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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 54-S 
SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectromcs. As 
used herein: 

1. Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when prop
erly used in accordance with instructions for use pro
vided with the product, can be reasonably expected to 
result in significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can reason
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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INTRODUCTION 

SGS-THOMSON IN TELEPHONE SET IC MARKET: 
THE WORLDWIDE SUPPLIER 

SGS-THOMSON Microelectronics has 
been designing and producing dedi
cated integrated circuits for telephone 
sets for two decades. 
Today the company offers the widest 
product range and probably manufac
tures more telephone ICs than any 
other company in the world -- about 60 
million ICs per year, not including pro
tection devices and memories. 
The SGS-THOMSON portfolio for ana
log telephone sets is moving from the 
traditional domain of single functions 
(speech, dialer, ringer, handsfree) to a 
more integrated approach with single 
chip phones, "spedials" (speech + rep
ertory dialer) and various two-chip solu
tions (analog section IC + MCU). 
While the individual functions still con-

KIT APPROACH 
~---

~ ~ ~,:;-' I LOUDSPEAKER/' 
~+~+~+~ HANDSFREE i 

MONOCHIP APPROACH 

SPEECH+ DIALER +RINGER + LOUDSPEAKER J 

BICHIP APPROACH (EXPANDABLE) 

I TAFE I MCU I 
(Telephone Analog Front End) +I (All Digital Control+ Memory) I 

EVOLUTION OF ANALOG TELEPHONE FUNCTION 

stitute the core of the current production 
activity, the new concept of a two-chip 
solution is generating the real added 
value in the telephones of the nineties. 
The idea is to combine a single analog 
chip, able to handle all of the Telephone 
Analog Front End (TAFE) functions, 
with a microcontroller unit (MCU), tak
ing care of all logic activities. The two 
ICs can be separately upgraded in or
der to provide flexibility for different 
markets and modular growth of the 
functions offered. 
In parallel with the consolidation of the 
traditional offerings in the corded ana
log telephone domain, new products 
appear in the wider scenario of digital 
corded, ISDN and cordless (analog and 
digital) telephones. 

ADVANCED TECHNOLOGY. Using an advanced CMOS 
Technology SGS-THOMSON has produced the L3916 
SPEDIAL Family (Speech+ Repertory Dialer). 
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-----ALPHANUMERICAL INDEX-----

Type Function Page 
Number Number 

1.5KE Series Uni and Bidirectional Transils 547 

BZW04 Series Uni and Bidirectional Transils 555 

BZW50 Series Uni and Bidirectional Transils 563 

EFG7189 DTMF Generation for Binary Coded Hexadecimal Data . 19 

EFG71891 DTMF Generation for Binary Coded Hexadecimal Data . 19 
L31 OOB/B1 Unidirectional Programmable Suppressor . 569 

L3240 Electronic Two-Tone Ringer 29 

L3280 Low Voltage Telephone Speech Circuit 33 
L3281 Low Voltage Telephone Speech Circuit 39 

L3845 Trunk Interfaces 47 

L3913 Monochip Telephone . 51 
L3914 Low Range One Chip Phone (speech and dialer) 63 

L3916 Low Range One Chip Phone (speech and dialer) 75 

LM883 Low Noise Dual Operational Amplifier . 485 

LS204 High Performance Dual Operational Amplifier . 487 

LS256 Speech Circuit with Multifrequency Tone Generator Interface . 87 

LS285 Telephone Speech Circuit 93 
LS404 High Performance Quad Operational Amplifier 489 

LS588 Programmable Telephone Speech Circuit 101 

LS656 Speech Circuit with Multifrequency Tone Generator Interface . 111 

LS1240/1240A Electronic Two - Tone Ringer 123 

LS1241 Electronic Two -Tone Ringer 127 

LS5018B Bidirectional Trisil 577 

L55060B Bidirectional Trisil 577 
LS5120B Bidirectionl Trisil 577 
M3541 Single Number Pulse Tone Switchable Dialer 131 

MC33078 Low Noise Dual Operational Amplifiers 491 
MC33171 Low Power Single Bipolar Operational Amplifiers 493 
MC33172 Low Power Dual Bipolar Operational Amplifiers 495 
MC33174 Low Power Quad Bipolar Operational Amplifiers 497 
MC35171 Low Power Single Bipolar Operational Amplifiers 493 
MC35172 Low Power Dual Bipolar Operational Amplifiers 495 
MC35174 Low Power Quad Bipolar Operational Amplifiers 497 
MK53731 Single Number Pulse Tone Switchable Dialer 141 
MK53732 Tone Pulse Dialer with Last Number Save Function . 149 
MK53761 Repertory Dialer 159 
MK53762 Repertory Dialer 167 
ML8204/8205 Tone Ringer 175 
P6KE Series Uni and Bidirectional Transils 583 
SM4T Series Uni and Bidirectional Surface Mount Transils 591 
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Type 
Number 

SM6T Series 

SM15T Series 
SMTPA Series 

SMTPB Series 
ST1305 
ST18XSTAR 

ST24/25C01 

ST24/25C01 C 

ST24/25\A(01 C 

ST24/25C02A 
ST24/25C02C 

ST24/25W02C 
ST24/25C04 

ST24/25C04C 

ST24/25W04C 

ST24/25C08 

ST24/25C08C 
ST24/25W08C 

ST24/25C16 

ST24/25W16 

ST24/25E16D 
ST3854 

ST5080A 
ST5088 

ST5421 
ST5451 

ST6294 
ST62E94/T94 

ST7162 

ST7291 
ST7293 

ST7294 
ST72E94/T94 
STH221 

TDA7233/D 

TDA7326 

TEA7052 

TEA7063 

TEA7088 

ALPHANUMERICAL INDEX 

Function 

Uni and Bidirectional Surface Mount Transils 

Uni and Bidirectional surface Mount Transil 
Surface Mount Trisil . . . .......... . 

Surface Mount Trisil .............. . 
Hi End CMOS 192 Bit EEPROM with Secure Logic Access Control . 
Static Answering and Recording Chip 

CMOS 1 K (128 x 8) Serial EEPROMs . 

CMOS 1 K (128 x 8) Serial EEPROMs . 

CMOS 1 K (128 x 8) Serial EEPROMs . 

CMOS 2K (256 x 8) Serial EEPROMs . 

CMOS 2K (256 x 8) Serial EEPROMs . 
CMOS 2K (256 x 8) Serial EEPROMs . 

CMOS 4K (512 x 8) Serial EEPROMs . 

CMOS 4K (512 x 8) Serial EEPROMs . 

CMOS 4K (512 x 8) Serial EEPROMs . 

CMOS 8K (1 024 x 8) Serial EEPROMs 

CMOS 8K (1 024 x 8) Serial EEPROMs 
CMOS 8K (1 024 x 8) Serial EEPROMs 

CMOS 16K (2048 x 8) Serial EEPROMs 

CMOS 16K (2048 x 8) Serial EEPROMs 

CMOS 16K (2048 x 8) Serial EEPROMs, Ext. 12C Bus 
Eletronic Hook Switch . . . . . . . . 

Programmable ISDN Audio Front End ... 
Programmable ISDN Audio Front End .. 

SID-GCI: S/T Interface Device with GCI .. 
ISDN HDLC and GCI Controller ..... . 

8-Bit HCMOS MCU with AID Converter EEPROM & Auto-Reload Timer 
8-Bit EPROM HCMOS MCUs with AID Converter, EEPROM & 
Auto-Reload Timer . . . . . . . . . . . . . . . . . . . . . 

Universale Programmable Dual PLL .......... . 

8-Bit HCMOS MCUs with 16K ROM and Wake-up Function 
8-Bit HCMOS MCUs with EEPROM . . . . . 

8-Bit·HCMOS MCUs with EEPROM . . . . . . . . 
8-Bit EPROM HCMOS MCUs with EEPROM 
Muldex IC for Multimedia Teleservices . 

1 W Audio Amplifier with Mute . . . . . . . . 
AM-FM Radio Frequency Synthesizer . . . . . . . . . . 

Speech Circuit with Power Management . . . . . . . . . 

Speech Circuit with Multifrequency Tone Generator Interface ... 
Low Range Phone Dedicated Analog Front End . . . . . . . . . . 

Page 
Number 

597 

603 

609 

615 

531 
481 

533 

533 

533 

535 

535 
535 

537 
537 

537 

539 

539 
539 

541 

541 

543 

189 
193 

223 
253 

2,79 
469 

471 

311 

473 
475 

477 
479 
325 

355 
359 

369 

383 
395 
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-----ALPHANUMERICAL INDEX-----

Type Function Page 
Number Number 

TEA7090 Low Range Phone Dedicated Analog Front End . 399 

TEA7091 Telephone Analog Front End . 415 

TEA7530 Monitor Amplifier . 419 

TEA7531 Monitor Amplifier . 427 

TEA7532 Monitor Amplifier . 429 

TEA7533 Monitor Amplifier . 443 

TEA7540 Hans Free Circuit for All Range Sets 449 

TEA7868 Line Interface 459 

TEB1033 Dual Bipolar Operational Amplifiers 499 

TEB4033 Quad Bipolar Operational Amplifier 501 

TEC1033 Dual Bipolar Operational Amplifiers 499 

TEC4033 Quad Bipolar Operational Amplifiers . 501 

TEF1033 Dual Bipolar Operational Amplifiers 499 

TEF4033 Quad Bipolar Operational Amplifiers . 501 

THBT Series Triple Symmetrical Trisils 621 

TPA Series Symmetrical Trisils . 629 

TPB Series Symmetrical Trisils . 635 
TPI Series Trisil Tribalancer Protectors for ISDN 641 

TPP25011 /12 Programmable Supressor 649 

TSI Series Telephone Set Interface 657 

TS27L2C/I/M Very Low Power Dual CMOS Operational Amplifiers 503 

TS27L4C/I/M Very Low Power Quad CMOS Operational Amplifiers 505 
TS27M2C/I/M Low Power Dual CMOS Operational Amplifiers 507 

TS27M4C/I/M Low Power Quad CMOS Operational Amplifiers . 509 
TS271C/I!M Programmable CMOS Single Operational Amplifiers 511 
TS272C/I/M High Speed Dual CMOS Operational Amplifiers . 513 
TS274C/I/M High Speed Quad CMOS Operational Amplifiers 515 
TS339C/I!M Micropower Quad CMOS Voltage Comparators . 517 
TS393C/I/M Micropower Dual CMOS Voltage Comparators 519 
TS902 Input/Output RAIL-TO-RAIL Dual CMOS Operational Amplifiers 521 
TS912 Input/Output RAIL-TO-RAIL Dual CMOS Operational Amplifiers 523 
TS3702C/I/M Micropower Dual CMOS Voltage Comparators 525 
TS3704C/I/M Micro power Quad CMOS Voltage Comparators . 527 
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SELECTION GUIDE 
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SELECTION GUIDE 

SPEECH CIRCUITS 

Type Function Package Page 

L3280 Low Voltage Telephone Speech Circuit DIP14 33 

L3281 Low Voltage Telephone Speech Circuit DIP14/S014 39 

LS256 Speech Circuit with Multifrequency Tone Generator Interface DIP16 87 

LS285 Telephone Speech Circuit DIP16 93 

LS588 Programmable Telephone Speech Circuits DIP16 101 

LS656 Speech Circuit with Multifrequency Tone Generator Interface DIP16/S020L 111 

TEA7052 Speech Circuit with Power Management DIP24 369 

TEA7063 Speech Circuit with Multifrequency Tone Generator Interface DIP20/S020L 383 

TONE RINGERS/RINGING DETECTORS 

Type Function Package Page 
L3240 Electronic Two-Tone Ringer Minidip/808 29 

LS1240 Electronic Two-Tone Ringer Minidip 123 

LS1240A Electronic Two Tone Ringer Minidip/S08 123 

LS1241 Electronic Two-Tone Ringer Minidip 127 

ML8204 Tone Ringer Minidip 175 

ML8205 Tone Ringer Minidip 175 

LOUDSPEAKING 

Type Function Package Page 
TEA7530 Monitor Amplifier Minidip/808 419 

TEA7531 (*) Monitor Amplifier DIP16/S016 427 

TEA7532 Monitor Amplifier DIP16/S016 429 

TEA7533 Monitor Amplifier 8020 443 

HANDS FREE 

Function Package 
Hands Free Circuit for All Range Sets DIP28/S028 

MONOCHIP I BICHIP 

Type Function Package Page 
L3913 Monochip Telephone PLCC44 51 
L3914 Low Range One Chip Phone (Speech and Dialer) DIP28/S028 63 
L3916 Low Range One Chip Phone (Speech and Dialer) DIP28/S028 75 

TEA7088 Low Range Phone Dedicated Analog Front End DIP28/S028 395 
TEA7090 Low Range Phone Dedicated Analog Front End DIP28/S028 399 
TEA7091 Telephone Analog Front End PLCC44/PQFP44 415 

* ( ) Replaced by TEA7532 for New Desrgns 
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SELECTION GUIDE 

DIALERS 

Type Function Package Page 

EFG7189 DTMF Generator for Binary Coded Hexadecimal Data DIP14 19 

EFG71891 DTMF Generator for Binary Coded Hexadecimal Data Minidip 19 

M3541 Single Number Pulse Tone Switchable Dialer DIP20/S020 131 

MK53731 Single Number Pulse Tone Switchable Dialer DIP18/S020 141 

MK53732 Tone Pulse Dialer with Last Number and Save Function DIP18/S020 149 

MK53761 Repertory Dialer DIP18/S020 159 

MK53762 Repertory Dialer DIP18/S020 167 

LINE INTERFACES 

Type Function Package Page 
L3845 Trunk Interfaces Minidip/SOB 47 

ST3854 Electronic Hook Switch S020 189 

TEA7868 Line Interface Minidip 459 

ISDN/DIGITAL PHONE 

Type Function Package Page 
ST5080A Programmable ISDN Audio Fran End PLCC28/S028 193 

ST5088 Programmable ISDN Audio Front End PLCC28 223 

STH221 Muldex IC for Multimedia Teleservices PQFP64 325 

ST5421 SID-GCI: SIT Interface Device with GCI DIP20 253 

ST5451 ISDN HDLC and GCI Controller DIP28/S028 279 

CORDLESS 

Type Function Package Page 
ST7162 Universal Programmable Dual PLL DIP16/S016 311 

TDA7233 1 W Audio Amplifier with Mute Minidip 355 

TDA7233D 1 W Audio Amplifier with Mute SOB 355 

TDA7326 AM-FM Radio Frequency Synthesizer DIP16/S016L 359 
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SELECTION GUIDE 

EEPROM, J2C Serial Access Bus 

Size Part Number Organis. Vee min Feature Temp. Package (V) Range (°C) 

1K ST24C01B1 12B X B 4.5 Byte/Page Write 0 to 70 PSDIPB 
ST24W01B1 12B X B 4.5 Write Control 0 to 70 PSDIPB 
ST24C01CB1 12B X B 3.0 Byte/Page Write o to 70 PSDIPB 
ST24W01CB1 12B X B 3.0 Write Control 0 to 70 PSDIPB 
ST25C01B1 12B X B 2.5 Byte/Page Write 0 to 70 PSDIPB 
ST25C01CB1 12B X B 2.5 Byte/Page Write o to 70 PSDIPB 
ST25W01CB1 12B X B 2.5 Write Control 0 to 70 PSDIPB 

ST24C01B6 12B X B 4.5 Byte/Page Write -40 to B5 PSDIPB 

ST24W01B6 12B X B 4.5 Write Control -40 to B5 PSDIPB 
ST24C01CB6 12B X B 3.0 Byte/Page Write -40 to B5 PSDIPB 
ST24W01CB6 12B X B 3.0 Write Control -40 to B5 PSDIPB 
ST25C01B6 12B X B 2.5 Byte/Page Write -40 to B5 PSDIPB 
ST25C01CB6 12B X B 2.5 Byte/Page Write -40 to B5 PSDIPB 

ST25W01CB6 12B X B 2.5 Wnte Control -40 to B5 PSDIPB 

ST24C01M1 12B X B 4.5 Byte/Page Write Oto 70 SOB 
ST24C01 M1 013TR 12B X B 4.5 Byte/Page Write o to 70 SOBTR 
ST24W01M1 12B X B 4.5 Write Control Oto 70 SOB 
ST24W01 M1013TR 12B X B 4.5 Write Control 0 to 70 SOBTR 
ST24C01CM1 12B X B 3.0 Byte/Page Write 0 to 70 SOB 
ST24C01 CM1TR 12B X B 3.0 Byte/Page Write Oto 70 SOBTR 

ST24W01CM1 12B X B 3.0 Write Control 0 to 70 SOB 

ST24W01CM1TR 12B X B 3.0 Write Control o to 70 SOBTR 

Size Part Number Organis. Vee min Feature Temp. Package (V) Range (0 C} 

1K ST25C01CM1 12B X B 2.5 Byte/Page Write Oto 70 SOB 
ST25C01 CM1TR 12B X B 2.5 Byte/Page Write o to 70 SOBTR 
ST25C01M1 12B X B 2.5 Byte/Page Write o to 70 SOB 
ST25C01 M1 013TR 12B X B 2.5 Byte/Page Write Oto 70 SOBTR 
ST25W01CM1 12B X B 2.5 Write Control Oto 70 SOB 
ST25W01CM1TR 12B X B 2.5 Write Control Oto 70 SOBTR 
ST24C01M6 12B X B 4.5 Byte/Page Write -40 to B5 SOB 
ST24C01 M601 3TR 12B X B 4.5 Byte/Page Write -40 to B5 SOBTR 
ST24W01M6 128 X B 4.5 Write Control -40 to 85 SOB 
ST24W01 M6013TR 12B X B 4.5 Write Control -40 to B5 SOBTR 
ST24C01CM6 12B X B 3.0 Byte/Page Write -40 to B5 SOB 
ST24C01 CM6TR 12B X B 3.0 Byte/Page Write -40 to B5 SOBTR 
ST24W01CM6 12B X B 3.0 Write Control -40 to B5 SOB 
ST24W01 CMGTR 12B X B 3.0 Write Control -40 to B5 S08TR 
ST25C01CM6 12B X B 2.5 Byte/Page Write -40 to B5 SOB 
ST25C01 CM6TR 12B X B 2.5 Byte/Page Write -40 to B5 SOBTR 
ST25C01M6 12B X B 2.5 Byte/Page Write -40 to B5 SOB 
ST25C01 M6013TR 12B X B 2.5 Byte/Page Write -40 to B5 SOBTR 
ST25W01CM6 12B X 8 2.5 Write Control -40 to B5 SOB 
ST25W01 CM6TR 12B X B 2.5 Write Control -40 to B5 SOBTR 
ST24C01M3 12B X B 4.5 Byte/Page Write -40 to 125 SOB 
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SELECTION GUIDE 

EEPROM, 12C Serial Access Bus (eont'd) 

Size Part Number Organ is. Vee min Feature Temp. Package (V) Range (0 C) 

2K ST24C02AB1 256 X B 3.0 Byte/Page Wnte Oto 70 PSDIPB 
ST24C02AB 1 I AAB 256 X B 3.0 Content all 00 0 to 70 PSDIPB 
ST24C02CB1 256 X B 3.0 Byte/Page Write 0 to 70 PSDIPB 
ST24W02CB1 256 X B 3.0 Wnte Control 0 to 70 PSDIPB 
ST25C02AB1 256 X B 2.5 Byte/Page Wnte o to 70 PSDIPB 
ST25C02CB1 256 X B 2.5 Byte/Page Write o to 70 PSDIPB 
ST25W02CB1 256 X B 2.5 Write Control 0 to 70 PSDIPB 
ST24C02AB6 256 X B 3.0 Byte/Page Write -40 to B5 PSDIPB 
ST24C02CB6 256 X 8 3.0 Byte/Page Write -40 to B5 PSDIPB 
ST24W02CB6 256 X B 3.0 Wnte Control -40 to B5 PSDIPB 
ST25C02AB6 256 X B 2.5 Byte/Page Wnte -40 to B5 PSDIPB 
ST25C02CB6 256 X B 2.5 Byte/Page Write -40 to B5 PSDIPB 
ST25W02CB6 256 X 8 2.5 Write Control -40 to B5 PSDIPB 
ST24C02CB3 256 X 8 3.0 Byte/Page Wnte -40 to 125 PSDIPB 
ST25C02CB3 256 X 8 2.5 Byte/Page Write -40 to 125 PSDIPB 
ST24C02AB3 256 X B 3.0 Byte/Page Write. -40 to 125 PSDIPB 

ST24C02AM1 256 X B 3.0 Byte/Page Write 0 to 70 SOB 
ST24C02AM 1 013TR 256 X B 3.0 Byte/Page Wnte Oto 70 SOBTR 
ST24C02CM1 256 X B 3.0 Byte/Page Write 0 to 70 SOB 
ST24C02CM1TR 256 X B 3.0 Byte/Page Write 0 to 70 SOBTR 
ST24W02CM1 256 X B 3.0 Write Control Oto 70 SOB 
ST24W02CM1TR 256 X B 3.0 Wnte Control Oto 70 SOBTR 

Size Part Number Organ is. Vee min Feature Temp. Package (V) Range (0 C) 

2K ST25C02AM1 256 X B 2.5 Byte/Page Wnte Oto 70 SOB 
ST25C02AM1 013TR 256 X B 2.5 Byte/Page Write Oto 70 SOBTR 
ST25C02CM1 256 X B 2.5 Byte/Page Write 0 to 70 SOB 
ST25C02CM1TR 256 X B 2.5 Byte/Page Write Oto 70 SOBTR 
ST25W02CM1 256 X B 2.5 Write Control 0 to 70 SOB 
ST25W02CM1TR 256 X B 2.5 Write Contml Oto 70 SOBTR 
ST24C02AM6 256 X B 3.0 Byte/Page Write -40 to B5 SOB 
ST24C02AM6013TR 256 X B 3.0 Byte/Page Write -40 to B5 SOBTR 
ST24C02CM6 256 X B 3.0 Byte/Page Write -40 to B5 SOB 
ST24C02CM6TR 256 X B 3.0 Byte/Page Write -40 to B5 SOBTR 
ST24W02CM6 256 X B 3.0 Write Control -40 to B5 SOB 
ST24W02CM6TR 256 X B 3.0 Write Control -40 to B5 SOBTR 
ST25C02AM6 256 X B 2.5 Byte/Page Write -40 to B5 SOB 
ST25C02AM6013TR 256 X B 2.5 Byte/Page Write -40 to B5 SOBTR 
ST25C02CM6 256 X B 2.5 Byte/Page Write -40 to B5 SOB 
ST25C02CM6TR 256 X B 2.5 Byte/Page Write -40 to B5 SOBTR 
ST25W02CM6 256 X B 2.5 Write Control -40 to B5 SOB 
ST25W02CM6TR 256 X B 2.5 Write Control -40 to B5 SOBTR 

ST24C02AM3 256 X B 3.0 Byte/Page Write -40 to 125 SOB 

4K ST24C04B1 512 X B 4.5 Write Protection o to 70 PSDIPB 
ST24C04CB1 512 X B 3.0 Write Protection 0 to 70 PSDIPB 
ST24W04CB1 512 X B 3.0 Write Control Oto 70 PSDIPB 

ST25C04B1 512 X B 2.5 Write Protection o to 70 PSDIPB 
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SELECTION GUIDE 

EEPROM, 12C Serial Access Bus (cont'd) 

Size Part Number Organ is. Vee min Feature Temp. Package (V) Range (°C) 

4K ST25C04CB1 512 X B 2.5 Write Protection Oto 70 PSDIPB 
ST25W04CB1 512 X B 2.5 Write Control Oto 70 PSDIPB 
ST24C04B6 512 X B 4.5 Write Protection -40 to B5 PSDIPB 
ST24C04CB6 512 X B 3.0 Write Protection -40 to B5 PSDIPB 
ST24W04CB6 512 X B 3.0 Wnte Control -40 to B5 PSDIPB 
ST25C04B6 512 xB 2.5 Write Protection -40 to B5 PSDIPB 
ST25C04CB6 512 xB 2.5 Write Protection -40to B5 PSDIPB 
ST25W04CB6 512 X B 2.5 Write Control -40 to B5 PSDIPB 

ST24C04CB3 512 X B 3.0 Write Protection -40to 125 PSDIPB 

ST24C04CM1 512 X B 3.0 Write Protection o to 70 SOB 
ST24C04CM1TR 512 X B 3.0 Write Protection Oto 70 SOBTR 
ST24W04CM1 512 X B 3.0 Write Control Oto 70 SOB 
ST24W04CM1TR 512 X B 3.0 Write Control Oto 70 SOBTR 
ST25C04CM1 512 X B 2.5 Write Protection Oto 70 SOB 
ST25C04CM1TR 512 X B 2.5 Write Protection Oto 70 SOBTR 
ST25W04CM1 512 X B 2.5 Write Control Oto 70 SOB 
ST25W04CM1TR 512 xB 2.5 Write Control Oto 70 SOBTR 
ST24C04CM6 512 X B 3.0 Write Protection -40 to B5 SOB 
ST24C04CM6TR 512 X B 3.0 Write Protection -40 to B5 SOBTR 
ST24W04CM6 512 X B 3.0 Write Control -40to B5 SOB 
ST24W04CM6TR 512 X B 3.0 Write Control -40 to B5 SOBTR 
ST25C04CM6 512 X B 2.5 Wnte Protection -40 to B5 SOB 
ST25C04CM6TR 512 X B 2.5 Write Protection -40 to B5 SOBTR 

Size Part Number Organis. Vee min Feature Temp. Package (V) Range (°C) 

4K ST25W04CM6 512x B 2.5 Write Control -40 to B5 SOB 
ST25W04CM6TR 512 X B 2.5 Wnte Control -40 to B5 SOBTR 

BK ST24COBB1 1Kx B 45 Write Protection Oto 70 PSDIPB 
ST24COBCB1 1Kx B 3.0 Write Protection Oto 70 PSDIPB 
ST25COBCB1 1Kx B 2.5 Write Protection Oto 70 PSDIPB 
ST24COBB6 1Kx B 4.5 Write Protection -40 to B5 PSDIPB 
ST24COBCB6 1Kx B 3.0 Write Protection -40to B5 PSDIPB 
ST25COBCB6 1K x B 2.5 Write Protection -40 to B5 PSDIPB 

ST24COBCM1 1K X B 3.0 Write Protection Oto 70 SOB 
ST24COBCM 1 TR 1Kx B 3.0 Write Protection Oto 70 SOBTR 
ST25COBCM1 1K x B 2.5 Write Protection Oto 70 SOB 
ST25COBCM 1TR 1Kx B 2.5 Write Protection Oto 70 SOBTR 
ST24COBCM6 1Kx B 3.0 Write Protection -40 to B5 SOB 
ST24COBCM6TR 1Kx B 3.0 Write Protection -40 to B5 SOBTR 
ST25COBCM6 1Kx B 2.5 Write Protection -40toB5 SOB 
ST25COBCM6TR 1Kx B 2.5 Write Protection -40to B5 SOBTR 

16K ST24C16CB1 2Kx B 3.0 Write Protection Oto 70 PSDIPB 
ST24E16DB1 2Kx B 3.0 XI2C Bus& WC Oto 70 PSDIPB 
ST25C16CB1 2Kx B 2.5 Write Protection Oto 70 PSDIPB 
ST25E16DB1 2KxB 2.5 XI2C Bus & WC 0 to 70 PSDIPB 
ST24C16CB6 2KxB 3.0 Write Protection -40 to B5 PSDIPB 
ST24E16DB6 2Kx 8 3.0 XI2C Bus& WC -40 to 85 PSDIP8 
ST25C16CB6 2Kx B 2.5 Write Protection -40 to B5 PSDIPB 
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SELECTION GUIDE 

EEPROM, 12C Serial Access Bus (eont'd) 

Size Part Number Organ is. Vee min Feature Temp. Package (V) Range (0 C} 

16K ST25E16DB6 2Kx B 2.5 Xl2e Bus & We -40 to B5 PSDIPB 

ST24e16eB3 2Kx B 3.0 Write Protection -40 to 125 PSDIPB 

ST24e16eM1 2Kx B 3.0 Write Protection Oto 70 SOB 
ST24e16eMHR 2Kx B 3.0 Write Protection 0 to 70 SOBTR 
ST24e16DM1 2K x B 3.0 Write Protect1on o to 70 SOB 
ST24e16DMHR 2K x B 3.0 Wnte Protection o to 70 SOBTR 
ST24E16DM1 2Kx B 3.0 Xl2e Bus & we 0 to 70 SOB 
ST24E16DMHR 2Kx B 3.0 Xl2e Bus & we o to 70 SOBTR 
ST25e16DM1 2K x B 2.5 Wnte Protection 0 to 70 SOB 
ST25e16DMHR 2K x B 2.5 Write Protection 0 to 70 SOBTR 
ST25E16DM1 2K x B 2.5 Xl 2e Bus & we o to 70 SOB 
ST25E16DMHR 2Kx B 2.5 Xl2e Bus & we Oto 70 SOBTR 
ST24e16DM6 2K x B 3.0 Write Protection -40 to B5 SOB 
ST24e16DM6TR 2K x B 3.0 Write Protection -40 to B5 SOBTR 
ST24E16DM6 2K x B 3.0 Xl 2e Bus & we -40 to B5 SOB 
ST24E16DM6TR 2K x B 3.0 Xl2e Bus & we -40 to B5 SOBTR 
ST25e16DM6 2K X B 2.5 Write Protect1on -40 to B5 SOB 
ST25e16DM6TR 2K x B 2.5 Write Protection -40 to B5 SOBTR 
ST25E16DM6 2Kx B 2.5 Xl2e Bus & we -40 to B5 SOB 
ST25E16DM6TR 2Kx B 2.5 Xl2e Bus & we -40 to B5 SOBTR 

ST24e16eML1 2K x B 3.0 Write Protect1on 0 to 70 S014 
ST24e16eML HR 2K X B 3.0 Write Protection o to 70 S014TR 
ST25e16eML1 2Kx B 2.5 Wnte Protection o to 70 S014 

Size Part Number Organis. Vee min Feature Temp. Package (V) Range (0 C} 

16K ST25e16eMLHR 2Kx B 2.5 Write Protection 0 to 70 S014TR 
ST24e16CML6 2Kx B 3.0 Wnte Protection -40 to 85 S014 
ST24e16eML6TR 2K x B 3.0 Write Protection -40 to B5 S014TR 
ST25e16eML6 2K x B 2.5 Write Protection -40 to B5 S014 
ST25e16eML6TR 2K x B 2.5 Write Protection -40 to B5 S014TR 

15 



SELECTION GUIDE 

TRANSIL 

PP(W) VRM (V) 
Type 

Case Page 
Unidirectional Bidirectional 

400/1 ms 5.8 to 376 BZW04 . ./BZW04P .. BZW04 .. B/BZW04P .. B F126 555 

400/1 ms 5.8 to 188 SM4TxxA SM4TxxCA S006 591 

600/1 ms 5.8 to 376 P6KE .. P,A P6KE .. CP, CA CB-417 583 

600/1 ms 5.8 to 188 SM6TxxA SM6TxxCA S006 597 

1500/1 ms 5.8 to 376 1.5KE ... P, A 1.5KE. .. CP, CA CB-429 547 

1550/1 ms 5.8 to 188 SM15TxxA SM15TxxCA S0015 603 

5000/1 ms 10 to 180 BZW50 ... BZWSO ... B AG 563 

TRISIL 

lpp (A) VeR (V) Types Case Page 

SINGLE FUNCTION 

50/10/1000 58 to 270 TPASeries F126 629 
58 to 270 SMTPA Series S006 609 

9011011000 58 to 270 TPB Series CB429 635 

58 to 270 SMTPB Series 80015 615 

1 00/1 0/1 000 18to 120 LS5018B,5060B,5120B OIL8 577 

TRIPLE FUNCTION 

30/10/1000 150 to 270 THBTxxx11 Series SOB 621 

150 to 270 THBTxxx12 Series OIL8 621 

80 to 120 TPixx11 Series S08 641 

80to 120 TPixx12 Series OILS 641 

GATE TRIGGERED PROTECTIONS 

lpp (A) VeR (V) Types Case Page 

30/10/1000 250 TPP25011 SOB 649 

250 TPP25012 OIL8 649 

1 00/1 0/1 000 250 L31008, 81 OIL8 569 

TELEPHONE SET INTERFACE: DIODE BRIDGE+ PROTECTION 

lpp(A) VeR (V) Types Case Page 

30/10/1000 150 to 270 TSixxxB5 Series S016 657 

16 
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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 
a DIRECT MICROPROCESSOR INTERFACE 
a ACCEPTS 4 BIT DATA IN SERIAL OR PARAL

LEL FORMAT 
a DATA IS STORED DURING TRANSMISSION 

PERIOD 
a LOW HARMONIC DISTORTION 
a HIGH GROUP PRE EMPHASIS 
a LOW POWER CONSUMPTION IN STANDBY 

MODE 
a PULL-UP TO v+ ON ALL LOGIC INPUTS 

DESCRIPTION 

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

July 1993 

Minidip 

DIP14 

ORDERING NUMBERS: EFG71891PD (Minidip) 
EFG7189PD (DIP14) 

PIN CONNECTIONS (Top view) 

v· 

ISA 

NC 

v-
OSCIN 

NC 

OSC OUT 

ISA 

v-
OSCIN 

MF OUT 

H 

A 

B 

c 
D 

SA 

MFOUT 

H 

A 

OSC OuT 

1/10 
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EFG7189 - EFG71891 

BLOCK DIAGRAM 

PIN DESCRIPTION 

No Name Function 

1 v+ Supply Voltage 
4 v- Supply Voltage 

11 B Logic Input 
10 c Logic Input 
9 D Logic Input 

12 A Logic Input 

13 H Serial Input Clock 

2 !SA Logic Input 

8 SA Logic Output 

14 MFOUT Analog Output 

5 OSC IN Oscillator Input 

2/10 
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1SA v• 
--e..., 

v-

I 
I 
I 
I 
I 
I 

SA 

Description 

Positive Supply 
ov 
Parallel input for hexadecimal code allowing 
the selection of 2 frequencies constituting the 
DTMF signal (see attached table). 

Serial or Parallel Input for Hexadecimal Code 

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 h1gh. 
• the senal input code if mput H is low. 

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. 

This p1n Indicates the state of the analog 
output: 
• if ISA is low, SA is a low impedance output 
at v-. 
• if !SA is high, SA is a high impedance output. 

This pin is the DTMF s1gnal output. 

This pin corresponds to the input of the 
inverter of the oscillator. 
The nominal frequency of the oscillator is 
3.579 MHz. 



ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 
v• Supply Voltage 

Vm 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 

Min. 

3 

-25 

-

EFG7189 - EFG71891 

Value Unit 
-0.3 to+ 5.5 v 

- 0.3 to v• + 0.3 v 
-55to+125 oc 

Typ. Max. Unit 
- 5.25 v 
- 70 oc 

3.579545 - MHz 

T amb =- 25 oc to 70 oc, v+ =- 3 to 5.25 V, fc = 3.579 MHz (all voltages are referenced to 'V) 

Symbol Parameter Min. Typ. Max. Unit 

lao Operating Current in Transmission Mode (V+ = 4 V, 
not loaded) 

output - 0.6 1 mA 

ISB Standby Current (ISA, H, A, B, C, D open circuit or - - 10 J.!A 
connected to v•) 

VtL Input Low Voltage (I SA, H, A, B, C, D) 0 - o.3 v· v 
VtH Input High Voltage (ISA, H, A, B, C, D) o.7 v· - v• v 
Rr Pull up Resistor on Logic Inputs ISA, H, A, B, C, D 100 - - kQ 

loLSA SA Output Current (VoLSA = 0.5 V) 500 - - J.!A 

iFSA SA Leakage Current, Open Current (VoHSA = 5 V) - - 2 J.!A 

A.C. ELECTRICAL CHARACTERISTICS 
T amb = - 25 oc to 70 oc, v+- 3 V to 5.25 V, fc = 3.579 MHz 

Symbol Parameter Min. Typ. Max. Unit 
lr It Rise/Fall Time on Input Signals - - 50 ns 

TISAoN Transmission Delay - - 5 ms 

TISAoFF Blocking Delay - - 5 ms 

TH Clock Period 10 - - J.!S 

THH High Level Clock Wtdth 5 - - f.LS 

THL Low Level Clock Width 5 - - J.!S 

TPH Set-up Time of A Related to Clock 1 - - f.LS 

TMH Hold Time of A Related to Clock 7 - - J.!S 

TPISA Set-up Time of the Code or Clock Related to ISA 1 - - f.LS 

TMISA Hold Time of Code Related to ISA 2 - - J.!S 

3/10 
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EFG7189 - EFG71891 

TRANSMISSION CHARACTERISTICS Tamb =- 25 octo 70 ac, y+ 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. 0 dBm = 0.775 Vrrrs 
These spec1f1cat1ons are related to the following loads. 

Figure 1. 

MIXED LOAD 

"'o"'i" 
R ;;,. 33 kl! C any C T· 
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 data 
is detected on trailing edge of I SA. This transition en
ables both the oscillator and the analog output then 
the data is stored and corresponding DTMF pair is 
generated during the low state interval of the ISA 
signal. Any modification to H, A, B, C and D signals 
during this period will not have any further effect on 
DTMF pair generated. 

The device accepts input data in two different for
mats: 

11 Parallel format: this requires 4 connections (A, B, 
C, D) between the microprocessor and the circuit. 

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

Pre-emphasis is applied to high group tone and both 

2.3 2.7 3.5 dB 

- - -20 dB 

RESISTIVE LOAD 

MFOUT 

l 

R 0:: 120 kll v 

M'OUT~ 
A 

R ;? 33 kl! 

tones of DTMF pair are supplied through analog out
put pin. 

DATA ACQUISITION LOGIC 

This section includes: A 4-bit shift register, an 8-line 
to 4-line multiplexer and a 4-bit storage register. 
m The 4-bit shift register has its input connected to 

pin A and is enabled by the signal applied to pin 
H. Its outputs are AS, BS, CS and OS signals. 

" The multiplexer is enabled by signal Hand oper
§!es according to the following law: AI = H.AP + 
H.AS. 

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

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

4/10 
r== SliS·lHOMSON 
~>."'fl I'OiJO©Dilm~~(!;1)Dil©l:lo©" --------------
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EFG7189 - EFG71891 

Figure 2 : Example of Parallel Operating Mode. 

H~ 

em 
om 
ISA~ __ _,nL..._ __ __r-

MFOUT ---~ 710 •1477 

t 
St<><ed d.ta (H = 11 

AL =0 
8l = 1 
CL =I 
OL =0 

\ tL ____ w_7_·•-~--------~~----

t 
Stored data (H = 11 

D 
0 
0 

' 
Note : If the circurt operates permanently in parallel mode, then the H Input may be left floating (Internally pulled-up to V") or !ted to logic 1. 

Wtth ISA at logic 0, H,A,B,C, and D inputs cannot mod1fy the generated DTMF pair. 

Figure 3 : Example of Serial-Operating Mode. 

H 

r--\'--___,_1 __ _;7 '~----~~-----
tSA -------------------------, 

MFOUT /.. L_ __ .:..c77c.:O.:... '-'14.:_77:..._ _ ___.~ 697 1209 A._ 
! ! ! 

I I I 
AS= 0 
BS= X t 
CS= X X 0 
DS =X X X 

I ! 

Stored data (H = 0) 

AL=AS=O 
BL=DS=1 
CL=CS=1 
DL=DS=O 

! ! ! ! ! 

I I I I 
1 
X 
X 
X 

1 

X 
X 

1 
X 

Stored data (H "' 0) 
0 
0 

Notes : 1. W~h ISA at logic 0, H, A, B, C and D signals cannot modtfy the generated DTMF patr. As a result, in serial operating mode, 11 IS 
posstble to enter AS, BS, CS and DS data while another DTMF pair is being generated. 

