 LS204A 

T min. - 25°C - 55°C 

T max. + 85°C + 125°C 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 8 : Output Voltage Swing vs. Load 
Resistance. 
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Figure 5: Open L6op Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 

Vo 
(Vpp ) 

24 

20 

16 

12 

8 

-
-
-

0 
10' 

- G-369511 

\ 

Vs= !15V 
RL:2Kll 
Gy =20d'! \ 
d = J•J. 

103 104 !(Hz) 

Figure 9 : Total Input Noise vs. Frequency. 

(~) 

10 
....... I . 

1 

I 

I 

II 

I I I 

I I' 
! . !I 

' '. 10 3 

: 

G-370 

+-:---
"s=!15V 1--

I II 
Rg:lOKJl. 

i: 

II II 
I, 

! I 
I 

I 

I I I 
I 

' .. 
10' 

1Kll. 

son'-

I • I 

I I 
'' 

Ill Iiiii . '. 
!(Hz) 

5/9 

517 



LS204 

APPLICATION INFORMATION 

Active low-pass filter : 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude res
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia
sing errors in sampled-data applications and forge
neral purpose low-pass filtering. 
The cutoff frequency, fc, is the frequency at which 
the amplitude response is down 3 dB. The attenua
tion rate beyond the cutoff frequency is n6 dB per 
octave offrequency where n is .the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

Figure 10: Amplitude Response. 
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The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap
proximate a constant time delay over a limited fre
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte
ring of modulated waveforms and as a "running ave
rage" type filter. 

-nn 
The maximum phase shift is 2 radians where n is 

the order (number of poles) of the filter. The cutoff 
frequency, fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cutoff frequency should be twice the maxi-
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mum signal frequency. The following table can be· 
used to obtain the- 3dB frequency of the filter. 

- 3dB Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter

worth. 
• Very little overshoot response to step inputs. 
• Fast rise time. 

Figure 11 :Amplitude Response. 
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Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of rip
ple in the passband. 

Figure 12: Amplitude Response ( ± 1 dB ripple). 
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LS204 

APPLICATION INFORMATION (continued) 

Chebyschevfilters are normally designed with peak
to-peak ripple values from 0.2 dB to 2 dB. 

specified maximum ripple band and enters the stop 
band. 

Increased ripple in the passband allows increased Other characteristics : 
attenuation above the cutoff frequency. • Greater selectivity 
The cutoff frequency is defined as the frequency at • Very nonlinear phase response 
which the amplitude response passes through the • High overshoot response to step inputs 

The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 

Peak 
Settling Time (%of final value) Number of Overshoot 

Poles %Overshoot ± 1% 

Butterworth 2 4 1.1/lcsec. 
4 11 1.7/fc 
6 14 2.4/fc 
8 16 3.1/fc 

Bessel 2 0.4 0.8/fc 
4 0.8 1.0/fc 
6 0.6 1.3/fc 
8 0.3 1.6/fc 

Chebyschev (ripple ± 0.25dB) 2 11 1.1/fc 
4 18 3.0/10 

6 21 5.9/fc 
8 23 8.4/fc 

Chebyschev (ripple ± 1 dB) 2 21 1.6/fc 
4 28 4.8/fc 
6 32 8.2/fc 
8 34 11.6/fc 

Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp). 

Figure 13 ·: Filter Configuration. 

Vo 
Vi 

Where: 

OOc ~ 21t fc 
~ ~ damping factor. 

~ SCS·THOMSON .._-,I lio1n~:~@~ll.ll©"ii"~@llln©$ 

± 0 .1% ± 0.01% 

1.7/fcsec. 1.9/fcsec. 
2.8/fc 3.8/fc ' 
3.9/fc 5.0/fc 
5.1/fc 7.1/fc 

1.4/fc 1.7/fc 
1.8/fc 2.4/fc 
2.1/fc 2.7/fc 
2.3/fc 3.2/fc 

1.6/fc -
5.4/f c -
10.4/fc -
16.4/fc -
2.7/fc -
8.4/fc -
16.3/fc -
24.8/fc -

with fc ~ cutoff frequency 
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LS204 

APPLICATION INFORMATION (continued) 

Three parameters are needed to characterise the 
frequency and phase response of a 2nd order active 
filter : the gain (Gv). the damping factor (~) or the 
Q-factor (Q = (2 ~) ), and the cutoff frequency (fc). 

The higher order responses are obtained wit a se

Table 1. 

Filter Response ~ Q 

Bessel ..{3 1 
- ..{3 2 

Butterworth {2 1 
- {2 2 

Chebyschev {2 1 
<2 >{2 

Figure 14: Filter Response vs. Damping Factor. 
G 365011 -
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-4 

-1 2 
~ 

\' 
\\ 

-16 

-2 0 
.0.1 0.2 0.5 2 s Ullol 

EXAMPLE 

ries of 2nd order sections. A simple RC section is in 
traduced when an odd filter is required. 

The choice of ·~· (or Q-factor) determines the filter 
response (see table). 

Cutoff Frequency fc 

Frequency at which Phase Shift is - 90°C 

Frequency at Which Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = R1 = R2, we have (see fig. 13) 

c, = 1 ~ 
R roc 
1 

R ~roc 
The diagram of fig.14 shows the amplitude re
sponse for different values of damping· factor ~ in 

Figure 15 :5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 
In the circuit of fig. 15, for fc = 3.4 KHz and 
Ri = R1 = R2 = R3 = A4 =10 Kn, we obtain: 

. 1 1 
C1= 1.354 ·R · 27tfc = 6.33nF 

1 1 
C1 = 0.421 ·R · 27tfc = 1.97nF 

1 1 
C2=1.753·"R ·?me =8:20nF 

1 1 
C3 = 0.309 · R · 27tfc = 1.45nF 

1 1 
C4 = 3.325 · R · 27tfc =15.14nF 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15 KHz. 

LS204 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter. In this case the dam
ping factor is found by taking the reciprocal of the 
numbers in Tab. II. For fc = 5 KHz and C1 = C1 = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
Ri = 1.354 . C . 27tfc = 23.5Kn 

1 . 1 1 
R1 = 0.421 . C . 27tfc = 75.6KQ 

1 1 1 
R2= 1.753. C . 27tfc = 18.2KQ 

1 1 1 
R3 = 0.309 . C . 27tfc = 1 03KQ 

1 1 1 
R4 = 3.325 . C . 27tfc = 9·6Kn 

Table 2 : Damping Factor for Low-pass Butterworth Filters. 

Order c, c, c2 Ca c4 Cs Cs C7 Ca 
2 0.707 1.41 

3 1.392 ·0.202 3.54 
' 

4 0.92 . 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 

8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125 

Figure 16: 5th Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

151 ordl!r znd order 
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LS404 

HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 

• SINGLE OR SPLIT SUPPLY OPERATION 
• VERY LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS404 is a high performance quad operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable 'operation as voltage follower in spite 
of its high gain-bandwidth product. The circuit pre
sents very stable electrical characteristics over the 
entire supply voltage range, and it is particularly in
tended for professional and telecom applications 
(active filters, etc.). 

The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the input is over dri
ven. 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

DIP14 
(Plastic 0.25) 

S0-14J 

__.. 

OUTPUT A 11 14 n OUTPUT D 

INV.INP. A I 2 13 ~ INV.INP. D 

NON I NV. INP. A I ;> 12 0 i"ON INV.INP. D 

Type DIP 14 50-14 .. ··s 4 11 -vs 
LS404 - LS404D1 

LS404C LS404CB LS404CD1 No"N INV.INP. B 5 10 NON INV,INP.C 

INV.INP. B I s 9 ~ INV.INP.C 

OUTPUT B I 1 8~ OUTPUT C 

S-3901 

January 1989 1/12 
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LS404 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage ±18 v 
V; Input Voltage (positive) + Vs 

(n'egative) - Vs- 0.5 v 
V; Differential Input Voltage ±(Vs-1) 

Top Operating Temperature LS404 -25 to+ 85 oc 
LS404C 0 to+ 70 oc 

Ptot Power Dissipation (T amb = 70°C) 400 mW 

Tstg Storage Temperature -55 to+ 150 oc 

THERMAL DATA 

DIP 14 S0-14 J 

Max 

n Measured with the device mounted on a ceramic substrate (25 X 16 X 0.6 mm). 

ELECTRICAL CHARACTERISTICS (Vs = ± 12 V, Tamb = 25 oc, unless otherwise specified) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 1.3 2 1.5 3 mA 

lb Input Bias Current 50 200 100 300 nA 

R; Input Resistance f = 1 KHz 0.7 2.5 0.5 5 MQ 

Vos Input Offset Voltage R9 = 10 KQ 1 1 mV 

llVos Input Offset Voltage R9 = 10 KQ 5 5 iJ.V/°C -- Drift T min < Top < T max llT 

los Input Offset Current 10 40 20 80 nA 

lllos Input Offset Current T min < Top < T max 0.08 0.1 nA 
-- Drift -

llT oc 
lsc Output Short Circuit 23 23 mA 

Current 

Gv Large Signal Open RL = 2 KQ Vs=±12V 90 100 86 100 dB 
Loop Voltage Gain Vs = ± 4 v 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

·eN Total Input Noise f = 1 KHz 
Voltage R9 =50 Q 8 15 10 nV 

R9 = 1 KQ 10 12 vHz 
R9 = 10 KQ 18 20 

d Distortion Unity Gain 
RL = 2 KQ f = 1 KHz 0.01 0.04 0.01 % 
V0 =2Vpp !=20KHz 0.03 0.03 

Vo DC Output Voltage RL = 2 KQ Vs = ± 12 v ± 10 ±10 v 
Swing Vs = ± 4 v ±3 ±3 
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LS404 

ELECTRICAL CHARACTERISTICS (continued) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

Vo Large Signal Voltage f =10KHz 
Swing 

SR Slew Rate Unity Gain 
RL =2 KQ 

CMR Common Mode V; = 10 V 
Rejection 

SVR Supply Voltage Vr = 1 V 
Rejection 

cs Channel Separation f =1KHz 

Figure 1: Supply Current vs. Supply Voltage. 
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Figure 3 : Output Short Circuit Current vs. 
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Ambient Temperature. 
G 364212 

Vs= t 12V 

I'-
"' r--.. 

' I'-
" 

-so 0 50 100 Tamb<"C) 

RL =10 KQ 22 22 
RL = 1 Kn 20 20 

0.8 1.5 1 

90 94 80 90 

f =100Hz 90 94 86 90 

100 120 120 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 
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Figure 6 : Supply Voltage Rejection vs. 
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LS404 

APPLICATION INFORMATION 

Active low-pass filter : 

BUTIERWORTH 

The Butterworth is a "maximally flat" amplitude res
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia
sing errors in sampled-data applications and forge
neral purpose low-pass filtering. · 
The cutoff frequency, fc, is the frequency at which 
the amplitude response in down 3 dB. The attenua
tion rate beyond the cutoff frequency is - n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

~igure 10: Amplitude Response. 
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The Bessel is a type of'"linear phase" filter. Because 
~Hheir linear phase characteristics, these filters ap
proximate a constant time delay over a limited fre
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte
ring of modulated waveforms and as a "running ave
rage" type filter. 

The maximum phase shift is ~ radians where 
n is the order (number of poles) of the filter. The cut
off frequency, fc, is defined as the frequency at which 
the phase shift is one half to this value. For accurat.e 
delay, the cutoff frequency should be twice the maxi-

mum signal frequency. The following table can be 
used to obtain the- 3 dB frequency of the filter. 

- 3d8 Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter-

worth. 
• Very small overshoot response to step inputs. 
• Fast rise time. 

Figure 11 :Amplitude Response. 
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Chebyschev filters have greater selectivity than ei
. ther Bessel or Butterworth at the expense of ripple 

in the passband. 

Figure 12 :Amplitude Response ( ± 1 dB ripple). 
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APPLICATION INFORMATION (continued) 
Chebyschev filters are normally designed with peak
to-peak ripple values from 0.2 dB to 2 dB. 

Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 

The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 

.LS404 

specified maximum ripple band and enters the stop 
band. ., 

Other characteristics : 
• Greater selectivity. 
• Very nonlinear phase response. 
• High overshoot response to step in.puts. 

The table below shows the typical overshoot and setting time response of the low pass filter to a step input. 

Peak 
Settling Time (%of final value) Number of Overshoot 

Poles %Overshoot ± 1% ± 0.1% ± 0.01% 

Butterworth 2 4 1.1/fc sec. 1.7/fc sec. 1.9/fc sec. 
4 11 1.7/fc , 2.8/fc 3.8/fc 
6 14 2.4/fc' 3.9/fc 5.0/fc 
8 16 3. 1/fc 5.1/fc 7.1/fc 

Bessel 2 0.4 0.8/fc 1.4/fc 1.7/fc 
4 0.8 1.0/fc 1.8/fc 2.4/fc 
6 0.6 1 .3/fc 2.1/fc 2.7/fc 
8 0.3 1.6/fc 2.3/fc 3.2/fc 

Chebyschev (ripple ± 0.25dB) 2 11 1.1/fc 1.6/fc -
4 18 3.0/fc 5.4/fc -
6 21 5.9/fc 1 0.4/tc -
8 23 8.4/fc 16.4/fc -

Chebyschev (ripple ± 1 dB) 2 21 1.6/tc 2.7/fc -
4 28 4.8/fc 8.4/fc -
6 32 8.2/fc 16.3/fc -
8 34 11.6/fc 24.8/fc -

Design of 2"' order active low pass filter (Sallen and Key configuration unity gain op-amp). 

Figure 13: Filter Configuration. 

Where: 
roc= 21t fc with fc = cutoff frequency 
~ = damping factor. 

7112 
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LS404 

APPLICATION INFORMATION (continued) 

Three parameters are needed to characterize the 
frequency and phase response of a 2nd order active 
filter: the gain (Gv), the damping factor (s) or the a
factor (Q = (2 sr\ and the cutoff frequency (fc). 
The higher order responses are obtained with a se-

T able 1. 

Filter Response s Q 

Bessel ',[3 1 -
2 13 

Butterworth -,[2 1 -
2 -,[2 

Chebyschev .. J2 1 <- >-,[2 2 

Figure 14: Filter Response vs. Damping Factor. 
G 365011 -

) (dB I 
-~ =0.177 

4 =0.25 

~=0.35 

~ 
=0.5 0 

1---- ~=D.707 

f-- ~--~=2 
1\.\ 
\' 

-4 

-6 

-1 2 
~ 1\, 
\\ 

-16 

-2 0 
0.1 0.2 0.5 5 '"'ol 

EXAMPLE 

ries of 2nd order sections. A simple RC section is in
troduced when an odd filter is required. 

The choice of 's' (or Q-factor) determines the filter 
response (see table). ' 

Cutoff Frequency f c 

Frequency at which Phase Shift is - 90°C 

Frequency at which Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = R1 = R2, we have (see fig. 13) 

c, = 1 s 
R roc 

1 
R 

The diagram of fig.14 shows the amplitude re
sponse for different values of damping factors in 2nd 
order filters. 

Figure 15: 5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 

8/12 
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APPLICATION INFORMATION (continued) 

In the Circuit of fig. 15, for fc = 3.4 KHz and 
Ri= R1 = R2 = R3 = R4 =10 KQ, we obtain: 

1 1 ' 
Ci = 1.354 · R · 27tlc = 6.33nF 

1 
C1 = 0.421 · -R · = 1.97 nF 27tlc 

1 
C2=1.753 ·-R · - =8.20nF 

27tlc 

1 
C3=0.309 · R 

1 
C4=3.325· R 

2-' = 1.45 nF 
lLic 

2_. =15.14nF 
"'C 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15KHz. 

LS404 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter.ln this case the dam
ping factor is found by taking the reciprocal of the 
numbers in Tab. 11.- For fc = 5 KHz and Ci = C1 = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
Ri = 1.354 . C . 27tlc = 23.5 Kn 

1 1 1 
R1 = 0.421 . C . 27tlc = 75.6 KQ 

1 1 1 
R2= 1.753. C . 27tlc = 18.2 Kn 

1 1 1 
R3 = 0.309 . C . 27tlc = 103 Kn 

1 1 1 
R4 = 3.325 · C · 27tlc = 9.6 KQ 

Table II : Damping Factor for Low-pass Butterworth Filters. 

Order c1 c1 c2 Cs c4 Cs Cs c7 Ca 

2 0.707 1.41 

3 1.392 0.202 3.54 

4 0.92 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 

8 0.98. 1.02 0.83 1.20 0.556 1.80 0.195 5.125 

Figure 16 : 51h Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

,st order· znd order 

9/12 
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LS404 

APPLICATION INFORMAT!ON (continued) 

Figure 17: Multiple Feedback a:pole Bandpass Filter. 

~T 

;! . 

~l .. 
u 

.. .. 

.. .. 

l 

fc = 1.180 Hz ; A = 1 ; C2 = C3 = Cs = Cs = Cs = Cg = C1o = C11 = 3.300 pF ; 
R1 = Rs= Rg= R12= 160 Kn; Rs= Rs= R11 = R14=330 Kn; R4= R1= R1o= R13=5.3 Kn 

10/12 
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Figure 18 : Frequency Response of Band-pass 
Filter. 
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Figure 19 : Bandwidth of Band-pass Filter. 

G-4218 

(dB) 
fo=lKHz ,, ,· 'l ' ·--/ -'; [\\ --' 
ONE,' 

, 
·',/ \ ' '. ' , 

' 

_, 

-2 

-3 

' , 

-7 

TWO; I 1\ . \. 

1/ \ 
I OUR '· i \ 

! I \ 
\ 

I \ 
1/ \ 

.. 
-5 

-6 

-8 

-9 

Figure 20 :Six-pole 355 Hz Low-pass Filter (chebychev type). 

This is a 6-pole Chebychev type with± 0.25 dB rip
ple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the 
filter's characteristics. The attenuation is about 

55 dB at 71 0 Hz and reaches 80 dB at 1 065 Hz. The 
in band attenuation is limited in practice to the 
± 0.25 dB ripple and does not exceed 0.5 dB at 
0.9 fc. 
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LS404 

Figure 21 : Subsonic Filter (Gv =: 0 dB). 

10Kfi 
fc (Hz) C (!lF) 

c c 15 0.68 

Yin o-J 
,~: 

22 0.47 
30 0.33 

Yout 55 0.22 
100 0.1 

5·6225 

Figure 22 : High Cut Filter (Gv = 0 dB). 

fc (KHz) C1 (nF) C2 (nF) 

3 3.9 6.8 
5 . 2.2 4.7 
10 1.2 2.2 
15 0.68 1.5 

12112 
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/ifi ~~~~m?::~~lt TEF1033- i~g~g~~ 
1 BIPOLAR DUAL OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO .. 
• LOWNOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT: 2.5 MHz 
• TEMPERATURE DRIFT: 2 JlV/"C 
• LONG TERM STABILITY: 8 JlV/YEAR 

(for Tamb ~50 'C) 
• THE TEB1 033 AND TEF1 033 ARE PIN TO PIN 

REPLACEMENT OF THE LS204C AND LS204 
RESPECTIVELY 

DESCRIPTION 

The TEB1033, TEF1033 and TEC1033 are high 
performance dual-operational amplifiers intended 
for active filter applications. The internal phase com
pensation allows stable operation as voltage follo
wer in spite of their high gain-bandwidth products. 

The circuits present very stable electrical characte
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

December 1988 

DIPS/SOB 

D 
1-0utput 1 
2- Inverting input 1 
3 · Non-inverting input 1 
4-Vcc 
5- Non-inverting input 2 
6- Inverting input 2 
7-0utput2 
8-V~c 

• N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

GC 
LCC20 

(Tricecop (LCC)) 

ORDERING INFORMATION 

Part Temperature Package 
Number Range N D GC 

TEB1033 0 octo+ 70 oc • • 
TEF1033 - 40 oc to + 1 05 oc • • 
TEC1033 - 55 oc to + 125 oc • 
Examples :TEB1033N, TEC1033GC 

LCC20 

( 3 2-:-7019 
)4 18 
>5 17 

~~ ~~ 
)8 14) 

91011J.D.t 

11-NC 1-NC 
2-0utput 1 
3-NC 
4-NC 

12- Non-Inverting input 2 
13-NC 

5 - Inverting input 1 
6-NC 
7- Non-inverting input 1 
8-NC 
9-NC 

10-V(:c 

14-NC 
15- Inverting Input 2 
16-NC 
17 -Output2 
18-NC 
19-NC 
20- V ~c 

1/9 
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TEB1 033· TEF1 033· TEC1 033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

·vee Supply Voltage ±18 v 

v, Input Voltage ±Vee v 

V10 Differential Input Voltage ±(Vee -1) v 

Ptot Power Dissipation mW 
TEB1033D, TEF1033D 400 
TEB1033N 665 
TEC1033GC 665 

Topor Operating Free-air Temperature Range oc 
TEB1033 Oto + 70 
TEF1033 -40to+105 
TEC1033 -55to+125 

Tstg Storage Temperature Range -55 tO+ 150 oc 

BLOCK DIAGRAM 

11/2 TEB10331 

Output 

vee 

E88TEB1 033·01 

Case Outputs Inverting Non-inverting Vee VCe N.C. 
Inputs Inputs 

DIPS 
1, 7 2,6 3,5 8 4 SOB 

LCC20 2, 17 5,15 7,12 20 10 * . LCC20 • Other pins are not connected. 

219 
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TEB1 033-TEF1 033-TEC1 033 

ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TEC 1033 -55 ~Tamb ~ + 125 'C 
TEF 1033 -40 ~Tamb ~ + 105 oc 
TEB 1033 0 ~ Tamb ~ + 70 'C 

TEB 1033 

Symbol ·Parameter 
TEF 1033 

Unit TEC 1033 

Min. Typ. Max. 