2. Ftrst data to be entered is DS. 

5/10 
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EFG7189 - EFG71891 

Figure 4 : Data Acquisition Logic. 

I AL BL CL DL 
I 
I 
I 
I 
I 
I 
I Stor~ reg1ster 

ISA I 

AI 81 Cl 01 

I 
H 

i .... 8-line to 4-llnc multiplexer 

-

AS AP BS BP cs CP OS DP 

I 5 
H 
I 
F 
T 

R 
E 
G 
I 
s 
T 
E 
R 

r----

L _____ ----------------------------

A B c D 

6/10 
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EFG7189 - EFG71891 

TIMING DIAGRAM 

Figure 5 : Rise/Fall Time on Input Signals. 

0.1 v -- ------- ::------ ~------- - -""" 

0.9v:- _11_ .... ______ 11 _______ -/-- ____ --~----=-
Jl '------

t, If 

Figure 6 : Parallel Operating Mode (H = "I"). 

osv+ -----

ISA 

MFOUT 

Figure 7 : Serial Operating Mode. 

H 

A 

ISA 

TISAQFF 

I 
TPISA 1 ... 

TISAQFF 

7/10 
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EFG7189 • EFG71891 

Table 1 

DTMF sr.ecification 
Frequencies Derived Division %Deviation 

Hz) from Rank from 
a 3.579 MHz Quartz (Hz) 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 

16 1336 1331.7 2688 -0.32 

17 1477 1471.9 2432 -0.35 

18 1633 1645 2176 0.74 

Table2 

Keyboard Hexadecimal Code 
ISA 

Generated Frequencies 
Code A B c D f(Hz) f(Hz) 

X X X X X 1 

1 0 0 0 1 ! 697 1209 

2 0 0 1 0 ! 697 1336 

3 0 0 1 1 ,J. 697 1477 

4 0 1 0 0 ! 770 1209 

5 0 1 0 1 ! 770 1336 

6 0 1 1 0 ! 770 1477 

7 0 1 1 1 ! 852 1209 

8 1 0 0 0 ! 852 1336 

9 1 0 0 1 ! 852 1477 

0 1 0 1 0 ! 941 1336 

• 1 0 1 1 ,J. 941 1209 .. 1 1 0 0 ! 941 1477 

A 1 1 0 1 ! 697 1633 

B 1 1 1 0 ! 770 1633 

c 1 1 1 1 ! 852 1633 

D 0 0 0 0 ! 941 1633 

8/10 ID'L SGS·lHOMSON 
'h • li;lJfl©OO@Iii!Wi©'iJOO@Ii:!fl©@ --------------
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TYPICAL APPLICATION (european standards) 

Figure 8 : Parallel Connection. 

Regulated voltage 

I I __ 
ISA v• MFOUT 

EF&BHC 
04P3 

or A EFG7189 
ETC 
9410 B 

c 
I) v 

I 1 

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

Figure 9 : Serial Connection. 

Regulated voltage 

I 1 
ISA v• MFOUT 

EF68HC H 
04P3 

or A EFG7189 

ETC 
9411 

-v 

I 1 

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

EFG7189 - EFG71891 

Second order 
low-pass 

frlter 

Second order 
low-pass filter 

DTMF 
output 

OTMF 
output 

9110 

27 



EFG7189 - EFG71891 

SECOND ORDER LOW-PASS FILTERS 

Figure 10 :With Transistor (gain = 1 ). 

56 kll 56 kll 
±2% 

v• 

~ 
MFOUT~----~~J-----~----~~j-----~-----1~N24M 

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

56 k!l 56 k!l 
±2% ±2% 

v 

56 k!l 
±2% 

MFOUT~----~==~----~-----<==r-----~--~ 

10/10 
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1500 pF ±10%1 

v 

10 k!l 
±10% 

470 pF 
±10% 

v•- v- -4 v ±0.2V 

v• - v-. 4 v ± 0.2 v 



L3240 

ELETRONIC TWO-TONE RINGER 

• LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 4 
DEVICES 

• INTEGRATED RECTIFIER BRIDGE WITH 
ZENER DIODES TO PROTECT AGAINST 
OVERVOL TAGES 

• LITTLE EXTERNAL CIRCUITRY 
• TONE AND SWITCHING FREQUENCIES AD

JUSTABLE BY EXTERNAL COMPONENTS 
• INTEGRATED VOLTAGE AND CURRENT 

HYSTERESIS 
• COMPLEMENTARY OUTPUT CONFIGURA

TION 

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 con
verter (buzzer) or a small loudspeaker. In this case 
a transformer is needed. The two tone frequencies 
generated are switched by an internal oscillator in a 
fast sequence and made audible across output am
plifiers in the transducer; both tone frequencies and 
the switching frequency can be externally adjusted. 

The supply voltage is obtained from the AC ring sig
nal 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). 

June 1993 

Mini dip SOB 

ORDERING NUMBERS : L3240B1 (Minidip) 
L3240D1 (SOB) 

PIN CONNECTION (top view) 

'-"' 
LINE LINE 

GROUND RECTIFIER 
CAPACITOR 

SWEEP RATE 
BUZZER CONTROL CAOACITOR 

OUTPUT FREQUENCY 
BUZZER CONTROL RESISTOR 

s- 6202 

1/3 
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L3240 

BLOCK DIAGRAM 

TELEPHONE RECTIFIER 
LINE CAPACITOR BUZZER BUZZER 

'"' sl 8 TIN 
7 6T 

+ THRESHOLD OUTPUT CIRCUIT RECTIFIER WITH 
HYSTERESIS STAGE 

BRIDGE 
-

IN I 

I 
SWITCHING TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 3 41 
TELEPHONE 

LINE 
GNO SWEEP RATE OUTPUT FREQUENCY 

CONTROL CAPACITOR CONTROL RESISTOR 
1189L324B-Bt 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

VAs Calling Voltage (!=50 Hz) Continuous 120 

VAs Calling Voltage (! = 50 Hz) 5s N/1 Os OFF 200 

DC Supply Current 30 

Top Operating Temperature -20, + 70 

Tstg Storage and Junction Temperature -65, + 150 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-ambient Max. 100 

ELECTRICAL CHARACTERISTICS 
(Tamb = 25°C ; Vs =applied between pins 7-2 ;otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 
Vs Supply Voltage 26 

Is Current Consumption Without Load (Pins 8-1) Va-t = 16.5 to 29.5 V 1.5 1.8 

VoN Activation Voltage 12 13.5 

VoFF Sustaining Voltage 7.8 9.3 

Ro Differential Resistance in OFF Condition (Pins 8-1) 6.4 

Vour Output Voltage Swing Vs-5 

lour Short Circuit Current (pins 5-6) Vs = 20 V 35 

Vs Voltage Drop between Pins 8-1 and Pins 7-2 3 

2/3 

30 

Unit 

VRMS 

VRMS 
rnA 
oc 

oc 

Unit 
v 

rnA 

v 
v 

kQ 

v 
rnA 

v 



L3240 

ELECTRICAL CHARACTERISTICS 
(Tamb = 25°C; Vs =applied between pins 7-2 ;otherwise specified) 
AC OPERATION 

Symbol Parameter 
Output Frequencies 
Fout1 
Fout2 
Fout 1 
Fout2 
Programming Resistor Range 
Sweep Frequency 

Figure 1 :Test Circuit. 

s- 911s 

Figure 3: Application Compatible with LS1240 
(single ended output). 

R1 
"Kll 

S-9117 

R1= 3.56x104 (1 012 I F1 ) 
F1 (HZ) x - · x n 2543 

Test Conditions Min. Typ. Max. 

Vs = 26 V, R, = 14 KQ 
Vs = 0 V 2,29 2,8 
Vs = 6 V 1.6 2.1 

1.33 1.43 

8 56 
R, = 14kn, C1 =100nF 5.25 7,5 9.75 

Figure 2 : Typical Application with Balanced 
Output. 

VAB LINE r 7 

1 0/"F '--T1 -'12'----T---f-~ 

R1 
14Kll 

5-9116 

Figure 4: F1 Out vs. R1. 

(K 

•o 

30 

20 

10 

f2 = 0.725 f1 

I - ~ 
NOMINAL CURVE 

. l . 
10•1. 

1000 1500 2000 2500 F1 (Hz) 

f 750 
SWEEP= C1 (nF) 

~ SCS·1HOMSON .. ., L lilllU©OO@~Illi©'ii'OO@Ii!IU~ 

Unit 
kHz 

kQ 

Hz 

3/3 
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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 & MI
CROPHONE 

• SUITABLE FOR DYNAMIC OR PIEZO EAR
PHONES AND PIEZO, DYNAMIC OR ELEC
TRET MICROPHONES 

DESCRIPTION 

The L3280 is a brand new low voltage speech circuit 
designed to replace hybrid circuits in telephone sets. 
It is designed for sets that may be operated in par
allel. It features both DTMF input and Beep tone in
put ; ALCon send and receive and muting input. 

Various DC -characteristics can be programmed at 
pin 14 replacing testing resistor (43Q) with proper 
network value. 

PIN CONNECTION (top view) 

SEND 11 

Rx I 2 

GND 13 

E1 14 

E2 I s 

Ml I s 

MH I ' 

June 1993 

ADVANCE DATA 

DIP14 (0.25) 

ORDERING NUMBER : L3280AB 

14 D 1LJNE 

13 D BIAS 

12 D LINE+ 

11 D NC 

10 ~MUTE 
9 D BEEP 

8 ~ DTMF 

S-9181 

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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L3280 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

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

Ptot Total Power Dissipation, Tamb = 70 oc 1 w 
Top Operating Temperature -20to55 oc 
Tl Junction Temperature -65to150 oc 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-ambient Max 80 

2/6 
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Figure 1 :Test Circuits. 

Figure 2. 

APPLICATION 
CIRCUIT 
ABOVE 

5-9158 

Receiving gain 

GR= VRo 
VRI 

Figure 3. 

5- 9157/f 

--() 

APPLICATION 
CIRCUIT 

LINE ABOVE 

s- 9159 

Sending gain and sidetone : 

Gs= Vso ; ST = VRo 
VMI VMI 

L3280 

3/6 

~~~~©'ill~~~~~~ -------------
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L3280 

ELECTRICAL CHARACTERISTICS 
(Tamb = 25°C ; f = 1kHz ; IL = 20mA : mute low ; R1 (pin 14) = 43Q, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VL Line Voltage IL = 20 mA 3.05 3.35 v 
VL Line Voltage IL =50 mA 5.8 6.2 v 
VL Line Voltage IL = 80 mA 8.5 10 v 

CMRR Common Mode Rej. Ratio 50 dB 

Gs Sending Gain VM1 = 2 mV, IL = 20 mA 47.8 49.3 50.8 dB 

DGs Delta Sending Gain IL = 70 mA, VMI = 2 mV -7 -5.5 -4 dB 

THOS Sending Distortion Vso = 700 mV 5 % 

Nrx Sending Noise IL = 50 mA, VMI = 0 V -71 dBm 

ZMI Mic. Input Impedance VMI = 2 mV 40 Kn 

GR Receiving Gain IL = 20 mA, VRI = 0.2 V 7.7 9.2 10.7 dB 

DGR Delta Receiving Gain IL = 70 mA, VRI = 0.2 V -7 -5.5 -4 dB 

THOR Receiving Distortion VRo = 615 mV 5 % 

NRx Receiving Noise VRI = 0 V 300 f1V 

ZRo Receiving Output lmped. R1 = 200 Q, VRo = 50 mV 10 n 

Sidetone VMI = 2 mV 40 dB 

ZML Line Match. Impedance VRI = 0.2 V 500 600 700 n 

VL Line Voltage IL = 5.5 mA 1.5 1.8 v 
Vso Sending Output Voltage IL = 5.5 mA, THo= 5% 100 mV 

IRO Rec. Output Current IL = 5.5 mA, THo= 5% 0.7 mA 

OPERATION @ IL = 16 mA 

MULO Mute Input Low (speaking mode) 1 v 
MUHI Mute Input High (dialling mode) 2 v 
GMF DTMF Gain Vm = 2 mV ; Mute = 2 V 25 26.5 28 dB 

RMF DTMF Input Impedance Mute= 2 V 6 8.5 Kn 

THDMF DTMF Distorsion Mute = 2 V ; Vm = 25 mV 5 % 

Gbeep Beeptone Gain Mute = 2 V ; V10 = 25 mV 8.5 dB 

Rbeep Beeptone Input lmped. Mute= 2 V 12 KQ 

THD Beeptone Distorsion Mute = 2 V ; Vs1 = 100 mV 5 % 

DVL DELTA VuNE Mute = 2 V ; IL = 20 rnA 0.5 1.2 v 
GsACK Back Tone Gain - - -3.0 dB 

·4/6 
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CHARACTERISTIC AT 1 KHz 

Figure 4 : Receive Characteristic and Max Output 
at 2% THO. 

GR VRO 
(VRMS) (dB) 

VRO 10 2V 
GR ;--

8 

6 -
1V 

" 2 

0 10 20 301.0 50 60 70 OO(mA} 
s-,15511 

Figure 6 : DC Characteristic Measured between 
Line and GND. 
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LOGIC OF MUTE SWITCHING 

DTMF BEEP 

L3280 

Figure 5 : Sending ALC Characteristic and Max 
Output at2% THO. 
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OUTPUT EARPHONE OUTPUT 
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37 



~ I ~ 

B 

I I 
~ 
~(I) 
©n 
~Jllfn 

i:i! I 18uF 

~Q 
~== ©>(I) 
~Q 
~2 

nBBL32BB-B3 1 IK 
R11 

A79nF 

OVNFIM IC 
TRANSO. 
c 280n l 

R29 

1139n 

R22 158tJ 

39n 699n 

R14 I R15 

L3288 

~----------------119 

R21 
29Eln 

R17 

R16 Zbal. 

1nF 

···~ 
Ill~ 

C!l 

14~ 

'TI 

li cS' 
c: 
iil 
....... .. 
)> 

'C 
"Q. 
()" 
!!l. 
5' 
:::J 

() 
~-
c 
;:;: 

~ 
CJ 
'< 
:::J 
Dl 
3 
()" 
-f 
iil 
:::J 
en c. 
c 
C'l 
CD 
:-" 



L3281 

LOW VOLTAGE TELEPHONE SPEECH CIRCUITS 
PRELIMINARY DATA 

• OPERATION DOWN TO 1.6V I 6.5mA 
• DTMF & BEEP TONE INPUTS 
• EXTERNAL MUTING FOR EARPHONE AND 

MICROPHONE 
• SUITABLE FOR DYNAMIC EARPHONE AND 

DYNAMIC OR ELECTRET MICROPHONE 
• AGC CONTROL ON BOTH SENDING AND 

RECEIVING 

DESCRIPTION 
The L3281 is an electronic speech circuit devel
oped to replace hybrid circuits in telephone sets 
that can be operated in parallel with other 
phones. 

BLOCK DIAGRAM 

ZB 
R5 RJ 

DIP14 S014 

ORDERING NUMBERS: 

L3281AB L3281AD1 

C3 

R2 

RZ 

::r c 5 cz 
L---------~--------------------------~L 

fi9U.:t:JB:1·:J611 I""" 
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L3281 

PIN CONNECTION (top view) 

SEND 
RX IN 

GND 
RX OUT 

ZENER 
HJC
HICt 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL line Voltage (3 ms pulse) 

IL lrne Current 

II!J:tl328:t-8!J 

Ptot Total Power Dissipation, Tamb = 55°C 

Too OperatinQ Temperature 

T, Junction Temperature 

THERMAL DATA 

Symbol Parameter 

Rthtamb Thermal Resistance Junction Ambient Max 

lllNE 
BIAS 
LINE+ 
RGC 
MUTE 
BEEP 
OTMF 

DIP-14 

1.0 

Value 

I S0-14 

15 

150 

I 0.6 

-20to55 

-65to150 

Value 

DIP-14 I S0-14 

90 I 130 

Unit 

v 
rnA 

w 
oc 
oc 

Unit 

oc/W 

217 ------------- s....,, ~~~m~~:oo~~ -------------
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TEST CIRCUITS 
Figure 1. 

ZB 

Figure 2. 

ll -

RS 

TEST 6 
CIRCUIT 

L3281 

R3 

N!1:JL328:1-28 

SENDING GAIN AND SIDETONE 

GS • 
usa 
UM] 

ST • 
IJRO 
UMI 

C3 

R2 

Figure 3. 

ll - 12 

TEST 6 
CIRCUIT 

L3281 

L3281 

N!1:1L328:1-2!1 

RECEIIJING GAIN 

GR • 
URO 
URI 
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L3281 

ELECTRICAL CHARACTERISTICS IL = 20 to 1 OOmA; R4 =( 51 Q II diode) + 33Q; 
T = 25°C; f = 1kHz; Unless Otherwise Specified 

Symbol Parameter Test Condition Min. Typ. 

VI Line Vollage IL =6.5mA 1.65 
IL =20mA 3.4 
IL =50mA 6.0 
IL =80mA 8 

CMRR Common Mode Rej. Ratio 50 

Gtx Sending Gain Vm, = 1 OmV; IL = 20mA 30 31.5 

DGtx Delta Sending Gain Vm, = 1 OmV; IL = 70mA -7.2 -5.7 

THDtx Sending Distortion Vso = 700mV; IL = 20mA 

Ntx Sending Noise Vm, = OV; IL =SOmA -70 

Zml Mic. Input Impedance Vm1=10mV 40 

Grx Receiving Gain IL = 20mA; Vn = 0.2V -10.7 -9.2 

DGrx Delta Receiving Gain IL = 70mA; Vn = 0.2V -7.2 -5.7 

THDrx Receiving Distortion Vro = 350mV; Load = 3500 
Vro = 300mV; IL = 10 rnA 

Nrx Receiving Noise Vn=DV 100 

Zro Rec. Output Impedance Load= 2000; Vro = 50V 10 

Sidetone Vm,=10mV 10 

Zm Line Match. Impedance Vn = 0.2V 500 600 

Vso Sending Output Voltage IL = 6.5mA; THO = 5% 100 

lro Receiving Output Current IL = 6.5mA; THO = 5% 0.5 

MU1o Mute Input Low Dialing Mode 50 

MUh1 Mute Input Open Speaking Mode 

Gmt DTMF Gain VmtiN = 10mV 14.5 16 

Rmt DTMF Input Impedance 5 10 

THDmt DTMF Distortion VmtLN = 140mV 

Gbeep Beeptone Gain Vbeep IN = 25mV 8.5 

Rbeep Beeptone Input Impedance 5.5 8 

THDbeep Beeptone Distortion Vbeep IN = 1 OOmV; IL = 20mA 0.5 

Vz Zener Voltage (Pin 5) lz= 1 rnA 4.2 5.1 

ileal< Leakage Current,Vp,ns = 3V 20 

Max. Unit 

v 
3.7 v 
6.5 v 
9.5 v 

dB 

33 dB 

-4.2 dB 

5 % 

dB 

ko 

-7.7 dB 

-4.2 dB 

5 % 
5 % 

[LV 

0 

20 dB 

700 0 

mV 

mAp 

100 [LA 

1 [LA 

17.5 dB 

kO 

5 % 

dB 

kO 

5 % 

6.2 v 
[LA 

417 
-------------- L-,1 ~~~;~~!::~?~ --------------
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L3281 

LOGIC OF MUTE SWITCHING 

MUTE DTMF BEEP MICIMP RXIMP 

LOW ACTIVE TO LINE ACTIVE TO EARPHONE MUTED MUTED 

(DIAL) OUTPUT OUTPUT 

OPEN ACTIVE TO LINE ACTIVE TO EARPHONE ACTIVE ACTIVE 

(SPEECH) OUTPUT OUTPUT 

CIRCUIT DESCRIPTION 
TWO TO FOUR WIRE CONVERSION 
The L3281AB is based on a Wheastone bridge 
configuration. To balance the bridge the following 
relation must be satisfied: 

The AC signal from the microphone is sent to one 
diagonal of the bridge (pins 1 and 3). A small per
centage of the signal power is lost on Zb (being 
Zb > (Zm//Zi)); the main part is sent to the line via 
R2. 
In receiving mode, the AC signal coming from the 
LINE is sensed across the second diagonal of the 
bridge (pins 12 and 2). Zl/ I Zm= R2 

Zb R3 
The impedance Zm and Zb can be complex. 

Figure 4: 2/4 Wire Conversion 

EARPHONE 

UR 
A 12 

R'l 
2L 

'13 
C:1 

ZML 
C2 

8 
11!18l:J21J1-8211 

sn ------------- L..,, ~~~;mgr;1~~n -------------
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L3281 

DC CHARACTERISTIC 
The fig.5 shows the equivalent simplified circuit of 
the DC regulator that provides to give the oppor
tune DC impedance Zdc. 

[ Ide· Z4 l VL= ~' (RA+RB) +VD+VR1 

VL=[(Idc • Z4) ·(=~ + 1 )]+ VD + VR1 

since RA = RB 

VL =(Ide· Z4 • 2) + VD + VR1 

When IL 18 rnA and considering neglectible the 
VD + VR1 variation versus line current : 

ZDC= f). VL =2 ·Z4 
!).Ide 

At IL = 6.5 rnA no current flows through Z4 but 
only in the rest of the circuit for internal biasing 
(lo;la). The bias current lo is fixed by the resistor 
R2. The line voltage in this case is : 

VL = Ia RA + VR1 = 1.6 V 

The Fig.6 shows the DC characteristic (voltage 
between pin 12 and pin 3 versus line current). 
The device own an equivalent zener voltage at 
pin 5 that can be used as supply voltage for elec
tret microphone (see Block Diagram). 
The value of the resistor R2 and the capacitor C2 
should be chosen in order to not affect the AC 
line inpedance. The Fig.? shows the zener 

Figure 5: Equivalent Simplified Circuit 

VR1 -
C1 

lA 

equivalent. 
The zener voltage will be: 

Vz = ( 1~~:K + 1) • Vbe 

It is possible to supply 1 rnA to the electrete volt
age if VL > (1 rnA + lz) · Rz + Vz 

Figure 6: Low Voltage Speech Circuit. 

Up1n 12·3 

lUI 

n91L328t-14 

12.1! 

11!.5 

9.9 

7.5 

Ei. 9 

4.5 

3.9 

1.5 

I! 

/ 

2<1·33•51//D 

/ 
v 

v 
...... ..,.... 

B 1 I! 28 38 48 58 68 78 88 I Lt mA I 

Figure 7: Zener Equivalent. 
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AC CHARACTERISTIC 
The AC Impedance measured at line terminals is 
equal to: 

1 
Zm=(R1+jwC1 )//(R2+R3+Zb) 

The value of the capacitor C1 must be In the 
range of 22 f!F to 1 00 f!F. 
The external resistor R1 can be replaced by a re
sistor/capacitor network in order to realize a com
plex Impedance Zm. 

TRANSMITTING CIRCUIT 
The first block of the TX stage is basically a differ
ential amplifier which converts voltage to current. 
The inputs are internally polarized at 300 mVdc. 
The differential Input impedance is 60 KQ to allow 

Figure 8: Equivalent Transmitting Circuit. 

6 113 y MUTE 
lNPUT AGC TX 

L3281 

a good matching to microphone. The AGC in TX 
is function of voltage at pin 14 in order to de
crease to max gain of 5.5dB to 6.0dB when the 
line current increases. 

RECEIVING CIRCUIT 
Fig.9 shows the equivalent receiving circuit. The 
differential input of RX signal across R2+R3 is 
transferred to the AGC block when the mute sig
nal (pin 1 0) is not active. 
The AGC in RX is a function of the voltage at pin 
14 and decreases the gain when the line current 
increases (5.5dB to 6.0dB). 
The final stage is a single ended amplifier with 
low output impedance optimized to drive mag
netic/dynamic transducers. 

R2 12 

0 llG· fll U.s. SdB 

Zl l USB R3 
7 a 

KDTII R1 
INPUT DTMIO 
DTMF 13 

11!JIIl3-'1J:I-113 28 
C1J: 

Figure 9: Equivalent Receiving Circuit. 

Zl URxln1 

R1 

13 

C1J: 

ZML 
URxin2 

ZB 

18 
~ MUTE lNPUT 

>--•!.........J AGC RX 
0 AG·fl1ll·S.SdB 

9 
Q----IKBT >----' 

BEEPTONE 
INPUT 

11!1Bl328:1-B4fl 

ZML 

717 
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• ON CHIP POLARITY GUARD 
• MEETS DC LINE CHARACTERISTICS OF 

EITHER 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 ana
Jog trunk lines. 
The V-1 characteristics is equivalent to a fixed 
voltage 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 imped
ance to all AC signal above a minimum frequency 
that is determined by the capacitor itself and by a 
20 K nominal resistor 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 con
dition a constant current generator is activated to 

BLOCK DIAGRAM 

JN1 ~ 

L3845 

TRUNK INTERFACE 

Minidip SOB 

ORDERING NUMBERS: 

L3845B L3845D 

supply an external device (typically an optocou
pler) without affecting the AC characteristic of the 
circuit. 

When Pulse Dialing is required the PULSE input 
(pin 3) connected to V- causes the device to re
duce the fixed DC voltage drop and to exhibit a 
pure resistive impedance equal to the external re
sistor. 

8 

POLARJT't r DC llNE H OFF HOOK ~ 
GUARD TERMJNATJON DETECTJON 

~ CJRCUJi <I 
JN2 

HOB 

5 6 2 

..r---t.. ACT ~ OCT v-
1188l.38JS-B311 6';_ =;:c1 R1 

July 1993 1/4 
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L3845 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VL Max Line Voltaqe (pulse duration 10 ms max) 20 v 
IL Max Line Current 150 rnA 

Ptot Total Power Dissipatron at Tamb ~ 70 oc 800 mW 

Top Operating Temperature -40 to+ 70 oc 
Tsrg, T1 Storage and Junctron Temperature -55to+150 oc 

PIN CONNECTION (Top view) 

1N1 []8 lJ• 
lJ- 2 7 IN2 

PULSE 3 6 OCT 

HD8 4 5 ACT 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-ambient (') Max. 

(') Mounted on FR4 Boards 

2/4 -------------- L..,, ~~~~m~=:~~~ --------------
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L3845 

DC ELECTRICAL CHARACTERISTICS (IL = 10 rnA to 100 rnA, Rt = 56 Q, St = Open, T amb = + 25 °C, 
unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VL Line Voltage PULSE= Open 
(nonmal mode) IL= 10 mA 5 v 

IL=20 mA 6 v 
IL= 100 mA 12 v 

VIJ' Line Voltage PULSE= v-
(pulse mode) IL = 20 mA 4 v 

IL=35 mA 5.5 v 
IL =80 mA 9.5 v 

lhn ON/OFF-Hook 6.5 9.5 mA 
Line Current Detection 
Threshold 

lht OFF/ON-Hook 5 9.2 mA 
Line Current Detectton 
Threshold 

louT OFF-Hook IL= 10 mA 1.5 mA 
Output Drive Current at Pin IL<:20 mA 2 mA 
HDO 

VpM Pulse Input Low Voltage 0.8 v 
IPM Pull-up Input Current at Pin IL= 100 mA 20 J.lA 

PULSE (pulse mode) Pulse= v-
INM lmput Current at Pin Pulse 3 J.lA 

(nonmal mode) 

AC ELECTRICAL CHARACTERISTICS (IL = 10 rnA to 100 rnA, Rt =56 n, R2 = 470 Kn, St =Open, 
Tamb = + 25 °C, unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

ZL AC Line Impedance c, = 2.2mF 
f= 1KHz 20 Kn 

Sending/Receivmg Distortion f= 1KHz 
Vs = 775mVrms 
IL = 15 to 100mA 2 % 

Sending/Receiving Distortion s, =Closed; 
Ys= 1.3Vrms 2 % 

APPLICATION INFORMATION 
With the use of this circuit it is possible to termi
nate an analog trunk so that all the DC current 
component is flowing in the TRUNK TERMINA
TION CIRCUIT while the AC component is de
coupled with a low voltage capacitor and can be 
used with a small and low cost audio coupler 
transformer to provide the AC balancing termina
tion and two to four wire conversion. 

Therefore it is usefull both for MODEM and PABX 
systems. 

Figure 1 gives the typical application circuit ; it is 
worth to note that the TRUNK TERMINATION 
CIRCUIT, together with the LS5018 transient sup
pressor provides a compact and low cost module 
fully protected against lightning or overvoltages 
frequently present on telephone lines. 

The PULSE input when connected to V- allows 
the device to reduce the Line Voltage and to 
show a resistive impedance equal to R1 to the 
line. When PULSE input is left open, this function 
is disable. 

3/4 ------------- L.,, ~~tmgr::oo~lt -------------
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L3845 

Figure 1: Typical Application. 

11881..1845·8:1 PULSE lt! ON/OFF HOOK 
DETEt. OUl 

4/4 ------------- L.,, ~~~;m~~:~~l~ -------------
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• ADJUSTABLE SLOPE OF DC CHARAC
TERISTIC 

• ADJUSTABLE AUTOMATIC LINE LENGHT 
RECEIVING AND SENDING GAIN CONTROL 
(NOT USED IN DTMF), WITH POSSIBILITY 
OF FIXED GAIN (PABX). 

• ADJUSTABLE AUTOMATIC LINE LENGHT 
TRACKING ANTISIDETONE SYSTEM 

• ADJUSTABLE DYNAMIC IMPEDANCE 
• STABILIZED POWER SUPPLY FOR PERIPH

ERALS 
• CONFIDENCE LEVEL DURING PULSE AND 

DTMF DIALLING 
• RECEIVING AMPLIFIER FOR DYNAMIC OR 

PIEZO-ELECTRIC EARPIECES 
• HIGH IMPEDANCE MICROPHONE INPUTS 

(80KQ MIN. IN SYMMETRICAL AND 40KQ 
MIN. IN ASYMMETRICAL) SUITABLE FOR 
DYNAMIC, MAGNETIC, PIEZO-ELECTRIC 
OR ELECTRET MICROPHONE 

• DYNAMIC LIMITING IN SENDING (ANTICLIP
PING) PREVENTS DISTORTION OF LINE 
SIGNAL AND SIDETONE 

• ANTISQUELCH SYSTEM IN SENDING PRE
VENTS "ROOM NOISE" TO BE TRANSMIT
TED, AND IMPROVES THE ANTI-LARSEN 
EFFICIENCY 

• LOUDHEARING PROGRAMMABLE GAIN IN 
8 STEPS OF 3 dB USING THE SERIAL BUS, 
OR LINEARLY USING A POTENTIOMETER 

• ANTILARSEN SYSTEM WHICH DOESN'T 
CUT THE RECEIVING VOICE 

• ANTIDISTORTION SYSTEM BY AUTOMATIC 
GAIN CONTROL VERSUS AVAILABLE 
LOUDHEARING CURRENT 

• RINGING BALANCED OUTPUT IN DMOS 
FOR HIGHER POWER CAPABILITY 

• 4 RINGING TONES ADJUSTABLE WITHOUT 
EXTERNAL COMPONENTS 

• INTERNAL SPEED UP CIRCUIT PERMITS A 
FASTER CHARGE OF Vee AND VRAM CA
PACITORS 

• LOGIC BOUNCE ELIMINATION 
• PULSE DIALLING 66/33 OR 60/40 OR DTMF DI

ALLING SELECTABLE BY PROGRAMMING PIN 
• ADJUSTABLE FLASHING DURATION (90ms 

or 265ms) 

September 1993 

L3913 

MONOCHIP TELEPHONE 
ADVANCE DATA 

PLCC-44 

PIN CONNECTION (top view) 

., INTERDIGITAL PAUSE 
• CONFIDENCE TONE (440Hz) 
• LAST NUMBER RADIAL UP TO 23 DIGITS 
• STANDARD LOW COST CERAMIC 455KHz 
• BINARY DATA INPUT IN SERIAL MODE 
• TEST MODE CAPABILITY 

DESCRIPTION 
The L3913 monochip is a BIPOLAR CMOS
DMOS (BCD) integrated circuit that performs all 
the speech and line interface functions required in 
an electronic telephone set, the ringing function 
with 4 melodies, the pulse and DTMF dialling with 
redial, the loudhearing with antilarsen and antidis
tortion systems, a keyboard interface with the 
possilbility to interface with an external microcon
troller using the internal serial bus, and a power 
supply for peripheral. 

1/12 
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L3913 

PIN FUNCTIONS 

No Name Description 

1 C4 Keyboards inputs 

2 C3 Keyboard inputs 

3 FLASH Flashing selection (80 or 265ms) 

4 DC/FV Dialling selection (33/66 pulse, 40/60 pulse or DTMF) 

5 OL Open line output 

6 RESET Output reset in normal case, input reset in test mode 

7 EA Loudhearing ON/OFF 

8 lEA Antidistortion time constant adjustment in loudhearinq 

9 AL Antilarsen time constant adjustment in loud hearing 

10 VRAM RAM and internal logic supply 

11 Vee Power supply for peripherals 

12 VE Line voltage 

13 LS Loudhearing input 

14 VEA Loudhearing supply 

15 HP2 Loudspeaker output 

16 GND Ground 

17 HP1 Loudspeaker output 

18 EFF line lenght AGC adjustment 

19 I REF Bias adjustment 

20 SELF Electronic self input 

21 RGAB DC characteristic slope adjustment 

22 M1 Microphone input 

23 M2 Microphone input 

24 ZAC Dynamic impedance adjustment 

·25 EM/FILT First sending stage output 

26 MOD Modulator output 

27 EM/MF NSecond sendinQ staQe input and DTMF input 

28 ACL Anticlipping time constant adjustment 

29 E2 Receiver output 

30 E1 Receiver output 

31 ZALC Short ltne stdetone network 

32 REC Receiver input 

33 ZALL Long line sidetone networik 

34 OUT1 Buzzer output 

35 OUT2 Buzzer output 

36 VIR Rinqinq supply 

37 CK Ceramic input (455KHz) 

38 PAIR Ajustment between 2 pairs of rinqinq frequencies 

39 BEAT Beat ajustment of each pair 

40 MF DTMFoutput 

41 C1 Keyboard inputs 

42 C2 Keyboard Inputs 

43 C6 Keyboard inputs 

44 C5 Keyboard tnputs 

-------------- £.V ~~~~m&~:~~~ 3/12 
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L3913 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C; f = 1kHz; RE = 20k0; all resistance are specified at 
1%, all capacitance at 2%) 

I Symbol I Parameter Test Condition Min. Typ. Max. Unit I Fig. I 
DC CHARACTERISTICS 

VL Lme Voltage IL = 15mA 4.4 4.9 v 1 
IL= 25mA 5.75 6.15 6.55 v 1 
IL= 60mA 12.75 13.15 13.55 v 1 

Vee Stabilized Voltage Supply ICC = 0.6mA IL = 8.3mA 2 2.5 - v 1 

Icc= 2.1mA IL = 25mA 3.15 3.4 3.65 v 1 

I RAM Operative VRAM = 3.5V - 500 _ll_A 

I RAM STAND-BY VRAM = 3.5V - 300 nA 

RECEPTION 

GR1 Receiving Gain IL = 25mA VL = 0.3Vrms 10 11 12 dB 2 

GR2 Receiving Gain IL = 60mA (see AGCR) 2.5 4 5.5 dB 2 

AGCR Delta Gam Receive IL = 60mA (to be applied only if 6.3 7 7.7 dB 2 
GR2 is not respected) 

Rx Distortion IL =30m A; Vout = 5Vpp 0.6 3 % 2 

IL = 60mA; Vout = 5Vpp - 0.6 3 % 2 

Zout Receiver IL =25m A; Vout = 50mVrms 45 65 85 Q 2 

Rx Offset IL =25m A I 60mA -500 - 500 mV 2 

Sidetone IL=25mA VMJ = 2mVrms 30 dB 1 
IL= 60mA 16 dB 1 

TRANSMISSION 

GS1 SendinQ GAIN IL =25m A Vm1c = 2mVrms 47.5 48.5 49.5 dB 1 

GS2 Sending GAIN IL = 60mA (see SGCS) 40.4 41.9 43.4 dB 1 

AGCS Delta GAIN sending IL = 60mA (to be applied only if 5.9 6.6 7.3 dB 1 
GS2 1s not respected) 

CMRR Common Mode Rejection IL =25m A; Vcm = 50mVrms 75 dB 1 

Tx Distortion IL =36m A Vm, = 5mVrms - 3 % 1 
Vm, = 5mVrms + 10dB - 5 % 1 
Vm, = 5mVrms + 20dB - 7 % 1 

AS GAIN Attenuation IL =25m A Vm; = 2mVrms 65 dB 1 

Z,n Microphone Impedance IL =30m A 85 120 KQ 1 

Tx Offset Pin 25 (DTMF- Tx) IL = 25m A I 60mA -100 + 100 mV 1 

Tx sw1ng Tx Output Voltage Swing IL = 36mA 3.2 3.8 4.4 Vpp 1 
Vm, C= 5mVrms+10dB 

Tx squelch Dynamic Range IL= 25mA 7.5 9 10.5 dB 1 
Vm,c = 1 mVrmsl0.15mVrms 

ZLINE Match1ng IL= 25mA 580 630 680 Q 2 
IL = 60mA 

NOISE 

N01se 

Noise 

4/12 ----------------------------- ~~~~~~~v~:~~©~ -----------------------------
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Condition Min. Typ. Max. Unit I Fig. I 
LOUDHEARING 

Vea Loudhearing Supply IL= 25mA 3.5 3.8 4.1 v 3 
IL =SOmA 7.8 8.2 8.9 v 3 

Gea Loudhearing Gain IL = 30 I SOmA VLs = 20mVrms 19.7 20.7 21.7 dB 3 

.1Gea 8 Steps Programmable Gain IL = 25 I SOmA VLs = 20mVrms - 3 - dB 3 
Using Serial Bus 

z,h Input Impedance IL=30mA 24 34 44 KQ 3 

LH Distortion IL=50mA VI LINE = 200mVrms 1 3 % 3 
LOAD= 100!.1 VILINE =350mVrms 4.5 7 % 3 

LH Offset IL=25mA -120 - +120 mV 3 

I LEAK Leakage Pin lEA IL= 25mA - 100 nA 3 

LH Offset PinAL IL= 25mA - 150 mV 3 

LH Anti larsen Attenuation IL=30mA Pin 9to Vee 5.75 S.25 S.75 dB 3 

RINGER 

Vturn-on Threshold on Measured at Pin V1R 14 15 17 v 4 

Vturn-off Threshold off 10.5 12 14 v 4 

Is Supply Current Vs = 17V no load 1.2 1.S rnA 4 

Foul Frequencies Pin 38 = GND 1450 1458 1465 Hz 4 
VIR= 32V 1160 1166 1172 Hz 4 

Pin 38 =Open 544 547 550 Hz 4 
VIR= 32V 435 438 441 Hz 4 

Pin 39 = GND 3.9 4 4.1 Hz 4 
Pin 39 =Open 9 9.1 9.2 Hz 4 
VIR= 32V 

Vout Output Voltaqe Swing VIR= 32V 30 - v 4 

hL Input Low V1R = 32V BEAT, PAIR -12 -7 -1.5 11A 4 
(Pins 38, 39) V1L = 1 V 

DTMF GENERATION 

DTMF Frequency Tolerances IL=25mA -0.4 +0.25 % 1 

DTMF Level IL = 25 I 60mA 
Low group -10 -8 -6 dBm 1 
High group -8 -6 -4 dBm 1 
Preemphasis 1 2 3 dB 1 

DTMF Distortion IL = 25m A BW = 20kHz see MASK fig. 6 

DTMF Feedback IL= 60mA 
referred to the line voltage 

RX -19 dB 5 
LH -2.5 dB 5 

Flash Operating Current 8.3 - rnA 1 

TMF Transmission Time 80.1 81.7 83.3 ms 1 

TIDMF lnterdigit Time 87.4 89.2 91.5 ms 1 

TmMF Transmission Mute 167.5 170.9 174.3 ms 1 

Confidence Tone Only by Serial Bus 440.9 Hz 1 

Confidence Tone Level IL= 25mA - -9 - dBm 1 

5112 
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Condition Min. Typ. Max. Unit I Fig. I 
LEAKAGE (VRAM = 3.5V) 

IKL Input Low (Keyboard current) C1% C6 (pins 1, 2, 41 %44) 1.5 - 5 J.lA 
V1L= 0.5V 

1,1 Input Low C1 %C6(pins1,2,41 %44) 150 450 1300 J.lA 
V1L = 0.4V 

CK (pin 37) V1L = 0.5V 1 J.lA 

l,h Input High EA (pin 7) V1H = 3.5V 5 11.5 16 J.l_A 

DCFV (pin 4), Flash (3) -10 -6 -1.5 J.lA 
V1L= OV 

C1 % C6 (pins 1, 2, 41% 44) -1300 -450 -150 J.lA 
V1H = 3.1V 

DCFV (pin 4), Flash (3), CK(37) - 1 J.lA 
V1H =3.5V - 1 J.lA 

lei Output Low Reset (pin 6) VoL= 0.4V 0.2 1.3 rnA 
OL (pin 5) 0.7 3.7 rnA 

loh Output High Reset (pin 6) VOH = 2.85V -1.8 -0.6 -0.2 rnA 
OL (pin 5) VoH = 0.7V -30 -8 J.lA 

TIMING AND FREQUENCY 

lr Reset Time In mode DTMF 34.3 ms 7 
In mode 60/40 30 ms 7 
In mode 66/33 33 ms 7 

lon Clock Start-up Time 5 ms 

lib Time line Break generating a In mode 60/40 290 300 ms 7 
Reset In mode 66/33 319 330 ms 7 

In mode DTMF 341 343 ms 7 

le Debounce Time In mode 60/40 14 24 34 ms 
In mode 66/33 15.4 26.4 37.4 ms 
In mode DTMF 16 27.4 38.9 ms 

SERIAL BUS 

lwl, lwh Pulse Width Clock 2 - IJS 8 

lei, leh Pulse Width Enable Signal 2 - IJS 8 

I set uo Set-up Time Data to Clock 0 ns 8 

Hold Time Data Dram Clock 100 - ns 8 

le Enable Time 0 ns 8 

IRAN Time Between two 900 J.lS 8 
Transmissions 

PULSE DIALLING (OL) 

Dialling Pulse Frequency In mode 60/40 (pin 4 tied to 10 Hz 
RESET) 

In mode 66/33 (pin 4 not - 10.11 Hz 
Connected) 

TaL Dialling Pulse Period pin 4 tied to RESET - 100 - ms 
pin 4 n.c. 98.9 ms 

lb Break Time pm 4 tied to RESET 60 ms 
pin 4 n.c. 66 ms 

1m Make Time pin 4 tied to RESET - 40 - ms 
pin 4 n.c. - 33 ms 

6/12 -------------- Eii ~~~;m~~I}'!:U!~~ 
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Condition Min. Typ. Max. Unit I Fig. I 
PULSE DIALLING (OL) continued. 

t1DOL lnterdigit 830 - 833 ms 
813 - 816.5 ms 

tmo! Transmission Mute n Pulses See note below 
Dialling 

IR Flash Pulse Duration Pin 3 to GND, Pin 4 n.c. 99 101.2 ms 
Pin 3 n.c., Pin 4 n.c. 264 266.2 ms 
Pin 3 to GND, Pin 4 to Reset 90 92 ms 
Pin 3 to GND, Pin 4 to GND 92 94 ms 
Pin 3 n.c., Pin 4 to Reset 240 242.2 ms 
Pin 3 n.c., Pin 4 to GND 264 266 ms 
Pin 3 to Reset, Pin 4 to Reset 110 112.2 ms 
Pin 3 to Reset, Pin 4 to GND 115 117 ms 
Pin 3 to Reset, Pin 4 n.c. 121 123.2 ms 

tmft Transmission Mute In mode 60/40 830 832 ms 
In mode 66/33 813 815.5 ms 
In mode DTMF 860 880 ms 

tp Pause Time In mode 60/40 3034 3038 ms 
In mode 66/33 2994 2998 ms 
In mode DTMF 3028 3032 ms 

Clock Keyboard: Pin 4 to pin 6 14 24 34 ms 
Minimum time to respect, in Pin 4 n.c. 15.4 26.4 37.4 ms 
order to take the pressed Pin 4to GND 16 27.4 38.9 ms 
pushbutton into account 

Clock Keyboard: Pin 4to pin 6 24 24 34 ms 
Mmimum time to respect, in Pin 4 n.c. 26.4 26.4 37.4 ms 
order to take the released Pin 4to GND 27.4 27.4 38.9 ms 
pushbutton into account 

Note: 

Min. Max. Unit 

n x 100 + 30 n x 100 + 32 ms 

n x 98.9 + 22 n x 100 + 24.2 ms 

7/12 
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TEST CIRCUITS 
Figure 1. 
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Figure 3. 
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Figure 5. 
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LINE BREAK DESCRIPTION 

330K 

S3 

After a line break longer than a Time Line Break 
(tlb) an internal reset is generated. A short line 
break < tlb does not affect the reset. 

POWER ON RESET TIMINGS (After Line Break) 

Figure 7a: VRAM > Vson at t = 0 

.. t 

RESET 

_/ 
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Figure 7b: VRAM < Vson at t = 0 

VRAM 

Vsoff 

Trt= T(VRAM to Vsoff)+ Tr+ Ton 

RESET 

~, 

Tr 

Trt 093TL 029 

Pin reset: It is the power on reset output. 

Figure 8. 

vee 

~ 
DATA e2 

MICRO L3913 
CONTROLLER CLOCK C3 

ENABLE SIGNAL C4 

STATE OF DIALER cs 
093TL031 

Figure 9: Timing serial bus. 

ENABLE SIGNAL 

o9.Jno.Ja 

L3913 

DIALER FUNCTIONAL DESCRIPTION 

The monochip includes a dialling circuit for either 
pulse dialling or dual tone multifrequency dialling. 
The dialler transmits the codes decoded by the 
logic keyboard on the outputs OLand DTMF. 

DIALING MODE SELECTION 
The default dialling mode is selected by the tri
level pin DC/FV (pin 4): 

- DC/FV open: pulse dialling in 66/33ms 

- DC/FV to pin Reset: pulse dialling in 60/40ms 

- DC/FV to pin GND: DTMF dialling calibrated 

-mixed mode 

When the circuit is in pulse mode, it is possible to 
change to DTMF dialling with the " * " key. The 
circuit returns in pulse mode after a reset condi
tion or after a flash pulse. 

DIALLING CODES 
These are the numeric keys 0 to 9, and the non 
numeric keys A, B, C, D, *, #. All of them are 
stored in RAM. 

The codes A, B, C, D can be only transmitted by 
the serial bus, not by standard key board. 
In· pulse dialling, the code #, B, C, D have no ef
fect on the dialling. The code A (in pulse mode) 
corresponds to 11 pulses. 

SERIAL BUS DESCRIPTION 
A microcontroller can be connected to the mono
chip by 4 pins C2, C3, C4, C5 (see fig. 8) 
C1 must be connected to Vee to select the serial 
mode operation. 

tel 1eh 

IRAN 

11/12 
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C2 sends the data, C3 the clock, C4 the enable 
signal, C5 indicates the state of the dialler (if C5 = 
0 the dialler is busy, if C5 = 1 the dialler is free). 

Data is a 5 bits serial word shifted in a 5 bits reg
ister during the positive transition of the clock 
pulse. The positive transition of the enable signal 

Table 1 : Code Enties. 

0 0 0 0 

0 0 0 0 

0 0 0 1 

0 0 0 1 

0 0 1 0 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 0 0 

0 1 0 0 

0 1 0 1 

0 1 0 1 

0 1 1 0 

0 1 1 0 

0 1 1 1 

0 1 1 1 

1 0 0 0 

1 0 0 0 

1 0 0 1 

1 0 0 1 

1 0 1 0 

1 0 1 0 

1 0 1 1 

1 0 1 1 

1 1 0 0 

1 1 0 0 

1 1 0 1 

1 1 0 1 

1 1 1 0 

1 1 1 0 

1 1 1 1 

1 1 1 1 

validates the acquisition of the last 5 bits. 
Timings diagram in fig. 9 shows the details of se
rial bus synchronization. 

Table 1 explains the "CODE ENTRY" in serial bus 
mode. 

0 * 

1 1 

0 2 

1 3 

..0 4 

1 5 

0 6 

1 7 

0 8 

1 9 

0 0 

1 A 

0 8 

1 c 
0 D 

1 * 

0 RESERVED 

1 R: FLASH 

0 REDIAL 

1 LOUDSPEAKER ON 

0 CONFIDENCE TONE 

1 MICROPHONE MUTE 

0 PAUSE 

1 RESERVED 

0 LOUDSPEAKER LEVEL OdB 

1 LOUDSPEAKER LEVEL 3dB 

0 LOUDSPEAKER LEVEL 6d8 

1 LOUDSPEAKERLEVEL9d8 

0 LOUDSPEAKER LEVEL 12dB 

1 LOUDSPEAKER LEVEL 15d8 

0 LOUDSPEAKER LEVEL 18d8 

1 LOUDSPEAKER LEVEL 21 dB 

12112 
--------------------------~~~~~~~~:~~ --------------------------
62 



L3914 

LOW RANGE ONE CHIP PHONE (SPEECH AND DIALER) 

Speech Circuit 
• 2 TO 4 WIRES CONVERSION 
• PRESENT THE PROPER DC PATH FOR THE 

LINE CURRENT AND THE FLEXIBILITY TO 
ADJUST IT AND ALLOW PARALLEL PHONE 
OPERATION 

• PROVIDES SUPPLY WITH LIMITED CUR
RENT FOR EXTERNAL CIRCUITRY 

• SYMMETRICAL HIGH IMPEDANCE MICRO
PHONE INPUTS SUITABLE FOR DYNAMIC 
ELECTRET OR PIEZOELECTRIC TRANS
DUCER 

• ASYMMETRICAL EARPHONE OUTPUT 
SUITABLE FOR DYNAMIC TRANSDUCER 

• LINE LOSS COMPENSATION 
• INTERNAL MUTING TO DISABLE SPEECH 

DURING DIALING 
• HOLD FUNCTION FOR PARALLEL PHONE 

WITH 400ms DELAY TO PREVENT FALSE 
RELEASE 

Dialer Circuit 
• 32 DIGITS FOR LAST NUMBER REDIAL 

BUFFER 
• 18 DIGITS FOR 13 MEMORY REDIAL 
• ALLOW MIXED MODE DIALING IN EITHER 

TONE OR PULSE MODE 
• PACIFIER TONE PROVIDES AUDIBLE INDI

CATION OF VALID KEY PRESSED IN A 
BUZZER OR/AND IN THE EARPHONE 

• TIMED PABX PAUSE 
• FLASH INITIATES TIMED BREAK 
• CONTINUOUS TONE FOR EACH DIGIT 

UNTIL KEY RELEASE 
• USES INEXPENSIVE 3.579545MHz CE

RAMIC RESONATOR 
• POWERED FROM TELEPHONE LINE, LOW 

OPERATING VOLTAGE FOR LONG LOOP 
APPLICATION 

DESCRIPTION 

The device consists of the speech and the dialer. 
It provides the DC line interface circuit that termi
nates the telephone line, analog amplifier for 
speech transmission and necessary signals for 
either DTMF or loop disconnect (pulse) dialing. 

September 1993 

ADVANCE DATA 

DIP28 S028 
ORDERING NUMBERS: 

L3914N L3914D 

PIN CONNECTION (Top view) 

C1 
a 
C3 
C4 

osc 

PACIFIER TONE/MODE 
HKS 

GND 
RXOUT 

GRX 
RXIH 
IREF 
Ul:l: 

KEYPAD CONFIGURATION 

1 2 3 

4 5 6 

7 8 9 

* SOFT 8 fl. 
SUITCH 

E1 E2 E3 

FLASH 

PROG 

PAUSE 
/LND 

HOLD 

MEM 

"!12L3!J1.t-B2R 

Note: PAUSE/LND: 

Ri 
R2 
R3 
R4 
Rs 
UDD 
GDTMF 
MIC+ 
MIC
GTX 
REG 
LH 
I LINE 
LED 

PAUSE and LND functions are shanng the same key with different 
sequence. Hereafter, PAUSE and LND keys are referring to the same 
key. 

1/12 
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BLOCK DIAGRAM 
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R5 
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R4 25 
.______ 

GRX RGRX 11 
R3 

26 ONE CHIP PHONE I R2 
R1 

27 

§~ 
SPEECH I 

28 [ RECEIUE 
19 

C:4 RXOUT 
'--=-< 4 I ~ ---e.. 3 ~ ~ TRANSMIT 8. DTMF ~~ C:2 .--

C:1 
2 

c:3:~ 
1 

CONTROL LOGIC: I 19 GTX 

CURRENT 
.------ ~ RGTX HKS 8 

R12 

J. HS18 
CONTROL HOLD 

I 13 MEMORV RAM I 
8. CURRENT LED 

GDTMF 22 
REFERENCE .______ 

5 7 28 21 18 13 9 16 
RMF MIC:+ REG IREF GHD I LINE C:MFtJ OS1 MODE B"; C:1B :;~ 

CERAMIC I: =~ 
X1CJ BU22LE ~ ro-

-=r= TONE R14 R15 

'f /P SI.J 1$ T PULSE 

. 
When mated with a tone ringer, a complete tele
phone can be produced with just two ICs. 
The DC line interface circuit develops its own line 
voltage across the device and it is adjustable by 
ext~rnal resistor to suit different country's specifi
cation. 
The speech network provides the two to four 
wires interface, electronic switching between dial
ing and speech and automatic gain control on 
transmit and receive. 
The dialing network buffers up to 32 digits into the 
LND memory that can be later redialed with a 
single key input. Additionally, another 13 
memories (including 3 emergency memories) of 
18 digits memory is available. Users can store all 
13 signalling keys and access several unique 
functions with single key entries. These functions 
include: Pause/Last Number Dialed (LND), Soft
switch, Flash and Hold. 
The FLASH key simulates a 585ms hook flash to 

c:7:~ 
R11 

R9 R19 Zs 

n!12L3914•85D 

transfer calls or to activate other special features 
provided by the PABX or central office. 
The PAUSE key stores a timed pause in the num
ber sequence. Redial is then delayed until an out
side line can be accessed or some other activity 
occurs before normal signaling resumes. 

A LND key input automatically radials the last 
number dialed. 
The HOLD key allows the user to suspend the 
conversation and resume the call on either the 
same phone by pressing the HOLD key again or 
resume the conversation at a parallel phone. 

FUNCTION PIN DESCRIPTION 

C1,C2,C3,C4,R5,R4,R3,R2,R1 
Keyboards inputs. Pins 1, 2, 3, 4, 24, 25, 26, 27, 
28. The one chip phone interfaces with either the 
standard 2-of-9 with negative common or the 
single-contact (Form A) keyboard. 

2/12 ------------- L.,, ~~~mg,~::~ -------------
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FUNCTION PIN DESCRIPTION (continued) 

A valid keypad entry is either a single Row con
nected to a single Column or GND simultaneously 
presented to both a single Row and a single Co
lunm. 
In its quiescent or standby state, during normal 
off-hook operation, either the Rows or the Col
umns are at logic level 1 (Voo). Pulling one input 
low enables the on chip oscillator. Keyboard 
scanning then begins. 
Scanning consists of Rows and Columns alter
nately switching high through on chip pullups. 
After both a Row and Column key have been de
tected, the debounce counter is enabled and any 
noise (bouncing contacts, etc) is ignored for a de
bounce period (TKO) of 32ms. At this time, the 
keyboard is sampled and if both the Row and Col
umn information are valid, the information is buf
fered into the LND location. After scanning starts, 
the row and column inputs will assume opposite 
states. 
In the tone mode, if two or more keys in the same 
row or if two or more keys in the same column are 
depressed a single tone will be output. The tone 
will corresponds to the row or column for which 
the two keys were pushed. This feature is for test
ing purposes, and single tone will not be redialed. 
Also in the tone mode, the output tone is con
tinuous in the manual dialing as long as the key is 
pushed. The output tone duration follows the 
Table 1. When redialing in the tone mode, each 
DTMF output has 1 OOms duration, and the tone 
separation (inter signal delay) is 1 OOms. 
Table 1: Output Tone Duration 

Kev-Push Time, T Tone Output 

T <= 32ms No output, ignored by 
one chip phone. 

32ms < = T < = 1 OOms + 1 OOms Duration 
Tkd 
T > - 1 OOms + Tkd Output Duration= T- Tkd 

osc 
Output. Pin 5. Only one pin is needed to connect 
the ceramic resonator to the oscillator circuit. The 
other end of the resonator is connected to GND 
(pin 8). The nominal resonator frequency is 
3.579545MHz and any deviation from this standard 
is directly reflected in the Tone output frequencies. 
The ceramic resonator provides the time reference 
for all circuit functions. A ceramic resonator with 
tolerance of ±0.25% is recommended. 

PULSE 
Output. Pin 6. This is an output consisting of an 
open drain N-Channel device. During on-hook, 
pulse output pin is in high impedance and once 
off-hooked, it will be pulled high by external resis
tor. The pulse out will go high when the Hold key 

L3914 

is pressed, in this way the phone will stay con
nected to the line until! the parallel phone is 
hooked-OFF or the Hold J<ey is pressed again. 

MODE/PACIFIER TONE 
Input (MODE). Pin 7. MODE determifleS the 
dialer's default operating mode. When the device 
is powered up or the hookswitch input is switched 
from on-hook (Voo) to off-hook (GND), the default 
determines the signalling mode. A Voo connec
tion defaults to tone mode operation and a GND 
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 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 
phone will be in pulse mode. Redial by the LND key 
or the MEM key will repeat the softswitch. 
Output (PACIFIER TONE). Pin 7. In pulse mode, 
all valid key entries activate the pacifier tone. In 
tone mode, any non DTMF entry (FLASH, 
PROG, PAUSE, LND, HOLD, MEM, E1, E2 and 
E3), activates the pacifier tone. The pacifier tone 
provides audible feedback, confirming that key 
has been properly entered and accepted. It is a 
500Hz square wave activated upon acceptance of 
valid key input after the 32ms debounce time. The 
square wave terminates after a maximum of 
75ms or when the valid key is no longer present. 
The pacifier tone signal is simultaneously sent to 
earphone and the buzzer. The buzzer can be 
removed without affecting this function. 

HKS 

Input. Pin 8. This is the hookswitch input to the one 
chip phone. 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 operation in progress at the time. The signaling 
mode defaults to the mode selected at pin 7. 
Figures 1 and 2 illustrate the timing for this pin. 

GND 
Pin 9 is the negative line terminal of the device. 
This is the voltage reference for all specifications. 

RXOUT, GRX, RXIN 
RXOUT (pin 1 0), GRX (pin 11) and RXIN (pin 12). 
The receive amplifier has one input RXIN and a 
non inverting output RXOUT. Amplification from 
RXIN to RXOUT is typically 31 dB and it can be 
adjusted between 11dB and 41dB to suit the sen
sitivity of the earphone used. The amplification is 
proportional to the external resistor connected be
tween GRX and RXOUT. 

~ SCS·lliOMSON -----------3-11-2 --------------- A"'ffl o;JU©Iiil©rn~rn©li"liil@li!U©i!l 
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FUNCTION PIN DESCRIPTION (continued) 

IREF 

Pin 13. An external resistor of 3.6k0hm con
nected between IREF and GND will set the inter
nal current level. Any change of this resistor value 
will influence the microphone gain, DTMF gain, 
earphone gain and sidetone. 

Vee 
Pin 14, Vee is the positive supply of the speech 
network. It is stabilized by a decoupling capacitor 
between Vee and GND. The Vee supply voltage 
may also be used to supply external peripheral 
circuits. 

LED 

Pin 15. The LED connected to this pin will start to 
blink when the HOLD key is pressed and will turn 
off if the HOLD key is pressed again. Otherwise, it 
will continue to blink at 1Hz frequency when the 
phone is on-hooked and then turn off when the 
parallel phone goes off-hook. 

ILINE 

Pin 16. A recommended external resistor of 
20ohm is connected between luNE and GND. 
Changing this resistor value will have influence on 
microphone gain, DTMF gain, sidetone, maximum 
output swing on LN and on the DC characteristics 
(especially in the low voltage region). 

LN 
Pin 17. LN is the positive line terminal of the device. 

REG 
Pin 18. The internal voltage regulator has to be 
decoupled by a capacitor from REG) to GND). 
The DC characteristics can be changed with an 
external resistor connected between LN and REG 
or between REG and luNE . 

GTX, MIC-, MIC+ 
GTX (pin 19), MIG- (pin 20) and MIC+ (pin 21 ). 
The one chip phone has symmetrical microphone 
inputs. The amplification from microphone inputs 
to LN is 52dB and it can be adjusted between 44 
and 52dB. The amplification is proportional to ex
ternal resistor connected between GTX and REG. 

GDTMF 
Pin 22. When the DTMF input is enabled, the 
microphone inputs and the receive amplifier input 
will be muted and the dialing tone will be sent to the 
line. The voltage amplification from GDTMF to LN 

is 40dB. Final output level on LN can be adjusted 
via the external resistor connected between 
GDTMF and GND through a decoupling capaci
tor. A confidence tone is sent to the earphone 
during tone dialing. The attenuation of the con
fidence tone from LN to Vear is -32dB typically. 

Voo 
Pin 23. Voo is the positive supply for the dialing 
network and must meet the maximum and mini
mum voltage requirements. 

DEVICE OPERATION 
During on-hook all keypad inputs are high imped
ance internally and it requires very low current for 
memory retention. At anytime, Row and Column 
inputs assume opposite states at off-hook. The 
circuit verifies that a valid key has been entered 
by alternately scanning the Row and Column in
puts. If the input is still valid following 32ms of de
bounce, the digit is stored into memory, and dial