V;o Input Offset Voltage mV 
T amb = 25 oc (RS ~ 1 0 kQ) 0.3 1 
T mm ~ T amb ~ T max 3 

DV;o Input Offset Voltage Drift 2 11V/°C 

l;o Input Offset Current nA 
T amb = 25 oc 5 20 
T min S: Tamb S: T max 40 

l1s Input Bias Current nA 
Tamb = 25 °C 50 100 
T min S: T amb S: T max 200 

Avd Large Signal Voltage Gain V/mV 
{RL =2 kQ, Vo =± 10 V) 

Tamb = 25 °C 100 300 
T min S: T amb ~ T max 100 

SVR Supply Voltage Rejection Ratio dB 
DVcc from± 15 V to± 4 V 

Tamb = 25 °C 100 110 
T min ~ T amb S: T max 100 

Icc Supply Current, all Amp, no Load mA 
Tamb = 25 °C 1 1.5 
T min ~ T amb ::; T max 2 

v, Input Voltage Range -12 + 12 v 
Tamb = 25 °C 

CMR Common Mode Rejection Ratio dB 
(Rs s; 10 kQ, V; = ± 10 V) 

Tamb = 25 °C 100 110 
T min ~ T amb S: T max 100 

los Output Short-circuit Current mA 
Tamb = 25 °C 10 23 40 
T min ~ T amb ~ T max 10 40 

± Vopp Output Voltage Swing v 
Tamb = 25 ° C RL =2 kQ 13 14 
T min ~ T amb ~ T max RL =2 kQ 12 

Vcc=±4V,RL=2KQ 2.8 3 
V cc = ± 6 V, RL = 600 Q 4.6 

Svo Slew-rate (V1 =± 10 V, RL =2 kQ, CL ~ 100 pF, Tamb =25 °C, 0.6 1 3 VI!!S 
unity gain) 

GBP Gain Bandwidth Product 
{I= 100 KHz, T amb = 25 °C, V;N = 10 mV. RL = 2 kQ, 1.8 2.5 3.2 MHz 
CL = 100 pF) 

R; Input Resistance (T amb = 25 °C) 1 Mn 

3/9 
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TEB 1 033-TEF1 033-TEC1 033 

ELECTRICAL CHARACTERISTICS( continued) 

Symbol 

THD 

Vn 

Vopp 

cpM 

Vo1 /Vo2 

Parameter 

Total Harmonic Distortion 
(! = 1KHz, Av = 20 dB, RL = 2 kQ 
CL < 100 pF, Tamb = 25 °C, Vo = 2 Vpp) 

Equivalent Input Noise Voltage 
(! = 1 KHz) 
Rs =50 n 
Rs = 1 kn 
Rs =10 kn 

Large Signal Voltage Swing 
RL =10 kn, f =10KHz 

Phase Margin 

Channel Separation 

'cc (mAl 
1.50 

1.40 

1.30 

1.20 

1.10 

I 

v~ 
1.00 

0.90 

0.80 -.. 
0.70 

0.60 
-60 

-y 

-40 -20 0 

/ 
v 

20 

TEB 1033 
TEF 1033 
TEC 1033 

Min. Typ. 

0.008 

8 
10 
18 

26 28 

45 

100 120 

I -y ~.---"" 

v v 

40 60 80 100 120 
TEMP ('C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

4/9 

538 

Unit 

Max. 

0.05 % 

15 nVJ,J'Hz 

v 
Degrees 

dB 

E8BTEB1 033-02 



•cc(mA) 

1.20 

1.10 

1.00 

0.90 

0.80 
0 

VJO(mVI 

0.50 

0.40 

0.30 

0.20 

0.10 

0 
-55 

TEB1 033· TEF1 033-TEC1 033 

_..., / _..... 

~ --
2 4 6 B 10 12 14 is. 18 20 22 

+1-VS (VI 

SUPPLY CURRENT VS. SUPPLY VOLTAGE EBBTEB1 033·03 

./ ~--""" r---. --1'----
Vee +/-15V:PLASTICPACKAGE 

-35 -15 5 25 45 65 85 105 125 

TEMP (C') 

OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 

EBBTEB1033·04 

5/9 
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TEB1 033-TEF1 033-TEC1033 

NOISE (nV/'IHzl 

13 

12 

11 ~ 

10 

9 to~. 

8 "~ 
I'~ 

7 

6 

5 

4 

3 

2 

100 

GBP (MHzl 

3 

2.5 

2 

1.5 

10 
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HttiHt---t· - -- - .r 

H-t-H+H-1-Hllll-··- -·r-

!i I 

llT ! 
-,-· - -I--H-II+H

1 
IHt~ I 

--1---t--1,--1-++l-H-H• 

1000 10000 

TOTAL INPUT NOISE VS. FREQUENCY 

' \ 1'\i' 

100 1000 

GAIN BANDWIDTH PRODUCT VS. FREQUENCY 

II 

!! I 

I• I 

. '' 

100000 

FREQ. (Hz) 

10000 
FREQ. (kHz) 

ESSTEB 1 033-05 

E88TEB1 033-06 



GAIN (dB) 

60 

1"---r--1"-t--1"'--
PHASE 

50 

40 

30 

20 ~"' 
""' 10 

I 
1000.0 

- I 
-~1 ~~;:r} e IOmV - )-· -·- q-

!II 

I I I 1'Ti11 illlllllll I I I I 

0 

·10 

-20 

-30 

-40 
10 100 

BODE PLOT 

1--. 

r--..... 

1000 

TEB1 033-TEF1033-TEC1033 

1'-
I' 

...... 

PHASE (DEGREES) 

100 

80 

60 

40 

20 

0 

-20 

-40 

10000 
FREO. (kHz) 

EBBTEB1033·07 

TYPICAL APPLICATION 

Vo 
V; 1+2~_§_ 

Ole 
+ 

LOW-PASS FILTER 

EBBTEB1 033·08 

roc = 2 rc fc, with fc = cutt-off frequency 

~ = damping factor 
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TEB1 033-TEF1 033-TEC1033 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm e- 2.54 
(2) 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/9 

542 

~ 
6,2 

Datum 

8.5 max. 

I 

(1) Nominal dimension 

(2) True geometrical position 

8 Pins 

0.185 
0.265 

1.75 max. 

8 Pins 



20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

TEB1 033· TEF1 033· TEC1 033 

Datum 

1.86max. 

20 Pins 

8,74 
9,04 

9/9 
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TEB4033 
TEF4033 - TEC4033 

BIPOLAR QUAD OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO 
• LOWNOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT : 2.5 MHz 
• TEMPERATURE DRIFT : 2 flV/"C 
• LONG TERM STABILITY: 8 flV/YEAR 

(forTambs; 50 OC) 
• THE TEB4033 AND TEF4033 ARE PIN TO PIN 

REPLACEMENT OF THE LS404C AND LS404 
RESPECTIVELY 

DESCRIPTION 

, The TEB4033, TEF4033 and TEC4033 are high 
i performance quad-operational amplifiers intended 

for active filter applications. The internal phase com
pensation allows stable operation as voltage follo
wer in spite of their high gain-bandwidth products. 

The circuits present very stable electrical characte
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

DIP14/CERDIP14 
S014 

Output 1 [ 1 \..._./ 14 ] Output 4 

Inverting input 1 ( 2 13 ] Inverting input 4 

Non·inverting input 1 ~ 3 12 J Non-inverting input 4 

vee ~ 4 11 J vr:c 
Non-inverting input 2 [ 5 10 ] Non-inverting input 3 

Inverting input 2 ( 6 9 ] Inverting input 3 

Output 2 [ 7 8 J Output 3 

December 1988 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

D 
S014 

(Plastic Micropackage) 

GC 
LCC20 

(Tricecop (LCC)) 

ORDERING INFORMATION 

Part Temperature Package 
Number Range N D GC 

TEB4033 0 octo+ 70 oc • • 
TEF4033 - 40 oc to + 1 05 oc • • 
TEC4033 - 55 oc to + 125 oc • 
Examples : TEB4033N, TEC4033GC 

LCC20 

( 3 2 "l"7o 19 
?4 18 
?5 17 
>s 16 
)7 15 

>s s 10 11121i4 ) 

1-NC 11-NC 
2- Output 1 12 -Output3 
3 - Inverting input 1 13- Inverting input 3 
4 - Non-inverting input 1 14- Non-inverting input 3 
5-NC 15-NC 
6-VC:c 1s- v<c 
7-NC 17-NC 
8 - Nan· inverting input 2 18 - Non-inverting input 4 
9 - Inverting input 2 19 - Inverting input 4 

10- Output 2 20- Output4 

1/9 
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TEB4033-TEF4033-TEC4033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±18 v 
V1 Input ,Voltage ±Vee v 

V1o Differential Input Voltage ±(Vee -1) v 
Ptot Power Dissipation mW 

TEB4033D, TEF4033D 400 
TEB4033N, TEF4033N 665 
TEC4033GC 665 

Toper Operating Free-air Temperature Range oc 
TE84033 0 to+ 70 
TEF4033 -40t0+105 

; TEC4033 -55to+125 

Tstg Storage Temperature Range -65t0+150 oc 

BLOCK DIAGRAM 

E88TE84033-01 

Case Outputs Inverting Non-inverting 
Vee Vee N.C. Inputs Inputs 

DIP14 
1' 7 2, 6 3, 5 

CERDIP14 8, 14 9, 13 10, 12 4 11 
5014 

LCC20 2, 10 3, 9 4, 8 6 16 . 
12, 20 13, 19 14, 18 

* LCC20 : Other pins are not connected. 

219 /11/o..,.'/ SGS·1HOMSON 
'JJ IIIIDICili@IEI!.Imli'llllli!OODICII! 
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ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TEC 4033: -55::; Tamb::; + 125 'C 
TEF 4033: -40::; Tamb::; + 105 'C 
TEB 4033 : 0::; Tamb :0:: + 70 'C 

Symbol Parameter 

V1o Input Offset Voltage 
T amb = 25 oc (Rs ~ 10 kQ) 
T min ~ T amb ~ T max 

DV1o Input Offset Voltage Drift 

ho Input Offset Current 
Tamb =25 °C 
T min :S: T amb ::; T max 

I1B Input Bias Current 
Tamb = 25 oc 
T min ::;; T amb ::;; T max 

Avd Large Signal Voltage Gain 
(RL =2 kQ, Vo =± 10 V) 
Tamb = 25 °C 
T min ~ T amb :s; T max 

SVR Supply Voltage Rejection Ratio 
DV ec from ± 15 V to ± 4 V 
Tamb = 25 °C 
T min ~ T amb ~ T max 

Icc Supply Current, all Amp, no Load 
Tamb = 25 °C 
T min ::;; T amb ~ T max 

VI Input Voltage Range 
Tamb = 25 °C 

CMR Common Mode Rejection Ratio 
(Rs::;; 10 kn, V1 =± 10 V) 
Tamb = 25 °C 
T min :s; T amb :s; T max 

los Output Short-circuit Current 
Tamb = 25 °C 
T min ::; T amb ::; T max 

± Vopp Output Voltage Swing 
Tamb = 25 ° C RL = 2 kQ 
T min ::;; T amb ~ T max RL =2 kQ 
v cc = ± 4 v, RL = 2 kn 
Vee=± 6 V, RL =600 Q 

Svo Slew-rate (V1 = ± 10 V, RL = 2 kQ CL::;; 100 pF, Tamb = 25°C, 
unity gain) 

GBP Gain Bandwidth Product 
(f = 100 KHz, Tamb = 25 °C, V1N = 10 mV, RL = 2 kn, 
CL = 100 pF) 

R1 Input Resistance (T amb = 25 °C) 

TEB4033-TEF4033-TEC4033 

TEB 4033 
TEF 4033 

Unit TEC 4033 

Min. Typ. Max. 

mV 
0.3 1 

3 

2 f.N/oc 

nA 
5 20 

40 

nA 
50 100 

200 

V!mV 

100 300 
100 

dB 

100 110 
100 

mA 
2 3 

4 

-12 + 12 
v 

dB 

100 110 
100 

mA 
10 23 40 
10 40 

v 
13 14 
12 
2.8 3 
4.6 

0.6 1 3 V/f.lS 

1.8 2.5 3.2 MHz 

1 MQ 
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TEB4033-TEF4033·TEC4033 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

THO 

Vn 

Vopp 

cpM 

Vo1 /Vo2 

Parameter 

Total Harmonic Distortion 
(f = 1KHz, Av = 20 dB, RL = 2 kO 
CL ~ 100 pF, Tamb = 25 °C, V0 = 2 Vpp) 

Equivalent Input Noise Voltage 
(f = 1 KHz) 
Rs =50 n 
Rs = 1 kO 
Rs = 10 kO 

Large Signal Voltage Swing 
RL = 1 0 kO, f = 10 KHz 

Phase Margin 

Channel Separation 

Icc (MAl 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

/ 
1.40 

v 
/ 

/ 
/ 

/ 

1.20 
-60 -40 -20 0 20 

TEB 4033 
TEF 4033 
TEC 4033 

Min. Typ. 

0.008 

8 
10 
18 

26 28 

45 

100 120 

k--_ 

~ 
......-

,.. 

v v 

40 60 80 100 120 
TEMP ("C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 
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Unit 

Max. 

0.05 % 

15 nV/--!Hz 

v 

Degrees 

dB 
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lcciMAI 

2.10 

2.00 

1.90 

1.80 

1.70 

1.60 
0 

V~almV) 

0.50 

0.40 

0.30 ..... 

0.20 

0.10 

0 

·55 

TEB4033-TEF4033-TEC4033 

I 

! v 
I 

I 

l---------~ 
I / 

~ 

2 4 6 B 10 12 14 16 18 20 22 

+t-VS lVI 

SUPPLY CURRENT VS. SUPPLY VOL TAG!'_ 
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TEB4033· TEF4033· TEC4033 
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TEB4033-TEF4033-TEC4033 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e 1.27 

.D_atum 

8.55 
8.75 

8/9 

552 

8.5max . .., 

(1) Nominal dimension 
(2) Exact geometrical dimension 

6.35 
(1) 

..ll 
4.0 

min. 

1.7Smax. 

14 Outputs 

0,185 
0.265 

14 Outputs 



20 PINS- TRICECOP (LCC) 

mm 
9.04 
8.74 

TEB4033-TEF4033-TEC4033 

1,86max. 

8.74 
9,04 

20 Outputs 
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15271 

CMOS SINGLE OPERATIONAL AMPLIFIERS. 

• OFFSET NULL CAPABILITY (by external com-
pensation) 

• SYMMETRICAL OUTPUT CURRENTS 

• HIGH GAIN BANDWIDTH PRODUCT 

• THE TRANSFER FUNCTION IS LINEAR 

• CONSUMPTION CURRENT AND DYNAMIC 
PARAMETERS ARE STABLE REGARDING 
THE VOLTAGE POWER SUPPLY VARIA
TIONS 

• DYNAMIC CHARACTERISTICS ADJUSTABLE 
BY lset 

• VERY LARGE lset RANGE 

• PIN COMPATIBLE TO SINGLE OPERATIONAL 
AMPLIFIER (UA776) 

• STABLE AND LOW OFFSET VOLTAGE 

• INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC
TIONS : STANDARD (1 0 mV), A (5 mV), 
B (2 mV) 

DESCRIPTION 
The TS271 is a low cost, low power single operatio
nal amplifier designed to operate with single or dual 
supplies. This operational amplifier uses the SGS
THOMSON Microelectronics silicon gate LIN MOS 
process giving it an excellent consumption-speed 
ratio. This amplifier is ideally suited for low 
consumption applications. 
The power supply is externally programmable with 
a resistor connected between pins 8 and 4. It allows 
to choose the best consumption-speed ratio and the 
consumption can be minimized according to the 
needed speed. These devices are specified for the 
following lset current values : 1.5 J.IA, 25JlA, 130 J.IA. 
The input impedance is similar to the J-FET input 
impedance :very high input impedance and extre
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap
plications. 

November 1988 

N 
DIPS 

(Plastic Package) 

J 
CERDIP8 

(Cerdip Package) 

D 
SOB 

(Plastic Micropackage) 

(Ordering Information at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

2 

3 
4 

5 

6 

7 

8 

- Offset null 1 

- Inverting input 

8 

7 

6 

5 

E88TS271-01 

- Non-inverting input 

-vee-
-Offset null 2 

-Output 

-Vee+ 

-I set 

1/10 
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TS271 

BLOCK DIAGRAM 

lset Input Input 
EBBTS271-02 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

Vee 

v,d 
V; 

Toper 

Tstg 

I set 

Notes :1. 
2. 
3. 

Parameter Value 

Supply Voltage (note 1) 12 

Differential Input Voltage (note 2). ± 12 

Input Voltage (note 3) - 0.3 to 12 

Operating Free-air Temperature 
TS271C 0 to 70 
TS2711 - 40 to 105 
TS271M - 55 to 125 

Storage Temperature - 65 to 150 

lset Range 1 to 200 

All voltage values, except differential voltages, are with respect to network ground terminal. 
Differential voltages are at the noninverting input terminal with respect to the input terminal. 
The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 

OPTIMAL OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Voltage (note 1) 4 to 10 

v, Common-mode Input Voltage Vee = 1 0 V 0 to 9 

2/10 
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Unit 

v 
v 
v 

oc 

oc 
llA 

Unit 

v 
v 



SCHEMATIC DIAGRAM 

+ 
u 
u 
> 

I 
u 
u 
> 

E88TS271-03 

TS271 
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TS271 

OFFSET VOLTAGE NUL.L CIRCUIT 

EB8TS27Hl4 

OFFSET COMPENSATION GUARANTEED FOR 
TS271 BCX (lset > 25 f!A), TS271 ACX (lset > 90 f!A) 

RESISTOR BIASING 

Rset CONNECTED 
TO GROUND 

vee 

EBBTS27Hl5 

RsetCONNECTED TO Vcc
(Rset VALUE: SEE FIG. 1) 

Figure 1 : Rset Connected to Vee-.. 

ll'.iiet 

1\ -
10Mll 

~ 

' 
'"' 

Vee.~ :5V 
Vee-=- sv 

"" 1Mll 

"' / r\. 
1\ 

lOOk l1 

" " 10k.U 

0.1pA lpA 10pA 100p.A 15et 
EBBTS271·06 

4110 -------------· lSi ~~~~';1~~li 
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ELECTRICAL CHARACTERISTICS 
Tamb = 25 °C, Vee= 10 V, lset = 1.5 !lA (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter Min. 
TS271C 

Typ. 

Vio Input Offset Voltage 
Va=1.4V 
TS271 
T min < T < T max 
TS271A 
T min < T < T max 
TS271B 
T min < T < T max 

a Vio Temperature Coefficient of Input Voltage 0.7 
lio Input Offset Current 

v, =5 v' V0 =5 V 1 
T mm < T < T max 

lb Input Bias Current 
Vi=5V, "V0 =5V 1 
T min < T < T max 

VoH High Output Voltage (note 1} 
Vi= 10 mV 8.8 9 
RL = 1 mQ 
T min < T < T max 8.7 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 100 
Vi =5 V 
RL = 1 mn 
T min < T < T max· 20 

Gwr Gain Bandwidth Product 
Av =40 dB 0.1 
RL = 1 MQ 
CL = 100 pF 
fin= 10KHz 

CMR Common-mode Rejection Ratio 
V0 =1.4V 60 80 
Vi = 1 V to 7.4 V 

SVR· Supply Voltage Rejection Ratio 
V cc = 5 V to 1 0 V 60 80 
Vo = 1.4 V 

Icc Supply Current (per amplifier} 
Av = 1, no Load 10 
V0 = 5 V, V; = 5 V 
T min < T < T max 

Is Output Current 
Vi=10mV,V0 =0V 45 60 

Is Output Current 
(Sink} V, =-10 mV, V0 =Vee 35 45 
Svo Slew Rate at Unity Gain 0.04 
C!Jm Phase Margin at Unity Gain 

Av =40 dB 
RL = 1 MQ 
CL = 10 pF 35 
CL = 100 pF 10 

Kov Overshoot Factor 
CL=10pF 40 
CL = 100 pF 70 

Vn Input Equivalent Noise Voltage 70 
F = 1 KHz 
Rs = 10 n 

Note : 1. Low output voltage is less than 50mV. 

TS271 

TS2711, TS271 M 
Max. Min. Typ. Max. Unit 

mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 J1V/°C 

pA 
1 

100 200 
pA 

1 
150 300 

v. 
8.8 9 

8.6. 

V/mV 
30 100 

20 
MHz 

0.1 

dB 
60 80 

dB 
60 80 

)!A 
15 10 15 

17 18 
mA 

85 45 60 85 
mA 

65 35 45 65 
0.04 V/11S 

Degrees 

35 
10 

% 
40 
70 
70 nV/vHz 
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TS271 

ELECTRICAL CHARACTERISTICS 
Tamb = 25 oc, Vee= 10 V, lset = 25 j.iA (unless otherwise specified) 
RL Connected to V.cc -: 

TS271C 
Symbol Parameter 

Min. Typ. 

VIO Input Offset Voltage 
V0 =1.4V 
TS271 
T mm < T < T max 
TS271A 
T min < T < T max 
TS271B 
T mm < T < T max 

aV;o Temperature Coefficient of Input Voltage 2 

lio Input Offset Current 
V;=5V, V0 =5V 1 
T min < T < T max 

lb Input Bias Current 
V 1 =5V, V0 =5V 1 
T min < T < T max 

VoH High Output Voltage (note 1) 
V; = 10 mV 8.7 8.9 
RL = 100KQ 
T min < T < T max 8.6 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 50 
V; =5 V 
RL =100 KQ 
T mm < T < T max 20 

Gwr Gain Bandwidth Product 
Av =40 dB 0.7 
RL = 100 KQ 
Ct = 100 pF 
fin= 100KHz 

CMR Common-mode Rejection Ratio 
Vo=1.4V 60 80 
V; = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 
V cc = 5 V to 1 o V 60 80 
Vo=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 150 
V0 =5V, V;=5V 
T min < T < T max 

Is Output Current 
V; =10 mV, Vo =0 V 45 60 

Is Output Current 
(Sink) V, =-10 mV, Va =Vee 35 45 

Svo Slew Rate at Unity Gain 0.6 
om Phase Margin at Unity Gain 

Av =40 dB 
RL = 100 KQ 
CL = 10 pF 50 
CL = 100 pF 30 

Kov Overshoot Factor 
CL = 10 pF 30 
CL =100 pF 50 

Vn Input Equivalent Noise Voltage 38-
F = 1 KHz 
Rs =10 Q 

Note : 1. Low output voltage is less than 50mV. 

6/10 
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TS2711, TS271 M 
Max. Min. Typ. Max. 

Unit 

mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 JlV/°C 

pA 
1 

100 200 
pA 

1 
150 300 

v 
8.7 8.9 

8.5 
V/mV 

30 50 

10 
MHZ 

0.7 

dB 
60 80 

dB 
60 80 

llA 
200 150 200 

250 300 
rnA 

85 45 60 85 
rnA 

65 35 45 65 
0.6 V/JlS 

Degrees 

50 
30 

% 
30 
50 
38 nV/vHz 



ELECTRICAL CHARACTERISTICS 
Tamb = 25 °C, Vee = 10 V, lset = 130 !lA (unless otherwise specified) 
RL Connected to Vee-

TS271C 
Symbol Parameter Min. Typ. 

via Input Offset Voltage 
V0 =1.4V 
TS271 
T min < T < T max 
TS271A 
T min < T < T max 
TS271B 
T min < T < T max 

a V,o Temperature Coefficient of Input Voltage 5 

110 Input Offset Current 
V,=5V, V0 =5V 1 
T min < T < T max 

lb Input Bias Current 
v·i =5 v, Vo =5 V 1 
T min < T < T max 

VoH High Output Voltage (note 1) 
Vi= 10 mV 8.2 8.4 
RL=10KQ 
T min < T < T max 8.1 

Avd Large Signal Voltage Gain 
V0 =1 Vto6V 10 15 
Vi =5 V 
RL = 10 KQ 
T min < T < T max 7 

Gwr Gain Bandwidth Product 
Av =40 dB 2.3 
RL=10KQ 
CL=100pF 
fin= 200KHz 

CMR Common-mode Rejection Ratio 
V0 =1.4V 60 80 
V; = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 
V cc = 5 V to 10 V 60 70 
Va=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 800 
V0 = 5 V, V, = 5 V 
T min < T < T max 

Is Output Current 
Vi=10mV,V0 =0V 45 60 

Is Output Current 
(Sink) V; =-10 mV, V0 =Vee 35 45 

Svo Slew Rate at Unity Gain 4.5 
am Phase Margin at Unity Gain 

Av =40 dB 
RL = 10 KQ 
CL=10pF 56 
CL = 100 pF 56 

Kov Overshoot Factor 
CL ,;, 10 pF 30 
CL = 100 pF 30 

Vn Input Equivalent Noise Voltage 
F =1 KHz 30 
Rs = 10 Q 

Note : 1. Low output voltage is less than 50mV. 

TS271 

TS2711, TS271 M 
Max. Min. Typ. Max. Unit 

mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
5 !J.V/°C 

pA 
1 

100 200 
pA 

1 
150 300 

v 
8.2 8.4 

8 
V/mV 

10 15 

6 
MHz 

2.3 

dB 
60 80 

dB 
60 70 

!lA 
1300 800 1300 

1400 1500 
mA 

85 45 60 85 
mA 

65 35 • 45 65 
4.5 V/!J.S 

Degrees 

56 
56 

% 
30 
30 

30 
nV/vHz 
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TS271 

lset = 130 flA 

lset = 25 flA 

lset = 1.5 flA 

8/10 
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E88TS271-07 
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ORDERING INFORMATION 

Part Number Temperature 
Range oc N 

TS271C 0 to+ 70 • 
TS271AC o to+ 70 • 
TS271BC 0 to+ 70 • 
TS2711 - 40 to+ 105 • 
TS271M -55 to+ 125 
TS271AI - 40 to+ 105 • 
TS271AM -55 to+ 125 
TS27181 - 40 to+ 105 • 
TS271BM -55 to+ 125 

Examples : TS271 ACN, TS271 CD 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

TS271 

Package 

0 J 

• 
• 
• 
• 

• 
• 

• • 
• 

11) Nom1nal d1mens1on 
(2) True geometrical pasrt1on 

8 pins 

9/10 
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TS271 

PACKAGE MECHANICAL DATA (continued) 

8 PINS -PLASTIC MICROPACKAGE SO 

10/10 
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1.75 max. 

0.185 
0.265 

8 Outputs 



TS272 
TS27M2/TS27L2 

CMOS DUAL OPERATIONAL AMPLIFIERS 

• EXCELLENT PHASE MARGIN ON CAPACI
TANCE LOADS 

• SYMMETRICAL OUTPUT CURRENTS 

• HIGH GAIN BANDWIDTH PRODUCT FOR 
TS272 

'" LOW OUTPUT DYNAMIC IMPEDANCE 

• THE TRANSFER FUNCTION IS LINEAR 

• PIN COMPATIBLE TO STANDARD DUAL OPE
RATIONAL AMPLIFIERS (TL082- LM358) 

• STABLE AND LOW OFFSET VOLTAGE 

• INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) . 

DESCRIPTION 

The TS272 series are low cost, low power dual ope
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption speed ratio. These series are ideally 
suited for low consumption applications. 

Three power consumptions are available allowing 
to have always the best consumption-speed ratio. 
• Icc= 10 )lA per amplifier: TS27L2 (Low qias ver

sions) 
• Icc= 150 )lA per amplifier: TS27M2 (Medium 

bias versions) 
• lee;:= 1 rnA per amplifier : TS272 (High bias ver-

sions) 

The input impedance is similar to the J-FET input 
impedance. Very high input impedance and extre
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap
plications. 

November 1988 

N 
DIPS 

(Plastic package) 

J 
CERDIPS 

(Cerdip package) 

D 
508 

(Plastic micropackage) 

(Ordering Information at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

8 

7 

6 

5 

E88TS272-01 

1 - Output 1 
2 - Inverting input 1 
3 - Non-inverting input 1 
4- Vcc-
5 - Non-inverting input 2 
6 - Inverting input 2 
7- Output 2 
8- Vee• 

1/10 
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TS272/TS27M2/TS27L2 

BLOCK DIAGRAM 

vee-

E88TS272-1J2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee' Supply Voltage (note 1) 12 v 
V;d Differential Input Voltage (note 2) ± 12 v 
v, Input Voltage (note 3) - 0.3 to 12 v 

Toper Operating Free-air Temperature 
TS272C 0 to 70 
TS2721 - 40 to 105 
TS272M -55 to 125 
TS27M2C o to 70 oc 
TS27M21 - 40 to 105 
TS27M2M - 55 to 125 
TS27L2C o to 70 
TS27L21 - 40 to 105 
TS27L2M - 55 to 125 

Tstg Storage Temperature - 65 to 150 oc 
Notes : 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the non-inverting input terminal respect to the terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 

OPTIMAL OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) 4 to 10 v 
v, Common Mode Input Voltage Vee = 1 0 V o to 9 v 

566 



SCHEMATIC DIAGRAM (For 1/2 TS27x2) 

+ 
u 
u 
> 

TS272/TS27M2/TS27L2 

EB8TS272-03 
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TS272/TS27M2/TS27L2 

ELECTRICAL CHARACTERISTICS FOR TS272 
Tamb = 25 oc, Vee= 10 V (unless otherwise specified) 
RL Connected to V cc -

Symbol Parameter 
Min. 

V;o Input Offset Vollage 
V0 =1.4V 
TS272 
T mm < T < T max 

TS272A 
T mm < T < T max 
TS272B 
T mm < T < T max 

a. V;o Temperature Coefficient of Input Voltage 

ho Input Offset Current 
V; = 5 V, V0 = 5 V 
T m1n< T < T max 

liB Input Bias Current 
V; = 5 V, V o = 5 V 
T min < T < T max 

VoH High Output Voltage (note 1) 
Vi ='10 mV 8.2 
RL=10kQ 
T min < T < T max 8.1 

Avd Large Signal Voltage Gain 
V0 =1Vto6V 10 
v, =5 v 
RL =10 KQ 
T min < T < T max 7 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 1 0 kQ 
CL = 100 pF -
Fin= 200KHz 

CMR Common Mode Rejection Ratio 65 
V0 =1.4V 
Vi = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
Vcc=5Vto10V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Vo =5 V 
T min < T < T max 

Is Output Current 
V;=10mV, Vo=OV 45 

Is Output Current 
(sink) Vi =-10 mV, Vo =Vee 35 
Svo Slew Rate at Unity Gain 
om Phase Margin at Unity Gain 

Av = 40 dB 
RL = 10 kQ 
CL = 100pF 

Kov Overshoot Factor 
Vn Input Equivalent Noise Voltage 

I= 1 KHz 
Rs = 10 Q 

Vo1No2 Cross· Talk Attenuation 

Note : 1, Low output voltage is less than 50mV. 

TS272C 
Typ. 

5 

1 

1 

8.4 

15 

3.5 

80 

70 

1000 

60 

45 
5.5 

45 

30 
30 

120 

4/10 ~ SGS·THOMSON 
~""'!I ~U©Iiii©IID!.rn©11oo©oou~ 
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TS2721/TS272M 
Unit 

Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
5 )1V/°C 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.2 8.4 

8 
V/mV 

10 15 

6 
MHz 

3.5 

65 80 dB 

60 70 dB 

)lA 
1500 1000 1500 

1600 1700 
mA 

85 45 60 85 
mA 

65 35 45 65 
5.5 V/JlS 

Degrees 
45 

30 % 
30 nV/...JHz 

120 dB 



ELECTRICAL CHARACTERISTICS FOR TS27M2 
Tamb ~ 25 ac, Vee~ 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

Vic Input Offset Voltage 
V0 =1.4V 
TS27M2 -· 
T min < T < T max 
TS27M2A 
T min < T < T max 
TS27M2B 
T min < T < T max 

a V10 Temperature Coefficient of Input Voltage 

l,o Input Offset Current 
V, = 5 V, V0 = 5 V 
T mm < T < T max 

l.rs Input Bias Current 
Vi = 5 V, Vo = 5 V 
T mrn < T < T max 

VoH High Output Voltage (note 1) 
Vi = 10 mV 8.7 
RL=100kQ 
T min < T < T max 8.6 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 
RL=100kQ 
Vi =5 V 
T min < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL=100kQ 
CL = 100 pF 
Fin= 100KHz 

CMR Common-mode Rejection Ratio 65 
V0 =1.4 V 
Vi = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
V cc = 5 V to 1 0 V 
V0 = 1.4 V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
V0 =5 V 
T min < T < T max 

Is Output Current 
Vi=10mV,V0 =0V 45 

Is Output Current 
(sink) V, =- 10 mV, Vo =Vee 35 

Svo Slew Rate at Unity Gain 
em Phase Margin at Unity Gain 

Av = 40 dB 
RL=100kQ 
CL = 100 pF 

Kov Overshoot Factor 

Vn Input Equivalent Noise Voltage 
f = 1 KHz -
Rs = 10 Q 

Vo1No2 Cross Talk Attenuation 

II Note : 1. Low output voltage is less than SOmV. 

TS272/TS27M2/TS27L2 

TS27M2C TS27M21/TS27M2M 
Unit 

Typ. Max. Min. TyJ). Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 2 J1V/°C 

1 1 pA 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
8.9 8.7 8.9 

8.5 
V/mV 

50 30 50 

10 
MHz 

1 1 

80 65 80 dB 

80 60 80 dB 

JlA 
150 200 150 200 

250 300 
mA 

60 85 45 60 85 
mA 

45 65 35 45 65 
0.6 0.6 V/JlS 

Degrees 
45 45 

30 30 % 
38 38 nV/,IHz 

120 120 dB 

5/10 

569 



TS272/TS27M2/TS27L2 

ELE'CTRICAL ·CHARACTERISTICS FOR TS27L2 
Tamb = 25 oc, Vee= 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

Vio Input Offset Voltage 
V0 =1.4V 
TS27L2 
T min < T < T max 
TS27L2A 
T min < T < T max 
TS27L2B 
T min < T < T max 

a. Via Temperature Coefficient of Input 
Voltage 

lie Input Offset Current 
V;=5V, V0 =5V 
T mrn < T < T max 

liB Input Bias Current 
Vi=5V, V0 =5V 
T mm < T < T max 

VoH High Output Voltage (IJOte 1) 
Vi= 10 mV 8.8 
RL = 1 Mn 
T mm < T < T max 8.7 

Avd Large Signal Voltage Gain 
Va=1Vto6V 60 
RL = 1 MQ 
Vi =5 V 
T min < T < T max 45 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 1 MQ 
CL=100pF 
Fin= 100KHz 

CMR Common Mode Rejection Ratio 65 
Vo =1.4 V 
Vi = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
V cc = 5 V to 10 V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Vo =5 V 
T min < T < T max 

Is Output Current 
. Vi= 10 mV, V0 = 0 V 45 

Is Output Current 
(Sink) V, =- 10 mV, V0 =Vee 35 

Svo Slew Rate at Unity Gain 
om Phase Margin at Unity Gain 

Av = 40 dB 
RL = 1 Mn 
CL=100pF 

Kov Overshoot Factor 

Vn Input Equivalent Noise Voltage 
I= 1 KHz 
Rs = 10 Q 

Vo1No2 Cross Talk Attenuation 
Note : 1. Low output voltage is less than 50mV. 
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TS27L2C TS27L21/TS27L2M 
Unit 

Typ, Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 0.7 J1V/°C 

1 1 pA 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
9 8.8 9 

8.6 
V/mV 

100 60 100 

40 
MHz 

0.1 0.1 

80 65 80 dB 

80 60 80 dB 

JlA 
10 15 10" 15 

17 18 
mA 

60 85 45 60 85 
mA 

45 65 35 45 65 
0.04 0.04 V/JlS 

• Degrees 
45 45 

30 30 % 
70 70 nV"IHz 

120 120 dB 
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TS272/TS27M2/TS27L2 

-I I I 
HIGH-BIAS VERSIONS 

-~~ 

, .. , I I 
MEDIUM-BIAS VERSIONS 

--' 

LOW-BIAS VERSIONS 

··---
_,.., -

Vcc(VJ 

2 4 6 10 12 14 16 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
V0 = V1c = 0.2 Vee, T arrb = 25 oc, NO LOAD EBSTs272-04 

I I I 
HIGH-BIAS VERSIONS 
I 

. I . I I 
MEDIUM-BIAS VERSIONS 

LOW-BIAS VERSIONS 

-50 -25 0 25 50 75 100 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vee= 10V, V1c=5V, V0 =5 V, NO LOAD 

TA('C) 

125 

E88TS272-05 
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TS272/TS27M2/TS27L2 

TS272 

TS27M2 

TS27L2 
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ORDERING INFORMATION 

Part Number Temperature 
Range oc N 

TS272C 0 to 70 • 
TS272AC 0 to 70 • 
TS272BC 0 to 70 • 
TS2721 - 40 to 105 • 
TS272M -55 to 125 
TS27M2C 0 to 70 • 
TS27M2AC o to 70 • 
TS27M2BC 0 to 70 • 
TS27M21 -40 to 105 • 
TS27M2M -55 to 125 
TS27L2C 0 to 70 • 
TS27L2AC 0 to 70 • 
TS27L2BC 0 to 70 • 
TS27M21 -40 to 105 • 
TS27L2M -55 to 125 
TS272AJ - 40 to 105 • 
TS272BI -40 to 105 • 
TS272AM -55 to 125 
TS272BM -55 to 125 
TS27M2AI -40 to 105 • 
TS27M2BI - 40 to 105 • 
TS27L2AI - 40 to 105 • 
TS27L2BI - 40 to 105 • 
TS27M2AM -55 to 125 
TS27M2BM -55 to 125 
TS27L2AM -55 to 125 
TS27L2BM -55 to 125 

Examples : TS27L2ACN, TS272CD 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

TS272/TS27M2/TS27L2 

Package 

D J 

• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 

• . 
• 
• 
• 
• 

• 
• 
• 
• 

( 1) Nomtnal dtmenston 
{2) True geometncal positton 

8 ptns 
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TS272/TS27M2/TS27L2 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC MICROPACKAGE SO 

574 

j 

1.75 max. 

0.185 
0.265 
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TS274 
TS27M4/TS27L4 

CMOS QUAD OPERATIONAL AMPLIFIERS 

• EXCELLENT PHASE MARGIN ON CAPACI
TIVE LOADS 

• SYMMETRICAL OUTPUT CURRENTS 

• HIGH GAIN BANDWIDTH PRODUCT FOR 
TS274 

• LOW OUTPUT DYNAMIC IMPEDANCE 

• THE TRANSFER FUNCTION IS LINEAR 

• PIN COMPATIBLE TO STANDARD QUAD 
OPERATIONAL AMPLIFIERS (TL084-LM324) 

• STABLE AND LOW OFFSET VOLTAGE 

• INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC
TIONS: STANDARD (10 mV), A (5 mV), 
B(2mV) 

DESCRIPTION 

The TS27 4 series are low cost, low power quad ope
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS-THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption-speed ratio. These series are ideally 
suited fcir low consumption applications. 

Three power consumptions are available allowing 
to have always the best consumption-speed ratio. 
• Icc = 1 0 ).lA per amplifier : TS27L4 (Low bias 

versions) 
• Icc= 150 11A per amplifier: TS27M4 (Medium 

bias versions) 
• Icc= 1 rnA per amplifier: TS274 (High bias ver-

sions) · 

The input impedance is similar to the J-FET input 
impedance : very high input inpedance and extre
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap
plications. 

November 1988 

N 
DIP14 

(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

D 
5014 

(Plastic Micropackage) 
(Ordering Information at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

5 

6 

7 

14 

13 

12 

11 

10 

9 

8 

1 - Output 1 EBSTS274-o1 

2 - Inverting input 1 
3 - Non-inverting input 1 
4 - Vee+ 
5 - Non-inverting input 2 
6 - Inverting input 2 
7 - Output2 
8 - Output3 
9 - Inverting input 3 

1 0 - Non-inverting input 3 
11 - Vcc-
12 - Non-inverting input 4 
13 - Inverting input 4 
14 - Output 4 
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TS274/TS27M4/TS27L4 

BLOCK DIAGRAM 

EB8TS272-02 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Supply Voltage (note 1) 12 

v,d Differential Input Voltage (note 2) ±12 

V; Input Voltage (note 3) - 0.3 to 12 

Toper Operating Free-air Temperature 
TS274C 0 to 70 
TS2741 - 40 to 105 
TS274M -55 to 125 
TS27M4C o to 70 
TS27M41 - 40 to 105 
TS27M4M -55 to 125 
TS27L4C 0 to.70 
TS27L41 - 40 to 105 
TS27L4M -55 to 125 

Tstg Storage Temperature - 65 to 150 

Notes :i. 
2. 
3. 

All voltage values, except differential voltages, are with respect to network ground terminal. 
Differential voltages are at the noninverting input terminal with respect to the input terminal. 
The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 

OPTIMAL OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Voltage (note 1) 4 to 10 

v, Common Mode Input Voltage Vee = 10 V 0 to 9 

2/10 
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Unit 

v 
v 
v 

oc 

oc 

Unit 

v 
v 



SCHEMATIC DIAGRAM (for 1/4 TS27 x 4) 

+ 
u 
u 
> 

TS27 4/TS27M4/TS27L4 

EBBTS272-()3 
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TS274/TS27M4/TS27L4 

ELECTRICAL CHARACTERISTICS FOR TS274 
Tamb = 25 oc, Vee= 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

Vic l~ut Offset Voltage s = 1.4 v 
T 274 
T min < T < T max 
TS274A 
T min < T < T max 
TS274B 
T mm < T < T max 

a Vio Temperature Coefficient of Input 
Voltage 

ho l~ut Offset Current 
i=5V,V0 =5V 

T min < T < T max 
lb l~ut Bias Current 

. ,=5V, V0 =5V 
T m1n < T < T max 

VoH HJ.lh Output Voltage (note 1) 
, = 10 mV 8.2 

RL=10kQ 
T min < T < T max 8.1 

Avd Large Si~nal Voltage Gain 
Vo = 1 to 6 V 
RL=10kQ 

10 

v, =5 v 
T min < T < T max 7 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 10 kQ 
CL = 100 fJF 

·fin = 200 KHz 
CMR Common Mode Rejection Ratio 65 

V0 =1.4V 
Vi = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
Vee= 5 V to 10 V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Vo =5 V 
T min < T < T max 

Is Output Current 
Vi=10mV,V0 =0V 45 

Is Output Current 
(Sink) Vi=- 10 mV, V0 =Vee 35 

Svo Slew Rate at Unity Gain 
om Phase Mar2in at Unity Gain 

Av =40 d 
RL=10kQ 
CL = 100 pF 

Kov Overshoot Factor 

Vn Input E~ivalent Noise Voltage 
f = 1 K z 
Rs = 10 Q 

Vo1No2 Cross Talk Attenuation 

Note : 1. Low oU1put voltage is less than 50mV. 
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TS274C TS2741/TS274M 
Unit 

Typ. Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
5 5 i-tV/oC 

1 1 pA. 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
8.4 8.2 8.4 

8 

1!5 
V/mV 

10 15 

6 
MHz 

3.5 . 3.5 

80 65 80 dB 

70 60 70 dB 

1000 1500 1000 1500 
I-LA 

1600 1700 
rnA 

60 85 45 60 85 
rnA 

45 65 35 45 65 
5.5 5.5 ViliS 

45 45 
Degrees 

30 30 % 
30 30 nV/'I'Hz 

120 120 dB .. 



ELECTRICAL CHARACTERISTICS FOR TS27M4 
Tamb = 25 °C, Vee = 10 ·v (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
TS27M4C 

Min. Typ. 
V;o l~ut Offset Voltage s = 1.4 v 

T 27M4 
T min < T < T max 
TS27M4A 
T min < T < T max 
TS27M4B 
T min < T < T max 

a Vio Temperature Coefficient of Input 
Voltage 

2 

lio l~ut Offset Current 
i=5V, V0 =5V 1 

T min < T < T max 
lb l'lfut Bias Current 

i=5V, V0 =5V 
T min < T < T max· 

1 

VcH Hj,Jh Output Voltage (note 1) 
i = 10 mV 8.7 8.9 

RL=100kQ 
T min < T < T max 8.6 

Avd Large Si~nal Voltage Gain 
V0 = 1 to 6 V 30 50 
RL=100kn 
Vi =5 V 
T min < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 1 
RL = 100 kQ 
CL = 100 pF 
fin =100KHz 

CMR Common Mode Rejection Ratio 65 80 
V0 =1.4V 

- Vi = 1 V to 7.4 V 
SVR Supply Voltage Rejection Ratio 60 80 

V cc = 5 V to 10 V 
Vo=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Vo =5 V 
T min < T < T max 

150 

Is Output Current 
Vi=10mV,V0 =0V 45 60 

Is Output Current 
(Sink) Vi=- 10 mV, V0 =Vee 35 45 
Svo Slew Rate at Unity Gain 0.6 
em Phase Margin at Unity Gain 

Av =40 d 45 
RL = 100 kQ 
CL = 100 pF 

Kov Overshoot Factor 30 

Vn Input E~ivalent Noise Voltage 38 
f = 1 K z 
Rs = 10 n 

Vo1No2 Cross Talk Attenuation 120 

Note : 1. Low output voltage is less than 50mV. 