ing begins after a pre-signal delay of 
approximately 40ms (measured from the initial 
key closure). Output tone duration is shown in 
Table 1. 

The device allows manual dialing of an indefinite 
number of digits, but if more than 32 digits are 
dialed, it will "wrap around". That is, the .extra 
digits beyond 32 will be stored at the beginning of 
LND buffer, and the first 32 digits will no longer be 
available for redial. 

Table 2: DTMF Output Frequency 

Key Input Stadard Actual %Deviation 
Frequency Frequency 

ROW1 697 699.1 +0.31 
ROW2 770 766.2 -0.49 
ROW3 852 847.4 -0.54 
ROW4 941 948.0 +0.74 

COL1 1209 1215.9 +0.57 
COL2 1336 1331.7 -0.32 
COL3 1477 1471.9 -0.35 

NORMAL DIALING 

01 02 03 .... etc 
Normal dialing is straighforward, all keyboard en
tries will be stored in the buffer and signaled in 
succession. 

PROGRAMMING AND REPORTORY DIALING 
To program, enter the following: 

PROG 01 02 On MEM (location 0-9) 

or 
PROG 01 D2 On E1-E3 

During programming, dialing is inhibited. 
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FUNCTION PIN DESCRIPTION (continued) 

To dial a number from repertory memory (HKS 
must be low), enter the following: 

MEM (Location 0-9) or E1-E3 
To save the last number dialed, enter the follow
ing: 

PROG MEM (location 0-9) or E1-E3 

HOOK FLASH 
D1 FLASH D2 ... etc 

Hook flash may be entered into the dialed se
quence at any point by keying in the function key, 
FLASH. Flash consists of a timed break of 
585ms. When a FLASH key is pressed, no further 
key inputs will be accepted until the hookflash 
function has been dialed. The key input following 
a FLASH will be stored as the initial digit of the 
new number, overwriting the number dialed be
fore the FLASH, unless it is another FLASH. 
FLASH key pressed immediately alter hookswitch 
or LND will not clear the LND buffer unless digits 
are entered following the FLASH key. 
Example: 

FLASH 
LND not cleared 

LND FLASH 
LND not cleared 

LND FLASH D1 
LND buffer will contain D1, D2 

PAUSE/LAST NUMBER DIALED 

D2 

If the PAUSE/LND key is pressed right alter off 
hook or FLASH key, it is considered as LND, if it 
is pressed after a digit, it will be considered as 
PAUSE. 

LAST NUMBERED DIALED 

OFF-HOOK PAUSE/LND or FLASH PAUSE/LND 
Last number dialing is accomplished by entering 
the PAUSE/LND key. 
PAUSE 

OFF-HOOK D1 PAUSE/LND D2 ... etc 

A pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
PAUSE/LND. Pause inserts a 3.1 second delay 
into the dialing sequence. The total delay, includ
ing pre-digit and post-digit pauses is shown in 
Table 3. 

L3914 

Table 3: Special Function Delays 
Each delay shown below represents the time re
quired after the special function key is depressed 
until a new digit is dialed. The time is considered 
"FIRST" key if all previous inputs have been com
pletely dialed. The time is considered "AUTO" if in 
redial, or if previous dialling is still in progress. 

Function Firsi/Auto 
Delay (seconds) 

Pulse Tone 

SOFTSWITCH FIRST 0.2 
AUTO 1.0 

PAUSE FIRST 2.6 3.0 
AUTO 3.4 3 1 

HOLD 
When HOLD key is pressed during off hook, there 
are two options. The first option is to mute the 
phone (LED will blink) and the conversation can 
be resumed by pressing the HOLD key again. 
The second option is to mute the phone (LED will 
blink), on-hook the phone (LED will still blink at 
1Hz frequency) and automatic switch off the 
phone when parallel phone is off-hook. 
The HOLD function is disabled when the line cur
rent drops below 20mA. 

SOFTSWITCH FUNCTION USING TONE/PULSE 
MODE SWITCH 
When dialing in Pulse mode after off-hook, switch
ing TONE/PULSE mode switch from Pulse to Tone 
will cause the device to change the signaling mode 
into tone signal and store the softswitch function in 
the LND memory for redial. To redial the softswitch 
function (mixed mode dialing) in the pulse mode 
alter going on-hook and back to off-hook, you have 
to switch the TONE/PULSE mode switch back to 
pulse mode either before going on-hook or after off
hook or during on-hook. 
Subsequent mode change from Tone to Pulse will 
change the signaling mode to pulse dialing se
quence but this mode change will not be stored in 
.the LND memory. 
When dialing in Tone mode after off-hook, a switch
ing of TONE/PULSE mode Switch from Tone to 
Pulse will cause the device to change the signaling 
mode into pulse mode but this mode change will 
not be stored in the LND memory. When LND key 
is pressed in Tone mode after going off-hook, the 
device will output all tone signals. 
A pacifier tone of 75ms is provided after 32ms 
debounce time when switching from Pulse to 
Tone mode. 
Redial by the LND key will repeat the mixed dial
ing sequence in Pulse mode. 
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Figure 1: Tone Mode Timing 

DIAL SEQUENCE [I] ill I FLASH I III 

KEYBOARD 
INPUT 

ENTER 
[I] 

ENTER ENTER 
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0 

KEYBOARD 
SCAN ----urn. _ _ _ _ _fUlJ L...l __ ....;K.;.;;E:.;.:YB;;.;;D;;.;A;,;.;RD;....;;,;SC;;,;;A:;.;.N __ ,_~I[fUl _ _ _ _ jlf1J1J 
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INPUT 

DTMF 
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I FLASH PERIOD I 

I--- tHFP -----1 

Note: For this example. key entries are ~18Bms. but ~2ms. 

N 1: Pre-signal Delay 
N 2: Inter-signal Delay 

Figure 2: Pulse Mode Timing 

DIAL SEQUENCE m m 1 PAUSE 1 m 

KEYBOARD 
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KEYBOARD 
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m 

PULSE 
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1 
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Is j~~~M~7 
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PACIFIER 
TONE 

4-.j r-
_JI!L ___ ( ___ I ___ rn_ __ 

Note: H 3 Kcyped Dcbouncc T imc 
N 4 Pacifier Tone Duration 
N 5 Predigital Pause 
N 6 Inter-digit Peu~e 

N 7: Mute Overlep Time 
N 8: Break Time 
H 9: Make Time 

lf92L391~-B4 

6/12 
-------------- A"fl ~~~~m~::~?~ --------------
68 



L3914 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VLN Positive Line Voltage Continuous 12 v 
ILN Line Current 140 rnA 

Voo Log1c Voltage 7.0 v 
VI Maximum Voltage on Any Pin GND(-0.3) VDD(+0.3) v 

Tamb Operating Temperature Range -40 to +125 oc 
Tsto Storage Temperature -25 to 125 oc 
Ptot Total Power DissipatiOn 700 mW 

ELECTRICAL CHARACTERISTICS (IL = 10 to 140mA; Voo = 4V; f = 1KHz; T amb = 25°C, unless other
wise specified) 

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

VLN Line Voltage IL = 4mA 2.50 v 3 
IL = 15mA 3.15 3.50 3.85 v 
IL=120mA 7.0 v 
RA = 68KQ ; IL = 15m A 2.6 3.2 3.7 v 
Rs = 39KQ ; IL = 15m A 3.6 4.1 4.6 v 

Voo Logic Voltage) TONE MODE 2.50 6.00 v 3 
PULSE MODE 2.20 6.00 v 

loo Supply Current Into Voo TONE MODE@ Voo = 4V 600 J.IA 3 
PULSE MODE@ VDD = 4V 400 J.IA 

Icc Supply Current Into V cc IL = 15mA 1.30 rnA 3 

I LED Supply Current to HOLD LED IL= 15mA 1.5 rnA 3 
IL=120mA 1.5 rnA 

VMR Memory Retention Voltage 1.50 v 4 

IMR Memory Retention Current 1.00 J.IA 4 

Is Off-Hook Stand-by Current Voo = 4.0V 150 250 J.IA 3 

IPL Pulse Output Sink Current Vo = 0.5V 1.00 3.00 rnA 3 

lpo Pac1f1er Tone Smk/Source Vo = 0.5V (Sink) 1 3 rnA 3 
Current Vo = 3.5V (Source) 0.6 1 rnA 

VIL HKS, Mode, Keyboard Inputs 0.3xVoo v 
Low 

VJH HKS, Mode, Keyboard Inputs 0.7xVoo v -
High 

GTX Transmit Gain Vm,c = 2mVrms 6 
IL = 15m A; RGTx = 68KQ 50.0 51.5 53.0 dB 
IL = SOmA; RGTX = 68KQ 44.5 46.5 48.5 dB 

AGTx Transmit Gain Variation with IL= 15mA -8 0 dB 6 
RGTX Vmc = 2mVrms 

Rmx = 43KQ -4 dB 
RGTX= 27KQ -8 dB 

DTX Transmit Distortion IL = 15m A; VLN = 1 Vrms 2 % 6 

NTx Transmit Noise IL = 15mA; Vm,c = OV -72 dBmp 6 

ZMIC Microphone Input Impedance 64 KQ 5 

GoTMF DTMF Gain (Output@ LN) IL = 15m A ; RoTMF = 2KQ 38 40 42 dB 7 

CoTMF Confidence Tone Level -34 -32 -30 dB 7 
VeiJJNLN 

7/12 
-------------- L"'!J ~~~;~~!::e~~lf --------------

69 



L3914 

ELECTRICAL CHARACTERISTICS (continued) 

Svmbol Parameter Test Condition Min. Typ. Max. Unit Fig. 

VoTMF DTMF Level on the line RoTMF= 2KQ, 
High Frequency Group CoTMF = 22nF -8 -6 -4 dB_m 7 
Low Frequency Group -10 -8 -6 dBm 

PEl Pre-emphasis 1.40 2 2.60 dB 7 

DIS DTMF Output Distortion 5 8 % 7 

ZorMF DTMF Att. Pin Impedance 40 KQ 

GRx Receive Gain Vrnp = SmVrms; Re = 300Q 8 
RGRX = 100KQ 
IL = 15mA 29.5 31.0 32.5 dB 
IL = 60mA 24 26 28 dB 

AGRX Receive Gain Variation IL =15mA; Re = 300Q -20 +10 dB 8 
RGRX = 10KQ -20 dB 
RGRX = 300KQ +10 dB 

DRx Reveive Output Distortion IL = 15mA; RGRX = 1 OOKQ 8 
Re = 150Q; Vc = 0.25Vrrns 2 % 
Re = 300Q; Vc= 0.45Vrrns 2 % 
Re- 450Q; Vc- 0.55Vrrns 2 % 

NRx Receive Noise IL ~15m A, RL = 300Q; 200 11v 8 
RGRX- 1 OOKQ; ViNP- OV 

Zour Rece1ve Output ImPedance IL- 15mA 35 Q 8 

Vpr Pacifier Tone Level on IL= 15mA; Rp = ~ 40 60 80 mVnns 8 
Earphone Rn- 430K 400 600 BOO mVnns 

KEYBOARD INTERFACE 

TKD Keypad Debounce Time 32 ms 
FKS Keypad Scan Frequency 250 Hz 
KRU Keypad Pullup Resistance 100 KQ 
KRD Keypad Pulldown Resistance 500 Q 

PULSE MODE 

TPT Pacrfrer Tone Duratron 75 ms 
FPT Pacifier Tone Frequency 500 Hz 
PR Pulse Rate 10 PPS 
TB Break T1me 60 ms 
TM Make T1me 40 ms 
IDP Inter Dig1t Pause 820 ms 
PDP Predigit Pause 50 ms 

TONE MODE 

RT Tone Output Load 10 KQ 
TRIS Tone Output Rise T1me 5 ms 
TR Tone Signalling Rate 5 1/s 

TPSD Pre Signal Delay 40 ms 
TISD Inter Signal Delay 100 ms 
TOUR Tone Output Duration 100 ms 

THD Hold Mode Delay 400 ms 

Notes: 
1. All 1nputs unloaded. Qwescent mode (OSCillator off). 
2. Pulse output sink current for Vour = 0.5V. 
3. Pacifier tone sink current for Vour = 0.5V. Source current for Vour = 3 SV. 
4 Memory retention voltage is the point where memory is guaranteed but circu1t operation is not. Proper memory retention 1s guaranteed 1f 

either the minimum IMR is provided or lhe mrnrmum VMR. The design does not have to provrde both the minimum current and voltage 
srmullaneously. 
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TEST CIRCUITS 
Figure 3. 

Figure 4. 
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TEST CIRCUITS(continued) 
Figure 5. 
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TEST CIRCUITS(continued) 
Figure 7. 
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Figure 9:Typical Application Circuit. 
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LOW RANGE ONE CHIP PHONE (SPEECH AND DIALER) 

Speech Circuit 
• 2 TO 4 WIRES CONVERSION 
• PRESENT THE PROPER DC PATH FOR THE 

LINE CURRENT AND THE FLEXIBILITY TO 
ADJUST IT AND ALLOW PARALLEL PHONE 
OPERATION 

• PROVIDES SUPPLY WITH LIMITED CUR
RENT FOR EXTERNAL CIRCUITRY 

• SYMMETRICAL HIGH IMPEDANCE MICRO
PHONE INPUTS SUITABLE FOR DYNAMIC 
ELECTRET OR PIEZOELECTRIC TRANS
DUCER 

• ASYMMETRICAL EARPHONE OUTPUT 
SUITABLE FOR DYNAMIC TRANSDUCER 

• LINE LOSS COMPENSATION 
• INTERNAL MUTING TO DISABLE SPEECH 

DURING DIALING 
• LIGHTED DIAL LED CONSUMING 25% OF 

LINE CURRENT 

Dialer Circuit 
• 32 DIGITS FOR LAST NUMBER REDIAL 

BUFFER 
• 18 DIGITS FOR 13 MEMORY REDIAL 
• ALLOW MIXED MODE DIALING IN EITHER 

TONE OR PULSE MODE 
• PACIFIER TONE PROVIDES AUDIBLE INDI

CATION OF VALID KEY PRESSED IN A 
BUZZER OR/AND IN THE EARPHONE 

• TIMED PABX PAUSE 
• FLASH INITIATES TIMED BREAK 
., CONTINUOUS TONE FOR EACH DIGIT 

UNTIL KEY RELEASE 
• USES INEXPENSIVE 3.579545MHz CE

RAMIC RESONATOR 
• POWERED FROM TELEPHONE LINE, LOW 

OPERATING VOLTAGE FOR LONG LOOP 
APPLICATION 

DESCRIPTION 

The device consists of the speech and the dialer. 
It provides the DC line interface circuit that termi
nates the telephone line, analog amplifier for 
speech transmission and necessary signals for 
either DTMF or loop disconnect (pulse) dialing. 

August 1993 

ADVANCE DATA 

DIP28 5028 
ORDERING NIMBERS: 

L3916N L3916D 

PIN CONNECTION (Top view) 

E1 
C2 
6 
C4 

osc 
PULSE 

PACIFIER TONE/MODE 
HKS 
GND 

RXOUT 
GRX 

RXIH 
IREF 
ucc 

KEYPAD CONFIGURATION 

1 2 3 

4 5 5 

7 8 9 

* SOFT 
SUITCH 

G tt 

E1 E2 E3 
1193L39t5-et 

Note: PAUSEILNO: 

FLASH 

PROG 

PAUSE 

/U'ID 

MEM 

Ri 
R2 
R3 
R4 
Rs 
uoo 
GOTMF 
MIC• 
MIC
GTX 
REG 
LH 
ILl HE 
LEO 

PAUSE and LND functions are sharing the same key w1th different 
sequence. Hereafter. PAUSE and LNO keys are refernngtothe same 
key. 
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BLOCK DIAGRAM 
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DESCRIPTION (continued) 

When mated with a tone ringer, a complete tele
phone can be produced with just two ICs. 
The DC line interface circuit develops its own line 
voltage across the device and it is adjustable by 
external resistor to suit different country's specifi
cation. 

The speech network provides the two to four 
wires interface, electronic switching between dial
ing and speech and automatic gain control on 
transmit and receive. 

The dialing network buffers up to 32 digits into the 
LND memory that can be later redialed with a 
single key input. Additionally, another 13 
memories (including 3 emergency memories) of 
18 digits memory is available. Users can store all 
13 signalling keys and access several unique 
functions with single key entries. These functions 
include: Pause/Last Number Dialed (LND), Soft
switch, Flash. 

R11 
C7:~ R9 R10 Zs 

ff53UJ!Jt6-B21l 

The FLASH key simulates a 585ms hook flash to 
transfer calls or to activate other special features 
provided by the PABX or central office. 
The PAUSE key stores a timed pause in the num
ber sequence. Redial is then delayed until an out
side line can be accessed or some other activity 
occurs before normal signaling resumes. 

A LND key input automatically redials the last 
number dialed. 

FUNCTION PIN DESCRIPTION 

C1,C2,C3,C4,R5,R4,R3,R2,R1 
Keyboards inputs. Pins 1, 2, 3, 4, 24, 25, 26, 27, 
28. The one chip phone interfaces with either the 
standard 2-of-9 with negative common or the 
single-contact (Form A) keyboard. 
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FUNCTION PIN DESCRIPTION (continued) 

A valid keypad entry is either a single Row con
nected to a single Column or GND simultaneously 
presented to both a single Row and a single Co
lunm. 
In its quiescent or standby state, during normal 
off-hook operation, either the Rows or the Col
umns are at logic level 1 (Voo). Pulling one input 
low enables the on chip oscillator. Keyboard 
scanning then begins. 

Scanning consists of Rows and Columns alter
nately switching high through on chip pullups. 
After both a Row and Column key have been de
tected, the debounce counter is enabled and any 
noise (bouncing contacts, etc) is ignored for a de
bounce period (TKO) of 32ms. At this time, the 
keyboard is sampled and if both the Row and Col
umn information are valid, the information is buf
fered into the LND location. After scanning starts, 
the row and column inputs will assume opposite 
states. 

In the tone mode, if two or more keys in the same 
row or if two or more keys in the same column are 
depressed a single tone will be output. The tone 
will corresponds to the row or column for which 
the two keys were pushed. This feature is for test
ing purposes, and single tone will not be redialed. 
Also in the tone mode, the output tone is con
tinuous in the manual dialing as long as the key is 
pushed. The output tone duration follows the 
Table 1. When redialing in the tone mode, each 
DTMF output has 1 OOms duration, and the tone 
separation (inter signal delay) is 1 OOms. 

Table 1: Output Tone Duration 

Key-Push Tome, T Tone Output 

T <= 32ms No output, ignored by 
one chip phone. 

32ms < = T < = 100ms + 1 OOms Duration 
Tkd 
T > = 100ms + Tkd Output Duration - T - Tkd 

osc 
Output. Pin 5. Only one pin is needed to connect 
the ceramic resonator to the oscillator circuit. The 
other end of the resonator is connected to GND 
(pin 8). The nominal resonator frequency is 
3.579545MHz and any deviation from this stand
ard is directly reflected in the Tone output fre
guencies. The ceramic resonator provides the 
t1me reference for all circuit functions. A ceramic 
resonator with tolerance of ±0.25% is recom
mended 

PULSE 
Output. Pin 6. This is an output consistmg of an 
open drain N-Channel device. During on-hook, 

L3916 

pulse output pin is in high impedance and once off
hooked, it will be pulled high by external resistor. 

MODE/PACIFIER TONE 
Input (MODE). Pin 7. MODE determines the 
dialer's default operating mode. When the device 
is powered up or the hookswitch input is switched 
from on-hook (Voo) to off-hook (GND), the default 
determines the signalling mode. A Voo connec
tion defaults to tone mode operation and a GND 
connection defaults to pulse mode operation. 

When dialing in the pulse mode, a softswitch fea
ture will allow a change to the tone mode when
ever the * key is depressed. Subsequent * key in
puts 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 phone will be in pulse mode. Redial by 
the LND key or the MEM key will repeat the soft
switch. 

Outpu~ (PACIFIER TONE). Pin 7. In pulse mode, 
all valid key entries activate the pacifier tone. In 
tone mode, any non DTMF entry (FLASH, 
PROG, .PAUSE, LND, HOLD, MEM, E1, E2 and 
E3), act1vates the pacifier tone. The pacifier tone 
provides audible feedback, confirmmg. that key 
has been properly entered and accepted. It is a 
500Hz square wave activated upon acceptance of 
valid key input after the 32ms debounce time. The 
square wave terminates after a maximum of 
75ms or. when the valid key is no longer present. 
The pacifier tone signal is simultaneously sent to 
earphone and the buzzer. The buzzer can be 
removed without affecting this function. 

HKS 

Input. Pin 8. This is the hookswitch input to the one 
chip phone. 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 operation in progress at the time. The signaling 
~ode defaults .to the mode selected at pin 7. 
F1gures 1 and 2 Illustrate the timing for this pin. 

GND 
Pin 9 is the negative line terminal of the device. 
This is the voltage reference for all specifications. 

RXOUT, GRX, RXIN 
RXOUT (pin 1 0), GRX (pin 11) and RXIN (pin 12). 
The receive amplifier has one input RXIN and a 
non inverting output RXOUT. Amplification from 
RXIN to RXOUT is typically 31 dB and it can be 
adjusted between 11dB and 41dB to suit the sen
sitivity of the earphone used. The amplification is 
proportional to the external resistor connected be
tween GRX and RXOUT. 
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FUNCTION PIN DESCRIPTION (continued) 

I REF 

Pin 13. An external resistor of 3.6k0hm con
nected between IREF and GND will set the inter
nal current level. Any change of this resistor value 
will influence the microphone gain, DTMF gain, 
earphone gain and sidetone. 

Vee 
Pin 14, Vee is the positive supply of the speech 
network. It is stabilized by a decoupling capacitor 
between Vee and GND. The Vee supply voltage 
may also be used to supply external peripheral 
circuits. 

LED 
Pin 15. Lighted dial indicator. The LED connected 
to this pin will light up when the telephone is off
hook and consuming 25% of the line current. 

I LINE 

Pin 16. A recommended external resistor of 
20ohm is connected between JuNE and GND. 
Changing this resistor value will have influence on 
microphone gain, DTMF gain, sidetone, maximum 
output swing on LN and on the DC characteristics 
(especially in the low voltage region). 

LN 
Pin 17. LN is the positive line terminal of the de
vice. 

REG 
Pin 18. The internal voltage regulator has to be 
decoupled by a capacitor from REG to GND. The 
DC characteristics can be changed with an exter
nal resistor connected between LN and REG or 
between REG and luNE. 

GTX, MIG-, MIG+ 
GTX (pin 19), MJC- (pin 20) and MIC+ (pin 21). 
The one chip phone has symmetrical microphone 
inputs. The amplification from microphone inputs 
to LN is 52dB and it can be adjusted between 44 
and 52dB. The amplification is proportional to ex
ternal resistor connected between GTX and REG. 

GDTMF 

Pin 22. When the DTMF input is enabled, the 
microphone inputs and the receive amplifier input 
will be muted and the dialing tone will be sent to the 
line. The voltage amplification from GDTMF to LN 

is 40dB. Final ouput level on LN can be adjusted 
via the external resistor connected between 
GDTMF and GND through a decoupling capaci
tor. A confidence tone is sent to the earphone 
during tone dialing. The attenuation of the con
fidence tone from LN to Vear is -32dB typically. 

Voo 
Pin 23. Voo is the positive supply for the dialing 
network and must meet the maximum and mini
mum voltage requirements. 

DEVICE OPERATION 
During on-hook all keypad inputs are high imped
ance internally and it requires very low current for 
memory retention. At anytime, Row and Column 
inputs assume opposite states at off-hook. The 
circuit verifies that a valid key has been entered 
by alternately scanning the Row and Column in
puts. If the input is still valid following 32ms of de
bounce, the digit is stored into memory, and dial
ing begins after a pre-signal delay of 
approximately 40ms (measured from the initial 
key closure). Output tone duration is shown in 
Table 1. 
The device allows manual dialing of an indefinite 
number of digits, but if more than 32 digits are 
dialed, it will "wrap around". That is, the extra 
digits beyond 32 will be stored at the beginning of 
LND buffer, and the first 32 digits will no longer be 
available for redial. 

Table 2: DTMF Output Frequency 

Key Input Stadard Actual %Deviation Frequency Frequency 

ROW 1 697 699.1 +0.31 
ROW2 770 766.2 -0.49 
ROW3 852 847.4 -0.54 
ROW4 941 948.0 +0.74 

COL1 1209 1215.9 +0.57 
COL2 1336 1331.7 -0.32 
COL3 1477 1471.9 -0.35 

NORMAL DIALING 
01 02 03 .... etc 

Normal dialing is straighforward, all keyboard en
tries will be stored in the buffer and signaled in 
succession. 

PROGRAMMING AND REPERTORY DIALING 

To program, enter the following: 
PROG 01 02 03 ... On MEM (Location 0-9) 
or 
PROG 01 02 .... On E1-E3 

During programming, dialing is inhibited. 

4/12 -------------- L""1 ~~~~m~::Ol~~ --------------
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FUNCTION PIN DESCRIPTION (continued) 

To dial a number from repertory memory (HKS 
must be low), enter the following: 

MEM (Location 0-9) or E1-E3 

To save the last number dialed, enter the follow
ing: 

PROG MEM (location 0-9) or E1-E3 

HOOK FLASH 
D1 FLASH D2 ... etc 

Hook flash may be entered into the dialed se
quence at any point by keying in the function key, 
FLASH. Flash consists of a timed break of 
585ms. When a FLASH key is pressed, no further 
key inputs will be accepted until the hookflash 
function has been dialed. The key input following 
a FLASH will be stored as the initial digit of the 
new number, overwriting the number dialed be
fore the FLASH, unless it is another FLASH. 

FLASH key pressed immediately after hookswitch 
or LND will not clear the LND buffer unless digits 
are entered following the FLASH key. 

Example: 
FLASH 

LND not cleared 
LND FLASH 

LND not cleared 
LND FLASH D1 

LND buffer will contain D1, D2 

PAUSE/LAST NUMBER DIALED 

D2 

If the PAUSE/LND key is pressed right after off 
hook or FLASH key, it is considered as LND, if it 
is pressed after a digit, it will be considered as 
PAUSE. 

LAST NUMBERED DIALED 
OFF-HOOK PAUSE/LND or FLASH PAUSE/LND 
Last number dialing is accomplished by entering 
the PAUSE/LND key. 

PAUSE 
OFF-HOOK D1 PAUSE/LND D2 ... etc 

A pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
PAUSE/LND. Pause inserts a 3.1 second delay 

L3916 

into the dialing sequence. The total delay, includ
ing pre-digit and post-digit pauses is shown in 
Table 3. 

Table 3: Special Function Delays 
Each delay shown below represents the time re
quired after the special function key is depressed 
until a new digit is dialed. The time is considered 
"FIRST" key if all previous inputs have been com
pletely dialed. The time is considered "AUTO" if in 
redial, or if previous dialling is still in progress. 

Function First/Auto 
Delay (seconds) 

Pulse Tone 

SOFTSWITCH FIRST 0.2 
AUTO 1.0 

PAUSE FIRST 2.6 3.0 
AUTO 3.4 3.1 

SOFTSWITCH FUNCTION USING TONE/PULSE 
MODE SWITCH 
When dialing in Pulse mode after off-hook, 
switching TONE/PULSE mode switch from Pulse 
to Tone will cause the device to change the sig
naling mode into tone signal and store the soft
switch function in the LND memory for redial. To 
redial the softswitch function (mixed mode dialing) 
in the pulse mode after going on-hook and back 
to off-hook, you have to switch the TONE/PULSE 
mode switch back to pulse mode either before 
going on-hook or after off-hook or during on-hook. 

Subsequent mode change from Tone to Pulse will 
change the signaling mode to pulse dialing se
quence but this mode change will not be stored in 
.the LND memory. 
When dialing in Tone mode after off-hook, a 
switching of TONE/PULSE mode Switch from 
Tone to Pulse will cause the device to change the 
signaling mode into pulse mode but this mode 
change will not be stored in the LND memory. 
When LND key is pressed in Tone mode after 
going off-hook, the device will output all tone sig
nals. 
A pacifier tone of 75ms is provided after 32ms de
bounce time when switching from Pulse to Tone 
mode. 
Redial by the LND key will repeat the mixed dial
ing sequence in Pulse mode. 

5/12 
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Figure 1: Tone Mode Timing 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VLN Positive Line Voltage Continuous 12 v 
ILN Line Current 140 mA 

Voo Logic Voltage 7.0 v 
V1 Maximum Voltage on Any Pin GND(-0.3) VDD(+0.3) v 

Tamb Operating Temperature Range -40 to+ 125 oc 
Tst Storage Temperature -25 to 125 oc 
Ptot Total Power Dissipation 700 mW 

ELECTRICAL CHARACTERISTICS (IL = 10 to 140mA; f = 1KHz; Tamb = 25°C, unless otherwise speci
fied) 

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

VLN Line Voltage IL ~ 4mA 2.50 v 3 
IL ~ 15mA 3.15 3.50 3.85 v 
IL~ 120mA 7.0 v 
RA ~ 68KQ IL ~ 15mA 2.6 3.2 3.7 v 
Rs ~ 39KQ IL~ 15mA 3.6 4.1 4.6 v 

Voo Logic Voltage) TONE MODE 2.50 6.00 v 3 
PULSE MODE 2.20 6.00 v 

loo Supply Current Into Voo TONE MODE@ Voo ~ 4V 600 f!A 3 
PULSE MODE@ Voo ~ 4V 400 f!A 

Icc Supply Current Into V cc IL~ 15mA 1.30 mA 3 

I LED Supply Current to LED IL~ 15mA 4 mA 3 
IL~ 120mA 30 mA 

VMR Memory Retention Voltage 1.50 v 4 

IMR Memory Retention Current 1.00 . f!A 4 

Is Off-Hook Stand-by Current Voo ~ 4.0V 150 250 llA 3 

IPL Pulse Output Sink Current Vo ~ 0.5V 1.00 3.00 mA 3 

I Po Pacifier Tone Sink/Source Vo ~ 0.5V (Smk) 1 3 mA 3 
Current Vo ~ 3.5V (Source) 0.6 1.0 mA 

VIL HKS, Mode, Keyboard Inputs 0.3xVoo v 
Low 

V1H HKS, Mode, Keyboard Inputs 0.7xVoo v -

High 

GTX Transmit Gain Vm1c = 2mVrms 6 
IL ~ 15m A Rmx ~ 68KQ 50.0 51.5 53.0 dB 
IL ~ 60mA; Rmx ~ 68KQ 44.5 46.5 48.5 dB 

Amx Transmit Gain Vanation with IL ~ 15mA -8 0 dB 6 
RGTX Vm,c ~ 2mVrms 

Rmx ~ 43KQ -4 dB 
RGTX- 27KQ -8 dB 

DTX Transm1t Distortion IL ~ 15mA VLN ~ 1Vrms 2 % 6 

NTX Transmit Noise IL- 15mA; Vm,c- OV -72 dBmp 6 

ZMIC Microphone Input Impedance 65 KQ 
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ELECTRICAL CHARACTERISTICS (continued) 

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

GoTMF DTMF Gain IL = 15m A, RoTMF = 2KQ 38 40 42 dB 7 

CoTMF Conlidence Tone Level -34 -32 -30 dB 7 
VearNLN 

VoTMF DTMF Level on the line RoTMF= 2KQ, 
High Frequency Group CoTMF= 22nF -8 -6 -4 d!l_m 7 
Low Frequency Group -10 -8 -6 dBm 

PEl Pre-emphasis 1.40 2 2.60 dB 7 

DIS DTMF Output Distortion 5 8 % 7 

ZoTMF DTMF Att. pin Impedance 40.0 KQ 

GRX Receive Gain Vrnp = SmVrms, Re = 300Q 8 
RGRX = 100KQ 
IL = 15mA 29.5 31.0 32.5 dB 
IL =SOmA 24 26 28 dB 

AGRX Receive Gain Variation IL =15mA, Re = 300Q -20 +10 dB 8 
RGRX = 10KQ -20 dB 
RGRX = 300KQ +10 dB 

DRx Reveive Distortion IL = 15mA; RGRX = 1 OOKQ 8 
Re = 150Q, Vc = 0.25Vrms 2 % 
Re = 300Q, Vc = 0.45Vrms 2 % 
Re = 450Q, Vc!: 0.55Vrms 2 % 

NRx Receive Noise IL = 15mA RL = 300Q 200 j.lV 8 
RGRX- 100KQ Vrnn- OV 

ZouT Receive Output Impedance IL = 15mA 35 Q 8 

VPT Pacilier Tone Level on IL= 15mA; Rp = = 40 60 80 mVrms 8 
Earphone Rn- 430K 400 600 800 mVrms 

KEYBOARD INTERFACE 

TKO Keypad De bounce Time 32 ms 
FKS Keypad Scan Frequency 260 Hz 
KRU Keypad Pullup Resistance 100 KQ 
KRD Keypad Pulldown Resistance 500 Q 

PULSE MODE 

TPT Pacifier Tone Duration 75 ms 
FPT Pacifier Tone Frequency 500 Hz 
PR Pulse Rate 10 PPS 
TB Break Time 60 ms 
TM Make Time 40 ms 
lOP Inter D1g1t Pause 820 ms 
PDP Predigit Pause 50 ms 

TONE MODE 

RT Tone Output Load 10 KQ 
TRIS Tone Output Rise Time 5 ms 
TR Tone Signalling Rate 5 1/s 

TPSD Pre Signal Delay 40 ms 
TISD Inter S1gnal Delay 100 ms 
TOUR Tone Output Duration 100 ms 

Notes: 
1. All 1nputs unloaded. QUiescent mode (oscillator off). 
2. Pulse output stnk current for Vour = 0.5V. 
3. Pac1fier tone s1nk current for Vour = 0.5V. Source current for Vour = 3.5V. 
4. Memory retention voltage is the point where memory is guaranteed but circuit operation is not. Proper memory retention is guaranteed if 

either the minim..Jm IMR is provided or the minirrum VMR. The design does not have to provide both the minimum current and voltage 
simultaneously. 
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TEST CIRCUITS 
Figure 3. 
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TEST CIRCUITS(continued) 
Figure 5. 
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TEST CIRCUITS(continued) 
Figure 7. 
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L3916 

Figure 9:Typical Application Circuit. 
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LS256 
TELEPHONE SPEECH CIRCUIT WITH MUL TIFREQUENCY 

TONE GENERATOR INTERFACE 

• PRESENTS THE PROPER DC PATH FOR THE 
LINE CURRENT 

• HANDLES THE VOICE SIGNAL, PERFORM
ING THE 214 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 
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 re
ceiver (typically piezoceramic capsules, but the de-

PIN CONNECTION (top view) 

....., 
MIC.INPUT 11 

+liNE I 2 

MUTING I 3 

BIAS ADJ. 4 

SHUNT REG. 5 BYPASS 

O.C.REGULATOR 6 

LINE CURRENT 7 
SENSING 

GAIN CONTROL 8 

June 1993 

DIP16 

ORDERING NUMBER : LS256B 

vice can work also with dynamic ones). Many of its 
electrical 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.l 

10 INPUT -(REC.AMP.l 

9 -LINE 

8-4919 
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L5256 

BLOCK DIAGRAM 

lMF 
signal ..J'MurE 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

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

IL Reverse Line Current -150 mA 

Ptot Total Power Dissipation at Tamb = 70°C 1 w 
Top Operating Temperature -45to70 oc 

Tstg. T1 Storage and Junction Temperature -65 to 150 oc 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-ambient Max 

2/5 
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LS256 

TEST CIRCUITS 

Figure 1. Figure 2. 

~ G 

A 

TEST 
CIRCUIT 
R =6.6Kn 

8 

c D E F 

5-436911 

V = 0,1V; CMRR Side tone= 
VRo Vso 

;Gs= 
VMJ VMJ 
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LS256 

Figure 3. 

A 

lO,<.~F 

B 

G 

TEST 
CIRCUIT 

R=6.8Kfi 

Figure 4. 

TEST 
CIRCUIT 
R =1.2KJL 

c D E F C D E F 

VRo 
GR=--

VRI 

5- G3 75 

VMo 
GMF=-

VMF 

ELECTRICAL CHARACTERISTICS (refer to the test circuits, 81, 82 in (a), 
Tamb =- 25 to+ 50°C, f = 200 to 3400Hz, unless otherwise specified) 

s- 437 611 

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

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

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

Gs Sending Gain Tamb = 25°C, f =1kHz IL = 52mA 44 45 46 dB 2 
VMr = 2mV IL = 25mA 4S 49 50 

Sending Gain Flatness VMr = 2mV, fret= 1kHz ± 1 dB 2 
IL = 12 to SOmA 

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

Sending Noise VMr = OV; IL = 40mA; S1 in (b) -6S.5 dBmp 2 
Microphone Input VMr = 2mV, IL = 12 to SOmA 40 kQ 
Impedance Pin 1-16 

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

GR Receiving Gain VR1 = 0.3V, I= 1kHz, Tamb = 25°C dB 3 
IL = 52mA 2.5 3.5 4.5 
IL = 25mA 7 s 9 

Receiving Gain Flatness VRI = 0.3V, Ire!= 1kHz 
IL = 12 to SOmA 

± 1 dB 3 

Receiving Distortion I= 1kHz IL = 12mA VRo = 1.6V 2 % 3 
IL = 12mA VRo = 1.9V 10 
IL = 50mA VRo = 1.SV 2 
IL = 50mA VRo = 2.1V 10 

Receiving Noise VRI = OV; IL = 12 to SOmA; S1 in (b) 100 J.!V 3 
Receiver Output VRo = 50mV, IL = 40mA 100 Q 
Impedance Pin 12-13 
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LS256 

ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter I Test Conditions I Min. I Typ. I Max. I Unit I Fig. I 
SPEECH OPERATION (continued) 

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

ZML Line Matching Impedance VRI = 0.3V, f = 1kHz 500 600 700 Q 
IL = 12 to SOmA 

MULTIFREQUENCY SYNTHESIZER INTERFACE 

Voo MF Supply Voltage 
(standby and operation) 

IL = 12 to SOmA 2.4 2.5 v 

loo MF Supply Current 
Stand by IL = 12 to SOmA 0.5 mA 
Operation IL = 12 to SOmA ; S2 in {b) 2 mA 

MF Amplifier Gain IL = 12 to SOmA, fMF in= 1kHz 15 17 dB 4 
VMF in= SOmV 

V1 DC Input Voltage Level (pin 14) VM Rn = SOmV 3Voo v 
R1 Input Impedance (pin 14) VM Rn = SOmV 40 kQ 

d Distortion VMFm=110mV 2 % 4 
IL = 12 to SOmA 

Starting Delay Time IL = 12 to SOmA 5 ms 
Muting Threshold Voltage (pin 3) Speech Operation 1 v 

MF Operation 1.6 v 
Muting Stand by Current (pin 3) IL = 12 to SOmA -10 llA 
Muting Operating Current (pin 3) IL = 12 to SOmA, S2 in {b) + 10 llA 

5/5 
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LS285 

TELEPHONE SPEECH CIRCUITS 

• 214 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 
transducers 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, inde
pendent of transducer impedance. 

The LS285 is packaged in a 14 lead dual in-line 
plastic package. 

PIN CONNECTION (top view) 

RECEIVER 
11 OUTPUT 

LINE IMP. I 2 AOJUST. 

-VL 13 
DC REGULATOR( 4 

BIAS ( 5 

AC LOOP ( 6 
OPENING 

NC I 7 

March 1993 

DIP14 

ORDERING NUMBER : LS285AB1 

14 ] 
RECEIVER 

OUTPUT 

13 ] •VL 

12 ] INPUT REC. 
AMP.(•) 

11 ] INPUT REC. 
AMP.(-! 

10 ] MIC.INPUT 

9 ] MIC.INPUT 

8 ] NC 

S-4029 
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LS285 

BLOCK DIAGRAM 

----------, 

'• ~~------------~~~~~~~-r-----r--~ 

'05 
Kn 

IOpF 

_______________ ! 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL Line Voltage (3 ms pulse duration) 

IL Forward Current 

IL Reverse Current 

Ptot Total Power Dissipation at Tamb = 70 oc 
Tst9 Storage and Junction Temperature 

Top Operating Temperature 

THERMAL DATA 

Parameter 
Thermal Resistance Junction-ambient 

2/8 
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S·:S'19111 

Value 
22 

120 

-150 

1 

-55 to 150 

-40to70 

Value 
80 

Unit 
v 

mA 

mA 

w 
•c 
oc 



LS285 

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 KQ 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 at
tenuation. 

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. 

BASIC CIRCUIT CONFIGURATION. 

,----------------------, 
AI I 

+--- I 
LINE A I I 

I I 
9 1 I 
I 
I I 

'I I 
: LS 285A I RECEIVER 

I s 9 10 I 
I 
I 
I 
I 
I 
I 
I 
L ______ _ 
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LS285 

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

A A 

TEST TEST 
CIRCUIT CIRCUIT 

B 

c D 

3501! 350 1l 

s~ soosn 5-501011 

Gs= 
Vso 

GR= 
VRo 

VMI VRJ 

Figure 4 : Sidetone. Figure 5 : Return Loss. 

A 

TEST 
CIRCUIT 

TEST 
CIRCUIT 
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3501! Jso n 
5-5011/t 

5-5009/1 

Gs= 
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RL= 
Vs 

VMI 2VM 
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LS285 

ELECTRICAL CHARACTERISTIC 
(refer to the test circuit, Tamb = 25°C, f =300Hz to 3400Hz, S1, S2 in "a" unless otherwise specified) 

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

VL Line Voltage -15°C < Tamb < + 45°C v 1 
IL =SOmA 9.5 11.5 
IL = 20mA 4.S 5.S 
IL = 10mA 3.6 1.6 

Gs Sending Gain f =1kHz dB 2 
IL = 15m A, VMI = 1.0VRMS 4S.5 52.5 
IL = 30mA, VMI = 2.5VRMS 47.9 51.5 
IL = 60mA, VMI = 3.7VRMS 42.7 46.1 
IL = SOmA, VMI = 4.5VRMS 42.0 45.3 

Gs Sending Gain Variation - 15°C < Tamb < + 45oC o.s dB 2 
versus Temperature 

Sending Gain Flatness IL = 10 to SOmA -0.5 + 0.5 dB 2 
fret= 1kHz, S1, S2 in {b) 

Sending Distortion IL = 10 to 15mA, V5o<0>=<0>0.7 Vp 2 % 2 
IL = 16 to 24mA, Vso<0>=<0> 1.3 VV 2 % 2 
IL = 25 to SOmA, Vso<0>=<0>1.75 p 10 % 2 

Sending Noise VMI = 0 V, IL = 60 mA -73 dBmp 2 

Microphone Amplifier 95 Q 1 
Impedance (pin 9-10) 

Max Sending Output(*) IL = 10 to SOmA, VMI = 1V 3 Vp 2 

GR Receiving Gain f =1kHz dB 3 
IL = 15mA, VRI = O.SVRMS -13.3 -9.3 
IL = 30mA, VRI = 1.0VRMS -13.5 -10.5 
IL = 60mA, VRI = 1.SVRMS -1S -14.9 
IL =SOmA, VRI = 10VRMS -19 -16 

1\GR Receiving Gain Variation -15°C < Tamb < + 45°C 0.25 dB 3 
versus Temperature 

Receiving Gain Flatness fret= 1kHz -0.5 + 0.5 dB 3 
IL = 10 to SOmA, 81, S2 in (b) 

Receiving Distortion IL = 10 to 15mA, VRo = 300mVp 2 % 3 
IL = 15 to SOmA, VRo = 500mVa 2 % 3 

Receiving Amplifier Output 110 Q 1 
Impedance (pin 1-14) 

Receiving Noise VRI = 0 V, IL = 60 mA, psophometric so !!V 3 

Max receiving Output IL = SO mA, VRI = 10 V 
Current 

3.6 mAp 3 

Sidetone f =1kHz IL = 20 mA 7 dB 4 
IL =SOmA 0 dB 4 

Return Loss S3 in (a) 14 dB 5 
S3 in (b) 14 dB 5 

(") This output IS limited to allow for Input overvoltages. 
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LS285 

Figure 6 : Typical Application Circuit. 
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LS285 

APPLICATION INFORMATION 
The following table shows the recommended values for the typical application circuit of fig. 6. Differ
ent 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 delivered to the 

R2 536Q line. (see fig. 7) 

R3 16.2kQ Bias Resistor Changmg R3 value it is possible to shift the gam characteristics. 
The value can be chosen from 15kQ to 20<0>kQ. The 
recommended value assures the maximum swing (see fig. 9). 

R4 2.05kQ Balance In order to optimize the sidetone it is possible to change R4 

R5 9.09kQ Network Zs R2 
and R5 values. In any case : ZL = R, where Zs = R4 + R5//C4. 

R6 and R6' 250Q Microphone R6 and R6' must be equal ; 250 Q is a typical value for 
Impedance dynamic capsules. 
Matching Furthermore, they determine a sending gain variation according 

to : t.Gs = 20 log S~;Q where Rx = R6 + R6' + Rm,ke· The 

trend of L'.Gs as a function of Rx value is shown in fig. 8. 

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

C1 10 J.lF AC Loop Ensures a high regulator impedance for AC signals (~ 20kQ). 
Opening This capacitor should not be higher than 1 o J.lF in order to have 

a short response time of the system. 

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

C3 82nF High Frequency C3 determines the high frequency response of the circuit. 
Roll-off it also acts as RF bypass. 

C4 22nF Balance See Note for R4 and R5. 
Network 

C5 1 11F DC decoupling 
for Receiving 
Input 

C6 and C7 1000pF RF Bypass 

CB 22nF F1ltex Capac1tor 

718 
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Figure 7 : Receiving Gain Variation vs. R1 Value 
(with fixed R1/R2 ratio). 
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LS588 

PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 

DESCRIPTION 
The LS588 is a monolithic integrated circuit in 16 
lead dual in-line plastic package. Designed as a re
placement for the hybrid circuit in telephone sets it 
performs all the functions previously carried out by 
this circuit. 

With the LS588 it is possible to select the operating 
mode (fixed or variable gain). The device works with 
both piezoceramic and dynamic transducers and 
therefore its gain, both in sending and receiving 
paths, can be present by means of two external re
sistors. This feature can also be obtained in AGC op
erating 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 imped
ance can be matched to the line independently of 
transducer impedance. 

In addition, the LS588 can be set in power down 
state, where the device displays a strew decrease 
of the current consumption (about 8 mA), still main
tains DC and AC impedances to the line (for parallel 
operation with a DTMF generator). 

PIN CONNECTION (top view) 

GAIN CONTROL 

I MICROPHONE 
INPUT 

SENDING GAIN 
PROGRAM. 

RECEIVING GAIN 
PROGRAM. 

MUTE 

BAL.NETWORK 
AND REC.INPUT 

LINE (GNDJ 

March 1993 

DIP16 

ORDERING NUMBER : LS588N1 

AC LOOP OPENING 

AC AND DC 
I MPED CONTROL 

SENDING AMPl 
OUTPUT 

LINE+AND 
REC.INPUT 

BIAS RESISTOR 

REF. VOLTAGE 

EARPHONE 
OUTPUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL Line Voltage (3 ms pulse duration) 

IL Forward Line Current 

IL Reverse Line Current 

Ptot Total Power Dissipation at Tamb = 70 oc 
Top Operating Temperature 

Tstg, Ti Storage and Junction Temperature 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-ambient 

BLOCK DIAGRAM 

R2 R1 

(2 

Max 

MUTE 
SWITCH 

Value 

22 

150 

-150 

1 

-45to+70 

-65t0+150 

Value 

80 

f -SENOoNG &RECEIVING -- - - , 

I STAGE5 

I 
I 

CJ 
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TEST CIRCUITS 

Figure 1. 
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Figure 2. 

Figure4. 
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ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tamb =- 25 to+ 50°C, f = 200 to 3400Hz, 
IL = 15 to 1 OOmA, R7 = 17.3kQ, Ra = 17.1 kQ, 81 in A, 82 in A, unless otherwise specified) 

I Symbol I Parameter I Test Conditions I Min. I Typ. I Max. I Unit I Fig. I 
A.G.C. On 

VL Line Voltage Tamb = 25°C v 1 _, . : .~.~ IL = 15mA 4.1 4.5 4.9 
IL = 25mA 5.2 5.6 
IL = 50mA 7 7.8 
IL = 120mA 14 

CMR Common Mode Rejection f =1kHz 50 dB 2 

Gs Sending Gam IL = 50mA, f = 1kHz dB 3 
Tamb = 25°C, VMJ = 2mV 
R7 = 17.3kQ 39.0 41.0 
R1 = 22.0kn 43.8 46.2 

L'.Gs Sending Gain Variatio~ lref = 50mA, Tamb = 25°C -0.5 + 0.5 dB 3 
versus Current 

Sending Gain Variation versus lref =SOmA, Tamb = 25°C dB 3 
Current (S1 in B) IL = 25mA 4.0 6 

IL = 100mA -2.0 0 

Sending Gain Variation versus !ref= 1kHz -0.5 0.5 dB 3 
Frequency 

THDs Sending Distortion f =1kHz % 3 
IL = 15 to 25mA, Vso = 450mV 2 
IL = 25 to 1 OOmA, Vso = 1.6V 5 

Ns Sending Noise VMJ = OmV -74 dBm 3 

ZMJ Microphone Impedance VMJ = 3mV 11 15 kQ 3 

GR Receiving Gain IL = 50mA, f =1kHz 
Tamb = 25°C, VRJ = 570mV 

dB 4 

Rs=17.1kQ 2.3 4.7 
Rs = 14.7kQ -0.1 1.9 

t.GR Receiving Gain Variation lref =50 mA, Tamb = 25 °C -0.5 + 0.5 dB 4 
versus Current 

Receiving Gain Variation lref =50 mA, Tamb = 25 oc dB 4 
versus Current (S1 in B) IL = 25mA 4.0 6 

IL = 100mA -2.0 0 

Receiving Gain Variation !ref= 1 kHz -0.5 0.5 dB 4 
versus Frequency 

THDR Receiving Distortion VRJ = 570 mV 2 

VRJ = 775 mV 5 % 4 

NR Receiving Noise VRJ = 0 mV 150 !!V 4 

ZRo Receiving Output Impedance VRo = 50mV 50 Q 4 

Sidetone f =1kHz 15 dB 3 

ZML Line Matching Impedance VRJ = 0.3V, f = 1kHz 650 850 Q 4 

Max Receiving Output VRJ = 2V 3.9 4.4 Vpp 4 
(click suppression) 

VsM Microphone Supply RJoad = 2.2 kQ 1.9 2.2 v 1 

MUTE OPERATION 

Mute Threshold Voltage (pin 6) Speech Condition 0.8 v -
Mute Condition 1.5 v -

Muting Operation Current 50 
(pin 6) (S2 in B) 

11A -

Line Dynamic in Mute IL = 3.5 mA 600 mV -
Condition (S2 in B) THD = 2% IL = 4 mA 850 mV -
Line Voltage in Mute Condition IL = 3.5 mA 3.6 v -
(S2 in B) IL = 4 mA 4.2 v -
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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 characteristic VL, IL. 
The DC characteristics of the LS588 is determined 
by the shunt regulator (block 2) together with two se
ries resistors R1 and R3 (seethe 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 ol Ia is 7.5mA 
with R pin 12 = 26k.Q. 
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-Ia flows through the.shunt regulator 
since lb is negligible. 
Ia is an internal constant current generator ; hence 
Vo = Vs + Ia · Ra = 3.8V. 
The VL, IL characteristic of the device is therefore 
similar 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 V1s = V1s + 
Vs = (IL - Ia) R3 + Vs. 

Figure 5 : Equivalent DC Load to the Line. 

14 R 1 13 

LINE 

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 ~~ = ~:. 
The AC signal from the microphone is sent to one 

LS588 

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 R1. 
In receiving mode, the AC signal coming from the 
line is sensed across the second diagonal of the 
bridge (pin 7 and 13). After amplification it is applied 
to the receiving capsule. 
The impedance ZM is simulated by the shunt regu
lator which also acts as a transconductance ampli
fier for the transmission signal. 

The impedance ZM is defined as ~VI <14-8) 
1..1 (14-8) 

From fig. 6, considering c, as a short circuit to the 
AC signal, any variation in V14 generates a variation 
as follows: 

Rb 
V1s =VA= V14 --

Ra+ Rb 

the corresponding current change is : 

l::!l = t:.V1s 
R3 

therefore 

ZM = t:.V14 = R3 (1 + Ra) 
1::!1 Rb 

The total impedance across the line connections 
(pin 13 and 8) is given by 

ZML = R1 + ZM II (R2 + Zs) 

By choosing ZM R1 and Zs ZM 

ZML'=ZM=R3(1 + ~:) 
The amplitude of the signal received across pins 13 
and 7 can be changed using different values of R1 

(of course the relationship ~~ = =: must always be 

valid). 

The received signal is related to the value of R1 ac
cording to the approximated relationship : 

R, 
VR=VR12---

R1 +ZM 

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

3. Input and Output Amplifiers 

The microphone amplifier (4) has a differential input 
stage with high impedance (min 11 K) so allowing a 
good matching to the microphone by means of an 
external resistor without affecting the sending gain. 

The receiving output stage (8) is intended to drive 
both piezoceramic and dynamic capsules. It has low 
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output impedance, a maximum voltage swing 
greater than 2 Vp and a peak current of 2 rnA. 

With very low impedance transducers, DC decou
pling by an external capacitor must be provided to 
prevent a large DC current flow across the 
transducer itself due to the receiving 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 sending 
and receiving amplifiers do not depend on the line 
current (AGC off). When the pin 1 is connected to 
pin 15 the LS588 automatically changes the gain to 
compensate for line attenuation (AGC on). 

4.1. AGC OFF 
In this conditions, as already mentioned, both the 
sending and the receiving gain are fixed. Their val
ues are determined, independently for the two 
paths, by the two external resistors R7 (for Tx, be
tween pin 4 and ground) and Ra (for Rx, between pin 
5 and ground), in a wide range (see fig. 8 and 9). 

4.2. AGC ON 
Starting from any couple of gain values, fixed by the 
appropriate values of R7 and Ra, the LS588 can 
automatically change the sending and receiving 
gains depending on the line current. 
The line current is sensed across R3 (see fig. 7) and 
transferred to pin 16 by the regulator. 

V16 = Vs + V1s = Vs + (IL- lo). R3 

Following comparison with an internal reference 
(block 1) the voltage at pin 1 is used to modify 
(block3) the gain of the amplifiers (5) and (7) on both 
the sending and receiving paths. 

The starting point of the automatic level control is ob
tained at IL = 25mA when the drain current 
10 = 7.5mA. 

The external resistors R7 and Ra fix the maximum 
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value for the gains. 

Minimum gain is reached for a line current of about 
1 OOmA when the same drain current Ia of 7.5mA 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) regard
less 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 switch) 
and reduces (1) the bias current, to sabe 
about 1 0 rnA, available for the paralleled 
DTMF generator. 

In this condition the LS588 still shows to the line the 
specified AC impedance (650 to 850 Q) not provided 
by the DTMF generator which acts as a current gen
erator. 

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 : 

V 0.6V RAC1 + RAC2 
S =--:;:r2X 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. 



Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 

Figure 7 :Two to four Wires Conversion. 
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Figure 8 : Sending Gain vs. R7 Value (AGC OFF). 
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Figure 9 : Receiving Gain vs. Rs Value (AGC OFF). 
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Figure 11 : Anticlipping Application. 
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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, PERFORM
ING THE 2/4 WIRES INTERFACE AND 
CHANGING THE GAIN ON BOTH SENDING 
AND RECEIVING AMPLIFIERS TO COMPEN
SATE FOR LINE ATTENUATION BY SENSING 
EITHER THE LINE CURRENT OR THE LINE 
VOLTAGE. IN ADDITION, THE LS656 CAN 
ALSO WORK IN FIXED GAIN MODE 

• ACTS AS LINEAR INTERFACE FOR MF, SUP
PLYING A STABILIZED VOLTAGE TO THE 
DIGITAL 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 
transducers for both transmitter and receiver (typi
cally dynamic capsules). Many of its electrical char-

BLOCK DIAGRAM (DIP16) 

June 1993 

DIP16 

S020L 

ORDERING NUMBERS: LS656AB (DIP16) 
LS656AD1 (S020) 

acteristics can be controlled by means of external 
components to meet different specifications. 
In addition to the speech operation, the LS656 acts 
as an interface for the MFtone signal (particularly for 
M761 C/MOS frequency synthesizer). 

1/12 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VL Line Voltage (3 ms pulse duration) 

IL Forward Line Current 

IL Reverse Line Current 

Ptot Total Power Dissipation at Tamb ~ 70 oc 
Top Operating Temperature 

Tstg. T1 Storage and Junction Temperature 

THERMAL DATA 

Parameter 

Thennal Resistance Junction-ambient 

PIN CONNECTIONS (top view) 

MIC.INPUT 

+LINE 

MUTING 

BIAS ADJ. 

SHUNT REG. 
BYPASS 

D C.REGULATOR 

LINE CURRENT 
SENSING 

GAIN CONTROL 

TEST CIRCUITS 

2/12 
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DIP-16 

16 MIC INPUT 

15 Voo 

" MFINPUT 

13 RECEIVER OUTPUT 

, RECEIVER OUTPUT 

11 INPUT+{REC AMP) 

10 INPUT -(AEC AMP) 

9 -LINE 

S-4919 

Value Unit 

22 v 
150 mA 

- 150 mA 

1 w 
-45to70 oc 
-65to150 oc 

Value 

Max 80 

S0-20L 

HIC INPUT [ ~] MIC INPUT 

• LINE [ 2 19 ] UOD 

MUTING [ 3 18 ] MF INPUT 

SIRS AOJ [ 17 ] RECEIVER OUTPUT 

SHUNT REG.BYPASS [ 16 ] RECEIVER OUTPUT 

O.C.REG. [ 6 15 :J INPUTqREC AMPI 

LINE CURRENT SENSING [ 14] INPUT-IREC AMP I 

GAIN CONTROL [ 8 13 J - LINE 

N.C. [ 9 12 ::J N.C. 

N.C. C 18 11 p N.L. 

!18BL5656·81 
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Figure 1. Figure 2. 
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LS656 

ELECTRICAL CHARACTERISTICS (refer to the test circuits, VG = 1 to 2V, IL = 12 to SOmA, 51, 
52 and 53 in (a), Tamb =- 25 to + 50°C, f = 200 to 3400Hz, unless otherwise specified) 

Parameter Test Conditions 

SPEECH OPERATION 

VL Line Voltage Tamb = 25oC v 
IL = 12mA 3.4 4.0 
IL = 30mA 5.1 
IL = 60mA 7.0 

CMR Common Mode Rejection f =1kHz 50 dB 

Gs Sending Gain Tamb = 25°C, f =1kHz, dB 
VMI = 2mV 

IL = 25mA 48 51 
IL = 50mA 44 47 

Sending Gain Flatness 
(versus frequency) 

VMI = 2mV, frel =1kHz -1 + 1 dB 

Sending Gain Flatness VMI = 3 mV, Ire!= SOmA, -1 + 1 dB 
(versus current) S3 in (b) 

Sending Distortion f =1kHz, IL = 16mA 
Vso = 775mV 3 % 
Vso = 900mV 10 % 

Sending Noise VMI =OV; VG = 1 V; S1 in (b) -71 dBmp 

Microphone Input Impedance (pin 1-16) VMI = 2mV 40 kn 

Sending Gain in MF Operation VMI = 2mV, S2 in (b) -30 dB 

GR Receiving gain VRI = 0.3V, f =1kHz, dB 
Tamb = 25°C 

IL = 25mA -6 -3 
IL = 50mA -11 -8 

Receiving Gain Flatness (vs. freq.) VRI = 0.3V, frel =1kHz -1 +1 dB 

Receiving Gain Flatness (vs. current) VRI = 0.3V, lre1 =SOmA, -1 +1 dB 
S3 in (b) 

Receiving Distortion f =1kHz, IL = 15mA % 
VRo = 400mV 3 
VRo = 450mV 10 

Receiving Noise VRI = OV; VG = 1V; S1 in (b) 150 !!V 

Receiving Ouptut Impedance 
(pins 12-13) 

VRo= 50mV 30 n 

Sidetone f = 1kHz, T amb = 25°C, 36 dB 
S1 in (b) 

ZML Line Matching Impedance VRI = 0.3V, f =1kHz 500 600 700 n 

Ia Input Current for Gain Control (pin 8) -10 11A 
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L5656 

Test Conditions 

MULTIFREQUENCY SYNTHESIZER INTERFACE 

Voo MF Supply Voltage Stand by and 
Operation 

S2 in (b) 2.4 2.5 2.7 v -

lao MF Supply Current Stand by S2 in (b) 0.5 rnA -
Operation 2 rnA -
MF Amplifier Gain IMF m = 1kHz, VMF 1n = 80mV 15 17 dB 4 

Vi DC Input Voltage Level (pin 14) VMF1n = 80mV Voo v -
X 0.3 

RJ Input Impedance (pin 14) VMFm = 80mV 60 kQ -
d Distortion VMF 1n = 150mVp, IL > 17mA 4 % 4 

Starting Delay Time 5 ms -
Muting Threshold Voltage (pin3) ~eech Operation 1 v -

F Operation 1.6 v -

Muting Stand by Current (pin 3) ) 

Muting Operating Current (pin 3) 

CIRCUIT DESCRIPTION 
1. DC Characteristic 

S2 in (b) 

The fig. 5 shows the DC equivalent circuit of the 
LS656. 

A fixed amount lo of the total available current IL is 
drained for the proper operation of the circuit. The 
value of Ia can be programmed externally by chang
ing the value of the bias resistor connected to pin 4 
(see block diagram). 

The minimum value of lois 7.5 rnA. 

The voltage Va = 37 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 

Figure 5 : Equivalent DC Load to the Line. 

-10 J.LA -

+10 J.LA -

block diagram). 
Fig. 6 shows a more detailed circuit configuration of 
the shunt regulator. 
The difference IL-Ia flows through the shunt regulator 
being lb negligible. Ia is an internal constant current 
generator; hence Vo = Vs + Ia. Ra = 3.7 V. 
The VL, IL characteristic of the device is therefore 
similar 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 (V5 = V7 + Vs = (IL -
Ia) R3 + Vs). 
The DC characteristic of the LS656 is shown in 
fig. 7. 
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LS656 

Figure 6 : Circuit Configuration of the Shunt Regulator. 

R2 6 Rl 2 

9 
L-------------------------~~~~ 

Figure 7 : DC Characteristic. 

Yt 
(V) 

2. Two to Four Wires Conversion 

-

R1 =3o n 
RJ:30 A 

lL v 

20 40 

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). 

b . f h b "d ZL R, For a perfect alancmg o t e n ge Zs = R2 

The AC signal from the microphone is sent to one 
diagonal of the bridge (pin 6 and 9). A small percent
age of the signal power is lost on 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 
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v 

60 

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. 

Th . d Z . d f" d AVs- 9 e 1mpe ance M 1s e me as -.-1 -Ll6 -9 

From fig. 6 considering C1 as a short circuit for AC 
signal, any variation AVe generates a variation: 

Rb 
AV7=AVA=AVs·---. Ra+ Rb 



The corresponding current is 

I'll= L'>V7 
R3 

Therefore 

ZM=-=R3 1 +-
I'll Rb 

L'lV6 ( Ra) 

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

ZML = R1 + ZMI/(R2 + Zs) 

By choosing ZM :e: R1 and Zs :e: ZM 

ZML = ZM = R3 ( 1 + ::) 

The received signal amplitude across pin 11 and 10 
can be changed using different value of R1 (of 
course the relationship ZL!Zs = R1 /R2 must be al
ways valid). 
The received signal is related to R1 value according 
to the approximated relationship : 

R1 
VR=2VRr---

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 LS656 automatically adjusts the gain of the 
sending 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 compen
sated). 

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 regu
lator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 
In fact (see fig. 6) 

Vs = Vs + Vy = Vs = (IL- Ia) R3 
The starting point of the automatic level control is ob
tained at IL = 25 mA when the drain current 
Ia= 7.5 mA. · 

Minimum gain is reached for a line current of about 
50 mA for the same drain current lo = 7.5 mA. When 

LS656 

Ia is increased by means of the external resistor con
nected to pin 4, the two above mentioned values of 
the line current for the starting point and for the mini
mum gain increase accordingly. 

It is also possible to change the starting point without 
changing Ia by connecting pin 8 to the centre of are
sistive divider placed between pin 5 and ground (the 
total resistance seen by pin 5 must be at least 100 
KQ). In this case, the AGC range increases too; for 
example using a division 1 : 1 (50 K/50 K) the AGC 
starting point shifts to about IL = 40 mA, and the mini
mum gain is obtained at IL = 95 mA. In addition to 
this operation mode, the VG voltage can be main
tained constant thus fixing the gain value (Rx, Tx) in
dependently of the line conditions. 
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 con
nected 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 (= 40kQ) so allowing a 
good matching to .the microphone by means of ex
ternal resistor without affecting the senaing gain. 
The receiving output stage (6) is particularly in
tended to drive dynamic capsules. (Low output im
pedance (1 OOQ 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 
transducer itself due to the receiving output stage 
offset. 

5. Multifrequency Interfacing 
The LS656 acts as a linear interface for the Multifre
quency synthesizer M761 according to a logical sig
nal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute 
state is low and the LS656 feeds the M761 through 
pin 15 with low voltage and low current (standby op
eration 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-
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LS656 

parator (8) of LS656 drives internal electronic 
switches ; the voltage and the current delivered by 
the voltage supply (9) are increased to allow the op
eration of the oscillator. 

This extra current is diverted by the receiving and 
sending section of the LS656 and during this opera
tion the receiving output stage is partially inhibited 
and the input stages of sending and receiving am
plifiers are switched OFF. 

Figure 8 :Two to Four Wires Conversion. 

A controlled amount of the signalling is allowed to 
reach the earphone to give a feedback to the sub
scriber; 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. 10 fulfils the 
EUROPE II standard (-6, -8 dBm). If the EUROPE I 
levels are required (-9, -11 dBm) an external divider 

11 
·--------.----

LINE 

----------- ___._ - --s- t.J 5711 

Figure9. 

S-4696 
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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 16 :External Mute Function. 
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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 30Q Bridge Resistors R1 controls the receiving gain. When high current values are 

R2 330Q allowed, R1 must be able to dissipate up to 1 W. 
The Ratio R2/R1 fixes the amount of signal delivered to the line. R1 
helps in fixing the DC characteristics (see R3 note). 

R3 30Q Line Current The relationships involving R3 are : 
Sensing Fixing DC . Zt!l4t.L 
Characteristic ZML = (20 R3//Zs) + R1, Gs = K · ~ and 

VL = (IL -lo) (R3 + R1) + Vo ; Vo = 3.7V 
Without any problem it is possible to have a ZML ranging from 600 
up to 900Q. As far as the power dissipation is concerned, see R1 
note. 

R4 13kQ 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, so 

R5 2.2kQ Balance Network It's possible to change R5 and R6 values in order to improve the 

R6 6.8kQ matching to different lines ; in any case : ~~ = ::, Zs = R5 + R6//Xc4 

R7-R7' 100Q Receiver R7 and R7', must be equal ; the suggested value is good for 
Impedance Matching matching to dynamic capsule ; there is no problem in increasing and 

decreasing (down to OQ) this value. A DC decoupling must be 
inserted when low resistance levels are used to stop 

RB 200Q Microphone 
Impedance Matchin 

C1 10J.LF Regulator AC A value greater than 1 OrifF gives a system start time too high for 
byPass low current line during F operation ; a lower value gives an 

alteration of the AC 11ne impedance at low frequency. 

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

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

C4 15nF Balance Network See note for R5, R6. 
C5 0.33J.LF DC Filtering The C5 range is from 0.1 J.LF to 0.47 J.LF. The lowest value is ripple 

limited, the higher value is starting up time limited. 

C6-C7 1000pF RF byPass 

CB 100J.LF Receiving Output 
DC Decoupling 

See note for R7, R7. 

C9 1 J.LF Receiving Input DC 
Deco up ling 

12/12 

122 



LS1240 
LS1240A 

ELECTRONIC TWO -TONE RINGER 

• LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 4 
DEVICES 

• INTEGRATED RECTIFIER BRIDGE WITH 
ZENER DIODES TO PROTECT AGAINST 
OVERVOL TAGES 

• 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 tele
phone sets in connection with an electro-acoustical 
converter. Both devices can drive directly a piezo
ceramic 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 loud
speaker, both tone frequencies and the switching 
frequency can be externally adjusted. 

PIN CONNECTION (top view) 

LINE 

GROUND 2 

SWEEP RATE I 
CONTROL CAPACI_TOR 3 

OUTPUT FREQUENCY I 
CONTROL RESISTOR 4 

June 1993 

Minidip 

SOB 

ORDERING NUMBERS 

Minidip 

LS1240 
LS1240A 

SOB 

LS1240AD1 

The supply voltage is obtained from the AC ring sig
nal 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 

7 ~ RECTIFIER 
~ CAPACITOR 

N C 

BUZZER 

5-6202/1 
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LS1240/LS1240A 

BLOCK DIAGRAM 

TELEPHONE RECTJFJER 
LINE CAPACITOR N.c. BUZZER 
~ ~ 

,... 
8 7 6 sT IN 

• THRESHOLD OUTPUT CIRCUIT RECTIFIER WITH -
HYSTERESIS STAGE 

BRIDGE 
" 

IN I 

I 
St.JJTCHJNG TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 3,l 41 
~ ~ 

TELEPHONE 
LINE 

GNO SUEEP RATE OUTPUT FREQUENCY 

HBBL 51 2JB· fJ 1 R 

Figure 1 :Test Circuit. 

2.72 . 104 f1 
R1 = f1 (Hz) . (1 -0.04 In 1943) 

CONTROL CAPACITOR CONTROL RESISTOR 

R1 
14K.!l 

~Yout 

5-6203/3 

f2 = 0.725 f1 
750 

fswEEP = C1 (nF) 

2/4 
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LS1240/LS1240A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VAs Calling Voltage (f = 50 Hz) Continuous 120 Vrms 

VAs Calling Voltage (f =50 Hz) 5s ON/10s OFF 200 Vrms 

DC Supply Current 30 mA 

Top Operating Temperature -20to+70 oc 
Tst9 Storage and Junction Temperature -65to+150 oc 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-ambient Max 100 

ELECTRICAL CHARACTERISTICS 
(Tamb = 25 oc; Vs =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 Load (pins 8-1) Va-1 = 9.3 to 25 V 1.5 1.8 mA 

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 Condition (pins 8-1) 6.4 kQ 

Vour Output Voltage Swing Vs-5 v 
lour Short Circuit Current (pins 5-2) LS1240 Vs = 20V RL= on 35 mA 

LS1240A RL = 250Q 70 mA 

AC OPERATION 

Output Frequencies Vs = 26V, R, = 14kQ kHz ,, fou11 Vs = 0 V 1.74 2.14 
12 fou12 Vs = 6V 1.22 1.6 

lour1 1.33 1.43 

foUT2 

Programming Resistor Range 8 56 kQ 

fsWEEP Sweep Frequency R1 = 14kn, C1 = 100nF 5.25 7.5 9.75 Hz 

3/4 
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LS1240/LS1240A 

Figure 2: Typical Application for LS1240 and LS1240A 

1 ]JF 2.2K !l. 

o--1~ 

LINE ,..----- 7 

10J-1Fl, 

Figure 3 :Typical Application for LS1240A only. 
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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 
ZENER DIODES TO PROTECT AGAINST 
OVER 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 con
verter (buzzer) or a small loudspeaker. In this case 
a transformer is needed. The two tone frequencies 
generated are switched by an output amplifier in the 
loudspeaker; both tone frequencies and the switch
ing frequency can be ext~rnally adjusted. 

PIN CONNECTION (top view) 

LINE 

GROUND 

SWEEP RATE 
CONTROL CAPACI,TOR 

2 

OUTPUT FREQUENCY 
CONTROL RESISTOR 4 

Minidip 

ORDERING NUMBER: LS1241 

The supply voltage is obtained from the AC ring sig
nal and the circuit is designed to that noise on the 
line or variations of the ringing signal cannot affect 
correct operation of the device. 

6 

LINE 

RECTIFIER 
CAPACITOR 

N C 

5 ~ BUZZER 

'---..,-5--..,6""2 0~2~/1 

June 1993 1/3 
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LS1241 

BLOCK DIAGRAM 

Figure 1 :Test Circuit. 

TELEPHONE RECTIFIER 
LINE CAPACITOR N.C. BUZZER 

~ 

8 7 6 sT 
IN 

• THRESHOLD OUTPUT CIRCUIT RECTIFIER WITH -
HYSTERESIS STAGE 

BRIDGE 

IN J 

I 
SWITCHING TONE 

FREQUENCY FREQUENCY 

GENERATOR GENERATOR 

1 2 3,l <~,l 
~ ~ 

TELEPHONE 
LINE 

GNO SWEEP RATE OUTPUT FREQUENCY 
CONTROL CAPACITOR CONTROL RESISTOR 

LINE BUZZER 

2 3 " 
Vs 

5-90G7 

f1 = 1.90 . 1 o4 
f2 = 4 f1 ±4% fSWEEP = 750 

R (K.Q) 5 C1 (nF) 
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LS1241 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VAs* Calling Voltage (f = 50Hz) Continuous 120 VRMS 

VAs* Calling Voltage (f = 50Hz) 1.8s ON/3.6s OFF 200 VRMS 

DC Supply Current 30 mA 

Toper Operating Temperature -20to+70 oc 
Tstg Storage and Junction Temperature - 65to + 150 oc 

• See test circUit of f1gure 1. 

THERMAL DATA 

Parameter Value 
Thermal Resistance Junction-ambient Max 100 

ELECTRICAL CHARACTERISTICS 
(T amb = 25°C; Vs =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 Load (pins 

8-1) 
Vs-1 = 9 to 25V 1.5 1.8 mA 

VoN Activation Voltage 12.2 13.2 v 
VaFF Sus.taining Voltage 8 9 v 
Ro Differential Resistance in OFF Condition 6.4 kn 

(pins 8-1) 

Vour Output Voltage Swing Vs- 5 v 
lour Short Circuit Current (pins 5-2) Vs = 20V 35 mA 

AC OPERATION 

Output Frequencies Vs = 26V, R1 = 14kQ kHz 
11 lout1 V3 = ov 1.21 1.5 
12 lout2 V3 = 6V 0.93 1.25 

faun 1.2 1.3 

loUT2 

Programming Resistor Range 5 50 kn 

FswEEP Sweep Frequency R1 = 14kn, C1 = 100nF 5.25 7.5 9.75 Hz 
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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 31 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 BATIERY-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 send
ing telephone numbers without limit and an on-chip 
memory allows numbers of up 31 digits to be re
tained 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 dis
tance trunk service, credit card verificatios and other 
applications which require data to be sent at low 
speed once a connection has been established. 

July 1993 

PRELIMINARY DATA 

DIP20 5020 

ORDERING NUMBERS : 
M35418/1 M3541 D 

PIN CONNECTION (Top view) 

IMP [4 

SELECT R4 

MASK R3 

OSC OUT R2 

osc IN R1 

FIL TIN [3 

FILTDUT [2 

HSW [1 

uss MUTE 
UDD MF OUT 

f189t13541- 81 
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M3541 

ABSOLUTE MAXIMUM RATINGS 

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 any Pin HSW (current limited to< 100f!A) 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 Max1mum Ratings' may cause permanent damage to the device. This IS a stress rating only 
and functional operation of the dev1ce at these or any other condition above those md1cated in the operational secbons of th1s spec~lca
tion is not implied Exposure to absolute maximum ratings for extended penods may affect dev1ce reliability. 

D. C. ELECTRICAL CHARACTERISTICS (Voo = 2.5V, T amb = 25°C unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Voo Supply Voltage - Off-hook 2.4 5.7 v 
loo Supply Current - On-hook at 3.0V 1 ~ Supply Current - Oil-hook (idle) 1 

Supply Current- MF tone sending 1.0 rnA 
Supply Current - LD impulsing 200 f!A 

VHw Hookswitch Input - On-hook 0.2 Voo 
Hookswitch Input - Off-hook 0.8 Voo 

VoH MASIS, MUTE and IMP Outputs, Load -1mA 2.2 v 
VoL MASK, MUTE and IMP Outputs, Load+ 1mA 0.3 v 

MF OUT D.C. Level During Tone Sending 0.9 Voo 

MF OUT Output Resistance 3 kQ 

GDP Darlington Pair Current Gain at 
IE= 100f!A, VeE= 2V 600 

RoN "Key not Pressed" Resistance 2 kQ 

RoFF "Key not Pressed" Resistance 500 kn 

A. C. ELECTRICAL CHARACTERISTICS (Voo = 2.5V, Tamb = 25°C unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

VTONE Tone Amplitude Low Group } no Load 57 64 mVRMS 
Tone Amplitude High Group 81 91 mVRMS 

GAR Ratio of High to Low Group Amplitude 1.5 2 2.5 dB 

Total Harmonic Distortion 
0- 4kHz 2 % 
0 -10kHz 2.5 % 
0- 50kHz 5 % 
0- 200kHz 6.5 10 % 

tmR Time Break Recall (FLASH) 100 ms 

2/9 

132 



M3541 

PIN FUNCTIONS 

Pin Name Function 

ROW1 
ROW2 
ROW3 
ROW4 Connections for 16 Buttons, Single Contact Keyboard COL 1 
COL 2 
COL 3 
COL4 

Voo Positive Supply 

Vss Negative Supply 
SELECT LD/MF Selection, lOP and 8/M Ratio Programming 

OSCIN - OSCOUT Oscillator Connection 

HSW Hookswitch. A logic '1 ·voltage at this pin is used to ind1dcate '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 

FIL TOUT - FIL TIN Unity Gain Amplifier Input and Output for 2-pole Filter 

MUTE Output Active During Keying and Tone Transmission (see note 2) 
--

Notes : 1. The MASK output may be used to d1sconnect the whole speech circuit in order to maintain the break cond1t1on whilst on-hook, during 
a TBR (Timed Flash) operat1on or for LD dialling. 

2. The MUTE output IS provided to disable the microphone while ma1nta1mng the loop condrt1on during DTMF transm1ss1on. 

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 

[1 [2 [3 [4 

R1 

RZ 

R3 

R4 

1 

4 

7 

* 

2 3 TBR 

5 5 LNR 

8 9 

0 II 

NB!Jt13H1-B2 

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

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 

lOP 8/M Ratio pin to: 

BOOms 2:1 Vss 
500ms 2:1 COL1 
500ms 3:2 COL2 
BOOms 3:2 COL3 

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

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

3/9 
t== SGS-lHOMSON 

A. ""f [ lllilU©Il:l@~~lli©'ii'll:l:WeJU©i!l 
133 



M3541 

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 fol
lowed 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 remain
ing 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 
stored 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 
the telephone is on-hook the M3541 will adopt a 
static low power mode in which dialling functions are 
inhibited and only a minimal current is consumed to 
maintain the store contents. 

4/9 
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The M3541 recognizes the on-hook condition when 
the hookswitch input (HSW) goes from logic '1' (the 
off-hook condition) to logic ·o· for greater than 
300ms. Short line voltage interruptions of less than 
200ms, such as those created by the exchange dur
ing connection, will not be recognized by the M3541 
as an on-hook indication. 

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

POWER-ON RESET 

A Power-on Reset is internally generated when 
power 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 sig
nalled by logic '1' on the output. During the non-di
alling period the impulsing output is at logic '0'. Tim
ing of the output is shown below. 



Figure 1 : Timing Diagram 

HOOK 
SWITCH 

KEY PRESS 0 
COLUMN 

RUIJ nlll 
'5' 

MASK n 

IMP 

MUTE(LOWl 

MFOUT(LOWl 

Figure 2 : Timing Data 

t1 

IMP 

t, = Pre-d1grt pause (=Is) 
12 = Break penod (60ms or 67ms) 
Ia = Make period (40ms or 33ms) 
4 =Post-digit make(= Ia) 
Is = lnter-d1grt pause (500 or BOOms) 
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M3541 

DTMF MODE 

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

TONE FREQUENCIES 

Keypad 

Nominal Frequency (Hz) 
Deviation from Nominal(%) 

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

Figure 3 :Timing Diagram. 

HOOK 

SWITCH ~ 
KEY PRESS 0 n n 
COLUMN 

ROlJ 01111' Ullllllllllllllllllllll 01111 nlllll 
'5' '4' 'TBR' r 0 r I 

MASK LJ ~ 
1BBms 

IMPCLOWl 
ON-HOOK 
H 

TIMEOUT 

MUTE c• ~ 
'5' '4' '(3' (SHORTENEOl 

MFOUT ~~' ~ L._j 
I 

1188 1188 1 11(3(31 
ms ms ms fl89fl3541-85 
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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-

Figure 4. 

ON CHIP 

-+-----
EXTERNAL 
CIRCUIT 

MF 
GENERATOR 

1188115413-96 

TYPICAL VALUES 
R,=56kQ 
R2= 56kQ 
Ra+ R•= 10kQ 
c, = 1.3nF 
C2=470pF 

M3541 

plitudes as required. The tone amplitude is propor
tional to the chip supply voltage, Voo, and can be ad
justed by changing the ratio of R3 and R4. 

Cl 

R3 
C2 

R4 

I 
I 
I 

__ .1 __ _ 

OUTPUT 

uss 

The filter components shown have been chosen to give a second order Butterworth response w1th a cut-off frequency of 
about 3.5kHz. The pass-band insertion loss is nominally O.SdB. 

DTMF APPLICATION CIRCUITS 
The DTMF circuit in figure 5 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 6 shows how 
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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M3541 

Figure 5. 
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Figure 6. 
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M3541 

SWITCHABLE LD/MF APPLICATION CIRCUITS 

The circuit in figure 7 uses a constant current supply 
to take current from the telephone line which is used 
to power the M3541. The 2.5V reference diode pro
duces a stabilised supply voltage which determines 
the MF tone level of the M3541. 
In figure 8, a stabilising voltage from the speech is 
used to supply the M3541 during MF dialling to give 
accurate tone levels. 

The M3541 is powered via the 150K resistor during 
TBR operations and LD dialling breaks, and via 01 
during dialling makes. This configuration minimises 
the component count at the expense of allowing a 
leakage current of about 450JlA during dialling 
breaks. The 47JlF reservoir capacitor maintains and 
smooths the supply to the chip. 

Figure 7. 
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MK53731 

SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 

• SINGLE CHIP DTMF AND PULSE DIALER 
• SOFTSWITCH CHANGES SIGNALING MODE 

FROM PULSE TO TONE 
• RECALL OF LAST NUMBER DIALED (up to 28 

digits long) 
• FLASH KEY INPUT INITIATES TIMED HOOK 

FLASH 
• TIMED PABX PAUSE 
• 8 TONES PER SECOND DIALING IN TONE 

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

GUARANTEED (74/54ms) 
• 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 

Figure 1 : Pin Connections (top view). 

MODE 

C1 
C2 
C3 
V-

OSC1 

OSC2 

C4 

V+ 

MOOE 

C1 
C2 
C3 

V-

OSC1 

OSC2 

C4 
N.C. 

July 1993 

PULSE OUTPUT 

HKS 

Ri" 
R2 
R3 
R4 
MUTE OUTPUT 

PACIFIER TONE 

DTMFOUTPUT 

PULSE OUTPUT 

HKS 

Ri" 
R2 
R3 
R4 
MUTE OUTPUT 

PACIFIER TONE 

DTMFOUTPUT 

N.C 

DIP18 5020 

ORDERING NUMBERS: MK53731NOO (DIP18) 
MK53731 D (5020) 

DESCRIPTION 
The MK53731 is a Silicon Gate CMOS IC that pro
vides necessary signals for either DTMF or loop dis
connect (pulse) dialling. 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
turized long-haul networks Users can store all 12 
signaling keys and access several unique functions 
with single key entries. These functions include : 
Last Number Dialled (LND), Softswitch, Flash and 
Pause. Figure 2 shows the keypad configuration. 
A LND key input automatically redials the last num
ber dialled. 
Two features simplify PABX dialling. The PAUSE 
key stores a timed pause in the number sequence. 
Redial is then delayed until a outside line can be ac
cessed or some other activity occurs before normal 
signalling resumes. 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. 

1 

4 

* SOFT G t/ LND 
SWITCH 

f188f1K53?31-B1 
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FUNCTIONAL PIN DESCRIPTION 
(DIP18 only) 

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 signal
ing mode. A V+ connection defaults to tone mode 
operation and a V- connection defaults to pulse 
mode operation. 
When dialling in the pulse mode, a softswitch feature 
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. Af
ter 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 
either the standard 2-of-8 with negative common or 
the single-contact (Form A) keyboard. 
A valid keypad entry is either a single Row con
nected to a single Column or V- simultaneously 
presented to both a single Row or 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 alter
nately switching high through on-chip pull ups. After 
both a Row and Column key have been detected, 
the debounce counter is enabled and any noise 
(bouncing contacts, etc.) is ignored for a debounce 
period (TKo) 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 
location. If switched on-hook (pin 17 to pin 1), the 
keyboard 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 de
pressed 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 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 1. 
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Table 1. Output Tone Duration. 

Key - Push Time, T* Tone Output * 

T ~ 32ms No Output, Ignored by 
MK53731. 

32ms ~ T ~ 75ms + ToK 75ms Duration Output 

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

• Note : T KD is the keypad debounce time which is typically 32 ms. 

When redialing in the tone mode, each DTMF output 
is 75 ms duration, and the tone separation (intersig
nal delay) is 50 ms. 

V-
Pin 6 is the negative supply input to the device. This 
is the voltage reference for all specifications. 

OSC1, OSC2 

Pin 7 (input), pin 8 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the tim
ing 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. A ceramic resonator with toler
ance of ± 0.25 % may also be used. 

DTMFOUTPUT 
Output. Pin 10. An NPN transistor emitter with a col
lector tied to V+ drives the DTM F OUTPUT pin. The 
transistor base is connected to an on-chip opera
tional 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 unregu
lated supply; the TONE LEVEL is supply independent, 
and the single row tone output level will be typically : 

Tat = - 12 dBm ± 1 dB 

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

Voct = 0.3 x V+ + 0.5V 
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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 500Hz 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 longer 
present. In pulse mode, all valid key entries activate 
the pacifier tone. In tone mode, any non-DTMF 
(FLASH, PAUSE, LND, SOFTSWITCH) entry acti
vates the pacifier tone. The pacifier tone provides 
audible feedback, confirming that the key has beeo. 
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 nof necessarily share circuitry. MUTE OUT
PUT timing is shown in Figure 8 for pulse mode sig
naling and Figure 7 for tone mode signaling. MUTE 
OUTPUT is active during each digit, and not active 
during the interdigit time. In both tone and pulse 
modes, MUTE OUTPUT goes active 40 ms before 
PULSE OUTPUT for a FLASH. 

HKS 
Input. Pin 17. Pin 17 is the hookswitch input to the 
MK53731. This is a high-impedance input and must 
be switched high for on-hook operation or low for off
hook operation. A transition on this input causes the 
on-chip logic to initialize, terminating any 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. 

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. 



DEVICE OPERATION (Tone Mode) 

When the MK53731 is not actively dialing, it con
sumes very little current. While on-hook, all keypad 
input pins are internally pulled high. Row and Col
umn inputs assume opposite states off-hook. The 
circuit .-erifies 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, and dialing begins af
ter a pre-signal delay of approximately 40 ms 

Table 2 · DTMF Output Frequency 

Key Input Standard Frequency 

ROW 1 
2 
3 
4 

COL 1 
2 
3 

Figure 7 :Tone Mode Timing. 

DIAL SEQUENCE 0 G I FLASH I 0 

KEYBOARD 
INPUT 

ENTER ENTER 

697 
770 
852 
941 

1209 
1336 
1477 

ENTER 

I FLASH I 

MK53731 

(measured from initial key closure). Output tone du
ration is shown in Table 2. 

The MK5371 allows manual dialing of an indefinite 
number of digits, but if more than 28 digits are dialed, 
the 53731 will"wrap around". That is, the extra digits 
beyond 28 will be stored at the beginning of the LND 
buffer, and the first 28 digits will no longer be avail
able 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 

KE~~RD -mn_ __________ J1fUrri------:;KE;o::Y:;;;80;-;A;;;RO;-;;SC:;cA;-:;N-----,,llliL ______________ ~ 

~~:~T ---------------------------------

OTMF ------~--~- -------------------------~- -----------

OUTPUT __ _i~~---~-~J:______ I FLASHPERIOD I -------~------------
PULSE 

OUTPUT 

MUTE ---
I I 

1----- tlfFP ____ _, 