TS27 4/TS27M4J:TS27L4 

TS27M41/TS27M4M 
Unit 

Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 1NI°C 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.7 8.9 

8.5 
VlmV 

30 50 

10 
MHz 

1 

65 80 dB 

60 80 dB 

200 150 200 
liA 

250 300 
rnA 

85 45 60 85 
rnA 

65 35 45 65 
0.6 V/JlS 

45 
Degrees 

30 % 

38 nV/'-'Hz 

120 dB 
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TS274/TS27M4/TS27L4 

ELECTRICAL CHARACTERISTICS FOR TS27L4 
Tamb = 25 oc, Vee = 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
TS27L4C 

Min. Typ. 

Via l~ut Offset Voltage s = 1.4 v 
T 27L4 
T m1n < T < T max 
TS27L4A 
T min < T < T max 
TS27L4B 
T min < T < T max 

a V,o Temperature Coefficient of Input 0.7 
Voltage 

lio 1'\fut Offset Current 
i=5V, V0 =5V 1 

T min < T < T max 
lb 1'\fut Bias Current 

i = 5 V, V0 = 5 V 
T mm < T < T max 

1 

VoH H~h Output Voltage (note 1) 
, = 10 mV 8.8 9 

RL = 1 MQ 
T min < T < T max 8.7 

Avd Large Signal Voltage Gain 
V0 = 1 \1 to 6 V 60 100 
RL =100 kQ 
v, =5 v 
T min < T < T max 45 

Gwr Gain Bandwidth Product 
Av = 40 dB 0.1 
RL = 1 MQ 
CL = 100 ~F 
fin= 10 K z 

CMR Common Mode Rejection Ratio 65 80 
Va=1.4V 
Vi = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 80 
Vee= 5 V to 10 V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 

·va = 5 V 
10 

T min < T < T max 

Is Output Current . 
V, = 10 mV, V0 = 0 V 45 60 

Is · Output Current 
(Sink) Vi =·10 mV, Va =Vee 35 45 
Svo Slew Rate at Unity Gain 0.04 
l!lm Phase Mar~in at Unity Gain 

Av = 40 B . 45 
RL = 1 MQ 
CL=100pF 

Kov Overshoot Factor 30 
Vn Input E~ivalent Noise Voltage 70 

f=1Kz · 
Rs = 10 Q 

Vod Vo2 Cross Talk Attenuation 120 
. 

Note : 1. Low output voltagP is less than SOmV. 
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TS27L41/TS27L4M 
Unit 

Max. Min. l"yp. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 1J.V/°C 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.8 9 

8.6 
V/mV 

60 100 

40 
MHz 

0.1 

65 80 dB 

60 80 dB 

15 10 15 
IJ.A 

17 18 
rnA 

85 45 60 85 
rnA 

65 35 45 65 
0.04 V/JlS 

45 
Degrees 

30 % 
70 nVt,JR"z 

120 dB 
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I I I 
HIGH-BIAS VERSIONS ---,...r I I 

MEDIUM-BIAS VERSIONS 

.. . 
LOW-BIAS VERSIONS 

··--
.. -~ 

2 4 8 10 12 14 

,. 

SUPPLY CURRENTvs FREE-AIR TEMPERATURE 
Vo = V,e=0.2 Vee• T arrt>= 25 oc, NO LOAD 

I I I 
HIGH-BIAS VERSIONS 

I I I 
MEDIUM-BIAS VERSIONS 

LOW-BIAS VERSIONS 

-50 -25 25 50 75 100 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vee= 10V, V1e=SV, Vo=SV, NO LOAD 

TS27 4/TS27M4/TS27L4 

Vcc(V) 

16 

EBBT$274·02 

TA("C) 

125 

E88TS274-03 
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TS274/TS27M4/TS27L4 

TS274 

TS27M4 

TS27L4 
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ORDERING INFORMATION 

Part Number Temperature 
Range ac N 

TS274C 0 to+ 70 • 
TS274AC 0 to+ 70 • 
TS274BC 0 to+ 70 • 
TS2741 . - 40 to+ 105 • 
TS274M -55 to+ 125 
TS27M4C 0 to+ 70 • 
TS27M4AC o to+ 70 • 
TS27M4BC 0 to+ 70 .. 
TS27M41 - 40 to+ 105 • 
TS27M4M -55 to+ 125 
TS27L4C 0 to+ 70 • 
TS27L4AC 0 to+ 70 • 
TS27L4BC o to+ 70 • 
TS27M41 - 40 to+ 105 • 
TS27L4M -55 to+ 125 
TS27M4AI - 40 to+ 105 • 
TS27M4AM -55 to+ 125 
TS27M4BI - 40to + 105 • 
TS27M4BM -55 to+ 125 
TS27L4AI - 40 to+ 105 • 
TS27L4AM -55 to+ 125 
TS27L4BI - 40 to+ 105 • 
TS27L4BM -55 to± 125 

Examples : TS27L4ACN, TS274CD 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

Package 

D J 

• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 

• 
• . 
• 

• 
• 

• 

TS274/TS27M4/TS27L4 

8.5 max. •I 

{1) Nomrnal drmension 

(2) True geornetncal posnron 

6.35 
(1) 14 PINS 
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TS274/TS27M4/TS27L4 

PACKAGE MECHANICAL DATA (continued) 

14 PINS- PLASTIC MICROPACKAGE SO 

·-1.27 ·1 • t" r t" t" t. 1· 
i i i i i i ot-t--' """"'--

' ' ' 

8.55 
'8,75 
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0.185 
0,265 

1.75max. 

14 PINS 



TS372 

CMOS DUAL DIFFERENTIAL COMPARATOR 

• WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 1 OV OR± 2V TO± 5V 

. • VERY LOW SUPPLY CURRENT: 0.4 rnA INDE
PENDENT OF SUPPLY VOLTAGE 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TVP 

• EXTREMELY LOW INPUT OFFSET CUR
RENT : 1 pA TYP 

• LOW INPUT OFFSET VOLTAGE 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• LOW OUTPUT SATURATION VOLTAGE 
150 mVTYP 

• OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 

• BUlL T-IN ESD PROTECTION 

• HIGH INPUT IMPEDANCE 1012 QTYP 

• FAST REPONSE TIME : 200 NS TYP FOR TTL 
LEVEL INPUT STEP 

DESCRIPTION 

These devices consist of two independent precision 
voltage comparators, designed to operate with sin
gle or dual supplies. 

These differential comparators use the SGS THOM
SON Microelectronics silicon lin MOS process gi
ving them an excellent consumption-speed ratio. 

These devices are ideally suited for low consump
tion applications. 

December 1988 

ADVANCE DATA 

N 
DIP14 

(Plastic Package} 

J 
CERDIP14 

(Cerdip Package} 

D 
5014 

(Plastic Micropackage} 

(Ordering Information at the end of the datasheet} 

PIN CONNECTIONS (top view) 

2 

3 

4 

8· 

7 

6 

5 

E88TS272-01 

- Output 1 

2 - Inverting input 1 

3 - Non-inverting Input 1 

4 -Vee 

5 - Non-inverting input 2 

6 - Inverting input 2 

7 - Output 2 

8 - Vee• 

1/3 
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TS372 ~ . 
. : : 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value - Unit 

Vee Supply Voltage (note 1) 12 v 
V;d Diff(:lrential Input Voltage (note 2) ±12 v 
Vi lllput Voltage (note 3) 12 v 
Vo Output Voltage 12 v 
lo Output Current 20 mA 

Duration of Output Short-circuit to GND (note 4) Unlimited 

Toper Operating Free-air Temperature l'S372C o to 70 oc 
TS3721 -40 to 105 
TS372M -55 to 125 

Tstg Storage Temperature -65 to 150 oc 
Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 

2. Differential voltages are at the non-inverting input terminal with respect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vee' can cause excessive heating and eventual destruction. 

OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Vee Supply Voltage Range 4 to 10 v 
Vee Min Supply Voltage (for selected devices) 3 v 
Vee Max Supply Voltage 12 v 

ELECTRICAL CHARACTERISTICS 0/ cc = + 5 V, T = 25 °C) 

Value 
Symbol Parameter 

Min. Typ. Max .. 
Unit 

V;o Input Offset Voltage for V1c = V1cR Min (note 1) 2 10' mV 

lio Input Offset Current (note 1) 1 pA 

l;b Input Bias Current 1 pA 

V1cR Input Common Mode Voltage Range 0 to Vee v 
-1.5 v 

Avd L:arge Signal Voltage Gain Vee= 10 V; RL > 15 KQ at Vee 200 V/mV 

loh High Level Output Current Vid = 1 V; Voh = + 5 V 0.1 nA 

Vol Low. Level Output Voltage V;d = 1 V ; l 0 1 = 4 mA -150 400 mV 

Icc Supply Current (4 comparators) V,d =- 1 V ; RL = = 0.4 1 mA 

lol Low Level Output Current V;d =- 1 V; VoL= 1.5 V 6 . 16 mA 

Tre Response Time RL = 5.1 KQ ; CL = 15 pF Overdrive 5 mV 600 ns 
(note 2) 

T,. Response Time RL = 5.1 KQ ; CL = 15 pF TTL Input (note 2) 200 lis 

Noles : 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4 V with RL = 2.5 Kn to Vee. 

2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 

213 
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'i ORDERING INFORMATION 

Part Number Temperature 
Range N 

TS372 0 to 70 • 
TS3721 -40 to 105 • 
TS372M -55 to 125 

Examples : TS3721D 

PACKAGE MECHANICAL DATA 

8 PINS - PLASTIC DIP OR CERDIP 

Package 

D 

• 
• 

8 PINS- PLASTIC MICROPACKAGE SO 

TS372, 

J 

• 

(1) Nom1nal dimension 
(2) True geometncal positiOn 

0.185 
0.265 

1.75 max. 

8 Outputs 

3/3 
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TS374 

CMOS QUAD DIFFERENTIAL COMPARATOR 

• WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 1 OV OR± 2V TO± 5V 

• VERY LOW SUPPLY CURRENT: 0.4 rnA INDE
PENDENT OF SUPPLY VOLTAGE 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 

• EXTREMELY LOW INPUT OFFSET CUR
RENT : 1 pA TYP 

• LOW INPUTOFFSETVOI:.TAGE 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• LOW OUTPUT SATURATION VOLTAGE 
150 mVTYP 

• OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 

• BUlL T-IN ESD PROTECTION 

• HIGH INPUT IMPEDANCE 1012 QTYP 

• FAST REPONSE TIME: 200 NS TYP FOR TTL 
LEVEL INPUT STEP 

DESCRIPTION 

These devices consist of four independent precision 
voltage comparators, designed to operate with sin
gle or dual supplies. 

These differential comparators use the SGS THOM
SON Microelectronics silicon lin MOS process gi
ving them an excellent consumption-speed ratio. 

These devices are ideally suited for low consump
tion applications. 

December 1988 

ADVANCED DATA 

N 
DIP14 

(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

D 
S014 

(Plastic Micropackage) 
(Ordering Information at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

5 

6 

7 

1 - Output2 
2 - Output 1 
3 - Vee• 
4 - Inverting input 1 

14 

13 

12 

11 

10 

9 

8 

5 - Non-inverting input 1 · 
6 - Inverting input 2 
7 - Non-inverting input 2 
8 - Inverting input 3 
9 - Non-inverting input 3 

10 - Inverting input 4 
11 - Non:inverting input 4 
12 - Vcc-
13 - Output 4 
14 - Output 3 

E88J374-01 
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TS374 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) 12 v 
V;d Differential Input Voltage (note 2) ±12 v 
V; Input Voltage (note 3) 12 v 
Vo Output Voltage 12 v 
lo Output Current 20 mA 

Duration of Output Short-circuit to GND (note 4) Unlimited 

Toper Operating Free-air Temperature TS374C 0 to 70 oc. 
TS3741 -40 to 105 
TS374M -55 to 125 

Tstg Storage Temperature -65to150 oc 
Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 

2. Differential voltages are at the non-inverting input terminal with reSpect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the posttive supply voltage. 
4. Short circuit from outputs to Vee• can cause excessive heating and eventual destruction. 

OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Vee Supply Voltage Range 4 to 10 v 
Vee Min Supply Voltage (for selected devices) 3 v 
Vee Max Supply Voltage 12 v 

ELECTRICAL CHARACTERISTICS 0/ cc. = -1; 5 V, T = 25 °C) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

V;o Input Offset Voltage for V;c = V1cR Min (note 1) 2 10 mV 

l;o Input Offset Current (note 1) 1 pA 

l;b Input Bias Current 1 pA 

V;cR Input Common Mode Voltage Range 0 to Vee v 
-1.5 v 

Avd Large Signal Voltage Gain Vee= 10 V; RL > 15 KQ at Vee 200 V/mV 

loh High Level Output Current V;d = 1 V ; Vah = + 5 V 0.1 nA 

Vol Low Level Output Voltage V;d = 1 V ; l0 1 = 4 mA 150 400 mV 

Icc Supply Current (4 comparators) V1d =- 1 V ; RL = = 0.4 1 mA 

loi Low Level Output Current V;d =- 1 V ; VoL = 1.5 V 6 16 mA 

Tre Response Time RL = 5.1 KQ ; CL = 15 pF Overdrive 5 mV 600 ns 
(note 2) 

T,. Response Time RL = 5.1 Kn; CL = 15 pF TTL Input (note 2) 200 ns 

Notes : 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4 V with RL = 2.5 Kn to Vee. 

2/3 
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2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 v. 

ru SGS·THOMSON 
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ORDERING INFORMATION 

Part Number Temperature Package 
Range N 

TS374 0 to 70 • 
TS3741 -40 to 105 • 
TS374M -55 to 125 

Examples : TS3741D 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

D 

• 
• 

14 PINS- PLASTIC MICROPACKAGE SO 

J 

-. 

(1) Nominal dimension 
(21 True geometrical position 

6.35 
(1) 14 Outputs 

0.185 
0,265 e-1.27 "! e tete tete t e I" 

I i i i i i "'~-~-. ==<--. . ' 
0.4 

8.55 
8.75 

14 OutpUU 

TS374 

3/3 
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L--------
!l ~ SGS·ntOMSON BZW04-5V8, B --7 376, 8 
1

! A.~ I ~D©ffil©rn[Srn©Vffil©lR!lD©~ ·ezwo4Psva, e --7 376, e 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
400 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.8 v -7376 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb =50 °C 

T1 Initial = 25 oc 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
T, 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for Ltead = 10 mm 

Note : 1. For surges upper than the maximum values, 

F 126 
(Plastic) 

Value 

400 

1.7 

50 

-55 to 150 
150 

230 

Value 

60 

Unit 

w 

w 

A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. 1 Ipp Pulse wave forll :f.0/:1.000 

~~ 
:1. •s 

January 1 989 

• t 
D88TRANSIL 1 

1/6 

595 



BZW04-5V8, B -> 376, B/BZW04P5V8, B -> 376, B 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 

lpp Peak Pulse Current 

ar Temperature Coefficient of v(BR) 

c Capacitance 

tclamping Clamping Time (0 volt to V(BRJ) I Unidirectional Types 

I Bidirectional Types 

Types IRM@ VRM V(BR)' @ 

max. (V) 

Unidirectional Bidirectional (f!A) (V) ml'n. nom. max. 

p BZW04P5V8 p BZW04P5V88 1000 5.8 6.45 6.8 7.48 
BZW04-5V8 BZW04-5V8B 1000 5.8 6.45 6.8 7.14 
BZW04P6V4 p BZW04P6V48 500 6.4 7.13 7.5 8.25 
BZW04-6V4 BZW04-6V48 500 6.4 7.13 7.5 7.88 
BZW04P7VO P BZW04P7VOB 200 7.02 7.79 8.2 9.02 
BZW04-7VO BZW04-7VOB 200 7.02 7.79 8.2 8.61 
BZW04P7V8 BZW04P7V88 50 7.78 8.65 9.1 10.0 
BZW04-7V8 BZW04-7V8B 50 7.78 8.65 9.1 9.55 
BZW04P8V5 BZW04P8V58 10 8.55 9.50 10 11.0 
BZW04-8V5 BZW04-8V58 10 8.55 9.50 10 10.50 

p BZW04P9V4 p BZW04P9V48 5 9.4 10.5 11 12.1 
BZW04-9V4 BZW04-9V48 5 9.4 10.5 11 11.6 
BZW04P10 BZW04P108 5 10.2 11.4 12 13.2 
BZW04-10 BZW04-10B 5 10.2 11.4 12 12.6 

p BZW04P11 p BZW04P11B 5 11.1 12.4 13 14.3 
BZW04-11 BZW04-11B 5 11.1 12.4 13 13.7 

p BZW04P13 p BZW04P138 5 12.8 14.3 15 16.5 
BZW04-13 BZW04-13B 5 12.8 14.3 15 15.8 

p BZW04P14 p BZW04P148 5 13.6 15.2 16 17.6 
BZW04-14 BZW04-148 5 13.6 15.2 16 16.8 

p BZW04P15 p BZW04P158 5 15.3 17.1 18 19.8 
BZW04-15 BZW04-158 5 15.3 17.1 18 18.9 
BZW04P17 BZW04P17B 5 17.1 19 20 22 
BZW04-17 BZW04-17B 5 17.1 19 20 21 
BZW04P19 BZW04P19B 5 18.8 20.9 22 24.2 
BZW04-19 BZW04-198 5 18.8 20.9 22 23.1 
BZW04P20 p BZW04P20B 5 20.5 22.8 24 26.4 
BZW04-20 BZW04-20B 5 20.5 22.8 24 25.2 

p BZW04P23 BZW04P23B 5 23.1 25.7 27 29.7 
BZW04-23 BZW04-23B 5 23.1 25.7 27 28.4 

p BZW04P26 p BZW04P268 5 25.6 28.5 30 33 
BZW04-26 BZW04-268 5 25.6 28.5 30. 31.5 
BZW04P28 p BZW04P28B 5 28.2 31.4 33 36.3 
BZW04-28 BZW04-28B 5 28.2 31.4 33 34.7 

P BZW04P31 p BZW04P318 5 30.8 34.2 36 39.6 
BZW04-31 BZW04-318 5 30.8 34.2 36 37.8 

P BZW04P33 BZW04P33B 5 33.3 37.1 39 42.9 

• Pulse test t, ~50 ms o < 2 %. 
" Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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IR V(CL) @ lpp 
max. 

1ms expo 

(rnA) (V) (A) 

10 10.5 38 
10 10.5 38 
10 11.3 35.4 
10 11.3 35.4 
10 12.1 33 
10 12.1 33 

1 13.4 30 
1 13.4 30 
1 14.5 27.6 
1 14.5 27.6 
1 15.6 25.7 
1 15.6 25.7 
1 16.7 24 
1 16.7 24 
1 18.2 22 
1 18.2 22 
1 21.2 19 
1 21.2 19 
1 22.5 17.8 
1 22.5 17.8 
1 25.2 16 
1 25.2 16 
1 27.7 14.5 
1 27.7 ·14.5 
1 30.6 13 
1 30.6 13 
1 33.2 12 
1 33.2 12 
1 37.5 10.7 
1 37.5 10.7 
1 41.5 9.6 
1 41.5 9.6 
1 45.7 8.8 
1 45.7 8.8 
1 49.9 8 
1 49.9 8 
1 53.9 7.4 

Value 

See tables 

1 ps max. 

5 ns max. 

V(CL) @ lpp IXT C** 
max. max. typ. 

VR=D 
8-20~s expo f;,1MHz 

(V) (A) (1 o-•t•c) (pF) 

1,3.4 174 5.7 3500 
13.4 174 5.7 3500 
14.5 160 6.1 3100 
14.5 160 6.1 3100 
15.5 148 6.5 2700 
15.5 148 6.5 2700 
17.1 134 6.8 2300 
17.1 134 6.8 2300 
18.6 258 7.3 2000 
18.6 258 7.3 2000 
20.3 236 7.5 1750 
20.3 236 7.5 1750 
21.7 221 7.8 1550 
21.7 221 7.8 1550 
?3.6 203 8.1 1450 
23.6 203 8.1 1450 
27.2 176 8.4 1200 
27.2 176 8.4 1200 
28.9 166 8.6 1100 
28.9 166 8.6 1100 
32.5 148 8.8 975 
32.5 148 8.8 975 
36.1 133 9.0 850 
36.1 133 9.0 850· 
39.3 122 9.2 BOO 
39.3 122 9.2 800 
42.8 112 9.4 725 
42.8 112 9.4 725 
48.3 99 9.6 625 
48.3 99 9.6 625 
53.5 90 9.7 575 
53.5 90 9.7 575 
59 81.5 9.8 510 
59 81.5 9.8 510 
64.3 74.5 9.9 480 
64.3 74.5 9.9 480 
69.7 69 10.0 450 



8ZW04-5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 

Types IRM@ VRM VeeR)' @ 
max. (V) 

Unidirectional Bidirectional (f!A) (V) min. nom. max. 