OUTPUT 1_-----;----------------' 
1---um--j 

Note : For thts example, key entnes ares 75 ms, but ;o, 32 ms. 
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Figure 8 : Pulse Mode Timing. 

DIAl SEQUENCE 0 0 [ PAUSE I ~ 

ENTER ENTER ENTER (NTER 

I PAU.E I CD 
KEYBOARD 

INPUT 
r----------------------------

-1 r , 
KE~~~~RO =:JIUlfl.- _____ JUllll KEYBOARD SCAN 250 H1 lflM-- -----·Jl(lflCJ~[~~ ----

G~rl 2 ! t-- 6 ~~ DIAl 'DIGIT~ PAUSE 2 s SEC 1 [~ ---u- -----------ci~r~u~ ---------uu--------u --- -
o~~~~T ----~~--~1~-~-~~. ~~-- -L_[ ----------- --0~""- ------

•-J f--r. 
~~:~T OFF HOOK ON HCIOK 

-J 1- • 
PACIFIER 
TONE -- -•------•---- JIL ____ ..._ ____ - ------------------------ --------

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. 

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-digi
tal 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 in
itial 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 mem
ory and a subsequent LND entry will cause the redial 
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 the dialing in the pulse mode, a softswitch fea
ture will allow a change to the tone mode whenever 
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the • key, or SOFTSWITCH, is depressed. Sub
sequent* 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. 

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 considered 
"AUTO" if in redial, or if previous dialing is still in progress. 

Function FirsVAuto 
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 
DC Supply Voltage 6.5 
Operatinq Temperature -20 to +60 
Storaqe Temperature -55 to +125 
Maximum Power Dissipation @ 25°C 500 
Maximum Voltage on any Pin (V+) +0.3, (V-} -0.3 

• All specifications are for 2.5 Volt operabon and full operating temperature range unless otherw1se stated 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherv..:ise specified) 
DC Characteristcs 

No Symbol Parameter Min. 

V+ DC Operating Voltage 2.5 
TONE 

VMR Memory Retention Voltage 1.5 

Is Stand-by Current 

IMR Memory Retention Current 

VMUTE Mute Output Operating Voltage 1.8 

lr Operating Current (Tone} 

lp Operating Current (Pulse} 

IML Mute Output @ (2.5V} 1 

Sink Current @ (4V) 3 

IPL Pulse Output Sink Current 1 

IPc Pacifier Tone Sink/Source 250 

KRU Keypad Pullup Resistance 

KRo Keypad Pulldown Resistance 

V1L Keypad input Level - low 0 

VIH Keypad Input Level - hiqh 0.7V+ 

VpuLSE Operatmg Voltage (pulse mode} 1.8 

Notes : 1 Allmputs unloaded Quiescent Mode (OsCillator o!Q 
2. All outputs unloaded. Single key input. 
3. Your= 0.4 Votts 
4. Smk Current for Vwr = -0.5 Volts. Source Current for Vwr = 2.0 Volts. 

Typ. 

0.4 

0.15 

300 

150 

2 

500 

100 

500 

5. Memory Retenbon Voltage IS the point where memory IS guaranteed but circu~ operation is not 

Max. Unit 

6.0 v 

v 
1.0 uA 

0.75 uA 
v 

600 uA 
250 uA 

mA 

mA 

mA 

J.lA 
KQ 

n 
0.3V+ 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 1sguaranteed 1f e1therthe mimmum IMR IS prov1dedorthe m1mmum VMR The design does not have to prov1de 
both the m1mmum current or voltage Simultaneously. 

7. M1n1mum voltage where actiVation of mute output wrth 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 

Tot Tone Output (voltage independent) 13 12 11 dBm 1,2 
173 194 218 mVrms 3 

PEt Pre-emphasis, High Band 1.4 2 2.6 dB 

DC, Tone Output DC Bias (V+ = -2.5V) 1.25 v 
iv+ = 3.5Vl 1.5 v 

RE Tone Output load 10 KQ 4 

TRtS Tone Output Rise Time 1 ms 5 

DIS Output DTMF Distortion 5 8 % 3 

TR Tone Signalling Rate 5 1/sec 

1 lpso Pre-signal Delay 40 ms 6 

2 Ttso Inter-signal Delay (repertory) 54 ms 

TouR Tone Output Duration (repertory) 74 ms 

Notes : 1. 0 dBm equals 1 mW power into 600 nor 775 mVolts Important Note The MK53731 is designed to drive a 10 k.Q load. The 600 n 
load is only for reference. 

2. Single tone (low group) as measured at pin 10 TA = 25 "C. 
3. Supply voltage= 2 5V; RE = 10 kn. To, increases typically of 1 OmVrms wrth V,00iy = 6.0V. 
4. Supply voltage = 2.5 Volts 
5. Time from beginning of tone output waveform to 90% of final magnitude of e1ther frequency Crystal parameters suggested for proper 

operation are Rs < 100 n, Lm = 96 mH, Cm 0.02 pF, Ch = 5pF, f = 3.579545 MHz and c, = 18 pF. 
6. Time from inibal key input until beginning of signaling 

AC Characteristics- KEYPAD 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 oscillator accuracy directly affects these times. 

AC Characteristics- PULSE MODE OPERATION 

No Symbol Parameter 

PR Pulse Rate 

5 Pop Pedigital Pause 

6 lop lntrdigital Pause 

7 TMo Mute Overlap Time 

8 Ts Break Time 

9 TM Make Ttme 

Notes: 1. 10 PPS is the nominal rate. 
2. Ftgure 8 Illustrates th1s relat1onship 
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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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TONE PULSE DIALER 
WITH LAST NUMBER AND SAVE FUNCTION 

• SINGLE CHIP DTMF AND PULSE DIALER 
• SOFTSWITCH CHANGES SIGNALING MODE 

FROM PULSE TO TONE 
• RECALL OF LAST NUMBER DIALED (up to 28 

digits long) 
• SAVE ANOTHER NUMBER FUNCTION (28 dig

its long) 
• FLASH KEY INPUT INITIATES TIMED HOOK 

FLASH (mask selectable) 
• TIMED PABX PAUSE 
• 5 TONES PER SECOND DIALING IN TONE 

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

• MAKE/BRAK RATIO MASK SELECTABLE 
(40/60 or 33/67) 

• PULSE RATE 10pps 

DESCRIPTION 

The device is a Silicon Gate CMOS IC that provides 
necessary signals for either DTMF or loop discon
nect (pulse) dialling. The dialer buffers up to 28digits 
into memory that can be later redia led with a single 
key input. Additionally another 28 digits memory is 
available for the save function. 

Users can store all 12 signaling keys and access 
several unique functions with single key entries. 
These functions include : Last Number Dialled 
(LND), Softswitch, Flash, Pause and Save. Figure 
2 shows the keypad configuration. 

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

The SAVE key serves two functions: if pressed after 
digits are dialled, the digits preceding will be saved 
into the SAVE memory. If the SAVE key is pressed 
just after the telephone goes off-hook, with no digits 
pressed prior, then the number in the SAVE memory 
is dialled. 

Any digits entered after the SAVE key will be stored 
into the LND buffer. 

June 1993 

ADVANCE DATA 

DIP18 S020 

ORDERING NUMBERS : 
MK53732A MK53732AD 
MK53732B MK53732BD 
MK53732E MK53732ED 
MK53732F MK53732FD 

Figure 1 : Pins Connections (top view). 

V+ PULSE OUTPUT 

MODE HKS 

Ci Ri" 
G2 R2 
C3 R3 
V· R4 

OSC1 MUTE OUTPUT 

0SC2 PACIFIER TONE 

C4 DTMFOUTPUT 

NC NC 

Figure 2 : Keypad Configuration. 

1 2 3 FLASH 

4 5 6 
RECALL 

Sl'IUE 

7 8 9 PAUSE 
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Two features simplify PABX dialling. The PAUSE 
key stores a timed pause in the number sequence. 
Redial is then delayed until a outside line can be ac
cessed or some other activity occurs before normal 
signalling resumes. The FLASH key simulates a 
timed break hook flash to transfer calls or to activate 
other special features provided by the PABX or cen
tral office. 

FUNCTIONAL PIN DESCRIPTION (DIP18 
only) 

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 signal
ing mode. A V+ connection defaults to tone mode 
operation and a V- connection defaults to pulse 
mode operation. 
When dialling in the pulse mode, a softswitch feature 
will allow a change to the tone mode whenever the 
"*"key, or softswitch, is depressed. Subsequent"*" 
key inputs will cause the DTM F 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 or the SAVE key will repeat the softswitch. 

C1, C2, C3, C4, R4, R3, R2, R1 
Keyboard inputs. The Dialer interfaces with either 
the standard 2-of-8 with negative common or the 
single-contact (Form A) keyboard. 
A valid keypad entry is either a single Row con
nected to a single Column or V-simultaneously pre
sented to both a single Row or Column. In its quies
cent or standby state, during normal off-hook opera
tion, either the Rows or the Columns are at a logic 
level 1 (V+). Pulling one input low enables the on
chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternately 
switching high through on-chip pull ups. 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 sampled 
and if both Row and Column information are valid, 
the information is buffered into the LND location. If 
switched on-hook (pin 17 to pin 1 ), the keyboard in
puts become high impedance input pin. 
In the tone mode, if 2 or more keys in the same row 
or if 2 or more keys in the same column are de-
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Table 1. Output Tone Duration. 

Key - Push Time, T Tone Output 

T~ 32ms No output, ignored 

32ms :> T :> 100ms + Tkd 1 OOms Duration 

T ~ 100ms + Tkd Output Duration = T - Tkd 

pressed a single tone will be output. The tone will 
correspond to the row or column for which the 2 keys 
were pushed. This feature is for test purposes, and 
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 1. 

When redialing in the tone mode, each DTMF output 
is 100 ms duration, and the tone separation (inter
signal delay) is 1 00 ms. 

V-
Pin 6 is the negative supply input to the device. This 
is the voltage reference for all specifications. 

OSC1, OSC2 

Pin 7 (input), pin 8 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the tim
ing 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. A ceramic resonator with toler
ance of ± 0.25 % may also be used. 

DTMFOUTPUT 

Output. Pin 1 0. A NPN transistor emitter with a col
lector tied to V+ drives the DTMF OUTPUT pin. The 
transistor base is connected to an on-chip opera
tional 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 Dialer is designed to operate from an unregulated 
supply ; the TONE LEVEL is supply independent, and 
the single row tone output level will be typically : 

To1 = 150 mVrms± 1 dB 

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

Voc, = 0.27 X v+ + 0.44 v 
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MK53732 

Figure 4 : Typical Single Tone. 

Figure 5 :Typical Dual Tone. 

Figure 6 : Typical Spectral Response. 
REF J9B mV. MAKeR· 700.0 H% 
10· dB/DIV . RIINQE· 39.8mV . 191 mV 
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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 of30 ms orwhenthevalid key is no longer 
present. In pulse mode, all valid key entries activate 
the pacifier tone. In tone mode, any non-DTMF entry 
(FLASH, PAUSE, SAVE, LND)activates the pacifier 
tone. The pacifier tone provides 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 of the speech 
from the line during DTMF signaling. During dialing, 
MUTE OUTPUT is active continuously until dialing 
is completed. MUTE OUTPUT goes active when 
any key is pushed. 

:-:-:--:=::-:=-:-:::==-= 
In the pulse mode, MUTE OUTPUT is used to re-
move the receiver and the speech network from the 
line. MUTE OUTPUT timing is shown in Figure 8for 
pulse mode signaling and Figure 7 for tone mode 
signaling. MUTE OUTPUT is active during each 
digit, and not active during the interdigit time. In 
pulse mode, MUTE OUTPUT goes active ?Oms 
(MK53732NB) and 14ms (MK53732E/F) before 
PULSE OUTPUT for a FLASH. 

HKS 
Input. Pin 17. Pin 17 is the hookswitch input to the 
dialer. 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 
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. 

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 timed break out
put pulse at pin 18 (see specification). 



DEVICE OPERATION (Tone Mode) 

When the dialer is not actively dialing, it consumes 
very little current. While on-hook, all keypad input 
pins are high impedance. Row and Column 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, and dialing begins after a pre
signal delay of approximately 40 ms (measured 

Table 2 • DTMF Output Frequency 

Key Input Standard Frequency 

ROW1 697 
2 770 
3 852 
4 941 

COL 1 1209 
2 1336 
3 1477 

Figure 7 : Tone Mode Timing. 

DIAL SEQUENCE [!] G I FLASH I 0 

ENTER ENTER ENTER 

MK53732 

from initial key closure). Output tone duration is 
shown in Table 1. 

The device allows manual dialing of an indefinite 
number of digits, but if more than 28 digits are dialed, 
the device will "wrap around". That is, the extra dig its 
beyond 28 will be stored at the beginning of the LND 
buffer, and the first 28 digits will no longer be avail
able for redial. 

Actual Frequency o/o 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 

I FLASH I 0 
kEYBOARD 

INPUT 
.----------------, ~----------

KE~=RD -uut. ______ ., ___ JUU,.I-------:,::::EY:=BO=:A:=:RD;:-:SC::;:A:-:N:-------,rum. ............................ ~ 

.;~T ----------------------------------

DTIIF -----~--~--------------------------~------------
OUTPUT __ 2~~----:!-~J:______ I FLASHPERIOD I -------~------------
PULSE 

o:~::T --- j I 
OUTPUT L----....,.----------------' 

1----·/T·----l 

1--------t,,.-----1 

Note : For th1s example, key entr1es are :s 100 ms, but 2: 32 ms. 
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Figure 8 : Pulse Mode Timing. 

DIAL SEQUENCE 0 0 ~ Q 

ENTER ENTER ENTER CNTER 

I PAUSE I 0 
KEYBOARD 

INPUl 
~--------------------------------

1 r 3 nnnr--r----- ----
KE~~~~RO =:JIUUl ______ JIDfl( KEYBOARD SCAN 250Hz lfiJUl ________ JUUII....______I HIGH IMPEDANCE 

G~ATL2 ! r--- 6 ------,1 DIAL tDIGIT -.J I PAUSE 2 5 SEC I [~ 
OUTPUT ---------uu--------u -------------U -,.----------

O~~;~T ____ t~l~t~~- ~~-- -1__]- ---------- --V~""- ------
1
·-l 1--T• 

~~:~T OFF HOOK ON liCIOK 

-j ~. 
PACIFIER 

TONE --_ ..... ______ .n. ____ JR.. ____ • _____ --------------------------------

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 
LNO key. 

SAVE 

If after off-hook, SAVE is pressed after that 01, 02 
and 03 have been dialed, Then 01, 02 and 03 will 
be entered into the SAVE buffer. 

~ 
~ 
~ 
~ I SAVE I 

If SAVE is pressed immediately after off-hook, num
bers stored in the SAVE buffer will be dialed out. 
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Any digits entered after the SAVE key will be entered 
into the LNO buffer as a new number for LNO . 

PAUSE 

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-digit 
and post-digit pauses is shown in Table 3. 

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 (see specification). 
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 hookflash function (timed break) has been di
aled. The key input following a FLASH will be stored 
as the initial digit of a new number (overwriting the 
number dialed prior to the FLASH) unless it is an
other FLASH. Consecutive FLASH entries after a 



number is dialed will be stored sequentially in the 
LND memory and a subsequent LND entry will 
cause the redial of that number with a delay at the 
end of the redialing sequence, but not hookflash 
breaks. When redialing in tone mode, MUTE OUT
PUT will remain active during the flash delay period. 

FLASH key pressed immeditely after off-hook or 
LND key will not clear the LND buffer unless digits 
are entered following the FLASH key. 

§ K § K IFLASHI 

LND not cleared 

EJ IFLASHI 

LND not cleared 

Table 3 : Special Function Delays. 

MK53732 

LND buffer will contain 01, 02 

SOFTSWITCH 

When dialing in the pulse mode, a Softswitch feature 
will allow a change to the tone mode whenever the 
"*" key, or SOFTSWITCH, is depressed. Sub
sequent"*" 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. 

Each delay shown below represents the time required between the depression of the special function key 
and the time at which a new digit can be dialed. 

The time is considered "FIRST" key is all previous inputs have been completely dialed. The time is considered 
"AUTO" if in redial, or if previous dialing is still in progress. 

Function First/Auto 
Delay (seconds) 

Pulse (1 Opps) Tone 
SOFTSWITCH FIRST 

AUTO 

PAUSE FIRST 
AUTO 

ABSOLUTE MAXIMUM RATINGS 

Parameter 

DC Supply Vollage 
Operating Temperature 

Storage Temperature 
Maximum Power Dissipation @ 25°C 

Maximum Voltage on any Pin 

~ SliS·THOMSON 
lk. ""f I IR:ilD©Iiil©rn~rn©'ii'liil©liilD©l!l 

0.2 
1.0 

1.9 1.2 
2.7 1.3 

Value 

6.5 
-30 to +60 

-55 to+ 125 
500 

(V+) +0.3, (V-) -0.3 

Unit 
v 
oc 
oc 

mW 

v 
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ELECTRICAL CHARACTERISTICS (All specifications are for V + = 2.5V and Tamb = 25°C; unless otherwise 
stated). 

DC Characteristcs 

No Symbol Parameter Min. Typ. Max. Unit Notes 

V+ DC Operating Voltage (Tone) 2.5 6 v 
DC Operating Voltage (Pulse) 1.8 6 v 

VMR Memory Retention Voltage 1.5 v 1,6 

Is Stand-by Current 0.4 1 J.lA 1 

IMR Memory Retention Current 0.1 0.75 J.lA 5,6 

VMUTE Mute Output Operating Voltage 1.8 v 7 

h Operating Current (Tone) 300 600 llA 2 

lp Operating Current (Pulse) 150 250 J.lA 2 

IML Mute Output @ (2.5V) 1 rnA 3 

Sink Current@ (4V) 3 rnA 

IPL Pulse Output Sink Current 1 2 rnA 3 

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

KRu Keypad Pullup Resistance 100 KQ 

KRo Keypad Pulldown Resistance 500 Q 

V1L Keypad input Level - low 0 0.3V+ v 
V1H Keypad Input Level - high 0.7V+ V+ v 

Notes : 1 All1nputs unloaded. QUiescent Mode (Oscillator off). 
2. All outputs unloaded. Single key input. 
3. VotJr = 0.4 Valls. 
4. Sink Current for VOtJr = + 0.5 Volts. Source Current for VotJr = 2.0 Vo~s 
5. Memory Retentton Voltage IS the point where memory ts guaranteed but circu1t operatton ts not 
6. Proper memory retentton is guaranteed tf either the mtnimum IMR is provtded or the minimum VMR The design does not have to provide 

both the mtnimum current or voltage stmultaneously. 
7. M1n1mum voltage where actiVatiOn of mute output with key entry is ensured. 

AC Characteristics (numbers in left column refer to timing diagrams) 

No Symbol Parameter Min. Typ. Max. Unit Notes 

TNK Tone Output No Key Down -80 dBm 1 

To1 Tone Output (voltage independent) 130 150 170 mVrrns 2,3 

PEl Pre-emphasis, High Band 1.4 2 2.6 dB 

DC, Tone Output DC Bias (V+ = 2.5V) 1.1 v 
(V+ = 3.5V) 1.35 v 

RE Tone Output load 10 KQ 4 

TRIS Tone Output Rise Time 1 ms 5 

DIS Output DTMF Distortion 5 8 % 3 

TR Tone Signalling Rate 5 1/sec 

1 Tpso Pre-signal Delay 40 ms 6 

2 TISD Inter-signal Delay (repertory) 100 ms 

TouR Tone Output Duration (repertory) 100 ms 

Notes : 1. 0 dBm equals 1 mW powennto 600 nor 775 mVolts Important Note. The device is designed to drive a 10 kn load The 600 Q load 
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is only for reference 
2 Single tone (low group) measured at p1n 10. 
3 Supply voltage= 2.5 to 6 Volts RE = 10 kn 
4 Supply voltage= 2.5 Volts. 
5 Time from beginning of tone output waveform to 90% of final magntlude of etlher frequency. 
6 Time from initial key input until beginning of Signaling. 



AC Characteristics (keypad inputs, pacifier tone) 

No Symbol Parameter 

3 TKO KeYQ_ad Debounce Time 

FKs Keypad Scan Frequency 

Fpr Frequency Pacifier Tone 

4 Tpr Pacifier Tone Duration 

Note : 1. Crystal oscillator accuracy directly affects these t1mes 

AC Characteristics (Pulse Mode Operation -specific of each version) 

No Symbol Parameter 

VERSION A 

PR Pulse Rate 

5 Pop Predigit Pause 

6 lop lnterdigit Pause 

7 TMo Mute Overload Time 

8,9 BM Break/Make Ratio 

THFP Hookflash Timing (Tone/Pulse) 

VERSION 8 

PR Pulse Rate 

5 Pop Predigit Pause 

6 lop lnterdigit Pause 

7 TMo Mute Overload Time 

8,9 BM Break/Make Ratio 

THFP Hookflash Timing (Tone/Pulse) 

VERSION E 

PR Pulse Rate 

5 Pop Predigit Pause 

6 lop lnterdigtt Pause 

7 TMo Mute Overload Time 

8,9 BM Break/Make Ratio 

THFP Hookflash Timing (Tone/Pulse) 

VERSION F 

PR Pulse Rate 

5 Pop Predigit Pause 

6 lop lnterdigit Pause 

7 TMo Mute Overload Time 

8,9 BM Break/Make Ratio 

THFP Hookflash Timing (Tone/Pulse) 

Notes: 1. The Pulse Rate given is the nominal rate 
2 F1gure 7 and 8 illustrates th1s relationship. 

MK53732 

Min. Typ. Max. Unit Notes 

32 ms 1 

250 Hz 1 

500 Hz 1 

30 ms 1 

Min. Typ. Max. Unit Notes 

10 PPS 1 

50 ms 2 

820 ms 2 

4 ms 2 

60:40 2 

600 ms 2 

10 PPS 1 

43 ms 2 

820 ms 2 

4 ms 2 

67:33 2 

600 ms 2 

10 PPS 1 

43 ms 2 

820 ms 2 

4 ms 2 

67:33 2 

104 ms 2 

10 PPS 1 

50 ms 2 

820 ms 2 

4 ms 2 

60:40 2 

272 ms 2 

9/9 

157 





• 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 all 12 signaling keys 
and access several unique functions with single key 
entries. These functions include : Last Number Di
aled (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. 

July 1993 

MK53761 

REPERTORY DIALER 

DIP18 S020 

ORDERING NUMBERS : 

MK53761NOO 

Figure 1 : Pin Connections. 

MODE 

C1 
C2 
C3 
V-

OSC1 

OSC2 

C4 

V+ 

MODE 

C1 
C2 
C3 
V-

OSC1 

OSC2 

C4 
NC 

DIP18 

S020 

MK53761D 

PULSE OUTPUT 

HKS 

R1 

R2 
R3 
R4 

MUTE OUTPUT 
PACIFIER TONE/ 
CHIP DISABLE 
DTMFOUTPUT 

PULSE OUTPUT 

HKS 

R1 

R2 
R3 
R4 
MUTE OUTPUT 
PACIFIER TONE/ 
CHIP DISABLE 
DTMFOUTPUT 

N.C. 
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Figure 2 : Keypad Configuration. 

1 2 3 LASH 

4 5 5 PROG 

7 8 c MEM 

* SOFT 8 t LNO 
SWITCH 

FUNCTIONAL PIN DESCRIPTION (DIP18 only) 

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 signal
ing 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 feature 
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. Af
ter 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 
either the standard 2-of-8 with negative common or 
the singlecontact (Form A) keyboard. 
A valid keypad entry is either a single Row con
nected to a single Column or V- simultaneously pre
sented to both a single Row and Column. In its qui- . 
escent or standby state, during normal off-hook op
eration, either the Rows or the Columns are at a 
logic level 1 (V+). Pulling one input low enables the 
on-chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternately 
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 
(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 location. If 
switched on-hook (pin 17 to pin 1 ), the keyboard in
puts all pull high through on-chip pullup 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 de
pressed 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 single 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. 
Table 1 :Output Tone Duration. 

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

MK53761 
32ms ~ T ~ 75ms + TKo 75ms Duration Output 
T ~ 75ms + TKo Output Duration = T -TKO 

TKD is the key pad debounce trme which rs typically 32 ms 

When redialing in the tone mode, each DTMF output 
is 75ms duration, and the tone separation (intersig
nal delay) is 50ms. 

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 tim
ing 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. A ceramic resonator with toler
ance 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 opera
tional 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 un
regulated supply; the TONE LEVEL is supply inde
pendent, and the single row tone output level will be 
typically: 

Tai=-12dBm±1 dB 
The DC component of the DTMF output while active 
is described by the following equation : 

VDC1 = 0.3 V+ + 0.5 Volts 

2/8 5i SGS-THOMSON 
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MK53761 

Figure 3: MK53761 Functional Block Diagram. 

Figure 4: Typical Single Tone. 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 

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 pull up 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 sig-
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feed-back, confirming that the key has been prop
erly 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 valid 
key is no longer present. In pulse mode, all key en
tries 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 
switched 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 o/o 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 

naling 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 operation 
in progress at the time. The signaling mode defaults 
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. 
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Figure 7 :Tone Mode Timing. 

otAL SEQUENCE ~ G I FLASH I 0 

KEYBOARD 
INPUT 

ENTER ENTER ENTER ENTER 

I FLASH I 

KEYBOARD 
SCAN ----uut __________ JruULI __________ ~·~·~vso~Amt~SCA=="~-----------J!UUl ______________ ~ 

HKS 

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

DTMF 
OUTPUT 

------~--~-------------------------~------------1 , !=- .!.J 2 fY. I FLASH PERIOD I I 
PULSE 
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-------------------- -------------------

MUTE 
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1 I 
f---um --j 
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Notes : 1. For th1s example, keyentnes are,; 75 ms, but;, 32 ms. 
2. MUTE goes act1ve after any key 1s depressed 

Figure 8: Pulse Mode Timing. 
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DEVICE OPERATION 
When the MK53761 is not actively dialing, it con
sumes very little current. Row and Column 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, and dialing begins after a pre
signal delay of approximately 40 ms (measured 
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 dialed 
per number, the 53761 will "wrap around". That is, 
the extra digits beyond 18 will be stored at the be
ginning 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) 

... ETC 

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

LAST NUMBER DIALED (LND) 

8 
Last number dialing is accomplished by entering the 
LND key. 

HOOK FLASH 

8 EJ 8 ... 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 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 in
itial 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 mem
ory and a subsequent LND entry will cause the redial 
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 feature 
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 soft
switch will only switch from pulse to tone. After re
turning to on-hook and back to off-hook, the part will 
be in pulse mode. Redial by the LND key will repeat 
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 numberfrom 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 considered 
"AUTO" if in redial, or previous dialing is still in progress. 

Function First/Auto Pulse Tone 

SOFTSWITCH FIRST 0.40 
AUTO 1.10 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value 

DC Supply Voltage 6.5 

Operating Temperature -20 to +60 

Storage Temperature -55to+125 

Maximum Power Dissipation (25 °C) 500 

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

• All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 

ELECTRICAL CHARACTERISTICS (T amb = 25°C unless otherwise specified) 

DC CHARACTERISTICS 

Symbol Parameter Min. Typ. Max. 

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

VMR Memmy Retention Voltage 1.5 

Is Standby Current 0.4 1.0 

IMR Memory Retention Current 0.15 0.75 

VMUTE Mute Output Operating Voltage 1.8 

h Operating Current (tone) 300 600 
lp Operating Current (pulse) 150 250 

Operating Current On-hook Program Mode 
Key Operated 200 
No-key Operated 1 

IML Mute Output (2.5 Volts) 1.0 
Sink Current (4.0 Volts) 3.0 

IPL Pulse Output Sink Current 1.0 2.0 

lpc Pacifier Tone Sink/Source 250 500 

KRu Keypad Pullup Resistance 100 

KRo Keypad Pulldown Resistance 500 

ViL Keypad Input Level-low 0 0.3 v 
+ 

V1H Keypad Input Level-high 0.7 v V+ 
+ 

VPULSE Operatmg Voltage (pulse mode) 1.8 6.0 

Notes : 1. All inputs unloaded. Ou1escent mode (oscillator off). 
2. All outputs unloaded, single key input 
3. Vwr~04 Valls. 
4. Sink current for Vwr ~ 0 5 Valls, Source Current for VoiJT ~ 2.0 Volts. 
5. Memory Retention Vottage is the point where memory IS guaranteed but circuit operation IS not. 

Unit 

v 

v 
(lA 

(lA' 

v 
(.lA 

(lA 

(.lA 
(lA 

mA 
mA 

mA 

(.lA 
kQ 

Q 

v 

v 

v 

I 

I 

Unit 

v 
oc 
oc 

mW 

v 

Notes 

1. 6 

1 

5.6 

7 

2 

2 

3 

3 

4 

6. Proper memory retention is guaranteed ff e1therthe minimum IMR is provided or the minimum VMR· The des1gn does nothaveto provide 
both the minimum current or vottage simultaneously. 

7. Minimum voltage where activation of mute output wtlh 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 

TRJs Tone Output Rise Time 

DIS Output Distortion 

TR Tone Signaling Rate 

1 Tpso Pre-signal Delay 

2 T1so Inter-signal Delay (repertory) 

TouR Tone Output Duration (repertory) 

Min. 

-13 
173 

1.4 

40 

Typ. Max. Unit Notes 

-80 dBm 1 

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

2.0 2.6 dB 

v 
1.25 
1.5 

10 kO 4 

1.0 ms 5 

5.0 8.0 % 3 

8.0 1/sec 

ms 6 

54 ms 

74 ms 

Notes : 0 dBm equals 1 mW power into 600 Q or 775 mVolts.lmportant note: the MK53761 IS des1gned to dnve a 10 kQ load. The 600 Q 
load is only for reference. 

2. Single tone (low group), as measured at pin 10, TA = 250C. 
3. Supply voltage= 2.5V; RE= 10 kQ To 1ncreases typically of 1 OmVrms wtth Vs = 6V. 
4. Supply voltage = 2 5 volts. 
5 T1me from beginning of tone output waveform to 90% of final magnitude of either frequency. Crystal parameters suggested for proper 

operation are Rs < 100 n, Lm = 96 mH, Cm = 0.02 pF, Ch = 5 pF, f = 3.579545 MHz, and c, = 18 pF 
6. T1me from 1nrtial key Input until beg1nnig 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 

FPT Frequency Pacifier Tone 

4 TPT Pacifier Tone Duration 

THFP Hookflash Timing 

Note . 1. Crystal oscillator accuracy directly affects these t1mes 

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter 

PR Pulse Rate 

5 PDP Predigital Pause 

6 IDP lnterdigital 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. 
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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 



• 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 DTM For 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 Di
aled (LND), Softswitch, Flash, and 9 memories. Fig
ure 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. 

July 1993 

MK53762 

REPERTORY DIALER 

DIP20 5020 

ORDERING NUMBERS : 
MK53762NOO MK53762D 

Figure 1 : Pin Connection. 

Y+ 1 20 PULSE OUTPUT 

MODE 2 19 HKS 

Ci 3 18 iii 

C2 4 17 R2 
C5 5 16 Rs 
C3 6 15 R3 
v- 7 14 ii4 

OSC1 8 13 MUTE OUTPUT 

OSC2 9 12 PACIRER TONE/ 

C4 
CHIP DISABLE 

10 11 DTMFOUTPUT 
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Figure 2 : Keypad Configuration. 

1 2 3 FLASH MEM9 

4 5 6 PROG MEMB 

7 8 9 PAUSE MEM? 

SOFT 0 # LND MEM6 
SWITCH 

MEM1 MEM2 MEM3 MEM4 MEM5 

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 signal
ing 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 feature 
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. Af
ter returning to on-hook and back to off-hook, the 
part will be in pulse mode. Redial by the LND key will 
repeat the softswitch. 

C1,C2,C3,C4,C5,R5, R4,R3,R2,R1 
Keyboard inputs. The MK53762 interfaces with 
either 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 con
nected to a single Column or V- simultaneously pre
sented to both a single Row and Column. In its qui
escent or standby state, during normal off-hook op
eration, 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 alternately 
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 sampled 
and if both Row and Column information are valid, 
the information is buffered into the LND location. If 
switched on-hook (pin 19 to pin 1 ), the keyboard in
puts all pull high through on-chip pullup resistors. 
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In the tone mode, if 2 or more keys in the same row 
or column are depressed a single tone will be output. 
The tone will correspond to the row or column for 
which the 2 keys were pushed. This feature is fortes! 
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 : 
Table 1 : Output Tone Duration 

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

MK53761 
32ms ~ T ~ 75ms + TKo 75ms Duration Output 
T ~ 75ms +TKO Output Duration= T- TKo 

• TKD is the key pad debounce time which is typically 
32ms 

When redia ling in the tone mode, each DTMF output 
is 75ms duration, and the tone separation (intersig
nal delay) is 50ms. 

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 tim
ing reference for the circuit. It has have sufficient 
loop gain to oscillate when used with a low-cost tele
vision 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 
reference for all circuit functions. A ceramic resona
tor with tolerance of± 0.25% may also be used. 

DTMF OUTPUT 
Output. Pin 11. An NPN transistor emitter with a col
lector tied to V+ drives the DTM F OUTPUT pin. The 
transistor base is connected to an on-chip opera
tional 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 un
regulated supply; the TONE LEVEL is supply inde
pendent, and the single row tone output level will be 
typically: 

Tai =- 12 dBm ± 1 dB 
The DC component of the DTMF output while active 
is described by the following equation : 

VDC1 = 0.3 V+ + 0.5 Volts 



Figure 3: MK53762 Functional Block Diagram. 

""o---~ 
MOOE-'To---+J 

Ci 

'" 

Figure 4: Typical Single Tone. 

MK53762 

Figure 5 :Typical Dual Tone. 
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PACIFIER TONE OUTPUT/CHIP DISABLE 
INPUT 
Pin 12. PAC tone is an output. The pacifier tone pro
vides audible feedback, confirming that the key has 
been properly entered and accepted. A 500 Hz 
square wave is activated upon acceptance of a 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 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 
switched low through a resistor (1 0 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 SEQUENCE [£] G I FLAStt 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 

IFLASHI 0 
KEYBOARD 

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

~~RD ----,nn_ ________ JUU,._I ____ ...;;KEY:;:.;.:;;BD:;;;A::.::RD;.:SC:;;;A;;;;N ____ __.I(Jlft.._ .. ____________ ~ 

MKS 
INPUT-------------------------------

DmF -----~--~-------------------------~-----------
OUTPUT .j 1 r-- ~ • r- I FLASH PERIOD I I 

;,:;T';;J., ---r-~------~------- ~+----..... ----~ -----~-:-~-----

MUTE --- --------
OUTPUT 

N ales : 1. For thos example, key entnes are o£ 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 12] 0 
KEYBOARD 
INPUT ,1 nL...--......In...._____j 3_, 1-
PULsE 
OUTPUT r-s=+[JlJlj:== s===u 1 

l~:l:~ 7 --1 ~ 
LI1J 

MliTE 
OUTPUT 

-----il L I U 
~4~ 

PACIFIER 
TONE --~~----~--~~--------------
HKSISlDW 
(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 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 

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 

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 sig
naling 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 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 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 con
sumes very little current. Row and Column 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, and dialing begins after a pre
signal delay of approximately 40 ms (measured 
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 dialed 
per number, the 53762 will "wrap around". That is, 
the extra digits beyond 18 will be stored at the be
ginning 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 re
leased. 

NORMAL DIALING (off-hook) 

888···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 feature 
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 repeat the 
softswitch. 
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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 in
itial 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 mem
ory and a subsequent LND entry will cause the redial 
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 

888···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-digi
tal 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). 
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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 considered 
"AUTO" if in redial, or previous dialing is still in progress. 

Function FirsVAuto 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 

DC Supply Voltage 6.5 

Operating Temperature -20 to+ 60 

Storage Temperature -55 to+ 125 

Maximum Power Dissipation (25 °C) 500 

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

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

ELECTRICAL CHARACTERISTICS (T amb = 25°C unless otherwise specified} 

DC CHARACTERISTICS 

Symbol Parameter Min. Typ. Max. 

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

VMR Memory Retention Voltage 1.5 

Is Standby Current 0.4 1.0 

IMR Memory Retention Current 0.15 0.75 

VMUTE Mute Output Operating Voltage 1.8 

IT Operating Current (tone) 300 600 
lp Operating Current (pulse) 150 250 

Operating Current On-hook Program Mode 
Key Operated 200 
No-key Operated 1 

IML Mute Output (2.5 Volts) 1.0 
Sink Current (4.0 Volts) 3.0 

IPL Pulse Output Sink Current 1.0 2.0 

lpc Pacifier Tone Sink/Source 250 500 

KRu Keypad Pullup Resistance 100 

KRD Keypad Pulldown Resistance 500 

VJL Keypad Input Level-low 0 0.3 v + 

VJH Keypad Input Level-high 0.7 v + V+ 

VPULSE Operating Voltage (pulse mode) 1.8 6.0 

Notes : 1. All inputs unloaded. Quiescent mode (oscillator off). 

2. All outputs unloaded, single key input. 
3. Vwr = 0.4 Volts. 
4. Sink current for Vwr = 0.5 Volts. Source Current for Vo15r = 2.0 Volts. 
5. Memory Retention Voltage is the point where memory IS guaranteed but circuit operation IS not. 

Unit 

v 

v 
JlA 
JlA 
v 

JlA 
JlA 

JlA 
11A 
mA 
mA 

mA 

JlA 
kQ 

Q 

v 
v 
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 nothaveto provide 
both the mmtmum current or voltage simultaneously. 

7. Minimum voltage where activation of mute output with key entry is ensured. 
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MK53762 

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 T1s0 Inter-signal Delay {repertory) 

TouR Tone Output Duration {repertory) 

Min. 

-13 
173 

1.4 

40 

Typ. Max. Unit Notes 

-80 dBm 1 

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

2.0 2.6 dB 

1.25 v 
1.5 v 
10 kQ 4 

1.0 ms 5 

5.0 8.0 o/o 3 

8.0 1/sec 

ms 6 

54 ms 

74 ms 

Notes : 1. 0 dBm equals 1 mW power into 600 nor 775 mVolts Important note :the MK53762 is designed to drive a 1 0 kn load. The 600 n 
load is only for reference. 

2 S1ngle tone (low group), as measured at pin 10, TA = 25"C. 
3 Supply voltage =2.5V; RE= 10 kn. To increses typ~callyof 10mVrms With Vs= 6V. 
4. Supply voltage= 2.5 volts 
5 T1me from beginmng oftone output waveform to 90% off1nal magnitude of e1therfrequency Crystal parameters suggested lor proper 

operation are R,< 100 n, Lm = 96 mH. Cm = 0 02 pF. Ch = 5 pF, I= 3.579545 MHz, and CL = 18 pF. 
6. T1me from inrtial key input until beginnig 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 

Note : 1 Crystal oscillator accuracy d~rectly affects these t1mes 

AC CHARACTERISTICS- PULSE MODE OPERATION 

No Symbol Parameter 

PR Pulse Rate 

5 PDP Predigital Pause 

6 IDP lnterdigital Pause 

7 TMo Mute Overlap Time 

8 Ts Break Time 

9 TM Make Time 

Notes : 1. 1 0 PPS is the nominal rate 
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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 



• DESIGNED FOR TELEPHONE BELL RE-
PLACEMENT 

• LOW CURRENT DRAIN 
• SMALL SIZE "MINIDIP" PACKAGE 
• ADJUSTABLE 2-FREQUENCY TONE 
• ADJUSTABLE WARBLING RATE 
• BUlL T-IN HYSTERESIS PREVENTS FALSE 

TRIGGERING AND ROTARY DIAL "CHIRPS" 
• EXTERNAL TRIGGERING OR RINGER DIS

ABLE (ML8204) 
• ADJUSTABLE FOR REDUCED SUPPLY IN-

ITIATION 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-ce
ramic transducer. The device can be powered from 
a telephone line or a fixed d.c. supply. The power 
supply control circuit has built-in hysteresis to pre
vent false triggering and rotary dial "chirps". The 
ML8204 can be triggered externally under logic con
trol. The ML8205 has provision for adjustment of the 
power supply initiation current. 

March 1993 

ML8204 
ML8205 

TONE RINGER 