BZW04-33 BZW04-33B 5 33.3 37.1 39 41 
BZW04P37 p BZW04P37B 5 36.8 40.9 43 47.3 
BZW04·37. BZW04-37B 5 36.8 40.9 43 45.2 
BZW04P40 BZW04P40B 5 40.2 44.7 47 51.7 
BZW04-40 BZW04-40B 5 40.2 44.7 47 49.4 
BZW04P44 BZW04P448 5 43.6 48.5 51 56.1 
BZW04-44 BZW04-44B .5 43.6 48.5 51 53.6 
BZW04P48 BZW04P48B 5 47.8 53.2 56 61.6 
BZW04-48 BZW04-48B 5 47.8 53.2 56 58.8 
BZW04P53 BZW04P53B 5 53 58.9 62 68.2 
BZW04·53 BZW04-53B 5 53 58.9 62 65.1 
BZW04P58 BZW04P58B 5 58.1 64.6 68 74.8 
BZW04-58 BZW04-588 5 58.1 64.6 68 71.4 
BZW04P64 BZW04P648 5 64.1 71.3 75 82.5 
BZW04-64 BZW04-648 5 64.1 71.3 75 78.8 
BZW04P70 p BZW04P708 5 70.1 77.9 82 90.2 
BZW04-70 BZW04-708 5 70.1 77.9 82 86.1 
BZW04P78 BZW04P78B 5 77.8 86.5 91 100 
BZW04-78 BZW04-78B 5 77.8 86.5 91 95.5 

p BZW04P85 BZW04P85B 5 85.5 95 100 110 
BZW04-85 BZW04-858 5 85.5 95 100 105 
BZW04P94 BZW04P948 5 94 105 110 121 
BZW04-94 BZW04-948 5 94 105 110 116 
BZW04P102 BZW04P1028 5 102 114 120 132 
BZW04-102 BZW04-102B 5 102 114 120 126 

p BZW04P111 BZW04P111B 5 111 124 130 143 
BZW04-111 BZW04-111B 5 111 124 130 137 

p BZW04P128 p BZW04P128B 5 128 143 150 165 
BZW04-128 BZW04-128B 5 128 143 150 158 

p BZW04P136 p BZW04P136B 5 136 152 160 176 
BZW04-136 BZW04-1368 5 136 152 160 168 

p BZW04P145 BZW04P1458 5 145 161 170 187 
BZW04-145 BZW04-145B 5 145 161 170 179 
BZW04P154 BZW04P1548 5 154 171 180 198 
BZW04-154 BZW04-1548 5 154 171 180 189 
BZW04P171 BZW04P17.1 B 5 171 190 200 220 
BZW04-171 BZW04-171B 5 171 190 200 210 
BZW04P188 P BZW04P188B 5 188 209 220 242 

, BZW04-188 BZW04-188B 5 188 209 220 231 
P BZW04P213 BZW04P213B 5 213 237 250 275 

BZW04-213 BZW04·213B 5 213 237 250 263 
p BZW04P239 BZW04P2398 5 239 266 280 308 

BZW04-239 BZW04-239B 5 239 266 280 294 
BZW04P256 BZW04P2568 5 256 285 300 330 
BZW04-256 BZW04-256B 5 256 285 300 315 
BZW04P273 BZW04P273B 5 273 304 320 352 
BZW04-273 BZW04-273B 5 273 304 320 336 

p BZW04P299 BZW04P299B 5 299 332 350 385 
BZW04-299 BZW04-299B 5 299 332 350 368 
BZW04P342 BZW04P342B 5 342 380 400 440 
BZW04-342 BZW04-342B 5 342 380 400 420 
BZW04P376 BZW04P376B 5 376 418 440 484 
BZW04-376 BZW04-3768 5 376 418 440 462 

* Pulse test tp ~50 ms 0 < 2 % . 
.. Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 

IR VccL) @ lpp Vccl) @ lpp ay C" 
max. max. max. typ. 

VR=O 
1ms expo B-20f1S expo f=1MHz 

(rnA) (V) (A) (V) (A) (10"4/'C) (pF) 

1 53.9 7.4 69.7 69 10.0 450 
1 59.3 6.7 76.8 62.5 10.1 400 
1 59.3 6.7 76.8 62.5 10.1 400 
1 64.8 6.2 84 57 10.1 370 
1 64.8 6.2 84 57 10.1 370 
1 70.1 5.7 91 52.5 10.2 350 
1 70.1 5.7 91 52.5 10.2 350 
1 77 5.2 100 48 10.3 320 
1 77 5.2 100 48 10.3 320 
1 85 4.7 111 43 10.4 290 
1 85 4.7 111 43 10.4 290 
1 92 4.3 121 39.5 10.4 270 
1 92 4.3 121 39.5 10.4 270 
1 103 3.9 134 36 10.5 250 
1 103 3.9 134 36 10.5 250 
1 113 3.5 146 33 10.5 230 
1 113 3.5 146 33 10.5 230 
1 125 3.2 162 29.5 10.6 210 
1 125 3.2 162 29.5 10.6 210 
1 137 2.9 178 27 10.6 200 
1 137 2.9 178 27 10.6 200 
1 152 2.6 195 24.5 10.7 185 
1 152 2.6 195 24.5 10.7 185 
1 165 2.4 212 22.5 10.7 170 
1 165 2.4 212 22.5 10.7 170 
1 179 2.2 230 20.8 10.7 165 
1 179 2.2 230 20.8 10.7 165 
1 207 2.0 265 18.1 10.8 145 
1 207 2.0 265 18.1 10.8 145 
1 219 1.8 282 17 10.8 140 
1 219 1.8 282 17 10.8 140 
1 234 1.7 301 16 10.8 135 
1 234 1.7 301 16 10.8 135 
1 246 1.6 317 15.1 10.8 125 
1 246 1.6 317 15.1 10.8 125 
1 274 1.5 353 13.6 10.8 120 
1 274 1.5 353 13.6 10.8 120 
1 301 1.4 388 12.4 10.8 110 
1 301 1.4 388 12.4 10.8 110 
1 344 1.5 442 12 11 100 
1 344 1.5 442 12 11 100 
1 384 1.5 494 12 11 95 
1 384 1.5 494 12 11 95 
1 414 1.2 529 10 11 90 
1 414 1.2 529 10 11 90 
1 438 1.2 564 10 11 85 
1 438 1.2 564 10 11 85 
1 482 0.9 618 9 11 80 
1 482 0.9 618 9 11 80 
1 548 0.9 706 8 11 75 
1 548 0.9 706 8 11 75 
1 603 0.8 776 8 11 70 
1 603 0.8 776 8 11 70 
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8ZW04-5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 
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~n (W) 

Tj initial 25 oc 

II II 

II 11!1 rT 1111 
VsR < 10 v ..... -..... 
10 V ~ VaR < 250 V 

VsR ;?; 250 V ---

·~ ~ 
~ .. 1;:::.~ 
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.... 

tp (ms) ex po 

10 10-3 10 

Fiy.1 - Peak pulse power versus exponential pulse duration. 
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Fig. 2 - clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ....... ". 

t= 1ms--
t = 10 ms --

lpp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV (BR) =DC T (V (BR) J X [Tj - 25] X V (BR) 
For intermediate voltages, extrapolate the given results. 
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8ZW04-5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 
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Fig .3 - Allowable power dissipation versus 
i unction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
i unction-ambient for mounting n°2 
versus pulse duration (L = 10 1111) • 
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Fig.4 ·- Power dissipation versus ambient 
temperature. 
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Fig .7 - Peak forward current 
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BZW04-5V8, B -> 376, B/BZW04P5V8, B -> 376, B 

4 C (pF) 
10 

~~~ 04P5VB 

~0J,Jl111 
~w 04P2a 

~ ~04PUJ 

BZW 04P342 

10 

Tj c 25 •c 
f c 1 HHz 

-
VR (V] 

100 500 

4 C (pF] 
10 

BZW 04P5V8B 

lizw 04P13B 

BZW 04P26 

BZW 04P58B 

BZW 04P1718 
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10 

Tj c 25 •c 
f a 1 MHZ 

I II II 

VR (V] 
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Fig .Sa - Capacitance versus reverse applied 
voltage for unidirectional types 

Fig.Bb - Capacitance versus reverse applied 
val tage for bidirectional types 

(typical values] . 

PACKAGE MECHANICAL DATA 

F 126 Plastic 

L 

note 1 L1 

II I 

(typical values] . 

G L 

L1 note 1 

II 
----;---1-f------- -- 1--r-· --r---

11 : : II 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 0.76 0.86 0.029 0.034 

D888ZW04P6 

00 2.95 3.05 0.116 0.120 1 • The lead diameter 0 b2 is not controlled over zone L1 • 

G 6.05 6.35 0.238 0.250 
2 • The minimum axial lengh within which the device may be placed with 

L 26 - 1.024 - its leads bent at right angles is 0.59" (15 mm). 

L, - 1.27 - 0.050 

Cooling method :by convection (method A]. 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight : 0.4 g. 
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~ SGS·lliOMSON P6KE6V8P, A ---7 440P, A 

A. 'l I ~o©~©rnlbrn©Vrnl©~RDD©~ PsKEsvacP, cA ---7 44ocP, cA 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
600 WI 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.8 v -7376 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOI,UTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward . 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb = 75 °C 

TJ Initial = 25 oc 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
TJ 

h Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

/ 
CB-417 
(Plastic) 

Value 

600 

5 

100 

-55 to 175 
175 

230 

Value 

20 

Unit 

w 
w 
A 

oc 
oc 
oc 

Note : 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. s Ipp Pulse wave farm 10/1000 

:~ I t 
1 IB D88TRANSIL 1 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current I 

O:T Temperature Coefficient of v(BR) 

c Capacitance 

tclamplng Clamping Time (0 volt to v(BR)) I Unidirectional Types 1 ps max. 

_I Bidirectional Types 5 ns max. 

VFM Forward Voltage Drop for Unidirectional Types (IFM =50 A) 3.5 V max. 

Types IRM @ VRM V(BR)* @ IR V(CL) @ lpp V(CL) @ lpp <lT 

max. (V) max. max. max. 

1 ms expo 6-20 f!S expo 

Unidirectional Bidirectional (f!A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o- 4/°C) 

p P6KE6V8P p P6KE6V8CP 1000§ 5.8 6.45 6.8 7.48 10 10.5 57 13.4 261 5.7 
P6KE6V8A P6KE6V8CA 1000§ 5.8 6.45 6.8 7.14 10 10.5 57 13.4 261 5.7 

p P6KE7V5P p P6KE7V5CP 500§ 6.4 7.13 7.5 8.25 10 11.3 53 14.5 241 6.1 
P6KE7V5A P6KE7V5CA 500§ 6.4 7.13 7.5 7.88 10 11.3 53 14.5 241 6.1 

p P6KE8V2P P6KE8V2CP 200§ 7.02 7.79 8.2 9.02 10 12.1 50 15.5 226 6.5 
P6KE8V2A P6KE8V2CA 200§ 7.02 7.79 8.2 8.61 10 12.1 50 15.5 226 6.5 
P6KE9V1P P6KE9V1CP 50§ 7.78 8.65 9.1 10 1 13.4 45 17.1 205 6.8 
P6KE9V1A P6KE9V1CA 50§ 7.78 8.65 9.1 9.55 1 13.4 45 17.1 205 6.8 
P6KE10P P6KE10CP 10§ 8.55 9.5 10 11 1 14.5 41 18.6 387 7.3 
P6KE10A P6KE10CA 10§ 8.55 9.5 10 10.5 1 14.5 41 18.6 387 7.3 
P6KE11P P6KE11CP 5§ 9.4 10.5 11 12.1 1 15.6 38 20.3 355 7.5 
P6KE11A P6KE11CA 5§ 9.4 10.5 11 11.6 1 15.6 38 20.3 355 7.5 

p P6KE12P p P6KE12CP 5 10.2 11.4 12 13.2 1 16.7 36 21.7 332 7.8 
P6KE12A P6KE12CA 5 10.2 11.4 12 12.6 1 16.7 36 21.7 332 7.8 

p P6KE13P p P6KE13CP 5 11.1 12.4 13 14.3 1 18.2 33 23.6 305 8.1 
P6KE13A P6KE13CA 5 11.1 12.4 13 13.7 1 18.2 33 23.6 305 8.1 

p P6KE15P P P6KE15CP 5 12.8 14.3 15 16.5 1 21.2 28 27.2 265 8.4 . 
P6KE15A P6KE15CA 5 12.8 14.3 15 15.8 1 21.2 28 27.2 265 8.4 
P6KE16P P6KE16CP 5 13.6 15.2 16 17.6 1 22.5 27 28.9 249 8.6 
P6KE16A P6KE16CA 5 13.6 15.2 16 16.8 1 22.5 27 28.9 249 8.6 

p P6KE18P p P6KE18CP 5 15.3 17.1 18 19.8 1 25.2 24 32.5 . 222 8.8 
P6KE18A P6KE18CA 5 15.3 17.1 18 18.9 1 25.2 24 32.5 222 8.8 

p P6KE20P P6KE20CP 5 17.1 19 20 22 1 27.7 22 36.1 199 9.0 
P6KE20A P6KE20CA . 5 17.1 19 20 21 1 27.7 22 36.1 199 9.0 
P6KE22P p P6KE22CP 5 18.8 20.9 22 24.2 1 30.6 20 39.3 183 9.2 
P6KE22A P6KE22CA 5 18.8 20.9 22 23.1 1 30.6 20 39.3 183 9.2 
P6KE24P P6KE24CP 5 20.5 22.8 24 26.4 1 33.2 18 42.8 168 9.4 
P6KE24A P6KE24CA 5 20.5 22.8 24 25.2 1 33.2 18 42.8 168 9.4 

p P6KE27P P6KE27CP 5 23.1 25.7 27 29.7. 1 37.5 16 48.3 149 9.6 
P6KE27A P6KE27CA 5 23.1 25.7 27 28.4 1 37.5 16 48.3 149 9.6 

p P6KE30P P6KE30CP 5 25.6 28.5 30 33 1 41.5 14.5 53.5 134 9.7 
P6KE30A P6KE30CA 5 25.6 28.5 30 31.5 1 41.5 14.5 53.5 134 9.7 

p P6KE33P p P6KE33CP 5 28.2· 31.4 33 36.3 1 45.7 13.1 59 122 9.8 
P6KE33A P6KE33CA 5 28.2 31.4 33 34.7 1 45.7 13.1 59 122 9.8 

p P6KE36P P6KE36CP 5 30.8 34.2 36 39.6 1 49.9 12 64.3 112 9.9 
P6KE36A P6KE36CA 5 30.8 34.2 36 37.8 1 49.9 12 64.3 112 9.9 

• Pulse test tp,; 50 ms o < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types P6KE6V8CP --> 11 CA, IRM must be double that specified for unidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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C** 
typ 

VR:O 
1:1 MHz 

(pF) 

4000 
4000 
3700 
3700 
3400 
3400 
3100 
3100 
2800 
2800 
2500 
2500 
2300 
2300 
2150 
2150 
1900 
1900 
1800 
1800 
1600 
1600 
1500 
1500 
1350 
1350 
1250 
1250 
1150 
1150 
1075 
1075 
1000 
1000 
950 
950 



P6KE6VSP, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

Types IRM@ VRM V(BR)* @ IR V(CL) @ lpp VeL @ lpp CXT c•• 
max. (V) max. max. max. typ. 

VR=O 
1 ms expo 8·20 J.LS expo 1:1 MHz 

Unidirectional Bidirectional (J.LA) (V) min. nom. max. (rnA) (V) (A) (V) (A) (10-4/'Cl (pF) 
p P6KE39P P P6KE39CP 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 103 10.0 900 

P6KE39A P6KE39CA 5 33.3 37.1 39 41 1 53.9 11.1 69.7 103 10.0 900 
P6KE43P P6KE43CP 5 36.8 40.9 43 47.3 1 59.3 10.1 76.8 94 10.1 850 
P6KE43A P6KE43CA 5 36.8 40.9 43 45.2 1 59.3 10.1 76.8 94 10.1 850 
P6KE47P P P6KE47CP 5 40.2 44.7 47 51.7 1 64.8 9.3 84 86 10.1 800 
P6KE47A P6KE47CA 5 40.2 44.7 47 49.4 1 64.8 9.3 84 86 10.1 800 

p P6KE51P P6KE51CP 5 43.6 48.5 51 56.1 1 70.1 8.6 91 79 10.2 750 
P6KE51A P6KE51CA 5· 43.6 48.5 51 53.6 1 70.1 8.6 91 79 10.2 750 

p P6KE56P P6KE56CP 5 47.8 53.2 56 61.6 1 . 77 7.8 100 72 10.3 700 
P6KE56A P6KE56CA 5 47.8 53.2 56 58.8 1 77 7.8 100 72 10.3 70.0 
P6KE62P P6KE62CP 5 53 58.9 62. 68.2 1 85 7.1 111 65 10.4 650 
P6KE62A P6KE62CA 5 53 58.9 62 65.1 1 85 7.1 111 65 10.4 650 

p P6KE68P P6KE68CP 5 58.1 64.6 68 74.8 1 92 6.5 121 59.5 10.4 625 
P6KE68A P6KE68CA 5 58.1 64.6 68 71.4 1 92 6.5 121 59.5 10.4 625 
P6KE75P P6KE75CP 5 64.1 71.3 75 82.5 1 103 5.8 134 53.5 10.5 575 
P6KE75A P6KE75CA 5 64.1 71.3 75 78.8 1 103 . 5.8 134 53.5 10.5 575 

P P6KE82P P6KE82CP 5 70.1 77.9 82 90.2 1 113 5.3 146 49 10.5 550 
P6KE82A P6KE82CA 5 70.1 77.9 82 86.1 1 113 5.3 146 49 10.5 550 
P6KE91P P6KE91CP 5 77.8 86.5 91 100 1· 125 4.8 162 44.5 10.6 525 
P6KE91A P6KE91CA 5 77.8 86.5 91 95.5 1 125 4.8 162 44.5 10.6 • 525 
P6KE100P P6KE100CP 5 85.5 95 100 110 1 137 4.4 178 40.5 10.6 500 
P6KE100A P6KE100CA 5 85.5 95 100 105 1 137 4.4 178 40.5 10.6 500 
P6KE110P P6KE110CP 5 94 105 110 121 1 152 3.9 195 37 10.7 470 
P6KE110A P6KE110CA 5 94 105 110 116 1 152 3.9 195 37 10.7 470 
P6KE120P P6KE120CP 5 102 . 114 120 132 1 165 3.6 212 34 10.7 450 
P6KE120A P6KE120CA 5 102 114 120 126 1 165 3.6 212 34 10.7 450 

p P6KE130P P6KE130CP 5 111 124 130 143 1 179 3.4 230 31.5 10.7 420 
P6KE130A P6KE130CA 5 111 124 130 137 1 179 3.4 230 31.5 10.7 420 
P6KE150P P6KE150CP 5 128 143 150 165 1 207 2.9 265 27.2 10.8 400 
P6KE150A P6KE150CA 5 128 143 150 158 1 207 2.9 265 27.2 10.8 400 
P6KE160P P P6KE160CP 5 136 152 160 176 1 219 2.7 282 25.5 10.8 380 
P6KE160A P6KE160CA 5 136 152 160 168 1 219 2.7 282 25.5 10.8 380 
P6KE170P P6KE170CP 5 145 161 170 187 1 234 2.6 301 24 10.8 370 
P6KE170A P6KE170CA 5 145 161 170 179 1 234 2.6 301 24 10.8 370 

p P6KE180P P6KE180CP 5 154 171 180 198 1 246 2.4 317 22.7 10.8 360 
P6KE180A P6KE180CA 5 154 171 180 189 1 246 2.4 317 22.7 10.8 360 

p P6KE200P P6KE200CP 5 171 190 200 220 1 274 2.2 353 20.4 10.8 350 
P6KE200A P6KE200CA 5 171 190 200 210 1 274 2.2 353 20.4 10.8 350 
P6KE220P P6KE220CP 5 188 209 220 242 1 301 2 388 18.6 10.8 330 
P6KE220A P6KE220CA 5 188 209 220 231 1 301 2 388 18.6 10.8 330 

p P6KE250P P6KE250CP 5 213 237 250 275 1 344 2 442 19 11 310 
P6KE250A P6KE250CA 5 213 237 250 263 1 344 2 442 19 11 310 
P6KE280P P6KE280CP 5 239 266 280 308 1 384 2 494 18 11 300 
P6KE280A P6KE280CA 5 239 266 280 294 1 384 2 494 18 11 300 
P6KE300P P6KE300CP 5 256 285 300 330 1 414 1.6 529 14 11 290 
P6KE300A P6KE300CA 5 256 285 300 315 1 414 1.6 529 14 11 290 
P6KE320P P6KE320CP 5 273 304 320 352 1 438 1.6 564 14 11 280 
P6KE320A P6KE320CA 5 273 304 320 336 1 438 1.6 564 14 11 280 
P6KE350P P6KE350CP 5 299 332 350 385 1 482 1.6 618 14 11 270 
P6KE350A P6KE350CA 5 299 332 350 368 1 482 1 .. 6 618 14 11 270 

p P6KE400P P P6KE400CP 5 342 380 400 440 1 548 1.3 706 11 11 360 
P6KE400A P6KE400CA 5 . 342 380 400 420 1 548 1.3 706 . 11 11 360 

p P6KE440P P6KE440CP 5 376 418 440 484 1 603 1.3 776 11' 11 350 
P6KE440A P6KE440CA 5 376 418 440 462 1 603 1.3 776 11 11 350 

• Pulse test tp s 50 ms li < 2 %. 
•• Divide these values by 2 for bidirectional types. • 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. · 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig. 1 - Peak pulse ·power versus exponential pulse duration. 
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Fig .2 - Clalllping voltage versus peak pulse current. 
exponential wavefor11 t - 20 ps ......... . 
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Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV (BA) •ex T (V (BAll X [Tj - 25] X V (BR) 
For intermediate voltages, extrapolate the given results. 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig .Ba - Capacitance versus reverse applied 
voltage tor unidirectional types 

Fig .Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

CB-417 Plastic 

L 

note 1 L1 

II I 

G 

(typical values) . 

L l!l 0 

L1 note 1 

I II 
- __ .,.._....._ 

r- ---------- - i-- ___,. 
II I 

I II I 
I I 
I I 
I Ill b2 ~ I 
I ~ I 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 - 1.092 - 0.043 

00 - 3.683 - 0.145 1 · The lead diameter 0_ b2 is not controlled over zone L1 . 

- -

D88P6KEP6 

G 8.89 0.350 
2 • The minimum axial lengh within which the device may be placed with 

L 25.4 - 1.000 - its leads bent at right angles is 0.59" (15 mm). 

L, - 1.25 - 0.049 

Cooling method :by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight: 0.6 g. 
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~ -SGS·THOMSON .. ~I ~U©lffi@[g[L[g©lJ'lffi@!mU©~ P7T -10, 8 ~ 110, 8 
UNl-AND BIDIRECTIONAL TRANSIENT 

VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
700 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
10V~110V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values} 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb =50 oc 
TJ Initial = 25 °C 

t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
TJ 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1oad = 10 mm 

Note : 1. For surges upper than the maximum values, 

/ 
CB-417 
(Plastic) 

Value 

700 

5 

120 

-55to150 
150 

230 

Value 

20 

Unit 

w 

w 

A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. I Ipp Pulse Nave far• iO/iOOO 

:~ .. · 
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P7T·10, B --+ 11Ci, B 

.ELECTRICAL CHARACTERISTICS {T1 = 25 cc) 
-

Symbol Parameter Value 

VRM Stand-off Voltage 

V(aRr. B~eakdown Voltage 

V(CL) Clamping Voltag·e See tables 
lpp Peak Pulse Current 

lXT Temperature Coefficient of V(BR) 

c Capacitance 

lctamplng Clamping Time (0 volt to V(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max . 

Types IRM@ VRM V(BR)* @ . IR Y(CL) @ lpp Y(cL) @ lpp <XT c•• 
max. (V) ·max. max. max. typ. 

VR=O 
1 ms expo 8-20 ILS expo f:1 MHz 

Unidirectional Bidirectional (!LA) (V) min. nom. max. (mA) (V) (A) (V) (A) (10- 4/'C) (pF) 

P7T-10 P7T-10B 5 10 13 18 20 5 25 30 32 265 8.4 2600 
P7T-27 P7T-27B 5 27 29.6 36 43.5 5 53 13 68 125 9.6 1100 
P7T-43 P7T-43B 5 43 50 62 75 5 90 8 115 74 10.3 620' 
P7T-110 P7T·110B. 5 110 130 160 200 5 235 3 300 28 10.8 370 

• Pulse test IpS 50 ms 8< 2%. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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D88P7TP3 

P7T-10, 8 ~ 110, 8 

106, p [W) ·p 

T i in'itial ~ 25 oc 

~ 

!'... 

--r--

....... 

tp [msl ex po 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

io3 VeL [V) 

-· Tj initial ~ 25 °C 
I Ipp 

100~ 
50 ~-. 

Q I I t 

.............. tr t 
tr.; 10 p• 

---· ... -... ... 
P7T-110 

.. -· __ .... ... -
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1
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·--:: .... 
P7Tr-

.. !--"' ~ ...... 
-... .. --·- ·-· 

P7T-
1
10 

Ipp [A) 

10 10 1 10 

Fig .2 - Clamping voltage versus peak pulse current. 
exponential waveform t • 20 ps ·---· 

ta 1ms---
·t ~ 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV [BA) =aT [V [BAll X !Tj - 251 X V [BR) 
For intermediate voltages, extrapolate the given results. 
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P7T-10, B ~ 110, B 

P [T 25 "C] s; ·o e 

100 
!--.... 

.............. 
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""' ........ ....... 
r....... 

Tj initial (°C) 

0 25 50 75 100 125 150 175 

Fig. :3 - Allowable po11er dissipation versus 
junction temperature. 
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Fig.5 - Thermal resistance versus 
lead length. 
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v , .... ~ 
, .... 

""' 

t lsi 

10 

Fig .S - Transient thermal impedance 
junction-ambient for mounting nD2 
versus pulse duration (L • 10 mml . 
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Mounting n° 2- - -
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Fig .4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) • 

D88P7TP4 



P7T-10, B '-t 110, B 

104 C (pF) 

Tj - 25 "C 

f 1 MHz 

P7T-JO 

~ 
,!_7T -43 

. .!Z!.-JJQ --
VR (V) 

10 
10 100 500 

Fig .Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) • 

D88P7TP5 

PACKAGE MECHANICAL DATA 

CB-417 Plastic 

L 

note 1 L1 

//I 

G 

4 C (pF) 
10 

P7T-108 

P7T-278 

P7T-43B 
f'7T-JlQ8 

10 
10 

Tj = 25 "c 
f = 1 MHZ 

VR (VJ 

100 500 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectiun6l ty~~~ 
(typical values) . 

L 0 D 

Lf note 1 

I 1/ - r-----.- - --r--------- - 1- 1--t---
II I 

I I/ I 
I I 
I I 
I (! b2 ~ I 
I - I 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 - 1.092 - 0.043 

1210 - 3.683 - 0.145 1 - The lead diameter 121 b2 is not controlled over zone l1-

- -G 8.89 0.350 
2 - The minimum axial lengh within which the device may be placed with 

L 25.4 - 1.000 - its leads bent at right angles is 0.59" (15 mm). 

L1 - 1.25 - 0.049 

Cooling method : by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight : 0.6 g. 

~ SGS·THDMSON 
~"!I li\1Di:liil©rnl!.llrmrliil©lllDir:l\l 
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~ SGS·ntOMSON 1.5KE6V8P,A -7 440P,A 

.. 'Y I ~o©~©rnl.Lrn~IY~©[RJJD~~ 1.skEsvacP,cA -7 44ocP,cA 

UNl-AND BIDiRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
1 .5 kW I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.8 V~376V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER+ SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. · 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink ·" 
IFSM Non Repetitive Surge Peak Forward / 

Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb = 75 °C 

TJ Initial = 25 oc 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
TJ 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

Note : 1. For surges upper than the maximum values, 

• • 

) 

CB-429 
(Plastic) 

Value 

1.5 

5 

250 

- 65 to 175 
175 

230 

Value 

20 

Unit 

kW 

w 
A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. I Ipp Pulse wave form 10/1000 

:~ 
1 •s 

February 1989· 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (Ti = 25 oc) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

VtcL) Clamping Voltage See tables 
lpp Peak Pulse Current 

ar Temperature Coefficient of VtBR) 

c Capacitance 

tclamplng Clamping Time (0 volt to VteR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types IRM@ VRM V(BR) 0 @ IR V(CL) @ lpp V(CL) @ lpp <XT 

max, (V) max. max. max. 

1 ms expo 8·20 liS expo 

Unidirectional Bidirectional (II A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o·4/°C) 

p 1.5KE6V8P p 1.5KE6V8CP 1000§ 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 
1.5KE6V8A 1.5KE6V8CA 1000§ 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 

p 1.5KE7V5P 1.5KE7V5CP 500§ 6.4 7.13 7.5 8.25 10 11'.3 132 14.5 690 6.1 
1.5KE7V5A 1.5KE7V5CA 500§ 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 
1.5KE8V2P 1.5KE8V2CP 200§ 7.02 7.79 8.2 9.02 10 12.1 124 15.5 645 6.5 
1.5KE8V2A 1.5KE8V2CA 200§ 7.02 7.79 8.2 8.61 10 12.1 124 15.5 645 6.5 
1.5KE9V1P · 1.5KE9V1 CP 50§ 7.78 8.65 9.1 10 1 13.4 112 17.1 585 6.8 
1.5KE9V1A 1.5KE9V1CA 50§ 7.78 8.65 9.1 9.55 1 13.4 112 17.1 585 6.8 

p 1.5KE10P 1.5KEiOCP 10§ 8.55 9.5 10 11 1 14.5 103 18.6 968 7.3 
1.5KE10A 1.5KE10CA 10§ 8.55 9.5 10 10.5 1 14.5 103 18.6 968 7.3 
1.5KE11P 1.5KE11CP 5§ 9.4 10.5 11 12.1 1 15.6 96 20.3 887 7.5 
1.5KE11A 1.5KE11CA 5§ 9.4 10.5 11 11.6 1 15.6 96 20.3 887 7.5 

p 1.5KE12P p 1.5KE12CP 5 10.2 11.4 12 13.2 1 16.7 90 21.7 829 7.8 
1.5KE12A 1.5KE12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 829 7.8 

P 1.5KE13P 1.5KE13CP 5 11.1 12.4 13 14.3 1 18.2 82 23.6 763 8.1 
1.5KE13A 1.5KE13CA 5 11.1 12.4 13 13.7 1 18.2 82 23.6 763 8.1 
1.5KE15P 1.5KE15CP 5 12.8 14.3 15 16.5 1 21.2 71 27.2 662 8.4 
1.5KE15A 1.5KE15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 662 8.4 

p 1.5KE16P 1.5KE16CP 5 13.6 15.2 16 17.6 1 22.5 67 28.9 623 8.6 
1.5KE16A 1.5KE16CA 5 13.6 15.2 16 16.8 1 22.5 67 28.9 623 8.6 

p 1.5KE18P p 1.5KE18CP 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 554 8.8 
1.5KE18A 1.5KE18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 554 8.8 

p 1.5KE20P p 1.5KE20CP 5 17.1 19 20 22 1 27.7 54 36.1 498 9.0 
1.5KE20A 1.5KE20CA 5 17.1 19 20 21 1 27.7 54 36.1 498 9.0 

p 1.5KE22P 1.5KE22CP 5 18.8 20.9 22 24.2 1 30.6 49 39.3 458 9.2 
1.5KE22A 1.5KE22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 
1.5KE24P 1.5KE24CP 5 20.5 22.8 24 26.4 1 33.2 45 42.8 421 9.4 
1.5KE24A 1.5KE24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 421 9.4 

p 1.5KE27P 1.5KE27CP 5 23.1 25.7 27 29.7 1 37.5 40 48.3 373 9.6 
1.5KE27A 1.5KE27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 373 9.6 

p 1.5KE30P p 1.5KE30CP 5 25.6 28.5 30 33 1 41.5 36 53.5 336 9.7 
1.5KE30A 1.5KE30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 336 9.7 

p 1.5KE33P p 1.5KE33CP 5 28.2 31.4 33 36.3 1 45.7 33 59 305 9.8 
1.5KE33A 1.5KE33CA 5 28.2 31.4 33 34.7 1 45.7 33 59 305 9.8 

p 1.5KE36P p 1.5KE36CP 5 30.8 34.2 36 39.6 1 49.9 30 64.3 280 9.9 
1.5KE36A 1.5KE36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 

p 1.5KE39P p 1.5KE39CP 5 33.3 37.1 39 42.9 1 53.9 28 69.7 258 10.0 

• Pulse test tp ,; 50 ms li < 2 %. 
"' Divide these values by 2 for bidirectional types. 
§ For bidirectional types 1.5KE6V8CP -+ 11 CA, IRM must be double that specllled for unidirectional types. 
For bidirectional types, electrical characteristics apply In both directions. 
P : Preferred device. 
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C** 
typ. 

VR:O 
1:1 MHz 

(pF) 

9500 
9500 
8500 
8500 
8000 
8000 
7500 
7500 
7000 
7000 
6400 
6400 
6000 
6000 
5500 
5500 
5000 
5000 
4700 
4700 
4300 
4300 
4000 
4000 
3700 
3700 
3500 
3500 
3200 
3200 
2900 
2900 
2700 
2700 
2500 
2500 
2400 



1.5KE6V8P, A-> 440P, A/1 ;5KE6V8CP, CA -> 440CP, CA 

Types lnM@ VnM V(BR)• @ 
max. (V) 

Unidirectional Bidirectional (!lA) (V) min. nom. max. 

1.5KE39A 1.5KE39CA 5 33.3 37.1 39 41 
p 1.5KE43P 1.5KE43CP 5 36.8 40.9 43 47.3 

1.5KE43A 1.5KE43CA 5 36.8 40.9 43 45.2 
p 1.5KE47P P 1.5KE47CP 5 40.2 44.7 47 51.7 

1.5KE47A 1.5KE47CA 5 40.2 44.7 47 49.4 
p 1.5KE51P 1.5KE51CP 5 43.6 48.5 . 51 .56.1 

1.5KE51A 1.5KE51CA 5 43.6 48.5 5i 53.6 
1.5KE56P 1.5KE56CP 5 . 47.8 53.2 56 61.6 
1.5KE56A 1.5KE56CA 5 47.8 53.2 56 58.8 
1.5KE62P 1.5KE62CP 5 53 58.9 62 68.2 
1.5KE62A 1.5KE62CA 5· 53 58.9 62 65.1 

p 1.5KE68P P 1.5KE68CP 5 58.1 64.6 . 68 74.8 
1.5KE68A 1.5KE68CA 5 58.1 64.6 68 71.4 
1.5KE75P 1.5KE75CP 5 64.1 71.3 75 82.5 
1.5KE75A 1.5KE75CA 5 64.1 71.3 75 78.8 

p 1.5KE82P P 1.5KE82CP 5 70.1 7-7.9 82 90.2 
1.5KE82A 1.5KE82CA 5 70.1 77.9 82 86.1 
·1.5KE91P 1.5KE91CP ·5 77.8 86.5 91 100 
1.5KE91A 1.5KE91CA 5 77.8 86.5 91 95.5 
1.5KE100P 1.5KE100CP 5 85.5 95 100 110. 
1.5KE100A 1.gKE100CA 5 85.5 95 100 105 
1.5KE110P P 1.5KE110CP 5 94 105 110 121 
1.5KE110A 1.5KE110CA 5 94 105 110 116 
1.5KE120P 1.5KE120CP 5 102 114 120 132 
1.5KE120A 1.5KE120CA 5 102 114 120 126 
1.5KE130P P 1.5KE130CP 5 111 124 130 143 
1.5KE130A 1.5KE130CA 5 111 . 124 130 137 
1.5KE150P 1.5KE150CP 5 128 143 150 165 
1.5KE150A 1.5KE150CA 5 128 143 150 158 
1.5KE160P 1.5KE160CP 5 136 152 160 176 
1.5KE160A 1.5KE160CA 5 136 152 160 168 

p 1.5KE170P 1.5KE170CP 5 145 161 170 187 
1.5KE170A 1.5KE170CA 5 145 161 170 179 

p 1.5KE180P P 1.5KE180CP 5 154 171 180 198 
1.5KE180A 1.5KE180CA 5 154 171 180 189 

p 1.5KE200P P 1.5KE200CP 5 171 190 200 220 
1.5KE200A 1.5KE200CA 5 171 HiD 200 210 
1.5KE220P P 1.5KE220CP 5 188 209 220 242 
1.5KE220A 1.5KE220CA 5 188 209 220 231 

p 1.5KE250P P 1.5KE250CP 5 213. 237 250 275 
1.5KE250A 1.5KE250CA 5 213 237 250 263 
1.5KE280P 1.5KE280CP 5 239 266 280 308 
1.5KE280A 1.5KE280CA 5 239 266 280 294 

p 1.5KE300P P 1.5KE300CP 5 256 285 300 330 