Minidip 

ORDERING NUMBERS : ML8204 
ML8205 

PIN CONNECTIONS (top view) 

TRIGGER IN 2 

LOW I I TIME 
CONSTANT 

LOWf I TIME 
CONSTANT 

OUTPUT 

Ml8204 l HI~~~ I CONSTANT 

GNO 

~-eeu. 

OUTPUT 

Ml8205 l HI~~~ I CONSTANT 

GND 
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ML8204/8205 

BLOCK DIAGRAM 

's 

TRIGGER IN 

(ML8204) 

Rsc 
(MLBZOS! 

GNO 

POWER SUPPLY 
CONTROL 
CIRCUIT 

{WITH HYSTERESIS) 

ABSOLUTE MAXIMUM RATINGS* 

LOW FREQUENCY 
OSCILLATOR 

LOW f 
TIME CONSTANT 

Symbol Parameter 

Vs Supply Voltage - GND 

Top Operating Temperature 

Tstg Storage Temperature (E package) 

Ptot Total Power Dissipation (E package)" 

HIGH FREQUENCY OUTPUT 
OSCILLATOR AMPLIFlER 

HiGH f 
TIME CONSTANT 

Value 

30 

-45t0+65 

-65to+150 

400 

Unit 

v 
oc 
oc 

mW 

• Stresses in excess of thos listed unter "Absolute Max1mum Ratmgs" may cause permanent damage to the dev1ce. Th1s 1s a 
stress rat1ng only and functional operation of the dev1ce at these or any other cond1t1ons m excess of those md1cated in the 
operational sect1ons of this specification is not implied. Exposure to absolute max1mum rating condition for extended periods 
may affect device reliability. 

THERMAL DATA 

Parameter Value 

Thermal Resistance Junction-ambient Max 6.3 
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ELECTRICAL CHARACTERISTICS 
(all voltages referenced to GND unless otherwise noted, T amb = 25°C} 

Symbol Parameter Test Conditions 

Vs Operating Supply Voltage 

v,, Supply Initiation Voltagel'l Trigger in Open Circuit (ML8204) 

Vsus Sustaining Voltagel21 

Is, Supply Initiation Current No Load Vs = Vs, RsL = 6.8kQ (ML8205) 

I sus Sustaining Current No Load Vs = Vsus 

VTR Trigger Voltagel31 

ITR Trigger Current131 

V01s Disable Voltage141 

l01s Disable Current141 

Vo Output Voltage No Load Vs = 21V 

fo Oscillator Frequency Tolerance Component Tolerance Excluded 

Notes : 1. V, is the value of supply voltage wh1ch must be exceeded to tngger oscillation 
2 Voc, IS the value of supply voltage requ1red to ma1ntain osc1llat1on 
3 Vm and lm are the cond1t1ons applied to Tngger In to start osc1llat1on for Vsus,; Vs ,; Vs1 
4. Vo1s and l01s are the cond1t1ons applied to Trigger In to Inhibit oscillation for Vs1< Vs. 
5. Trigger Current must be limited to th1s value externally. 

ML8204/8205 

Min. Typ. Max. Unit 

29 v 
17 19 21 . v 
9.7 11 12 v 
1.4 2.5 4.2 rnA 

0.7 1.2 rnA 

10.5 v 
40 1000151 [.lA 

0.8 v 
-50 [.lA 

17 19 21 v 
±7 % 

Figure 1a: Supply Current vs. Supply Voltage 
(no lead). 

Figure 1 b : Load Voltage and Supply Current vs. 

(, 5969 

Is 
mAl ) 

4 

10 
3.5 

3 

ls1 ~ 

2 

1.5 
lsus -I 

o.• 

0 

2 & 101 14 
,, 22 

2& 30 34 Vs(V) 

Load Current. 

VS =21V 

1 r,_ 
~ 

Vs=15V 

, 

, 
v5 =15!o21V 

, , 

10 20 

G-'5970 

I 

, 

•, 

-'-

30 IL (rnA) 

Is 
(mAl 

20 

1& 

12 
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ML8204/8205 

FUNCTIONAL DESCRIPTION 
The M8204/ML8205 Tone Ringers are primarily in
tended for use as replacements for the mechanical 
bell in telephone sets. Each incorporates two oscil
lators, an output amplifier and a power supply con
trol circuit. The devices can be powered directly 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 positive 
triggering of the device and to prevent tran-sient trig
gering 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 (Is,). When 
Vs1 is exceeded, oscillation begins and the static 
power 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 con
nected between pins 3 and 4, and Cis the value 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 the re
lation fH1 = 1/(1.515RC) where R is the value of the 
resistor connected between pins 6 and 7, and C is 
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 war
bling rate :the rate at which the HFO switches be
tween the two tone frequencies fH1 and fH2. Oscilla
tion continues until the supply voltage decreases be
low the sustaining voltage (Vsus). At this point, the 
power supply current undergoes a step increase 
(from lsus), and then ramps down in accoardance 
with the supply voltage. 
In normal applications, Trigger in (pin 2) of the 
ML8204 is left open circuit. This pin allows external 
triggering of oscillation of the ML8204 at supply volt-
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ages in the range Vsus$Vs$ Vs,. 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 (ITR) into pin 2. This current must 
be limited to prevent damage to the triggering circuit. 
Tone ringer oscillation may also be inhibited at sup
ply voltages in the range Vsi < Vs <;, Vs(max) by apply
ing a maximum disable voltage (Vo1s) to pin 2. Dis
abling is accomplished by sinking a minimum cur
rent (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, to program the slope of its supply current ver
sus supply voltage characteristic prior to triggering 
(Vs <;, Vsi). This in turn determines the maximum sup
ply initiation current (lsi drawn at the initiation vol
tage (Vs,)). Programming is accomplished by con
necting a slope determining resistor, RsL, bet-ween 
pin 2 and ground. The value of lsi varies inversely 
with the value of RsL. This feature can be used to 
control effective impedance presented to the tele
phone 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 (800 or greater) to prevent power supply regu
lation problems. A transformer is thus required for 
driving loudspeakers as is an output coupling ca
pacitor. Piezo-ceramic transducers may be driven 
directly. 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 typi
cally have maximum efficiency around 2 KHz). It is 
also necessary to connect a zener diode in parallel 
with the transducer to limit voltage surges generated 
by the transducer during mechanical shocks. 



ML8204/8205 

Table 1. 
No Pin function Description 
j Vss Positive Power Supply 

2 Trigger in ML8204 · Oscillator External Tngger/lnh1b1t pin 
(must be connected through a current limiting resistor when used) 

RsL ML8205- lnit1at1on Current (1 5 ,) Programmming Pin. (must be connected) 

3 Low f Low Frequency Time Constant Adjustement Pms. 
Time Used to Set Frequency Oscillator Switches f1 (by 

Constant connection of appropnate res1stor and capacitor. see fig. 3) 

5 GND Negative Power Supply 

6 High f High Frequency T1me Constant Adjustement Pins 
T1me Used to Set Nommal Tone Output Frequency (fH1) (by 

Constant connection of appropriate resistor and capac1tor. see f1g. 3) 

8 Output Tone Output. (must be capacitively coupled for transformer coupled or resistive loads) 

Figure 2: ML8204/ML8205 Timing Diagram. 

EVENTS 

I 0 I 

's 
ls11NOTE1) 

lsl.15 

ILOSC n n nJL 
OUTPUT _ ___j u u I _ ____n_n___n__n___j)__ 

OUTPUT 

1 . b vanes w1th RsL on ML8205 
2. Tngger 1n on ML8204 connected through current lim1t1ng reststor. 
A) Osc111at10n tnggered by V, > V". 
B) Osctllat1on mamtamed unt1l v, < V'"'· 
C) OscillatiOn tnggered by tngger In high for v'"',; v, 5 v,. 
D) Oscillation stopped by tngger 1n low for Vs 2: V'"' 
E) OsCillation tnggered by tngger In high, maintained until v, < v'"'· 
F) Osc1llat1on mhtbtted by tngger 1n low for V, > V, 
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ML8204/8205 

APPLICATIONS 

TYPICAL TELEPHONE OR EXTENSION TONE 
RINGER CIRCUIT 

The circuit shown 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 bycapacitorC1 and resistor 
R1. C1 also provides isolation from d.c. voltages on 
the line. 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 
this voltage exceeds the initiation voltage, V5 , oscil
lation starts. With the components shown, the out
put frequency chops between 512 Hz (fH1) and 
640 Hz (fH2) at a 1 0 Hz (fL) rate. The loudspeaker 
load is coupled through a 1300 Q to 8 Q trans
former. While the output impedance of the MLB204 
is quite low, the load impedance must be kept fairly 
high. This is to prevent d.c. power supply regulation 
problems due to high source impedance of the tele
phone line and coupling components C1 and R1. 
The output coupling capacitor Cs is required with 

Figure 3 :Typical Tone Ringer Circuit. 

r--- ----- -----------

1 
: 
I 
I 

! 
"s' 0 (ML8205) : 

I 
I 
I 

Ul 

l9Y 

C4 

I51JF 
35Y 

transformer coupled loads. The value shown 
(0.22 11F) 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 
enough, then the value of this capacitor can be in
creased to couple more power to the load without 
upsetting the power supply to the ML8204. Potenti
ometer P1, is used to adjust the audio amplitude and 
resistor R4 is a current limiting resistor. Resistor Rs 
is a quenching resistor used to limit back emf gen
erated 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 
zener diode in parallel with the transducer. This di
ode limits the voltage transients than can generated 
by mechanical shocking of a piezo-ceramic 
transducer. The electrical characteristics shown in 
Table 2 indicate typical performance of this circuit. 
The incoming ringing voltage and frequency are de
termined by the telephone system. 

T1 

II[) 
an 

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 
1Hz 576 640 704 Hz 

Input Current (when ringing) 8 11 mARMS Output Voltage (Pin 8 '0' loop) 25 Vpp 

Output power (into 8 trans- 40 
former coupled load) 

mW Output Sound Pressure 80 85 90 dB A 
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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 
:::; Vs,, or b) disable ringer operation. The equivalent 
circuit at pin 2 is shown in Fig. 5. The ringer circuit 
can only oscillate when 01 is conducting. Normally 
when supply voltage Vs exceeds the supply initiation 
voltage (Vs,), base current flows into 01, via 02 and 
01 causing 01 to conduct. This continues until Vs is 
taken below the minimum sustaining voltage (Vsus). 

The ML8204 can be made to oscillate when pow
ered from supply voltages in the range Vsus:::; Vs:::; 
Vs;. Oscillation is ensured by forcing a current ITR (1 0 

Figure 4 : Pin 2 Input Equivalent Circuit. 

ML820L. 

Figure Sa : Enabling Oscillation of the ML8204 
for Supply Voltages less than Vs1• 

ZOKfi~ 

ML8204/8205 

11A:::; ITR:::; 1 mA) into pin 2 to provide base current 
to 01. This requires the voltage applied to pin 2 to 
exceed VTR where VTR is the sum of the zener volt
age of 03, the forward voltage drop of 0 2 and the VsE 
of 01 (typically 11 V). The required current drive can 
be provided by connecting a resistor RE between pin 
1 and Vs (Fig. 5a) ; where: 20 KQ:::; RE5 (Vs- 11 )/1 0 
MQ. To operate the ML8204 from a d.c. 12 V supply, 
RE should be typically 50 K. This mode of operation 
can also be used to reduce the effective value of the 
Vs,, by inserting a zener diode in series with RE (fig. 
5b). This modifies the initiating voltage to V5, (Eff) = 
VTR + VE + 1 0 RE (RE is in M Q). 

5-6879 

Figure Sb : Reducing the Effective Value of V5 , 

for the ML8204 

cnlM Vsi (Eifl=VTR +Vz •lO 

1TR 10 Im (RE inM 

--'-
RE 
~ 

~1 
Ml8Z04 

~ 

GND 
(0 V) 

S-8800 

1_ ~.-~ ~ 
V RE z ~ 

.,] 
ML8Z04 

_2_ 

GND 
(OV) 

~ ~~~~~g~~~~©~ _________________________ 7_1 __ 13 
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ML8204/8205 

Oscillation of the ML8204 may be inhibited for volt
ages in the range Vsi < Vs :5 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 VJNH via a resistor R1 to pin 2 
(fig. 6b) to ensure that : 

VDJS 0.8 V, and I DIS = 
Vo1s- VJNH 

R1 
<?: 40 !lA-

Figure 6 : Inhibiting Oscillation of the ML8204. 

.........!... 

2 

t 
(A) 

ML8Z04 

...L 

GNO 
(0 V) 

Figure 7a :Gating the ML8204 from CMOS. 

L 
+12TO+ISV 

116 
4049UB 

RING"L" l 
INHIBIT"H" 

ISKn Ml8204 

l GNO 
(OV) 
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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 respectively. 

PROGRAMMING THE ML8205 INITIATION CUR
RENT 

-------~------··· 

r---------.,lors 

OIIIOVDIS:S;08V 

1DIS"'vors-viNH ;!t.«!uA -.-,-

I I ~2 

~ Rl [ MLB204 -

' , ' 
I y : VDIS 

L--~~-~J 
------~-----~-~~ 

IBI 

Figure 7b : Gating the ML8204 from TTL. 

+12 T0+2l.V 

SOKn L +SV~ 
116 

RING "l '' ""'""'7406 l 
INHIBIT-H" 

Ml8204 

1 GNO 
10 V) 

S-8882 



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 in
itiation current (Is,) varies inversely with RsL, de
creasing for increasing values of resistance. Thus, 
increasing the value of RsL will decrease the amount 
of a. c. ringing current required to trigger th.e de~ice, 
As such, longer subscriber loops are possible smce 
less voltage is dropped per unit length of loop w1re 
due to the lower current level. RsL can also be used 
to compensate for smaller a.c. line coupling capaci
tors (providing higher impedance) which can be 

Figure 8 : Adjusting lsi by Varying RsL. 

2 

ML8205 
5 6.8Kfl 

(Al INCREASING 151 

Figure 9a : 1-V Slope Change Due to RsL. 

Is 
(mA ) 

3. 5 

5 

5 

0. s 

c 

G-5971 
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! 
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I ! 
J 

10 14 18 22 26 30 34 Vs(Vl 

2 

ML8204/8205 

used alter the ringer equivalence number of a tone 
ringer circuit. 

The graph in fig. ga illustrates the variation of supply 
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 in
itiation voltage V si. The 1-V characteristic after initia
tion remains unchanged. Curve C illustrates the 
effect of increasing RsL to 13.0 KQ. Initiation current 
decreases but again current after !rigging is un
changed. The variation of lsi, with RsL is illustrated in 
fig. 9b. 

ML8205 
13Kfl 5 

(Cl DECREASING I51 

5-8883 

Figure 9b : Supply Initiation Current. (lsi) vs. RsL. 

's' 
(mA ) 

35 

'· s 

5 

0. s 

G-S972 

10 12 14 16 RsL (Knl 
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ML8204/8205 

MITEL F.C.C. APPROVED TONE RINGER MOD
ULE USING ML8205 

The Mite! tone ringer module (CM3215) using the 
Mitel ML8205 tone ringer chip in the circuit below 
(fig. 1 0) has been approved by the F.C.C. (F.C.C. 
reg. number BN285B673550TN). 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 Kn) 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. 

VI250VRMS 

phone line while allowing tone ringer powering from 
high level rigging voltages. 

TRANSIENT OVERVOLTAGE 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. 

RS C5 

T1 

llorJ 
Bn SPEAKER 

13000 

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 S1 in position "b", 
a series of pulses with magnitudes (V) from 30 V up
wards applied from the TF152 until the ML8204 
failed fo operate. This was repeated for 1 0 devices. 
The unloaded value of V at which the devices 
ceased to operate varied from 84 to 88 V (VsK). Sub
sequently a number of devices were tested by ap
plying 70 V pulses to each device. Instability was 
noted in some devices after 100 pulse applications. 
All devices ceased to function after 172 to 203 pulse 
applications. A further set of devices were tested 
with 64 Vpulses. All devices withstood 300 pulse ap
plications without any sign of degradation. In the 
second test, with switches S2 and S3 in position "b" 
and S1 in position "a", 800 and 1500 V pulses were 
repeatedly applied to the TIP and RING inputs of the 

Figure 12: Typical Transient Tset Waveform. 

lOps 

v 

V/2 

ML8204/8205 

circuit. No degradation of the devices' operation was 
observed. 
SINGLE TONE OPERATION OF THE 
ML8204/ML8205 
The ML8204/ML8205 can be 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 can thus be switched between fH1 and 
fH2 externally by applying a control signal to pin 3. 
The low frequency oscillator may also be used sepa
rately 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~eoov tt3>56o,..s 
V = 1500V It~ 1601-'s 

5-8886 

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 ringer 
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 flF 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 be powered by the smoothing ca
pacitor which is across pins 1 and 5 (see fig. 14). 
This causes the device to switch off slowly and since 
the output frequencies shift by about a musical 
semitone 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 
switched through an NPN transistor instead. During 
ringing the base of the transistor is forward biased 
and the load is enabled. When ringing stops the 
transistor switches off and deactivates the load. 

Figure 14 : Typical Application Circuit for Use with a Piezo-electric Transducer .. 
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C6= 01 11F 
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 JlF 
C7=4.7 JlF 
R6 =51 KQ 
R7 =22 KQ 
S = Piezo-electric Transducer 
Other Components Same as fig. 3 

R7 

Figure 16 : ML8204/5 Circuit to eliminate Tail-off. 
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• ANALOG LINE INTERFACE 
• ON HOOK DIALING AND CALL PROGRESS 

MONITORING FACILITIES 
• PULSE DIALING INTERFACE 
• CURRENT LIMITATION ON BOARD 
• ANTI-TINKLE (FOR PARALLEL RINGER) 
• RINGER INTERFACE (INCLUDING RECTI

FIER BRIDGE) 
• FRENCH D.C. CHARACTERISTIC (SELECT

ABLE) 
• "TAKE THE LINE" COMMAND FOR SPECIAL 

PHONES 
• LINE CURRENT INFORMATION FOR AGC 

LINEARIZATION PURPOSE 
• LESS THAN 10f!A LEAKAGE AT 50V 

DESCRIPTION 
The Electronic Hook Switch IC is designed to per
form the high voltage analog interface function on 
corded telephones equipped with "on-hook dial
ing" or "hands-free" features, on cordless phones 

BLOCK DIAGRAM 

L1 o--~ 
VLREG 

(") ST3854 
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ST3854 

ELECTRONIC HOOK SWITCH 
PRODUCT PREVIEW 

MUL TIPOWER BCD TECHNOLOGY 
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or on answering machines. 
The device is specially intended for use in appli
cations controlled by microcontroller. 
The high voltage switches are N-channei/D-MOS 
and P-channei/Drain Extension MOS transistors 
integrated in a mixed technology, Bipolar C-MOS
DMOS at 250V ratings, BCD250. 
The ringer interface is provided on board. It is de
signed in order to avoid any circulation of current 
between speech and ringer sections during op
eration, specially in applications with common 
ground, like solutions based on microcor:Jtroller. 
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ST3854 

PIN CONNECTION (Top view) 

PINS FUNCTIONS 

No Name 

1 IEHKS 

2 IHKS 

3 OL 

4 EHKS 

5 HKS 

6 v- Line 

7 GND 

8 s 

9 L2 

10 VIR 

11 VLREG 

12 lswa 

13 VE 

14 CURDET 

IEHKS 

IHKS 

OL 

EHKS 

HKS 

V

GND 

s 
L2 

VIR 

TKL 

MASK 

Voo 

ACDEC 

V+ 

TIMER 

CURDET 

VE 

lswa 

VLREG 

Description 

LOGIC OUTPUT (EHKS BUTTON INPUT STATUS) 
Output logic signal (open drain) following the status of PLSD key (no debounced output). 
EHKS button pressed IEHKS =0 
EHKS button released IEHKS = 1 (open) 

LOGIC OUTPUT (HKS SWITCH INPUT STATUS) 
Output logic signal (open drain) following the status of mechanical hook-switch (no debounced 
output). 
HKS Key closed IHKS = 0 
HKS key open IHKS = 1 (open) 

PULSE DIALING INPUT 
Open line input signal for pulse dialing or flashing option. 

BUTTON INPUT (ELECTRONIC HOOK SWITCH) 
Input from key board, internally latched to "take the line". 

HOOK SWITCH SENSOR 
Hook switch sensor operated by handset hook. 

NEGATIVE SPEECH BRIDGE 
Output connection with negative path of the ringer rectifier bridge. 

SUBSTRATE 
Common reference point (substrate). 

PARALLEL RINGER INHIBITION IN PULSE MODE 
Output connection to the third line wire (additional ringer/parallel telephone set). 

LINE WIRE 
Output connection with the L2 terminal. 

POSITIVE RINGER SUPPLY VOLTAGE 

LINE CURRENT REGULATION EXTERNAL RESISTOR INPUT 
Output connection to external resistor for line current regulation (French characteristic). 

AGC CURRENT LINEARITY INFORMATION 
Current information flowing in SW3 switch (for AGC speech correction with French regulation 
or for other monitor of line current). 

POSITIVE SPEECH SUPPLY 
Positive power supply for speech c1rcuits. 

LINE CURRENT DETECTOR 
Output connection with external AC decoupling capacitor and internal current detector. 

2/3 
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ST3854 

PINS FUNCTIONS (continued) 

No Name Description 

15 TIMER FRENCH CHARACTERISTIC AND FILTER CAPACITOR 
Connection for external capacitor to program current limitation during Off-Hook transition time. 

16 v+ Line POSITIVE SPEECH BRIDGE 
Output connection with positive path of ringer rectifier bridge. 

17 ACDEC AC DECOUPLING IN CURRENT REGULATION MODE 
Connection for external AC decoupling capacitor. 

18 Voo INTERNAL POWER SUPPLY 
DC Voltage for intemallogic supply. 

19 MASK CURRENT SETTING RESET 
-Power down reset activated by external command after line break longer than 300ms 

(to reset Off-Hook current limitating in French market). 
-Pulse dialing mask to set the current limiting (French market). 

20 TKL TAKE THE LINE I EHS COMMAND 
External logic command, 5V, to "take the line" (for cordless and answering machines). 

3/3 
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ST5080A 
PIA FE 

PROGRAMMABLE ISDN AUDIO FRONT END 

FEATURES: 

Complete CODEC and FILTER system including: 
• PCM ANALOG TO DIGITAL AND DIGITAL TO 

ANALOG CONVERTERS 
• POWERFUL ANALOG FRONT END CA

PABLE TO INTERFACE DIRECTLY: 
- Microphone Dynamic, Piezo or Electrete 
-Earpiece down to 1 OOQ or up to 150nF 
-Loudspeaker down to 50Q or Buzzer up to 

600nF. 
• TRANSMIT BAND-PASS FILTER 
• ACTIVE RC NOISE FILTER 
• RECEIVE LOW-PASS FILTER WITH SIN X/X 

CORRECTION 
• MU-LAW OR A-LAW SELECTABLE COM

PANDING CODER AND DECODER 
• PRECISION VOLTAGE REFERENCE 

Phones Features: 
• DUAL SWITCHABLE MICROPHONE AMPLI

FIER INPUTS. GAIN PROGRAMMABLE: 15 
dB RANGE, 1 dB STEP. 

• LOUDSPEAKER AMPLIFIER AUXILIARY 
OUTPUT. ATTENUATION PROGRAMMABLE: 
30 dB RANGE, 2 dB STEP. 

• SEPARATE EARPIECE AMPLIFIER OUTPUT. 
ATTENUATION PROGRAMMABLE: 15 dB 
RANGE, 1 dB STEP 

• AUXILIARY SWITCHABLE EXTERNAL RING 
INPUT (EAIN). 

• TRANSIENT SUPRESSION SIGNAL DURING 
POWER ON. 

• INTERNAL PROGRAMMABLE SIDETONE 
CIRCUIT. ATTENUATION PROGRAMMABLE: 
15 dB RANGE, 1 dB STEP. 

• INTERNAL RING OR TONE GENERATOR IN
CLUDING DTMF TONES, SINEWAVE OR 
SQUAREWAVE WAVEFORMS. ATTENUA
TION PROGRAMMABLE: 27 dB RANGE, 3 dB 
STEP. 

• COMPATIBLE WITH HANDS-FREE CIRCUIT 
TEA7540. 

• ON CHIP SWITCHABLE ANTI-ACOUSTIC 
FEED-BACK CIRCUIT (ANTI-LARSEN). 

July 1993 

ADVANCE DATA 

PLCC28 

5028 

ORDERING NUMBERS: ST5080FN (PLCC28) 

ST5080D (5028) 

General Features: 
• EXTENDED TEMPERATURE RANGE OPER-

ATION(*)- 40°C TO +85°C. 
• EXTENDED POWER SUPPLY RANGE 5V±1 0%. 
• 60 mW OPERATING POWER (TYPICAL). 
• 1.0 mW STANDBY POWER (TYPICAL). 
• CMOS DIGITAL INTERFACES. 
• SINGLE+ 5V SUPPLY. 
• DIGITAL LOOPBACK TEST MODE. 
• PROGRAMMABLE DIGITAL AND CONTROL 

INTERFACES: 
-Digital PCM Interface associated with sep

arate serial Control Interface MICRO
WIRE"' compatible. 

-GCI interface compatible. 

(") Funcl!onal<ty guaranteed m the range- 40°C to +85°C; 
T1 mng and Electncal Spea!<cat10ns are guaranteed in the range 
- 25°C to +85°C. 

APPLICATIONS: 
• ISDN TERMINALS. 
• DIGITAL TELEPHONES 
• CT2 AND GSM APPLICATIONS 
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ST5080A 

PIN CONNECTIONS (Top view) 

S028 PLCC28 
' ' + z <>: N 

HFI EAIN "' "' 0 ~ a: 0 8 LL LL LL LL z 
HFB GNDA :::> :::> :I: :I: UJ l!J 2: 

VFR+ MIC 2-

VFR- VCCA ucc 25 UCCA 
ucc N.C. 

LS- 24 MIC1-
LS- MIC 1-

LS+ MIC 1+ LS+ 23 MIC1+ 

GND MIC 2+ GND 22 MIC2+ 

MS CS-/A3 GND 21 N.C. 
ox CCLK/AB 

MS 21:1 CS-/A3 
N.C. N.C. 

CD/A2 LO DX 19 CCLK/Ail 

CI/A1 MCLK 12 13 14 15 16 17 16 

DR FS 
N ... "' "' "' 0 

u a: ([ 0 LL -' -' 
11925T5999-(U ' ' u 

z 0 ~ 2: 
u u 

n!I1ST5888-B2R 

BLOCK DIAGRAM 
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2/30 J::fi SCS·THOMSON ':11 ii'1<1ll~L"J@~~~©11L"J@Imll~$ 
194 



~ 
~~ 
~en 
@. 

~;! 
~0 
"":I ©Jcn 
~0 
~z 

~ I"' <D (;) 
c.n 0 

'"D11 A UIN 
ST54313 

ISDN POWER CONTROLLER 

8 SYNC 

+5U 

PCKO 
FSa 
BCLK ST5421 
Bx SID-GCI 
Br "'~Hlli11. ~ 

STSBBBA 
PIAFE FSC DCL DDUT DIN DEN 

ST5451 
HDLC ~ GCI CONTROLLER 

DEN 
LSD-

HOOK 
SWITCH 

MB M1 

LO+ 

LO-
I 12K 

LI+ 

LI-

n!I2ST588811-Bf 

:.! 
"tJ 
0 
l> 
r-
Ui 
c z 
-1 m 
r
m 
"tJ 
:I: 
0 z 
m 
en 
m 
-1 
l> 
"tJ 
"tJ 
c 
(') 
l> 
-1 
0 z 

(/) 

u1 
0 
CXl 
0 
)> 



ST5080A 

GENERAL DESCRIPTION 

ST5080A PIAFE is a combined PCM CODEC/FIL
TER device optimized for ISDN Terminals and Digi
tal Telephone applications. This device is A-law 
and Mu-law selectable and offers a number of pro
grammable functions accessed through a serial 
control channel. 
Depending on mode selected, channel control is 
provided by means of a separate serial channel 
control MICROWIRE compatible or multiplexed 
with the PCM voice data channel in a GCI com
patible format requiring only 4 digital interface 
pins. When separate serial control interface is se
lected, PCM interface is compatible with Combo I 
and Combo II families of devices such as 
ETC5057/54, TS5070/71. 
PIAFE is built using SGS-THOMSON's advanced 
HCMOS process. 
Transmit section of PIAFE consists of an amplifier 
with switchable high impedance inputs followed 
by a programmable gain amplifier, an active RC 
antialiasing pre-filter to provide attenuation of high 
frequency noise, an 8th order switched capacitor 
band pass transmit filter and an A-law/Mu-law se
lectable compandig encoder. 
Receive section consist of an A-law/Mu-law se
lectable expanding decoder which reconstructs 
the analog sampled data signal, a 3400 Hz low 
pass filter with sin X/X correction followed by two 

PIN FUNCTIONS: PLCC28 I (S028) 

Pin Name 

separate programmable attenuation blocks and 
two power amplifiers: One can be used to drive 
an earpiece, and the other to drive a 50 Q loud
speaker. 
Programmable functions on PIAFE include a 
Ring/Tone generator which provides one or two 
tones and can be directed to earpiece or to loud
speaker or alternatively a piezo transducer up to 
SOOn F. 
A separate programmable gain amplifier allows 
gain control of the signal injected. Ring/Tone gen
erator provides sinewave or squarewave signal 
with precise frequencies which may be also di
rected to the input of the Transmit amplifier for 
DTMF tone generation. 
An auxiliary analog input (EAIN) is also provided 
to enable for example the output of an external 
band limited Ring signal to the Loudspeaker. 
Transmit signal may be fed back into the receive 
ampifier with a programmable attenuation to pro
vide a sidetone circuitry. 
A switchable anti-accoustic feed-back system 
cancels the larsen effect in speech monitoring ap
plication. 
Two additional pins are provided for insertion of 
an external Handfree function in the Loudspeaker 
receive path. 
An output latch controlled by register programm
ing permits external device control. 

Description 
1,2 HFI, HFO Hands free 1/0s: 

(1, 2) These two pins can be used to insert an external Handfree 
Circuit such as the TEA 7540 m the receive path. HFO is an 
output which provides the signal issued from output of the 
receive low pass filter while H Fl is a high impendance input 
wh1ch is connected directly to one of the inputs of the 
Loudspeaker amplifier. 

3,4 VFr+, VFr- Receive analog earpiece amplifier complementary outputs, 
(3,4) capable of driving load impedances between 100 and 400 Q or 

a piezo up to 150nF. These outputs can drive directly earpiece 
transductor. The signal at this output can drive be the summ of: 
- Receive Speech signal from DR, 
- Internal Tone Generator, 
- Sidetone signal. 

5 Vee Positive power supply input for the digital section. 
(5) +5V±10%. 

6,7 LS-,LS+ Receive analog loudspeaker amplifier complementary outputs, 
(6, 7) intended for drivmg a Loudspeaker: 80 mW on 50Q load 

impedance can be provided at low d1storsion meeting 
specifications. 
Alternatively this stage can drive a piezo transducer up to 
600nF. The signal at these outputs can be the sum of: 
- Receive Speech signal from DR, 
- Internal Tone generator, 
- External input signal from EAIN input. 

4/30 sc ------------- L"'!l &\ij~~~nt~r::U!?~ -------------
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ST5080A 

PIN FUNCTIONS (continued) 

Pin Name Description 
10 MS Mode Select: This input selects COMBO 1/11 interface mode 
(9) with separate MICROWIRE Control interface when tied high 

and GCI mode when tied low. 

11 Dx Transmit Data ouput: Data is shifted out on this pin dunng the 
(10) assigned transmit t1me slots. Elsewhere Dx output is in the high 

impendance state. In COMBO 1/11 mode, voice data byte is 
shifted out from TRISTATE output Dx at the MCLK frequency 
on the rising edge of MCLK. In GCI mode, voice data byte and 
control bytes are shifted out from OPEN-DRAIN output Dx at 
half the MCLK. An external pull up resistor is needed. 

12 N.C. No Connected. 
(11) 

15 DR Receive data input: Data is shifted in during the assigned 
(14) Received time slots. In the COMBO 1111 mode, voice data byte 

is shifted in at the MCLK frequency on the falling edges of 
MCLK. In the GCI mode, PCM data byte and contol byte are 
shifted in at half the MCLK frequency on the receive rismg 
edges of MCLK. There is one penod delay between transmit 
rising edge and receive rising edge of MCLK. 

16 FS Frame Sync input: This signal is a 8kHz clock which def1nes 
(15) the start of the transmit and receive frames. Either of three 

formats may be used for this signal: non delayed t1ming mode, 
delayed t1ming and GCI compatible timing mode. 

17 MCLK Master Clock Input: This signal is used by the switched 
(16) capacitor filters and the encoder/decoder sequencing logic. 

Values must be 512kHz, 1.536 MHz, 2.048 MHz or 2.56 MHz 
selected by means of Control Register CRO. MCLK is used 
also to shift-in and out data. In GCI mode, 2.56 MHz and 512 
kHz are not allowed. 

18 LO Open drain output: 
(17) a logic 1 written into DO (CRt) appears at LO pin as a logiC 0 

a logic 0 written into DO puts LO pin m high impedance. 

21 N.C. No Connected. 
(18,24) 

22 MIC2+ Alternative pos1t1Ve high impedance input to transmit pre-
(21) amplifier. 

23 MIC1+ Positive high impedance input to transmit pre-amplifier for 
(22) microphone symetrical connection. 

24 MIC1- Negat1ve h1gh Impedance input to transm1t pre-amplifier for 
(23) microphone symetncal connection. 

25 VccA Pos1t1ve power supply mput for the analog section. 
(25) +5 V ±. 10%. Vee and VccA must be directly connected 

together. 

26 MIC2- Alternative negative high impedance input to transmit pre-
(26) amplif1er. 

27 GNDA Analog Ground: All analog s1gnals are referenced to th1s pin. 
(27) GND and GNDA must be connected together close to the 

device. 

28 EAIN External Auxiliary input: This input can be used to provide 
(28) alternate signals to the Loudspeaker in place of Internal Ring 

generator. Input signal should be voice band limited. 
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ST5080A 

Following pin definitions are used only when COMBO 1/11 mode with separate MICROWIRE com
patible serial control port is selected. (MS input set equal one) 

PIN FUNCTIONS (continued) 

Pin Name Description 
13 co Control data Output: Serial control/status information is shifted 

(12) out from the PIAFE on this pin when CS- is low on the falling 
odges of CCLK. 

14 Cl Control data Input: Serial Control information is shifted into the 
(13) PIA FE on this pin when CS- is low on the nsmg edges of CCLK. 

19 CCLK Control Clock input: This clock shifts serial control information 
(19) into Cl and out from CO when the CS- input is low, depending 

on the current instruction. CCLK may be asynchronous with the 
other system clocks. 

20 CS- Chip Select input: When this pin is low, controlmformation is 
(20) written into and out from the PIAFE via Cl and CO pins. 

Following pin definitions are used only when the GCI mode is selected. (MS input set equal zero) 

PIN FUNCTIONS (continued) 

Pin Name Description 
19,14,13,20 AO,A 1,A2,A3 These pins select the address of PIAFE on GCI interface and 

(19,13,12,20) must be hardwired to either Vee or GND. AO,A1,A2,A3 refer to 
C4,C5,C6,C7 b1ts of the first address byte respectiVely. 

6/30 -------------- L.,, ~~~;m~::O!~~ --------------
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FUNCTIONAL DESCRIPTION 

Power on initialization: 
When power is first applied, power on reset ci
cuitry initializes PIAFE and puts it into the power 
down state. Gain Control Registers for the various 
programmable gain amplifiers and programmable 
switches are initialized as indicated in the Control 
Register description section. All CO DEC functions 
are disabled. Digital Interface is configured in GCI 
mode or in COMBO 1/11 mode depending on Mode 
Select pin connection. 
The desired selection for all programmable func
tions may be intialized prior to a power up com
mand using Monitor channel in GCI mode or 
MICROWIRE port in COMBO 1/11 mode. 

Power up/down control: 
Following power-on initialization, power up and 
power down control may be accomplished by writ· 
ing any of the control instructions listed in Table 1 
into PIAFE with "P" bit set to 0 for power up or 1 
for power down. 
Normally, it is recommended that all programm
able functions be initially programmed wh1le the 
device is powered down. Power state control can 
then be included with the last programming in
struction or in a separate single byte instruction. 
Any of the programmable registers may also be 
modified while ST5080A is powered up or down 
by setting "P" bit as indicated. When power up or 
down control is entered as a single byte instruc
tion, bit 1 must be set to a 0. 
When a power up command is given, all de·actl· 
vated circuits are activated, but output Dx will re
main in the high impedance state on B time slots 
until the second Fs pulse after power up, even if a 
B channel is selected. 

Power down state: 
Following a period of activity, power down state 
may be reentered by writing a power down in
struction. 
Control Registers remain in their current state and 
can be changed either by MICROWIRE control in
terface or GCI control channel depending on 
mode selected. 
In addition to the power down instruction, detec· 
tion of loss MCLK (no transition detected) auto
matically enters the device in "reset" power down 
state with Dx output in the high impedance state 
and LOin high impedance state. 

Transmit section: 
Transmit analog interface is designed in two 
stages to enable gains up to 35 dB to be realized. 
Stage 1 is a low noise differential amplifier provid· 
ing 20 dB gain. A microphone may be capaci
tevely connected to MIC1 +, MIC1- inputs, while 

ST5080A 

the MIC2+ MIC2- inputs may be used to capaci
tively connect a second microphone (for digital 
handsfree operation) or an auxiliary audio circuit 
such as TEA 7540 Hands-free circuit. MIC1 or 
MIC2 source is selected with bit 7 of register 
CR4. 
Following the first stage is a programmable gain 
amplifier which provides from 0 to 15 dB of addi
tional gain in 1 dB step. The total transmit gain 
should be adjusted so that, at reference point A, 
see Block Diagram description, the internal 0 
dBmO voltage is 0.739 V (overload level is 1.06 
Vrms). Second stage amplifier can be pro
grammed with bits 4 to 7 of CR5. To temporarily 
mute the transmit input, bit TE (6 of CR4) may be 
set low. In this case, the analog transmit signal is 
grounded and the sidetone path is also disabled. 
An active RC prefilter then precedes the 8th order 
band pass switched capacitor filter. A/D converter 
has a compressing characteristic according to 
CCITT A or mu255 coding laws, which must be 
selected by setting bits MA, lA in register CRO. A 
precision on chip voltage reference ensures ac
curate and highly stable transmission levels. 
Any offset voltage arising in the gain-set amplifier, 
the filters or the comparator is cancelled by an in
te rna I auto zero circuit. 
Each encode cycle begins immediatly at the be
ginning of the selected Transmit time slot. The 
total signal delay referenced to the start of the 
time slot is approximatively 195 llS (due to the 
transmit filter) plus 123 llS (due to encoding 
delay), which totals 320 11s. Voice data is shifted 
out on Dx during the selected time slot on the 
transmit rising adges of MCLK. 

Receive section: 
Voice Data is shifted into the decoder's Receive 
voice data Register via the DR pin during the se· 
lected time slot on the 8 receive edges of MCLK. 
The decoder consists of an expanding DAC with 
either A or MU255 law decoding characteristic 
wh1ch is selected by the same control instruction 
used to select the Encode law during intitializa
tion. Following the Decoder is a 3400 Hz 6th 
order low pass switched capacitor filter with inte
gral Sin X/X correction for the 8 kHz sample and 
hold. 
0 dBmO voltage at this (B) reference point (see 
Block Diagram description) is 0.4g Vrms. A trans
dent suppressing circuitry ensure interference 
noise suppression at power up. 
The analog speech signal output can be routed 
either to earpiece (VFR+. VFR- outputs) or to loud
speaker (LS+, LS- outputs) by setting bits SL and 
SE (1 and 0 of CR4). 
Total signal delay is approximatively 190 llS (filter 
plus decoding delay) plus 62.5 11s (1/2 frame) 
which gives approximatively 252 11s. 
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Differential outputs VFR+.VFR· are intended to di
rectly drive an earpiece. Preceding the outputs is 
a programmable attenuation amplifier, which must 
be set by writing to bits 4 to 7 in register CR6. At
tenuations in the range 0 to -15 dB relative to the 
maximum level in 1 dB step can be programmed. 
The input of this programmable amplifier is the 
summ of several signals which can be selected 
by writing to register CR4.: 

- Receive speech signal which has been 
decoded and filtered, 

- Internally generated tone signal, (Tone ampli
tude is programmed with bits 4 to 7 of register 
CR7), 

- Sidetone signal, the amplitude of which is pro-
grammed with bits 0 to 3 of register CRS 

VFR+ and VFR- outputs are capable of driving output 
power level up to 14mW into differentially con
nected load impedance between 100 and 400 n. 
Differential outputs LS+,LS- are intended to di
rectly drive a Loudspeaker. Preceding the outputs 
is a programmable attenuation amplifier, which 
must be set by writing to bits 0 to 3 in register 
CR6. Attenuations in the range 0 to -30 dB 
relative to the maximum level in 2.0 dB step can 
be programmed. The input of this programmable 
amplifier can be the summ of signals which can 
be selected by writing to register CR4: 

- Receive speech signal which has been 
decoded and filtered, 

- Internally generated tone signal, (Tone ampli
tude is programmed with bits 4 to 7 of register 
CR7), 

- EAIN input which may be an alternate Ring 
signal or any voice frequency band limited 
signal. (An external decoupling capacitor of 
about 0.1 J.lF is necessary). 

Receive voice signal may be directed to output 
HFO by means of bit HFE in Register CR4. After 
processing, signal must be re-entered through 
input HFI to Loudspeaker amplifier input. (An ex
ternal decoupling capacitor of about 0.1 J.lF is 
necessary). 
LS+ and LS- outputs are capable of driving output 
power level up to 80 mW into 50 n differentially 
connected load impedance at low distortion meet
ing PCM channel specifications. When the signal 
source is a Ring squarewave signal, power levels 
up to approximatively 200 mW can be delivered. 

Anti-acoustic feed-back for loudspeaker to hand
set microphone loop with squelch effect: on chip 
switchable anti-larsen for loudspeaker to handset 
microphone feedback is implemented. A 12dB 
depth gain control on both transmit and receive 
path is provided to keep constant the loop gain. 
On the transmit path the 12dB gain control is pro
vided starting from the CRS transmit gain defini
tion; at the same time, on the receive path the 

12dB gain control is provided starting from CR6 
receive gain definition. 

Digital and Control Interface: 
PIAFE provides a choice of either of two types of 
Digital Interface for both control data and PCM. 
For compatibility with systems which use time slot 