1.5KE300A 1.5KE300CA 5 256 285 300 315 
1.5KE320P 1.5KE320CP 5 273 304 320 352 
1.5KE320A 1.5KE320CA 5 273 304 320 336 

p 1.5KE350P P 1.5KE350CP 5 299 332 350 385 
1.5KE350A 1.5KE350CA 5 299 332 350 368 

p 1.5KE400P P 1.5KE400CP 5 342· 380 400 440 
1.5KE400A 1.5KE400CA 5 342 380 400 420 

p 1.5KE440P P 1.5KE440CP 5 376 418 440 484 
1.5KE440A 1.5KE440CA 5 376 418 440 462 

• Pulse test tp,;; 50 ms o < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 

In V(CL) @ lpp V(CL) @ lpp <XT c .. 
max. max. max. typ 

Vn:O 
1 ms expo 8·20 11s expo 1:1 MHz 

(rnA) (V) (A) (V) (A) (10"4/'C) (pF) 

'1 53.9 28 69.7 258 10.0 2400 
1 59.3 25.3 76.8 234 10.1 2200 
1 59.3 25.3 76.8 234 10.1 2200 
1 64.8 23.2 84 214 10.1 2050 
1 64.8 23.2 84 214 10.1 2050 
1 70.1 21.4 91 198 10.2 1950 
1 70.1 21.4 91 198 10.2 1950 
1 77 19.5 100 180 10.3 1800 
1 77 19.5 100 180 10.3 1800 
1 85 17.7 111 162 10.4 1700 
1 85 17.7 111 162 10.4 1700 

. 1 92 16.3 121 148 10.4 1550 
1 92 16.3 121 148 10.4 1550 
1 103 14.6 134 134 10.5 1450 
1 103 14.6 134 134 10.5 1450 
1 113 13.3 146 123 10.5 1350 
1 113 13.3 146 123 10.5 1350 
1 125 12 162 111 10.6 1250 
1 125 12 162 111 10.6 1250 
1 137 11 178 101 10.6 1150 
1 137 11 178 101 10.6 1150 
1 152 9.9 195 92 10.7 1050 
1 152 9.9 195 92 10.7 1050 
1 165 9.1 212 85 10.7 1000 
j 165 . 9.1 212 85 10.7 1000 
1 179 8.4 230 78 10.7 950 
1 179 8.4 230 78 10.7 950 
1 207 7.2 265 68 10.8 850 
1 207 7.2 265 68 10.8 850 
1 219 6.8 282 64 10.8 BOO 
1 219 6.8 282 64 10.8 800 
1 234 6.4 301 60 10.8 750 
1 234 6.4 301 60 10.8 750 
1 246 6.1 317 57 10.8 725 
1 246 6.1 317 57 10.8 725 
1 274 5.5 353 51 10.8 675 
1 274 5.5 353 51 10.8 675 
1 328 4.6 388 46.5 10.8 625 
1 328 4.6 388 46.5 10.8 625 
1 344 5.0 442 47 11 560 
1 344 5.0 442 47 11 560 
1 384 5.0 494 47 11 520 
1 384 5.0 494 47 11 520 
1 414 5.0 529 47 11 500 
1 414 5.0 529 47 11 sao 
1 438 4.5 564 42 11 460 
1 438 4.5 564 42 11 460 
1 482 4.0 618 37 11 430 
1 482 4.0 618 37 11 430 
1 548 4.0 706 37 11 390 
1 548 4.0 706 37 11 390 
1 603 3.5 776 33 11 360 
1 603 3.5 776 33 11 360 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 
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Fig.1 - Peak pulse power versus exponential pulse duration. 
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Fig.2 - Clamping voltage versus peak pulse current. 
exponential waveform t Q 20 ps ·-··-· 

t- 1 ms ---
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV (BR) a IX T (V (BR)) X IT j - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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1.5KE6V8P, A-> 440P, Af1.5KE6V8CP, CA -> 440CP, CA 
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Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
junction-ambient for mounting n"2 
versus pulse duration IL ~ 10 mml . 
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Fig .4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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1.5KE6V8P, A->' 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

4 C (pF) 
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Tj a 25 •c 
f ~ 1 MHZ 
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Fig.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 

Fig .Bb - Capacitance versus reverse. applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

CB-429 Plastic 

L 

note 1 L1 

Millimeters 
Ref. 

Inches 

Min. Max. Min. Max. 

0 b2 - 1.06 - 0.042 

00 - 5.1 - 0.20 

G - 9.8 - 0.386 

L 26 - 1.024 -
L, - 1.27 - 0.050 

Coohng method :by convection (method A). 

(typical values) . · 
D881.5KEP6 

G L 11 [] 

L1 note 1 

'note 2 

Notes 

1 · The lead diameter 0 b2 Is not controlled over zone L1. 

2 • The minimum axial lengh within which the 'device may be placed with 
its leads bent at right angles is 0.70" (18 mm). 

Marking :type number; white band indicates cathode for unidirectional types. 
Weight : 0.9 g. 

6/6 

618 



.BZWS0-10,8 ~ 180, B 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
5 kW /1. ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
10V~180V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES . 

DESCRIPTION 
Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial ~ 25 oc 
See note 1 

Tamb ~ 75 °C 

T1 lni!ial ~ 25 oc 
t ~ 10 ms 

Tstg Storage and Operating Junction Temperature Range 
TJ 

TL Maximum Lead Temperature for Soldering During 1 0 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for Lread ~ 1 o mm 

Note : 1. For surges upper than the maximum values, 

AG 
(Plastic) 

Value 

5 

5 

500 

- ·s5 to 150 
150 

230 

Value 

15 

Unit 

kW 

w 
A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. S Ipp Pulse IIBYB for11 10/:1000 

:1:0~ 
~--------------_.-------------+•t 
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BZW50·1 0, B ~ 180, B 

ELECTRICAL CHARACTERISTICS (Tj = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(cL) Clamping Voltage 

lpp Peak Pulse Current 

ar Temperature Coefficient of V(BR) 

c Capacitance 

tcl.amplng Clamping Time (0 volt to V(BRJ) I Unidirectional Types 

I Bidirectional Types 

Types lnM@ VnM V(BR)* @ In V(CL) @ lpp 
max. • (V) max. 

1 ms expo 

Unidirectional Bidirectional (I' A) (V) min. nom. max. (rnA) (V) (A) 

BZWS0-10 BZWS0-108 s. 10 11.1 12.4 13.6 1 18.8 266 
8ZW50-12 8ZW50-128 5 12 13.3 14.8 16.3 1 22 227 
8ZW50-15 8ZW50-158 5 15 16.6 18.5 20.4 1 26.9 186 
BZW50·18 8ZW50-188 5 18 20 22.2 24.4 1 32.2 155 
8ZW50-22 8ZW50-228 5 22 24.4 27.1 29.8 1 39.4 127 
8ZW50-27 8ZW50-278 5 27 30 33.3 36.6 1 48.3 103 
BZWS0-33 8ZW50-338 5 33 36.6 40.7 44.7 1 59 85 
8ZW50-39 8ZW50-398 5 39 43.3 48.1 53 1 69.4 72 
8ZW50-47 8ZW50-478 5 47 52 57.8 63.6 1 83.2 60.1 
8ZW50-56 8ZW50·568 5 56 62.2 69.1 76 1 99.6 50 
8ZW50-68 8ZW50·688 5 68 75.6 84 92.4 1 121 41 
8ZW50-82 8ZW50-828 5 82 91 101.2 111 1 145 34 
8ZW50-100 8ZW50-1008 5 100 111 123.5 136 1 179 28 
8ZW50-120 8ZW50-1208 5 120 133 148.1 163 1 215 23 
8ZW50-150 8ZW50-1508 5 150 166 185.2 204 1 269 19 
8ZW50-180 8ZW50-1808 5 180 200 222 244 1 322 16 

• Pulse test tp ,; 50 ms o < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 

215 

620 
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Value 

See tables 

1 ps max. 

5 ns max. 

Y(CL) @ lpp IXT C** 
max. max. typ. 

Vn=O 
8-20 11s expo 1:1 MHz 

(V) (A) (1 o-•,•c) (pF) 

23.4 2564 7.8 24000 
28 2143 8.4 18500 
35 1714 8.8 13500 
41.5 1446 9.2 11500 
51 1177 9.6 8500 
62 968 9.8 7000 
76 789 10 5750 
.go 667 10.1 4800 

108 556 10.3 4100 
129 465 10.4 3400 
157 382 10.5 3000 
189 317 10.6 2600 
228 263 10.7 2300 
274 219 10.8 1900 
343 175 10.8 1700 
410 146 10.8 1500 



BZWS0-1 0, B ~ 180, B 

Tj initial 25 oc 

I'--. 

......... 

tp (ms) expo 

- -10 2 10 1 10 102 

Fig.! - Peak pulse power versus exponential pulse duration. 

1o3 VeL (V) 

102 

Tj initial 25 °C 

,oo'~ 
50 l._ .. - ' ' Q I I t 

... ·· tr t . . .. -.. ............ 
tr ~ 10 ps 

BZr r11r .. 
... "" .... -- -· ..... ······· 

BZII 50-82 .. 
-~ 

..... 

BZi i0lliJ -. 
II II -·· ::: .. .. _ ........ .. 

.-sy n Ill _ ... ..... ··· 
... .. . .. n: • •... ....... 

Ipp (A) BZH 50 10 

10 

Fig .2 - Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 ps · 

t = 1 ms ---
t = 10 ms ---

1o4. 

Note ,: The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula: •W(BRJ =ocT(V(BR)) X !Tj- 25] X V(BR) 
For jntermetljate voltages. extrapolate the gjven results. 
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BZW50·1 0, B ~ 180, B 

P [T 25 "C] X 'o . ~ 

100 ............ 

10 
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60 
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40 

30 

20 

10 

~ 

...... ~ 

.......... 
......... ...... 

T i initial ("C) 

25 50 75 100 125 150 175 

Fig .a - Allowable power dissipation versus 
junction temperature o 

Mounting n"l 
Haunting n"2---

~ 

L (mm) 
0 

5 10 15 20 25 

Figo5 - Thermal resistance versus 
lead length 0 

th ·-a ("C/Ii) 

t..;o 

I..-
17 

,_, 

1/ 
17 

t (s) 

10 

Fig o6 - Transient thermal impedance 
junction-ambient far mounting n"2 
versus pulse duration (L Q 10 mml 0 

p (W) 
B 

5 

4 

3 

2 

Mounting n"!--
Mounting n"2---

f.- - 1,_!_ 

" 
I 

1\. I 
, 

" ... 1\. 
r- ... 

~ ... r-

lamb ("C) ... ~\ 
50 !00 150 

Fig o4 - Power dissipation versus ambient 
temperature. 

Mounting n"1 
INFINITE HEA TSINK 

Mounting n"2 
PRINTED CIRCUIT 

~.~ 
tconnexion Soldering 

10 

!! Tj Q 150"C 

Vm ~ o75 v 
rr = o029 .n __... -

~-
I.F' ,. 

Ti imtial = 
25°C --

150°C ---

vnr rvl 

0 4 B 12 16 

Fig o 7 - Peak forward curr,ent 
versus peak forward voltage drop 
(typical values for unidirectional 
types) o 
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BZWS0-1 0, B ~ 180, B 

5 C (pFI 
10 

Tj = 25 °C 

f = 1 MHZ 

~D 
~50-18 

~ 
~ --

BZioi 5o-180 

I I II I VR (V) 

10 100 500 

Fig.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) • 

DBBBZW50P5 

PACKAGE MECHANICAL DATA 

AG Plastic 

L G 

note I L1 

II~ 
-r--->-- t-- - t--------

II I 
I 
I 
I 
I 

~ b2 I 
I 

note 2 

Ref. 
Millimeters Inches 

Min. Max. Min. ·Max. 

0 b2 1.35 1.45 0.053 0.057 

io5 C (pF) 

Tj = 25 °C 

f = 1 MHZ 

t._8ZW 50-108 

8ZW 50-188 

8ZW 50-398 

8ZW 50-828 

BZH 50-1808 
I 

II II VR lVI 

10 100 500 

Fig .8b - Capacitance versus reverse applied 
voltage for bidir·ectiulldl type,; 
(typical values) • 

L "D 
L1 note 1 

I //_ 
f-r-· _,_,.,.:....... 

ill 
I 
I 
I 

~ 
I 
I 

Notes 

00 - 8 - 0.315 1 - The lead diameter 0 b2 is not controlled over zone L1• 

- -G 9 0.354 
2 - The minimum axial lengh within which the device may be placed with 

L 20 - 0.787 - its leads bent at right angles is 0.79" (20 mm). 

L, - 1.27 - 0.050 

Cooling method :by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight: 1 g. 
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~ SGS·ntOMSON SM6T6V8, A ~ 220, A 
.. 'Y I ~D~lffi©rn[Lrn~ll'lffi©ffi!lD~® sMsTsvac, A ~ 2ooc, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
600 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v --7188 v 

I • ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

5006 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
600 w See note 1 

Tamb = 25 °C 1.2 w 
Tj Initial = 25 oc 

50 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range -65 to 175 oc 
Tf 150 oc 
h Maximum Lead Temperature for Soldering During 10 s 260 oc 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. 

February 1989 

Value 

20 

1 ~Ipp iD 9 Pulse wave form 10/1000 
iOO-ot----'-

500 J _________________ _. ____________ --+• t 

i IS DBBTRANSIL 1 
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SM6T6V8, A-> 220, A/SM6T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (Tj = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

UT Temperature Coefficient of V(BR) 

c Capacitance 

- tclamping Clamping Time (0 volt to v(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM @ VRM V(BR)' @ IR V(CL) @ lpp V (CL) @ lpp "T C" 
max. (V) max. max. max. typ. 

VR:O 
1 ms expo 8·20f1S expo 1:1MHz 

Unidirec- Bidirec- Unldirec- Bldirec- (I! A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (10" 4/°C) (pF) 
tiona! tiona I tiona I tiona! 

SM6T6V8 SM6T6V8C DD LD 1000 5.5 6.12 6.8 7.48 10 10.8 55 14 250 5.7 4000 
SM6T6V8A SM6T6V8CA DE LE 1000 5.8 6.45 6.8 7.14 10 10.5 57 13.4 261 5.7 4000 
SM6T7V5 SM6T7V5C DF LF 500 6.05 6.75 7.5 8.25 10 11.7 51 15.2 230 6.1 3700 
SM6T7V5A SM6T7V5CA DG LG 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 241 6.1 3700 
SM6T10 SM6T10C DN LN 1 0 8.1 9.0 10 11 1 15 40 19.5 369 7.3 2800 
SM6T10A SM6T10CA DP LP 10 8.55 9.5 10 10.5 1 14.5 41 18.6 387 7.3 2800 
SM6T12 SM6T12C DS LS 5 9.72 10.8 12 13.2 1 17.3 35 22.7 317 7.8 2300 
SM6T12A SM6T12CA DT LT 5 10.2 11.4 12 12.6 1 16.7 36 21.7 332 7.8 2300 
SM6T15 SM6T15C DW LW 5 12.1 13.5 15 16.5 1 22 27.5 28.4 254 8.4 1900 
SM6T15A SM6T15CA DX LX 5 12.6 14.3 15 15.8 1 21.2 28 27.2 2~5 8.4 1900 
SM6T18 SM6T18C ED MD 5 14.5 16.2 18 19.8 1 26.5 22.5 34 212 8.8 1600 
SM6T18A SM6T18CA EE ME 5 15.3 17.1 18 18.9 1 25.2' 24 32.5 222 8.8 1600 
SM6T22 SM6T22C EH MH 5 17.8 19.8 22 24.2 1 31.9 18.5 41.2 175 9.2 1350 
SM6T22A SM6T22CA EK MK 5 18.8 20.9 22 23.1 1 30.6 20 39.3 183 9.2 1350 
SM6T24 SM6T24C EL ML 5 19.4 21.6 24 26.4 1 34.7 17.5 44.9 160 9.4 1250 
SM6T24A SM6T24CA EM MM 5 20.5 22.8 24 25.2 1 33.2 18 42.8 168 9.4 1250 
SM6T27 SM6T27C EN MN 5 21.8 24.3 27 29.7 1 39.1 15.5 50.5 143 9.6 1150 
SM6T27A SM6T27CA EP MP 5 23.1 25.7 27 26.4 1 37.5 16 48.3 149 9.6 1150 
SM6T30 SM6T30C EO MO 5 24.3 27 30 33 1 43.5 13.5 56.1 128 9.7 1075 
SM6T30A SM6T30CA ER MR 5 25.6 28.5 30 31.5 1 41.4 14.5 53.5 134 9.7 1075 
SM6T33 SM6T33C ES MS 5 26.8 29.7 33 36.3 1 47.7 12.5 61.7 117 9.8 1000 
SM6T33A SM6T33CA. ET MT 5 28.2 31.4 33 34.7 1 45.7 13.1 59 122 9.8 1000 
SM6T36 SM6T36C EU MU 5 29.1 32.4 36 39.6 1 52 11.5 67.3 107 9.9 950 
SM6T36A SM6T36CA EV MV 5 30.8 34.2 36 37.8 1 49.9 12 64.3 112 9.9 950 
SM6T39 SM6T39C EW MW 5 31.6 35.1 39 42.9 1 56.4 10.6 73 99 10.0 900 
SM6T39A SM6T39CA EX MX 5 33.3 37.1 39 41 1 53.9 11.1 69.7 103 10.0 900 
SM6T66 SM6T66C FP NP 5 55.1 61.2 66 74.8 1 96 6.1 127 57 10.4 625 
SM6T68A SM6T66CA FO NO 5 56.1 64.6 66 71.4 1 92 6.5 121 59.5 10.4 625 
SM6T100 SM6T100C FX NX 5 81 90 100 110 1 144 4.2 167 36.5 10.6 500 
SM6T100A SM6T100CA FY NY 5 85.5 95 100 105 1 137 4.4 176 40.5 10.6 500 
SM6T150 SM6T150C GK OK 5 121 135 150 165 1 215 2.8 277 26 10.8 400 
SM6T150A SM6T150CA GL OL 5 128 143 150 158 1 207 2.9 265 27.2 10.8 400 
SM6T200 SM6T200C GT OT 5 162 180 200 220 1 287 2.1 370 19.4 10.8 350 
SM6T200A SM6T200CA GU ou 5 171 190 200 210 1 274 2.2 353 20 4 10.8 350 
SM6T220 GV 5 l78 198 220 242 1 316 1.9 406 17.7 10.8 330 
SM6T220A GW 5 186 209 220 231 1 301 2 388 18.6 10.8 330 

• Pulse test tp ,; 50 ms o < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

ORDER CODE 

SM 6 T 6V8 CA 

S"ri•oo Mo"o<d,;i" ___] f J T 

Power range: 6 - 600 W ~ 
TRANSIL: T 

Tolerances: with suffix A ± 5% 
without suffix ± 1 0 % 

PACKAGE MECHANICAL DATA 

SOD 6 Plastic 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

L------ VsR voltage range 

Millimetres Inches 
Ref. 

Min. Max. Min. 
c A 2.8 3.2 0.110 

B 6.0 6.4 0.236 
c 3.8 4.2 0.150 
D 2.5 3.1 0.098 

F E - 0.1 -
F 0.9 1.3 0.035 

Laser marking. 
The logo indicates cathode for unidirectional types. 

OBBSOO 

FOOT PRINT DIMENSIONS (Millimeters) 

r''t" ,, r,~ 1 

L~ ~ 
DBBSODB 

Max. 

0.126 
0.252 
0.165 
0.122 
0.004 
0.051 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C,. A 

4/6 
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~n (W) 

Tj initial 25 °C 

1--. II II II II II 
VsR < 10 V ........... 
10 V ,;; VsR < 250 V 

····· !-... 

... 
····· :::,._ 

f"'., 

tp (ms) expo 

10 10-3 10 

103 

102 

10 

Fig.1 - Peak pulse power versus exponential pulse duration. 

VeL (V) 

Sl•l6f 220A .......... .... 
••••• 0 

~1.50A:··:::. ········· ..... ····· 
SMBT 68A 

SMBT 39A 

SM6-.r 21A 

SMS+ JA 

SMBT BVBA 

•········ .... . ...... 

............... 

·············· 

Tj initial - 25 °C 

········ .... 

1-::. - 1- .......... ::::·· .•• .... ..... .. ····· 

Ipp (A) 

10 

F1g.2 - Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ......... . 

t = 1 ms --
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : LIV (BR) =exT (V (BRl l X [T i - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 
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P [T 25 •c1 % -p . -
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I'-, 
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....... r-... 
....... r-... 

Tj initial r•cJ 
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Fig .:a - Allowable power dissipation versus 
junction temperature. 

R r•c;wJ th -a 

1\ 

" 'r-.. ---

S (Cu) (cm2) 

2 4 5 

Fig.5 - Thermal resistance junction-
ambient versus Cu surface (printed circuit) . 

102 z r•c;wJ th -a 
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10 

Fig. 6 - Transient thermal impedance 
junction-ambient versus pulse duration. 

088St.I6TP5 
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I I 
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' 1'.. 
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1'-
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Fig.4 - Power dissipation versus ambient 
temperature. 
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!l Tj = 150"C 

Vro = .• B v 
.rr = .06 n , , 

/, 
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V' 

//_ 
·Ti initial 

25"C --
150"C ---

I 

I 
I i 
I VFM (V) 

0 2 

Fig. 7 - Peak forward current 
versus peak forward voltage drop 
~ypical values for unidirectional 
types) . 
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SM6T6V8, A-> 220, A/SM6T6V8C, A-> 200C, A 

4 C (pF) 
10 

~VBA 
~.15A· 
~30A 
~A 
~T 200A 

10 

:--,..__ 

10 

Ti = 25 •c 
f = 1 MHz 

VA (V) 

100 500 

Fig.Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) • 
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4 C (pF) 
10 

SMBf 6VBCA 

~T 15CA 

~MBT 30CA 
SM6T 6BCA 

~MBT 200CA 

10 
10 

Tj - 25 •c 
f = 1 MHZ 

VR (V) 

100 500 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidi"rectional types 
(typical values) . 
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~ SGS·ntOMSON SM15T6V8, A ---7_220, A 6.., I ~D©!Rl©rnlbrn©TI'!Rl©~D©@ SM15T6vac, A ---7 2ooc, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
1.5 kW I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.5 v~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SOD 15 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 1500 w 
See note 1 

Tamb = 25 °C 1.7 w 
T1 Initial = 25 oc 150 A 

t = 10 ms 

Tstg Storage and Operating Junction Temperature Range -65 to 175 oc 
Ti 

TL Maximum Lead Temperature for Soldering During 10 s 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1, For surges upper than the maximum values, 
- the diode will present a short-circuit anode-cathode. 

February 1989 

150 oc 
260 oc 

Value 

10 

1 ~Ipp iO 9 Pulse wave form iO/iOOO 

i::o ; 
~----------------~--------------+•'t 

i 89 DBBTRANSIL1 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

UT Temperature Coefficient of v(BR) 

c Capacitance 

!clamping Clamping Time (0 volt to v(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking lnM @ VnM V (aR) 0 @ '• V (CL) @ lpp V (CL) @ lpp !IT C" 
max. (V) max. max. max. typ. 

Vn=O 
1 ms expo 8-20)lS expo 1:1 MHz 

Unldlrec- Bldlrec- Unidlrec- Bldlrec- ()lA) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o·4/°C) (pF) 
tiona! Ilona! Ilona! Ilona! 

SM15T6V8 SM15T6V8C MOD BOD 1000 5.5 6.12 6.8 7.48 10 10.8 139 14 714 5.7 9500 
SM15T6V8A SM15T6V8CA MOE BDE 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
SM15T7V5 SM15T7V5C MDF BDF 1000 6.05 6.75 7.5 8.25 10 11.7 128 15.2 660 6.1 8500 
SM15T7V5A SM15T7V5CA MDG BOG 1000 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 8500 
SM15T10 SM15T10C MDN BON 10 8.1 9.0 10 11 1 15 100 19.5 928 7.3 7000 
SM15T10A SM15T10CA MOP BOP 10 8.55 9.5 10 10.5 1 14.5 103 18.6 968 7.3 7000 
SM15T12 SM15T12C MDS BDS 5 9.72 10.8 12 13.2 1 17.3 87 22.7 793 7.8 6000 
SM15T12A SM15T12CA MDT BOT 5 10.2 11.4 12 12.6 1 16.7 90 21.7 829 7.8 6000 
SM15T15 SM15T15C MOW BOW 5 12.1 13.5 15 16.5 1 22 66 26.4 634 6.4 5000 
SM15T15A SM15T15CA MDX BOX 5 12.8 14.3 15 15.8 1 21.2 71 27.2 662 8.4 5000 
SM15T18 SM15T18C MED BED 5 14.5 16.2 18 19.8 1 26.5 56.5 34 529 8.8 4300 
SM15T18A SM15T18CA MEE BEE 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 554 8.8 4300 
SM15T22 SM15T22C MEH BEH 5 17.8 19.8 22 24.2 1 31.9 47 41.2 437 9.2 3700 
SM15T22A SM15T22CA MEK BEK 5 18.8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 3700 
SM15T24 SM15T24C MEL BEL 5 19.4 21.6 24 26.4 1 34.7 43 44.9 401 9.4 3500 
SM15T24A SM15T24CA MEM BEM 5 20.5 22.8 24 25.2 1 33.2 45 42.8 421 9.4 3500 
SM15T27 SM15T27C MEN BEN 5 21.8 24.3 27 29.7 1 39.1 38.5 50.5 356 9.6 3200 
SM15T27A SM15T27CA MEP BEP 5 23.1 25.7 27 28.4 1 37.5 40 48.3 373 9.6 3200 
SM15T30 SM15T30C MEQ BEO 5 24.3 27 30 33 1 43.5 34.5 56.1 321 9.7 2900 
SM15T30A SM15T30CA MER BER 5 25.6 28.5 30 31.5 1 41.4 36 53.5 336 9.7 2900 
SM15T33 SM15T33C MES BES 5 26.8 29.7 33 36.3 1 47.7 31.5 61.5 292 9.8 2700 
SM15T33A SM15T33CA MET BET 5 28.2 31.4 33 34.7 1 45.7 33 59 305 9.8 2700 
SM15T36 SM15T36C MEU BEU 5 29.1 32.4 36 39.6 1 52 29 67.3 267 9.9 2500 
SM15T36A SM15T36CA MEV BEV 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 2500 
SM15T39 SM15T39C MEW BEW 5 31.6 35.1 39 42.9 1 56.4 26.5 73 246 10.0 2400 
SM15T39A SM15T39CA MEX BEX 5 33.3 37.1 39 41 1 53.9 28 69.7 258 10.0 2400 
SM15T68 SM15T68C MFN BFN 5 55.1 61.2 68 74.8 1 98 15.3 127 142 10.4 1550 
SM15T68A SM15T68CA MFP BFP 5 58.1 64.6 68 71.4 1 92 16.3 121 148 10.4 1550 
SM15T100 SM15T100C MFW BFW 5 61 90 100 110 1 144 10.4 167 96 10.6 1150 
SM15T100A SM15T100CA MFX BFX 5 85.5 95 100 105 1 137 11 178 101 10.6 1150 
SM15T150 SM15T150C MGH BGH 5 121 135 150 165 1 215 7 277 65 10.8 850 
SM15T150A SM15T150CA MGK BGK 5 128 143 150 158 1 207 7.2 265 68 10.8 850 
SM15T200 SM15T200C MGU BGU 5 162 180 200 220 1 287 5.2 370 48.5 10.8 675 
SM15T200A SM15T200CA MGV BGV 5 171 190 200 210 1 274 5.5 353 51 10.8 675 
SM15T220 MGW 5 175 198 220 242 1 344 4.3 406 44.5 10.8 625 
SM15T220A MGX 5 185 209 220 231 1 328 4.6 388 46.5 10.8 625 

• Pulse test tp s 50 ms li< 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM15T6V8, A-> 220, A/SM15T6V8C, A-> 200C, A 

ORDER CODE 

Surface Mount device 

Power range : 15 - 1500 W 

TRANSIL: T 

SM 15 T 6V8 _]=UJ -.- CA 

Tolerances: with suffix A ± 5% 
without suffix ± 1 0 % 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

'------ VsR voltage range 

PACKAGE MECHANICAL DATA 

SOD 15 Plastic 

F 

DBBSOD 

FOOT PRINT DIMENSIONS (Millimeters) 

Ref. 
Milllmetres Inches 

Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
8 7.6 8.0 0.300 0.315 
c 4.8 5.2 0.190 0.200 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 1.3 1.7 0.051 0.067 

Laser marking. 
The logo indicates cathode for unidirectional types. 

5,08 

DBBSOD15 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 
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Fig. 1 - Peak pulse power versus exponential pulse duration. 
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Fig.2 - Clamping voltage versus peak pulse c'urrent. -
exponential waveform t = 20 ~s .......... 

t = 1 ms ---
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : t.V (BR) •IX T (V (BAll X [T l - 25) X V (BR) 
For intermediate voltages, extrapolate the given results. 
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Sliii15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 
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Fig .:3 - Allowable power dissipation versus 
junction temperature. 
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Fig .5 - Thermal resistance junction-
ambient versus Cu surface (printed circuit) • 
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Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
~ypical values for unidirectional 
types). 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

6/6 
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Fig .Sa - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) . 
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• BIDIRECTIONAL DEVICE USED TO TELE
PHONE PROTECTION 

• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vott) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 

ABSOLUTE RATINGS (limiting values) (Ti = 25 'C- L = 10 mm) 

Symbol Parameter 

p Power Dissipation on Infinite Heatsink Tamb =50 °C 

lpp Peak Pulse Current 1 ms expo 

8-20 11s expo 

;TSM Non Repetitive Surge Peak on-state Current tp = 20 ms 

di/dt Critical Rate of Rise of on-state Current Non Repetitive 

dv/dt Critical Rate of Rise of off-state Voltage 67% V(BRl min 

Tstg Storage and Operating Junction Temperature Range 
Tj 

h Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCES 

Symbol Parameter 

Rth(j-1) Junction-leads on Infinite Heatsink I L = 10 mm 
Rth(j-a) Junction-ambient on Printed Circuit 

March 1989 

TPA SERIES 

F 126 
(Plastic) 

Value 

1.7 

50 

100 

30 

·100 

5 

-40 to 150 
150 

230 

Value 

60 
100 

TRISIL 

Unit 

w 
A 

A 

Af!lS 

kV/11s 
oc 
oc 
oc 

Unit 

oc;w 
oc;w 
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TPA SERIES 

ELECTRICAL CHARACTERISTICS 
(Ti = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

VT On-state Voltage : 2.5 V typ. @ IT = 1 A 
(tp = 300 (.15) 

Types IRM @ VRM 
max. 

((.lA) (V) 

TPA62A - 12 or 18 2 56 
(1) TPA62B -12or18 2 56 

TPA6BA -12or1B 2 61 
(1) TPA68B -12or18 2 61 
(1) TPA75A -12or18 2 67 
(1) TPA75B -12or1B 2 67 
(1) TPAB2A -12or1B 2 74 
(1) TPA82B -12or18 2 74 
(1) TPA91A - 12 or 18 2 82 
(1) TPA91B - 12 or 1B 2 B2 
P TPA100A - 12 or 18 2 90 

TPA100B- 12 or 18 2 90 
TPA110A- 12 or 18 2 99 
TPA110B -12 or 18 2 99 

p TPA120A - 12 or 18 2 108 
TPA120B- 12 or 1B 2 10B 

p TPA130A - 12 or 18 2 117 
TPA130B- 12 or 18 2 117 

(1) TPA150A - 12 or 1B 2 135 
(1) TPA150B - 12 or 1B 2 135 
(1) TPA160A - 12 or 18 2 144 
(1) TPA160B - 12 or 1B 2 144 
(1) TPA1BOA - 12 or 1B 2 162 
(1) TPA180B - 12 or 18 2 162 
(1) TPA200A - 12 or 18 2 180 
(1) TPA200B - 12 or 1B 2 1BO 
P TPA220A -12or1B 2 19B 

TPA220B- 12 or 18 2 19B 
p TPA240A - 12 or 18 2 216 

TPA240B- 12 or 1B 2 216 
p TPA270A - 12 or 18 2 243 

TPA270B- 12 or 18 2 243 

P : Preferred device. 
(1) : These volages are on request. Consult us. 
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rpp - Transrent 
operatron 

Standby 

,; i-----··---j:J~Mn 
lmA .. ---------j---
Im.• ~----- - v 

r 

DBBTAIS!L3 

V(eR)@ IR Vee leo IH 
min. max. max. min. 

(V) (rnA) (V) . (rnA) (rnA) 

62 1 82 800 
62 1 75 800 
6B 1 90 BOO 
68 1 B2 BOO 
75 1 100 800 
75 1 91 BOO 
B2 1 109 300 
82 1 99 300 
91 1 121 300 
91 1 110 300 

12 Suffix 
100 1 133 300 

for 120 mA 
100 1 121 300 
110 1 147 300 
110 .1 133 300 
120 1 160 300 
120 1 145 300 
130 1 173 300 
130 1 157 300 
150 1 200 300 
150 1 1B1 300 18 Suffix 
160 1 213 300 for 1BO mA 
160 1 193 300 
1BO 1 240 300 
180 1 217 300 
200 1 267 300 
200 1 241 300 
220 1 293 300 
220 1 265 300 
240 1 320 300 
240 1 289 300 
270 1 360 300 

' 270 1 325 300 
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Fig .1 - Power dissipation versus ambient 
temperature. 
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Fig.S - Transient thermal impedance 
junction-ambient for mounting n"2 
versus pulse duration (L = 10 mm) . ~ 
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Fig.4 - Non repetitive surge peak on-state 
current versus number of cycles. 

OBBTPAP3 

TPA SERIES 

Rth ("C/WI 
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BO 
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Fig.2 - Thermal resistance versus 
lead length. 
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Fig. 5 - Peak forward current 
versus peak forward voltage drop 
(typical values) . 
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TPA SERIES 

1.0 
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Fig.B- Relative variation of holding 
current versus junction temperature. 

PACKAGE MECHANICAL DATA 

F 126 Plastic 

26m"n I 

~~ 

/;' 

~ax 

150 

6 35 max 

2 C (pF) 
10 

......... 

10 

.......... 

10 

Ti = 25 •c 
f = 1 MHZ 

-
VR (V) 

100 500 

Fig.?- Capacitance versus reverse 
applied voltage. 

DBBTPAP4 

26min 

.. ~~ax 

// 
- I-- ----7".1-- - -------1- --11-----

// 

1210,76 
0,86 

Cooling method :by conduction (method A) 
Marking : type number 
Weight : 0.4 g 
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• BIDIRECTIONAL DEVICE USED TO TELE
PHONE PROTECTION 

• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Van) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 

ABSOLUTE RATINGS (limiting values) (Tamb = 25 "C- L = 10 mm) 

Symbol Parameter 

p Power Dissipation on Infinite Heatsink Tamb =50 °C 

lpp Peak Pulse Current 1 ms expo 

8-20 J.!S expo* 

lrsM Non Repetitive Surge Peak on-state Current tp = 20 ms 

dildt Critical Rate of Rise of on-state Current Non Repetitive 

dv/dt Critical Rate of Rise of off-state Voltage 67% V1sR) min 

Tstg Storage and Operating Junction Temperature Range 
Ti 

lL Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCES 

Symbol Parameter 

Rth!i-ll Junction-leads on Infinite Heatsink I L = 10 mm 
Rth(j-a) Junction-ambient on Printed Circuit 

March 1989 

TPB SERIES 

CB 429 
(Plastic) 

Value 

5 

100 

150 

50 

100 

5 

-40 to 150 
150 

230 

Value 

20 
75 

TRISIL 

Unit 

w 
A 

A 

Alj.!S 

kV/J.!S 
oc 
oc 
oc 

Unit 
oc;w 
oc;w 
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TPB SERIES 

ELECTRICAL CHARACTERISTICS 
(Ti = 25 oc) 

Symbol Parameter 

VRM Stand-off Voltage 

VeR Breakdown Voltage 

Veo Clamping Voltage 

IH Holding Current 

VT On-state Voltage : 1.6 V typ. @ IT = 1 A 
(tp = 300 f.LS) 

Types IRM @ VRM 
max. 

(f.LA) (V) 

TPB62A -12or18 2 56 
(1) TPB62B . - 12 or 18 2 56 

TPB68A - 12 or 18 2 61 
(1) TPB68B -12or18 2 61 
(1) TPB75A -12or18 2 67 
(1) TPB75B -12or18 2 67 
(1) TPB82A -12or18 2 74 
(1) TPB82B -12or18 2 74 
(1) TPB91A -12or18 2 82 
(1) TPB91B - 12 or 18 2 82 
P TPB100A- 12 or 18 2 90 

TPB100B- 12 or 18 2 90 
TPB110A- 12 or 18 2 99 
TPB110B- 12 or 18 2 99 

p TPB120A - 12 or 18 2 108 
TPB 1208 - 12 or 1 8 2 108 

p TPB130A - 12 or 18 2 117 
TPB 1308 - 12 or 18 2 117 

(1) TPB150A - 12 or 18 2 135 
(1)TPB150B -12or18 2 135 
(1) TPB160A - 12 or 18 2 144 
(1)TPB160B -12or18 2 144 
(1) TPB180A- 12 or 18 2 162 
(1) TPB180B - 12 or 18 2 162 
(1) TPB200A - 12 or 18 2 180 
(1) TPB200B - 12 or 18 2 180 
P TPB220A - 12 or 18 2 198 

TPB220B- 12 or 18 2 198 
p TPB240A- 12 or 18 2 216 

TPB240B - 12 or 18 2 216 
p TPB270A- 12 or 18 2 243 

TPB2708- 12 or 18 2 243 

P : Preferred device. 
(1) :These voltages are on request. Consult us. 
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lpp - Transmnt 
operation _ 

Standby 

'" : ' ope/'"""" •aa :···:··--··· ·-] 
1mA ·--------- ---

IRM ~----. V 

r 

OBBTRISIL3 

v<BR)@ IR Veo leo IH 
min. max. max. min. 

(V) (mA) (V) (mA) (mA) 

62 1 82 800 
62 1 75 800 
68 1 90 800 
68 1 82 800 
75 1 100 800 
75 1 91 800 
82 1 109 300 
82 1 99 300 
91 1 121 300 
91 1 110 300 

12 Suffix 
100 1 133 300 

for 120 mA 
100 1 121 300 
110 1 147 300 
110 1 133 300 
120 1 160 300 
120 1 145 300 
130 1 173 300 
130 1 157 300 
150 1 200 300 
150 1 181 300 18 Suffix 
160 1 213 300 for 180 mA 
160 1 193 300 
180 1 240 300 
180 1 217 300 
200 1 267 300 
200 1 241 300 
220 1 293 300 
220 1 265 300 
240 1 320 300 
240 1 289 300 
270 1 360 300 
270 1 325 300 



TPB SERIES 
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Fig .1 - Power dissipation versus ambient. 
temperature. 
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Fig.2 - Thermal resistance versus 
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Fig.3 - Transient thermal impedance 
junction-ambient for mounting n"2 
versus pulse duration (L ~ 10 mm) . 
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Fig.4 - Non repetitive surge peak on-state 
current versus number of cycles. 
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Fig .5 - Peak forward current 
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TPB SERIES 
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Fig.B- Relative variation of holding 
current versus junction temperature 

PACKAGE MECHANICAL DATA 

CB 429 Plastic 

2 6 min. 

10 

10 
150 

98 max. 

3 C (pF) 

Tj - 25 •c 
f - 1 MHz 

-1-

VR {V) 

10 l.OO 500 

Fig.7 - Capacitance versus reverse 
applied voltage. 

DBBTPBP4 

26 m"n '. 

r-· !--:------- ---.-·- - ~ 

0 1,06max. 

Cooling method : by conduction (method A) 
Marking : type number 
Weight: 0.9 g 
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• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Yoll) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTICS (Von) 

• AUTOMATIC RECOVERY AFTER SURGE 

DESCRIPTION 
The LS5018B, LS5060B and LS5120B/B1 are bidi

' rectional transient overvoltage suppressor desi-
1 gned to protect sensitive components in electronic 

telephones and telecommunication equipments 
against transient caused by lightning, induction from 
power lines, etc. 

ABSOLUTE RATINGS (limiting values) (Ti = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 

LS5018B/LS5060B 
LS5120B/LS512081 

BIDIRECTIONAL TRISIL 

1 ms expo 

8-20 J.LS expo* 

Minldlp 
(Plastic) 

Value 

100 

500 

Unit 

A 

lrsM Non Repetitive Surge Peak on-state Current tp = 20 ms - Sinus 50 A 

di!dt Critical Rate of Rise of on-state Current Non repetitive 100 NJ.LS 

Tstg Storage and Junction Temperature Range -40 to 150 oc 
r, 150 oc 

THERMAL RESISTANCE 

Parameter Value 

Junction to Ambient 80 

• ANSI STD C62. Pulse wave form 

50 

0 ~~------------•t 
OB9TRISIL4 

April1989 1/3 
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LS50188/LS50608/LS51208/LS512081 

ELECTRICAL CHARACTERISTICS 
I 

(Ti = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage Ipp ---

VsR Breakdown Voltage IT ---
I 

Vso Clamping Voltage I 
I 
I 

Holding Current I so 
I 

IH =-g IH 
VT On-state Voltage @ IT I" I 

1 rnA 
I I ---r------------- I 

I so Breakover Current IRM ---L------- I I I I I 

v 
lpp Peak-pulse Current See note i 

Vr VRM VsR Vso 
089TRISIL5 

Type IRM@ VRM V(BR)@ IR Veo@ leo IH VT c 
max. min. max. min. typ. max. min. typ. max. 

See note 2 IT= 1 A VR = 5 V 
F = 1 MHz 

(J.LA) (V) (V) (mA) (V) (mA) (mA) (mA) (mA) (V) (pF) 

LS5018B 5 16 17 1 22 1300 200 2 150 

LS5060B 10 50. 60 1 85 1000 200 2 150 

LS5120B 20 100 120 1 180 500 1250 250 2 150 

LS5120B1 20 100 120 1 180 500 1250 200 2 150 

Notes : 1. Same characteristic both sides. 
2. These devices are not designed to function as zeners ; continuous operation between 1 mA and leo will damage .them. 

PACKAGE MECHANICAL DATA 

MINIDIP Plastic 

2/3 

646 

H w 
POOI·FWI 

CONNECTION DIAGRAM 

1 8 

2 7 

3 6 

4 5 

DBSTRISIU.O 



1.1 
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Fig.1 - Relative variation of holding 
current versus ambient temperature. 
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Fig.3 - Relative variation of leakage 
current versus ambient temperature. 
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Fig.5- On-state voltage versus on-state 
current (typical values) • 
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Fig.2 - Relative variation of breakdown · 
voltage versus ambient temperature. 
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Fig.4 - Junction capacitance versus 
reverse applied voltage. 
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Fig.B - Non repetitive surge peek on-state 
current versus number of cycles. 
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L3100B 
L310081 

TRISIL 
UNIDIRECTIONAL PROGRAMMABLE VOLTAGE AND CURRENT SUPPRESSOR 

" HIGH CURRENT CAPABILITY 
• PROGRAMMABILITY BOTH INVOLTAGEAND 

CURRENT 
• AUTOMATIC RECOVERY 

DESCRIPTION 

The L3100B/B1 is a transient overvoltage suppres
sor/overcurrent arrester designed to protect sensi
tive components in electronic telephones and 
telecommunication equipments against transients 
caused by lightning, induction from power lines, etc. 

The L31 008/81 characteristic, that is its firing volt
age and current, can be easily programmed by 
means of inexpensive external components ; more 
over, since this device recoveres automatically 
when the surge current falls below a fixed holding 
current, it may be used on remotely supplied lines. 
Finally, if destroyed, it becomes a permanent short 
circuit. 

ABSOLUTE RATINGS (limiting values) (Ti = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 1 ms expo 

8-20 J.lS expo• 

hsM Non Repetitive Surge Peak on-state Current tp = 10 ms- Sinus 

dildt Critical Rate of Rise of on-state Current Non repetitive 

Tstg Storage and Junction Temperature Range 
Tj 

THERMAL RESISTANCE 

Parameter 

April1989 

Minidip 
(Plastic} 

Value 

150 

250 

50 

100 

-40 to 150 
150 

Value 

80 

Pulse wave form 

Unit 

A 

A 

A/J.lS 
oc 
oc 

1/4 
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L3100B/B1 

ELECTRICAL CHARACTERISTICS 
(Ti = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

Vr On-state Voltage @ lr 

leo Breakover Current 

lpp Peak-pulse Current 

VGN Gate Voltage 

IGN Firing Gate N Current 

VRGN Reverse Gate N Voltage 

IGP Firing Gate P Current 

OPERATION WITHOUT GATE 

Type IRM@ VRM VeR 
max. min. max. 

(J.LA) (V) (V) (Y) 

L3100B/B1 6 60 255 (3) 
40 250 265 (4) 

OPERATION WITH GATES 

Type VGN 
(Vj· 

See note 1 

@ IR Vee@ leo 
max. min. max. 

See note 2 

(rnA) (V) (rnA) (rnA) 

1 350 200 500 

IGN 
(rnA) 

I 
I 
I 
I 
I r--------------
1 
I 
I 
I 
I 

IH 
min. 

(rnA) 

210 (3) 
280 (4) 

VRGN 
(V) 

Vr 
typ. 

lr = 1 A 

(V) 

2 

ll89TRISIL5 

c 
max. 

VR = 5 v 
F = 1 MHz 

(pF) 

100 

IGP 
(rnA) 

IG = 200 rnA VA- C = 100 V IG =- 1 rnA VA- C = 100 V 

min. max. min. max. min. max. min. max. 

L3100B/B1 0.6 1.8 30 200 0.7 150 

Notes : 1. Reverse characteristic: IR < 1 rnA@ VR = 0.7V. 
2. These devices are not designed to function as zeners ; continuous operation between 1 rnA and 190 will damage them . 

. 3. L3100B1 
4. L3100B 

2/4 

650 



PACKAGE MECHANICAL DATA 

MINIDIP Plastic 

CONNECTION DIAGRAM 

GATE-N [ 1 

N.C. [ 2 

GATE-P [ 3 

CATHODE [ 4 

DBSTRISILB 

~ 
~ 

8 ~ 

7 ~ 

6 1 
ANODE 

5 ) 

L31008/81 

P001·FW1 

SCHEMATIC DIAGRAM 

ANODE 

CATHODE 

3/4 
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L31008/81 

1.2 
IH [T amb g 25 •cJ 

1.1 ...... 
I'-

....... !'-.... 
'I"--

1.0 

....... 
...... 

I'-
0.9 

I'-
0.8 

T amb (•C) 
0.7 

0 25 50 

Fig.i - Relative variation of holding 
current versus ambient temperature. 

103 IR [T amb = 25 •c] 
l=vR = 60 v ---

VR = 250 V --

L.o-" 

10 

!-'""" 
.;..-

-

75 

-

Tamb (•C) 
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25 50 

Fig.3 - Relative variation of leakage 
current versus ambient temperature. 
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Fig.2 - Relative variation of breakdown 
voltage versus ambient temperature. 
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Fig.4 - Junction capaCitance ver-sus 
reverse applied voltage. 
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DIP-6 H 

MINIDIP H PLASTIC 

}[H~ 
~~ 0.5 ~ 

' 1 27 ' 

8 LEAD PLASTIC MINIDIP 

PACKAGES 

Q .... a 
P001-F6 
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PACKAGES 

14 LEAD PLASTIC DIP 

16 LEAD PLASTIC DIP 

DIP-18 PLASTIC 
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PACKAGES 

20 LEAD PLASTIC DIP 

fa 
I I 
~ 

DIP-24 PLASTIC 

DIP-28 PLASTIC 
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PACKAGES 

SO-BJ 

S0-14J 

S0-16J 
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PACKAGES 

S0-20L 

S0-28 11.5 to 12.7 

PLCC - 44 PLASTIC CHIP CARRIER 
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SALES OFFICES 

AUSTRALIA 

NSW 2027 EDGECLIFF 
Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel. (61-2) 327.39.22 
Telex: 071 126911 TCAUS 
Telefax: (61-2) 327.61.76 

BRAZIL 

05413 SAO PAULO 
R. Henrique Schaumann 286-CJ33 
Tel. (55-11) 883-5455 
Telex: (39-11) 37988 "UMBR BR" 

CANADA 

BRAMPTON, ONTARIO 
341 Main St. North 
Tel. ( 416) 455-0505 
Telefax: 416-455-2606 

CHINA 

BEIJING 
Beijing No. 5 Semiconductor 
Device Factory 
14 Wu Lu Tong Road 
Da Shang Mau Wai 
Tel. (861} 2024378 
Telex 222722 STM CH 

DENMARK 

2730 HERLEV • 
Herlev Torv, 4 
Tel. (45-2) 94.85.33 
Telex: 35411 
Telefax: (45-2) 948694 

FRANCE 

. 94253 GENTILL Y Cedex 
7 - avenue Gall1eni - BP. 93 
Tel.: (33-1) 47.40.75.75 
Telex: 632570 STMHQ 
Telefax: (33-1} 47.40.79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel. (33) 88.25.49.90 
Telex: 870001F 
Telefax: (33} 88.22.29.32 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel. (852-5} 8615788 
Telex: 60955 ESGIES HX 
Telefax: (852-5) 8656589 

INDIA 

NEW DELHI 110048 
Liason Off1ce 
S114, Greater Kailash Part 2 
Tel. (91) 6414537 
Telex: 31-62000 SGSS IN 

ITALY 

20090 ASSAGO (Ml) 
V.Je M1lanofiori - Strada 4 - Palazzo A/4/A 
Tel. (39-2) 89213.1 (10 linee) 
Telex: 330131 - 330141 SGSAGR 
Telefax: (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Via R. Fucini, 12 
Tel. (39-51} 591914 
Telex: 512442 
Telefax: (39-51) 591305 

00161 ROMA 
V1a A. Torlonia, 15 
Tel. (39-6} 8443341/2/3/4/5 
Telex: 620653 SGSATE I 
T elefax: (39-6) 84444 7 4 

JAPAN 

TOKYO 141 
Shinagawa-Ku, Nishi Gotanda 
8-11-7, Collins Bldg 8 
Tel. (81-3) 491-8611 
T elefax: (81-3} 491-8735 

KOREA 

SEOUL 121 
8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel. (82-2) 553-0399 
Telex: SGSKOR K29998 
Telefax: (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
D1llenburgstraat 25 
Tel.: (31-40) 550015 
Telex: 51186 
Telefax: (31-40} 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
T elefax: (65) 4820240 

SPAIN 

08021 BARCELONA 
Calle Platen, 6 4th Floor, 5th Door 
Tel. (34-3) 2022017-2020316 
Telefax: (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telex: 27060 TCCEE 
T elefax: (34-1} 4031134 

SWEDEN 

S-16421 KISTA 
Borgar!jordsgatan, 13 - Box 1094 
Tel.: (46-8) 7939220 
Telex: 12078 THSWS 
Telefax: (46-8} 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVE) 
Chemin Franvois-Lehmann, 18/A 
Tel. (41-22) 7986462 
Telex: '415493 STM CH 
Telefax: (41-22} 7984869 

TAIWAN 

KAOHSIUNG 
7FL-2 No 
5 Chung Chen 3rd Road 
Tel. (886-7} 2011702 
Telefax: (886-7) 2011703 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel. (886-2} 755-4111 
Telex: 10310 ESGIE TW 
Telefax: (886-2) 755-4008 

UNITED KINGDOM 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel.: (44-628) 890800 
Telex: 847458 
Telefax: (44-628} 890391 



U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1 000 East Bell Road 
Phoenix, AZ 85022 
(1)·(602) 867·6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville - (205) 533-5995 

ARIZONA 
Phoenix • (602) 867-6340 

CALIFORNIA 
Irvine • (714) 250-0455 
San Jose - (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

GEORGIA 
Norcross - (404) 242-7444 

ILLINOIS 
Schaumburg- (312) 517-1890 

MARYLAND 
Columbia- (301) 995-6952 

MASSACHUSSETTS 
Waltham - (617) 890-6688 

NEW JERSEY 
Voorhees - (609) 772-6222 

OREGON 
T1gard - (503) 620-5517 

TEXAS 
Austin- (512) 339-4191 
Carrollton - (214) 466-8844 

WASHINGTON 
Seattle - (206) 524-6421 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A. 

CALIFORNIA 
Hawthorne- (213) 675-0742 

NEW JERSEY 
Totowa- (201) 890-0884 

PENNSYLVANIA 
Montgomeryville - (215) 362-8500 

TEXAS 
Carrollton - (214) 466-8844 

SALES OFFICES 

WEST GERMANY 

6000 FRANKFURT M1 
Gutleutstrabe 322 
Tel. (49-69) 237492 
Telex: 176997 689 
Telefax: (49·69) 231957 
Teletex: 6997689 =STVBP 

8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel.: (49-89) 460060 
Telex: 528211 
Telefax: ( 49-89) 4605454 
Teletex: 897107 = STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel. (49-511) 634191 
Telex 175118418 
Teletex: 5118418 csfbeh 
Telefax: (49·511) 633552 

8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 
Telefax: (49·911) 5980701 

5200 SIEGBURG 
Frankfurter Str. 22a 
Tel. (49-2241) 660 84-86 
Telex: 889510 
Telefax: (49-2241) 67584 

7000 STUTTGART 1 
_Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 
Telex: 721718 
Telefax: (49-711) 691408 
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