oriented PCM busses with a separate Control In
terface, as used on COMBO 1/11 families of de
vices, PIAFE functions are described in next sec
tion. 
Alternatively, for systems in which PCM and con
trol data are multiplexed together using GCI inter
face scheme, PIAFE functions are described in 
the section following the next one. 
PIAFE will automatically switch to one of these 
two types of interface by sensing the MS pin. 
Due to Line Transceiver clock recovery circuitry, a 
low jitter may be provided on Fs and MCLK 
clocks. Fs and MCLK must be always in phase. 
For ST5421 S Transceiver, as an example, maxi
mun value of jitter amplitude is a step of 65 ns at 
each GCI frame (125J.ls). So, the maximum jitter 
amplitude is 130 ns pk-pk. 

COMBO 1/11 mode. 
Digital Interface (Fig. 1) 
Fs Frame Sync input determines the beginning of 
frame. It may have any duration from a single 
cycle of MCLK to a squarewave. Two different re
lationships may be established between the 
Frame Sync input and the first time slot of frame 
by setting bit 3 in register CRO. Non delayed data 
mode is similar to long frame timing on ETC5057/ 
TS5070 series of devices (COMBO I and 
COMBO II respectively): first time slot begins 
nominally coincident with the rising edge of Fs. 
Alternative is to use delayed data mode, which is 
similar to short frame sync timing on COMBO I or 
COMBO II, in which Fs input must be high at least 
a half cycle of MCLK earlier the frame beginning. 
A time slot assignment circuit on chip may be 
used with both timing modes, allowing connection 
to one of the two B1 and B2 voice data channels. 
Two data formats are available: in Format 1, time 
slot B1 corresponds to the 8 MCLK cycles follow
ing immediately the rising edge of FS, while time 
slot B2 corresponds to the 8 MCLK cycles follow
ing immediately time slot B1. 
In Format 2, time slot B1 is identical to Format 1. 
Time slot B2 appears two bit slots after time slot 
B1. This two bits space is left available for inser
tion of the D channel data. 
Data format is selected by bit FF (2) in register 
CRO. Time slot B1 or B2 is selected by bit TO (0) 
in Control Register CR1. 
Bit EN (2) in control register CR1 enables or dis
ables the voice data transfer on Dx and DR as 
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Figure 1: Digital Interface Format 
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Figure 2: GCI Interface Frame Structure 
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appropriate. During the assigned time slot, Dx 
output shifts data out from the voice data register 
on the rising edges of MCLK. Serial voice data is 
shifted into DR input during the same time slot on 
the falling edges of MCLK. 
Ox is in the high impedance Tristate condition 
when in the non selected time slots. 

Control interface: 
Control information or data is written into or read
back from PIAFE via the serial control port con
sisting of control clock CCLK, serial data input Cl 
and output CO, and Chip Select input, CS-. All 

control instructions require 2 bytes as listed in 
Table 1, with the exception of a single byte 
power-up/down command. 
To shift control data into ST5080A, CCLK must 
be pulsed high 8 times while CS- is low. Data on 
Cl input is shifted into the serial input register on 
the rising edge of each CCLK pulse. After all data 
is shifted in, the content of the input shift register 
is decoded, and may indicate that a 2nd byte of 
control data will follow. This second byte may 
either be defined by a second byte-wide CS
pulse or may follow the first contiguously, i.e. it is 
not mandatory for CS- to return high in between 
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the first and second control bytes. At the end of 
the 2nd control byte, oata is loaded into the ap
propriate programmable register. CS- must return 
high at the end of the 2nd byte. 
To read-back status information from PIAFE, the 
first byte of the appropriate instruction is strobed 
in during the first CS- pulse, as defined in Table 
1. CS- must be set low for a further 8 CCLK 
cycles, during which data is shifted out of the CO 
pin on the falling edges of CCLK. 
When CS- is high, CO pin is in the high imped
ance Tri-state, enabling CO pins of several de
vices to be multiplexed together. 
Thus, to summarise, 2 byte READ and WRITE in
structions may use either two 8-bit wide CS
pulses or a single 16 bit wide CS- pulse. 

Control channel access to PCM interface: 
It is possible to access the B channel previously 
selected in Register CR1. 
A byte written into Control Register CR3 will be 
automatically transmitted from Dx output in the 
following frame in place of the transmit PCM data. 
A byte written into Control Register CR2 will be 
automatically sent through the receive path to the 
Receive amplifiers. 
In order to implement a continuous data flow from 
the Control MICROWIRE interface to a B chan
nel, it is necessary to send the control byte on 
each PCM frame. 
A current byte received on DR input can be read 
in the register CR2. In order to implement a con
tinuous data flow from a B channel to MICRO
WIRE interface, it is necessary to read register 
CR2 at each PCM frame. 

GCI COMPATIBLE MODE 
GCI interface is an European standardized inter
face to connect ISDN dedicated components in 
the different configurations of equipment as Ter
minals, Network Terminations, PBX, etc ... 
In a Terminal equipment, this interface called 
SCIT for Special Circuit Interface for Terminals 
allows for example connection between: 

- ST5421 (SID-GCI) and ST5451 (HDLC/GCI 
controller) used for 16 kbit/s D channel packet 
frames processing and SID control, 

- Peripheral devices connected to a 64 kbi!ls B 
channel and ST5451 used for GCI peripheral 
control. 

ST5080A may be assigned to one of the B chan
nels present on the GCI interface and is moni
tored via a control channel which is multiplexed 
with the 64 kbit/s Voice Data channels. 

Figure 2 shows the frame structure at the GCI in
terface. Two 256 kbit/s channel are supported. 

a)GCI channel 0: It is structured in four sub
channels: 

- B 1 channel 8 bits per frame 
-82 channel 8 bits per frame 
- M channel 8 bits per frame ignored by PIAFE 
-SC channel 8 bits per frame ignored by 

PIA FE 
Only B1 or B2 channel can be selected in 
PIAFE for PCM data transfer. 

b)GCI channel 1: It is structured also in four 
subchannels: 
-81 * channel 8 bits per frame 
-82* channelS bits per frame 
-M* channel 8 bits per frame 
-sc· which is structured as follows: 

6 bits ignored by PIAFE 
A* bit associated with M* channel 
E* bit associated with M* channel. 

81 *or 82* channel can be selected in PIAFE 
for PCM data transfer. 
M* channel and two associated bits E* and A* 
are used for PIAFE control. 

Thus, to summarize, B1, 82, B1 * or B2* channel 
can be selected to transmit PCM data and M* 
channel is used to read/write status/command pe
ripheral device registers. Protocol for byte ex
change on theM* channel uses E* and A* bits. 

Physical Interface 
The interface is physically constitued with 4 wires: 
Input Data wire: DR 
Output Data wire: Dx 
Bit Clock: MCLK 
Frame Synchronization: Fs 

Data is synchronized by MCLK and Fs clock in
puts. 
Fs insures reinitialization of time slot counter at 
each frame beginning. The rising edge or FS is 
the reference time for the first GCI channel bit. 
Data is transmitted in both directions at half the 
MCLK input frequency. Data is transmitted on the 
the rising edge of MCLK and is sampled one 
period after the transmit rising edge, also on a ris
ing edge. 
Note: Transmit data may be sampled by far-end 
device ie SID ST5421 on the falling edge 1.5 
period after the transmit risihg edge. 
Unused channel are high impedance. Data out
puts are OPEN-DRAIN and need an external pull 
up resistor. 

COMBO activation/deactivation 
ST5080A is automatically set in power down 
mode when GCI clocks are idle. GCI section is re
activated when GCI clocks are detected. PIAFE is 
completly reactivated after receiving of a power 
up command. 
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Exchange protocol on M* channel 
Protocol allows a bidirectional transfer of bytes 
between ST5080A and GCI controller with ac
knowledgment at each received byte. For PIAFE, 
standard protocol is simplified to provide read or 
write register cycles almost identical to MICRO
WIRE serial interface. 

Write cycle 
Control Unit sends through the GCI controller fol
lowing bytes: 

- First byte is the chip select byte. The first four 
bits indicate the device address: 
(A3,A2,A 1 ,AO). The four last bits are ignored. 
ST5080A compare the validated byte re
ceived internally with the address defined by 
pins A3, A2, A 1, AO. If comparison is true, 
byte is acknowledged, if not, ST5080A does 
not acknowledge the byte. 

NOTE: An internal "message in progress" flag re
mains active till the end of the complete message 
transmission to avoid irrelevant acknowledgement 
of any further byte. 

- Second byte is structured as defined in 
Table 1. 

- Third byte is the Data byte to write into the 
Register as indicated in Table 1. 

It is possible but optional to write to several differ
ent registers in a single message. In this case the 
Chip Select byte is sent only once at the begin
ning of the message, the device automatically 
toggles between address byte and data byte. 

Read cycle 
Control Unit sends two bytes. First byte is the 
chip select byte as defined above. Second byte is 
structured as defined in Table 1. 
If PIAFE identifies a read-back cycle, bit 2 of byte 
1 in Table 1 equal 1, it has to respond to the Con
trol Unit by sending a single byte message which 
is the content of the addressed register. 
It is possible but optional to request several differ
ent read-back register cycles in a single message 
but it is recommended to wait the answer before 
requesting a new read back to avoid loss of data. 
ST50BOA responds by sending a single data byte 
message at each request. 

Received byte validation: 
A received byte is validated if it is detected two 
consecutive times identical. 

Exchange Protocol: 
Exchange protocol is identical for both directions. 
Sender uses E* bit to indicate that it is sending a 
M* byte while receiver uses A* bit to acknowledge 
received byte. 

ST5080A 

When no message is transferred, E* bit and A* bit 
are forced to inactive state. 
A transmission is initialized by sender putting E* 
bit from inactive state to active state and by send
ing first byte on M* channel in the same frame. 
Transmission of a message is allowed only if A* 
bit from the receiver has been set inactive for at 
least two frames. 
When receiver is ready, it validates the received 
byte internally when received in two consecutive 
frames identical. Then the receiver sets first A* bit 
from inactive to active state (pre-acknow
legement), and maintains A* bit active at least in 
the following frame (acknowledgement). If valida
tion is not possible, (two last bytes received are 
not identical), receiver aborts the message setting 
A* bit active for only a single frame. 
For the first byte received, Abort sequence is not 
allowed. PIAFE does not respond either if two last 
bytes are not identical or if the byte received does 
not meet the Chip Select byte defined by AO-A3 
pins bias. 
A second byte may be transmitted by the sender 
putting E* bit from active to inactive state and 
sending the second byte on the M* channel in the 
same frame. E* bit is set inactive for only one 
frame. If it remains inactive more than one frame, 
it is an end of message (i.e. not second byte 
available). 
The second byte may be transmitted only after re
ceiving the pre-acknowledgment of the previous 
byte transmitted (see Fig. 3). The same protocol 
is used if a third byte is transmitted. Each byte 
has to be transmitted at least in two consecutive 
frames. 
The receiver validates current received byte as 
done on first byte and then set A* bit in the next 
two frames first from active to inactive state (pre
acknowledgement), and after from inactive to ac
tive state (acknowledgement). If the receiver can
not validate the received current byte (two bytes 
received are not identical), it pre-acknowledges 
normally, but let A* bit in the inactive state in the 
next frame which indicates an abort request. 
If a message sent by ST5080A is aborted, it will 
stop the message and wait for a new read cycle 
instruction from the controller. 
A message received by ST50BOA is acknow
ledged or aborted without flow Control. 
Figures 3 gives timing of a write cycle. Most signi
ficant bit (MSB) of a Monitor byte is sent first on 
M* channel. 
E* and A* bits are active low and inactive state on 
DOUT is high impedance. 
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Figure 3: E and A bits Timing 
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PROGRAMMABLE FUNCTIONS 
For both formats of Digital Interface, programm
able functions are configured by writing to a num
ber of registers usmg a 2-byte wnte cycle (not In
cluding chip select byte in GCI). 

Table 1: Programmable Regtster lntructtons 

Function 

7 

Single byte Power up/down p 

Write CRO p 

Read-back CRO p 

Write CRt p 

Read-back CRt p 

Write Data to recetve path p 

Read data from DR p 

Write Data to Dx p 

Write CR4 p 

Read-back CR4 p 

Wnte CR5 p 

Read-back CR5 p 

Wnte CR6 p 

Read-back CR6 p 

Write CR7 p 

Read-back CR7 p 

WriteCRS p 

Read-back CRS p 

Write CR9 p 

Read-back CR9 p 

Write Test Regtster CR10 p 

6 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

1 

t 

t 

1 

ST5080A 

Most of these registers can also be read-back for 
verification. Byte one is always reg1ster address, 
while byte two is Data. 
Table 1 lists the reg1ster set and their respective 
adresses. 

Address b rte 
Data byte 

5 4 3 2 t 0 

X X X X 0 X none 

0 0 0 0 t X see CRO TABLE 2 

0 0 0 t t X see CRO 

0 0 t 0 t X see CRt TABLE 3 

0 0 t t t X see CRt 

0 t 0 0 t X see CR2 TABLE 4 

0 t 0 t 1 X see CR2 

0 t t 0 t X see CR3 TABLE 5 

t 0 0 0 1 X see CR4 TABLE 6 

t 0 0 t t X see CR4 

1 0 t 0 t X see CR5 TABLE 7 

t 0 t t t X see CR5 

t t 0 0 t X see CR6 TABLE 8 

1 1 0 1 1 X see CR6 

1 1 1 0 1 X see CR7 TABLE 9 

t 1 1 1 1 X see CR7 

0 0 0 0 t X see CRS TABLE tO 

0 0 0 t t X see CRS 

0 0 t 0 t X see CR9 TABLE tt 

0 .o t t t X see CR9 

0 1 0 0 t X reseiVed 

NOTE 1. btt 7 of the address byte and data byte ts always the flrst btl clocked mto or out from Cl and CO pms when MICROWIRE senal 
port ts enabled, or mto and out from DR and Ox pms when GCI mode selected. 

NOTE 2. 

NOTE 3. 

X= reserved: wnte 0 

·p· b1t IS Power up/down Control bit P = 1 Means Power Down 
B1t 1 1nd1cates. 1f set. the presence of a second byte. 

Btt 2 rs wnte/read select btt. 
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Table 2: Control Register CRO Functions 

7 6 5 4 3 2 1 

F1 FO MA lA ON FF 87 

0 0 
0 1 
1 0 
1 1 

0 X 
1 0 
1 1 

0 
1 

0 
1 

0 
1 

state at power on lnlllalrzat1on 

(1): s1gn1f1cant 1n COMBO 1111 mode only 

Table 3: Control Register CR1 Functions 

7 

HFE 

(1): 

(2): 

0 
1 

6 

ALE 

0 
1 

5 4 3 2 1 

DO MR MX EN T1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
0 
1 
1 

state at power on mll1ahza11on 

s1gn1f1cant 1n COMBO 1/11 mode only 

s1gn1f1cant '" GCI mode only 

0 
Function 

DL 

MCLK =512kHz (1) 
MCLK = 1.536 MHz . 
MCLK = 2.048 MHz 
MCLK = 2.560 MHz (1) 

Select MU-255 law . 
A-law Including even bit 1nvers1on 
A-law; No bit mvers1on 

Delayed data timing . (1) 
Non delayed data timing (1) 

61 and 62 consecutive . (1) 
61 and 62 separated (1) 

8 bits time-slot 
7 bits t1me-slot 

0 Normal operation 
1 Digital Loop-back 

0 
Function 

TO 

HFO I HFI pins disabled . 
HFO I HFi pms enabled 

Ant1-larsen disabled . 
Anti-larsen enabled 

LO latch IS put m h1gh Impedance . 
LO latch set to o 
DR connected to rec. path . (1) 
CR2 connected to rec. path (1) 

Trans path connected to Dx . (1) 
CR3 connected to Dx (1) 

vo1ce data transfer d1sable . 
vo1ce data transfer enable 

0 61 channel selected . 
1 62 channel selected 
0 e1• channel selected (2) 
1 e2• channel selected (2) 
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Table 4: Control Register CR2 Functions 

7 6 5 4 3 2 1 0 
Function 

d7 d6 d5 d4 d3 d2 d1 dO 

msb lsb Data sent to Rece1ve path or Data rece1ved from DR mput 

Table 5: Control Registers CR3 Functions 

7 6 5 4 3 2 1 0 
Function 

d7 d6 d5 d4 d3 d2 d1 dO 

msb lsb Dx data transmitted 

Table 6: Control Register CR4 Funct1ons 

7 6 5 4 3 2 1 0 
Function 

VS TE Sl EE RTL RTE SL SE 

0 MIC1 selected . 
1 MIC2 selected 

0 Transmit input muted . 
1 Transmit input enabled 

0 Internal s1detone disabled . 
1 Internal s1detone enabled 

0 EAIN disconnected . 
1 EAIN selected to Loudspeaker 

0 0 Ring I Tone muted . 
0 1 Ring I Tone to Earpiece 
1 0 Ring I Tone to Loudspeaker 
1 1 RinCll Tone to Earpiece and Loudspeaker 

0 0 Rece1ve signal muted . 
0 1 Rece1ve s1gnal connected to earp1ece ampl1fer 
1 0 Rece1ve s1gnal connected to loudspeaker amplifier 
1 1 Rece1ve s1gnal connected to loudspeaker and 

earpiece ampl1f1er 

slate at power on 10111ahzat1on 

15130 
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Table 7: Control Register CAS Functions 

7 6 5 4 3 2 1 0 
Function 

Transmit amplifier Sidetone amplifier 

0 0 0 0 0 dB gam 
0 0 0 1 1 dB gam 

in 1 dB step 
1 1 1 1 15 dB qam 

0 0 0 0 -12.5 dB gam 
0 0 0 1 -13.5 dB gam 

1n 1 dB step 
1 1 1 1 -27.5 dB gam 

• state at power on m1t1ahzat1on 

Table 8: Control Register CR6 Functions 

7 6 5 4 3 2 1 0 
Function 

Earpiece ampifier Lauds eaker 

0 0 0 0 o dB gam . 
0 0 0 1 -1 dB gam 

1n 1 dB slep 
1 1 1 1 -15 dB gam 

0 0 0 0 0 dB gam . 
0 0 0 1 -2 dB gam 

in 2 dB step 
1 1 1 1 -30 dB gam 

•· state at power on lmtJahzatJon 

16/30 -------------- ._.,/ ~~~~m~::U!~©~ --------------
208 



ST5080A 

Table 9: Control Regtster CR7 Functions 

7 6 5 4 3 2 1 0 Function 

Tone gain F1 F2 SN DE Attenuation f1 Vpp_ f2 Voo 

0 0 0 0 0 dB • 2.4 (1) 1 9 (1) 
0 0 0 1 -3 dB 1.70 1.34 
0 0 1 0 - -6 dB 1.20 0.95 
0 0 1 1 -9 dB 0.85 0.67 
0 1 0 0 -12 dB 0.60 0.47 
0 1 0 1 -15 dB 0.43 0.34 
0 1 1 0 -18 dB 0.30 0.24 
0 1 1 1 -21 dB 0.21 0.17 
1 X X 0 -24 dB 0.15 0.12 
1 X X 1 -27 dB 0.10 0.08 

0 0 11 and 12 muted . 
0 1 12 selected 
1 0 11 selected 
1 1 11 and 12 m summed mode 

0 Squarewave s1gnal selected . 
1 Sinewave s1gnal selected 

0 Normal operation 
1 Tone I R1ng Generator connected to 

Transmit path 

state at power on •mhahzat•on 

(1 )· value provided d 11 or 12 IS selected alone 
11 11 and 12 are selected 1n the summed mode. 11 =1 34 v,, wh1le 12=1 06 Vpp 
Output generator IS. 2 4 v., 

X reserved wnte 0 

Table 10: Control Register CAS Functions 

7 6 5 4 3 2 1 0 
Function 

117 f16 115 114 113 112 111 110 

msb lsb Binary equivalent of the dec1mal number used to calculate f1 

Table 11: Control Register CR9 FunctiOns 

7 6 5 4 3 2 1 0 
Function 

127 126 125 124 123 122 121 120 

msb lsb Binary equtvalent of the dectmal number used to calculate f2 
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CONTROL REGISTER CRO 
First byte of a READ or a WRITE instruction to 
Control Register CRO is as shown in TABLE 1. 
Second byte is as shown in TABLE 2. 

Master Clock Frequency Selection 
A master clock must be provided to PIAFE for 
operation of filter and coding/decoding functions. 
In COMBO 1/11 mode, MCLK frequency can be 
either 512 kHz, 1.536 MHz, 2.048 MHz or 2.56 
MHz. 
Bit F1 (7) and FO (6) must be set during initializa
tion to select the correct internal divider. 
In GCI mode, MCLK must be either 1.536MHz or 

Mu 2551aw 

msb lsb 

Vin =+full scale 1 0 0 0 0 0 0 

Vin = 0 V 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 

Vin = -full scale 0 0 0 0 0 0 0 

MSB is always the first PCM b1t sh1fted in or out of PIA FE. 

Digital Interface timing 
Bit DN=O (3) selects digital interface in delayed 
timing mode while DN=1 selects non delayed 
data timing. 
In GCI mode, bit ON is not significant. 
After reset and if COMBO 1/11 mode is selected, 
delayed data timing is selected. 

Digital Interface format 
Bit FF=O (2) selects digital interface in Format 1 
where B1 and B2 channel are consecutive. FF=1 
selects Format 2 where B1 and B2 channel are 
separated by two bits. (see digital interface format 
section). 
In GCI mode, bit FF is not significant. 

56+8 selection 
Bit 'B7' (1) selects capability for PIA FE to take 
into account only the seven most significant bits 
of the PCM data byte selected. 
When 'B7' is set, the LSB bit on DR is ignored and 
LSB bit on Dx is high impedance. This function 
allows connection of an external "in band" data 
generator directly connected on the Digital Inter
face. 

Digital loopback 
Digital loopback mode is entered by setting DL 
bit(O) equal 1. 
In Digital Loopback mode, data written into Re
ceive PCM Data Register from the selected re
ceived time-slot is read-back from that Register in 

0 

1 
1 

0 

2.048MHz. 
512KHz and 2.56MHz are not allowed. 
Default value is 1.536 MHz for both modes. 
Any clock different from the default one must be 
selected prior a Power-Up instruction for both 
modes. 

Coding Law Selection 
Bits MA (5) and lA (4) permit selection of Mu-255 
law or A law coding with or without even bit inver
sion. 
After power on initialization, the Mu-255 law is se
lected. 

True A law even bit A law without even bit 
inversion inversion 

msb lsb msb lsb 

1 

1 
0 

0 

0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 

1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 
1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 

0 1 0 1 0 1 0 0 1 1 1 1 1 1 1 

the selected transmit time-slot on Dx. Time slot is 
selected with Register CR1. 
No PCM decoding or encoding takes place in this 
mode. Transmit and Receive amplifier stages are 
muted. 

CONTROL REGISTER CR1 
First byte of a READ or a WRITE instruction to 
Control Register CR1 is as shown in TABLE 1. 
Second byte is as shown in TABLE 3. 

Hands-free 1/0s selection 
Bit HFE set to one enables HFI, HFO pins for 
connection of an external handfree circuit such as 
TEA 7540. HFO is an analog output that provides 
the receive voice signal. 0 dBMO level on that 
output is 0.491 Vrms (1.4Vpp). HFI is an analog 
high impedance input (1 0 Kn typ.) intended to 
send back the processed receive signal to the 
Loudspeaker. 0 dBMO level on that input is 
0.491Vrms. 

Anti-larsen selection 
Bit ALE set to one enables on-chip ant1larsen and 
squelch effect system. 

Latch output control 
Bit DO controls directly logical status of latch out
put LO: ie, a "ZERO" written in bit DO puts output 
LO in high impedance, a "ONE" written in bit DO 
sets output LO to zero. 

18/30 
-------------L..,I ~~~~m~llr::~~~ -------------
210 



Microwire access to 8 channel on receive 
path 
Bit MR (4) selects access from MICROWIRE 
Register CR2 to Receive path. When bit MR is 
set high, data written to register CR2 is decoded 
each frame, sent to the receive path and data 
input at DR is ignored. 
In the other direction, current PCM data input re
ceived at DR can be read from register CR2 each 
frame. 

Microwire access to B channel on transmit 
path 
Bit MX (3) selects access from MICROWIRE write 
only Register CR3 to Dx output. When bit MX is 
set high, data written to CR3 is output at Dx every 
frame and the output of PCM encoder is ignored. 

8 channel selection 
Bit 'EN' (2) enables or disables voice data trans
fer on Dx and DR pins. When disabled, PCM data 
from DR is not decoded and PCM time-slots are 
high impedance on Dx. 
In GCI mode, bits 'T1' (1) and 'TO' (0) select one 
of the four channels of the GCI interface. 
In COMBO 1/11 mode, only B1 or B2 channel can 
be selected according to the interface format se
lected. Bit 'T1' is ignored. 

CONTROL REGISTER CR2 
Data sent to receive path or data received from 
DR input. Refer to bit MR(4) in "Control Register 
CR1" paragraph. 

CONTROL REGISTER CR3 
Dx data transmitted. Refer to bit MX(3) in "Control 
Rgister CR1" paragraph. 

CONTROL REGISTER CR4 
First byte of a READ or a WRITE instruction to 
Control Register CR4 is as shown in TABLE 1. 
Second byte is as shown in TABLE 6. 

Transmit Input Selection 
MIC1 or MIC2 source is selected with bit VS (7). 
Transmit input selected can be enabled or muted 
with bit TE (6). 
Transmit gain can be adjusted _within a 15 dB 
range in 1 dB step with Register CR5. 

Sidetone select 
Bit "81" (5) enables or disables Sidetone circuitry. 
When enabled, sidetone gain can be adjusted 
with Register (CR5). When Transmit path is dis
abled, bit TE set low, sidetone circuit is also dis
abled. 

External Auxiliary signal select 
Bit "EE" (4) set to one connects EAIN input to the 

ST5080A 

loudspeaker amplifier input. 

Ring/Tone signal routing 
Bits "RTL" (3) and RTE (2) provide select capa
bility to connect on-chip Ring/Tone generator 
either to loudspeaker amplifier input or to ear
piece amplifier input or both. 

PCM receive data routing 
Bits "SL" (1) and "SE" (0) provide select capability 
to connect received speech signal either to Loud
speaker amplifier input or to earpiece amplifier 
input or both. 

CONTROL REGISTER CR5 
First byte of a READ or a WRITE instuction to 
Control Register CR5 is as shown in TABLE 1. 
Second byte is as shown in TABLE 7. 

Transmit gain selection 
Transmit amplifier can be programmed for a gain 
from OdB to 15dB in 1dB step with bits 4 to 7. 
0 dBmO level at the output of the transmit ampli
fier (A reference point) is 0.739 Vrms (overload 
voltage is 1.06 Vrms). 

Sidetone attenuation selection 
Transmit signal picked up after the switched ca
pacitor low pass filter may be fed back into the 
Receive Earpiece amplifier. 
Attenuation of the signal at the output of the 
sidetone attenuator can be programmed from 
-12.5dB to -27.5dB relative to reference point 
A in 1 dB step with bits 0 to 3. 

CONTROL REGISTER CR6 
First byte of a READ or a WRITE instruction to 
Control Register CR6 is as shown in TABLE 1. 
Second byte is as shown in TABLE 8. 

Earpiece amplifier gain selection: 
Earpiece Receive gain can be programmed in 1 
dB step from 0 dB to -15 dB relative to the maxi
mum with bits 4 to 7. 
0 dBmO voltage at the output of the amplifier on 
pins VFr+ and VFr- is then 824.5 mVrms when 
OdB gain is selected down to 146.6 mVrms 
when -15 dB gain is selected. 

Loudspeaker amplifier gain selection: 
Loudspeaker Receive amplifier gain can be pro
grammed in 2 dB step from 0 dB to -30 dB 
relative to the maximum with bits 0 to 3. 
0 dBmO voltage on the output of the amplifier on 
pins LS+ and LS- on 50 Q is then 1.384 Vrms 
(3.91 Vpp) when 0 dB gain is selected down to 
43.7 mVrms (123.6mVpp) when -30 dB gain is se
lected. 
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Current limitation is approximatively 150 mApk. 

CONTROL REGISTER CR7: 
First byte of a READ or a WRITE instruction to 
Control Register CR7 is as shown in TABLE 1. 
Second byte is as shown in TABLE 9. 

Tone/Ring amplifier gain selection 
Output level of Ring/Tone generator, before atte
nuation by programmable attenuator is 2.4 Vpk
pk when f1 generator is selected alone or 
summed with the f2 generator and 1.9 Vpk-pk 
when f2 generator is selected alone. 
Selected output level can be attenuated down to 
-27 dB by programmable attenutator by setting 
bits 4 to 7. 

Frequency mode selection 
Bits 'F1' (3) and 'F2' (2) permit selection of f1 
and/or f2 frequency generator according to 
TABLE 9. 
When f1 (or f2) is selected, output of the 
Ring/Tone is a squarewave (or a sinewave) signal 
at the frequency selected in the CR8 (or CR9) 
Register. 
When f1 and f2 are selected in summed mode, 
output of the Ring/Tone generator is a signal 
where f1 and f2 frequency are summed. 
In order to meet DTMF specifications, f2 output 
level is attenuated by 2dB relative to the f1 output 
level. 
Frequency temporization must be controlled by the 

microcontroller. 

Waveform selection 
Bit 'SN' (1) selects waveform of the output of the 
Ring/Tone generator. Sinewave or squarewave 
signal can be selected. 

DTMF selection 
Bit DE (0) permits connection of Ring/Tone/DTMF 
generator on the Transmit Data path instead of 
the Transmit Amplifier output. Earpiece feed-back 
may be provided by sidetone circuitry by setting 
bit Sl or directly by setting bit RTE in Register 
CR4. Loudspeaker feed-back may be provided di
rectly by setting bit RTL in Register CR4. 

CONTROL REGISTERS CR8 AND CR9 
First byte of a READ or a WRITE instruction to 
Control Register CR8 or CR9 is as shown in 
TABLE 1. Second byte is respectively as shown 
in TABLE 10 and 11. 
Tone or Ring signal frequency value is defined by 
the formula: 

f1 = CR8 I 0.128 Hz 
and 

f2 = CR9 I 0.128 Hz 

where CR8 and CR9 are decimal equivalents of 
the binary values of the CR8 and CR9 registers 
respectively. Thus, any frequency between 7.8 Hz 
and 1992 Hz may be selected in 7.8 Hz step. 
TABLE 12 gives examples for the main frequen
cies usual for Tone or Ring generation. 
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Table 12: Examples of Usual Frequency Selection 

Description f1 value (decimal} Theoric value (Hz} Typical value (Hz} Error% 

Tone 250Hz 32 250 250 .00 
Tone 330Hz 42 330 328.2 -.56 
Tone 425Hz 54 425 421.9 -.73 
Tone 440Hz 56 440 437.5 -.56 
Tone 800Hz 102 800 796.9 -.39 
Tone 1330Hz 170 1330 1328.1 -.14 

DTMF 697Hz 89 697 695.3 -.24 
DTMF 770Hz 99 770 773.4 +.44 
DTMF 852Hz 109 852 851.6 -.05 
DTMF 941Hz 120 941 937.5 -.37 
DTMF 1209Hz 155 1209 1210.9 +.16 
DTMF 1336Hz 171 1336 1335.9 -.01 
DTMF 1477Hz 189 1477 1476.6 .00 
DTMF 1633Hz 209 1633 1632.8 .00 

SOL 50 392 390.6 -.30 
LA 56 440 437.5 -.56 
Sl 63 494 492.2 -.34 
DO 67 523.25 523.5 +.04 
RE 75 587.33 586.0 -.23 
Mlflat 80 622.25 625.0 +.45 
Ml 84 659.25 656.3 -.45 
FA 89 698.5 695.3 -.45 
FA sharp 95 740 742.2 +.30 
SOL 100 784 781.3 -.34 
SOL sharp 106 830.6 828.2 -.29 
LA 113 880 882.9 +.33 
Sl 126 987.8 984.4 -.34 
DO 134 1046.5 1046.9 +.04 
RE 150 1174.66 1171.9 -.23 
Ml 169 1318.5 1320.4 +.14 

POWER SUPPLIES used. 
While pins of PIAFE device are well protected 
against electrical misuse, it is recommended that 
the standard CMOS practise of applying GND be
fore any other connections are made should al
ways be followed. In applications where the 
printed circuit card may be plugged into a hot 
socket with power and clocks already present, an 
extra long ground pin on the connector should be 

To minimize noise sources, all ground connec
tions to each device should meet at a common 
point as close as possible to the GND pin in order 
to prevent the interaction of ground return current
s flowing through a common bus impedance. A 
power supply decoupling capacitor of 0.1 J.!F 
should be connected from this common point to 
Vee as close as possible to the device pins. 
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TIMING DIAGRAM 

Non Delayed Data Timing Mode 
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TIMING DIAGRAM (continued) 

GCI Timing Mode 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value 

Vee to GND 7 

Current at VMie (Vee< 5.5V) +50 

Current at VRxo and LS ± 100 

Current at any d1g1tal output +50 

Voltage at any digital input (Vee< 5.5V); limited at± SOmA Vee+ 1 to GND- 1 

Storage temperature range -65 to+ 150 

Lead Temperature (wave soldering, 1 Os) + 260 

TIMING SPECIFICATIONS (unless otherwise specified, Vee= SV ± 10%, TA = -25°C to 85°C ; 
typical characteristics are specified Vee= 5V, TA = 25 oc; 
all signals are referenced to GND, see Note 5 for timing definitions) 

MASTER CLOCK TIMING 

Symbol Parameter Test Condition Min. Typ. Max. 

fMCLK Frequency of MCLK Selection of frequency is 512 
programmable (see table 2) 1.536 

2.048 
2.560 

twMH Period of MCLK high Measured from V1H to V1H 80 

twML Period of MCLK low Measured from V1L to V1L 80 

tRM Rise Time of MCLK Measured from V1L to V1H 30 

tFM Fall Time of MCLK Measured from V1H to V1L 30 

PCM INTERFACE TIMING (COMBO I I II and GCI modes) 

Symbol Parameter Test Condition Min. Typ. Max. 

tHMF Hold Time MCLK low to FS low 10 

tsFM Setup T1me, FS high to MCLK 30 
low 

to MD Delay Time, MCLK high to data Load= 100 pf 100 
valid 

tDMZ Delay T1me, MCLK low to DX 15 100 
d1sabled 

toFD Delay Time, FS high to data valid Load= 100 pf; 100 
Applies only if FS rises later 
than MCLK rising edge in Non 
Delayed Mode only 

tsoM Setup Time, DR valid to MCLK 20 
receive edge 

tHMD Hold Time, MCLK low to DR 20 
invalid 

Unit 

v 
mA 

mA 

mA 

v 
oc 
oc 

Unit 

kHz 
MHz 
MHz 
MHz 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SERIAL CONTROL PORT TIMING (Usual COMBO 1/11 mode only) 

Symbol Parameter Test Condition 

fccu< Frequency of CCLK 

twcH Period of CCLK high Measured from V1H to V1H 

twcL Period of CCLK low Measured from V1L to VJL 

IRe Rise Time of CCLK Measured from V1L to V1H 

IFC Fall Time of CCLK Measured from V1H to V1L 

IHCS Hold Time, CCLK high to CS-
low 

tssc Setup Time, CS-Iow to CCLK 
high 

I soc Setup Time, Cl valid to CCLK 
high 

IHCD Hold Time, CCLK high to Cl 
invalid 

to co Delay Time, CCLK low to CO Load= 100 pF, 
data valid plus 1 LSTTL load 

toso Delay T1me, CS-Iow to CO dala 
valid 

tooz Delay Time CS-high or 8th 
CCLK low to CO h1gh 
impedance whichever comes 
first 

IHSC Hold Time, 8th CCLK high to 
CS- high 

tscs Set up T1me, CS- high to CCLK 
high 

Note 5 A signal is valid 1f it IS above V1H or below V1L and invalid If rt 1s between V1L and V1H 
For the purpoes of this spec1f1catJon the following cond1t1ons apply 
a) All input signal are defined as v,L = 0 4V. v,H = 2 7V, lA < IOns, IF< IOns 
b) Delay times are measured from the inputs signal valtd to the output s1gnal valid. 
c) Setup t1mes are measured from the data input valid to the clock mput 1nval1d. 
d) Hold times are measured from the clock s1gnal vahd to the data mput 1nval1d. 

ST5080A 

Min. Typ. Max. Unit 

2.048 MHz 

160 ns 

160 ns 

50 ns 

50 ns 

10 ns 

50 ns 

50 ns 

50 ns 

80 ns 

50 ns 

15 80 ns 

100 ns 

100 ns 

ELECTRICAL CHARACTERISTICS (unless otherwise specified, Vee= 5V ± 10%, TA = -25°C to 85°C; 
typical characteristic are specified at Vee= 5V, TA = 25°C ; all signals are referenced to GND) 
DIGITAL INTERFACES 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VJL Input Low Voltage All dig1talmputs DC 0.7 v 
AC 0.4 v 

VJH Input High Voltage All d1gl!almputs DC 2.0 v 
AC 2.7 v 

VoL Output Low Voltage Dx,IL = -2.0mA; DC 0.4 v 
all other digital outputs, AC 0.7 v 
IL= -1mA 

VOH Output High Voltage Dx,IL = 2.0mA; DC 2.4 v 
all other digital outputs, AC 2.0 v 
IL= 1mA 

ilL Input Low Current Any digitalmput, -10 10 IIA 
GND < V1N < V1L 

iJH Input H1gh Current Any d1g1tal input, -10 10 IIA 
VJH < V1N <Vee 

loz Output Curren! in H1gh Dxand CO -10 10 IIA 
impedance (Tri-state) 
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ANALOG INTERFACES 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

IMIC Input Leakage GND < VMIC< Vee -100 +100 I! A 

RMIC Input Resistance GND < VMIC <Vee 50 kQ 

RLVFr Load Resistance VFr+ to VFr· 100 Q 

CLVFr Load Capacitance VFr+ to VFr- 150 nF 

RovFro Output ResiStance Steady zero PCM code applied 1.0 Q 
to DR; I=± 1mA 

VosvFro Differential offset: Alternating± zero PCM code ·100 +100 mV 
Voltage at VFr+. VFr· applied to DR maximum 

receive gain; RL = 1 OOQ 

RLLS Load Resistance Ls. to Ls. 50 Q 

CLLS Load Capacitance Ls. to Ls- 600 nF 

RoLS Output Resistance Steady zero PGM code applied 1 Q 
to DR; I+ 1mA 

VosLS Differential offset Voltage at Ls •• Alternating ±zero PCM code -100 +100 mV 
Ls. applied to DR maximum 

receive gain; RL = son 

POWER DISSIPATION 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

I ceo Power down Current CCLK,CI = 0.4V; CS = 2.4V 0.2 0.5 rnA 
(jlwire only) 
All other inputs active 
GCI mode only: 0.2 0.5 rnA 

lcc1 Power Up Current Ls •• Ls. and V Fr+. V Fr· not 12.0 17.0 rnA 
loaded 

TRANSMISSION CHARACTERISTICS (unless otherwise specified, Vee= 5V ± 10%, TA = -25°C to 
85°C; typical characteristics are specified at Vee= 5V, TA = 25°C, MIC1/2 = OdBmo, DR = OdBmo PCM 
code, f = 1015.625 Hz; all signal are referenced to GND) 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Transmit path -Absolute levels at MIC1 I MIC2 

Parameter Test Condition 

0 dBMO level Transmit Amps connected for 
OdB gain 

Overload level A law selected 

Overload level mu law selected 

0 dBMO level Transmit Amps connected for 
15dB gain 

Overload level A law selected 

Overload level mu law selected 

Min. Typ. Max. Unit 

73.9 mVRMS 

106.08 mVRMS 

106.47 mVRMS 

13.14 mVRMS 

18.86 mVRMS 

18.93 mVRMS 
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TRANSMISSION CHARACTERISTICS (continued) 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Receive path -Absolute levels at VFR (Differentially measured) 

Parameter Test Condition 

0 dBMO level Receive Amp programmed for 
OdB gain 

0 dBMO level Receive Amp programmed for 
• 15dB attenuation 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Receive path -Absolute levels at Ls (Differentially measured) 

Parameter 

0 dBMO level 

0 dBMO level 

AMPLITUDE RESPONSE 

Transmit path 

Symbol Parameter 

GXA Transmit Gain Absolute 
Accuracy 

GXAG Transm1t Gain Varrat1on with 
programmed ga1n 

GXAT Transmit Gain Variation with 
temperature 

GXAv Transmit Gain Vanation w1th 
supply 

GxAF Transmit Gain Variation with 
frequency 

GXAL Transmit Gain Variat1on w1th 
s1gnallevel 

Test Condition 

Receive Amp programmed for 
OdB ga1n 

Receive Amp programmed for 
- 30dB gain 

Test Condition 

Transmit Gain Programmed for 
maximum. 
Measure deviation of Digital 
PCM Code from ideal OdBmo 
PCM code at Dx 

Measure Transmit Gain over 
the range from Maximum to 
m1nrmum setting. 
Calculate the deviation from 
the programmed gain relative 
to GXA, 
i.e. GAXG = G aclual • G oroo - GXA 

Measured relative to GXA. 
min. gain < Gx < Max. gain 

Measured relative to GXA 
Gx = Max1mum gain 

Relative to 1015,625 Hz, 
multilane test technique used. 
min. gain < Gx < Max. gain 

f =60Hz 
f =200Hz 
f = 300 Hz to 3000 Hz 
f =3400Hz 
f =4000Hz 
f = 4600 Hz (*) 
f = 5000 Hz to 6000 Hz 
f = 8000 Hz (*) 
f >8000Hz 

Sinusoidal Test method. 
Reference Level = -10 dBmo 
VMIC = -40 dBmo to +3 dBmo 
VMIC = -50 dBmo to -40 dBmo 
VMIC = -55 dBmo to -50 dBmo 

ST5080A 

Min. Typ. Max. Unit 

824.5 mVRMS 

146.6 mVRMS 

Min. Typ. Max. Unit 

1.384 VRMS 

43.7 mVRMS 

Min. Typ. Max. Unit 

-0.30 0.30 dB 

-0.5 0.5 dB 

·0.1 0.1 dB 

-0.1 0.1 dB 

-26 dB 
-1.5 -0.1 dB 
-0.3 0.3 dB 
-0.8 0.0 dB 

-14 dB 
-35 dB 
-40 dB 
-47 dB 
-40 dB 

-0.25 0.25 dB 
-0.5 0.5 dB 
-1.2 1.2 dB 

n The II mrt at frequencres between 4600Hz and 8000Hz Ires on a stnght lrne connectrng the two frequencres on a linear (dB) scale versus log 
(Hz) scale 
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AMPLITUDE RESPONSE 
Receive path 

Symbol Parameter 

GRAE Receive Gam Absolute Accuracy 

GRAL Receive Gain Absolute Accuracy 

GRAGE Receive Gain Variation with 
programmed gain 

GRAGL Receive Gain Variation with 
programmed gain 

GRAT Receive Gain Variation with 
temperature 

GRAv Receive Gain Variation with 
Supply 

GRAF Receive Gain Variation with 
frequency 
(Earpiece or Loudspeaker) 

GRALE Receive Gain Variation with 
signal level (Earpiece) 

GRALL Receive Gam Vanat1on w1th 
signal level (Loudspeaker) 

Test Condition 

Receive gain programmed for 
max1mum 
Apply 0 dBmo PCM code to DR 
Measure VFr+ 

Receive gain programmed for 
maximum 
Apply 0 dBmo PCM code to DR 
Measure Ls+ 

Measure Earpiece Gain over 
the range from Maximum to 
minimum setting. 
Calculate the deviation from 
the programmed gain relative 
to GRAE, 
1.e. GRAGE~ G acluaJ- G oroa - GRAE 

Measure Loudspeaker Gain 
over the range from Maximum 
to minimum setting. 
Calculate the deviation from 
the programmed gain relative 
to GRAL, 
i.e. GRAGL ~ G actual- G oroo - GRAL 

Measured relative to GRA. (LS 
and VFr) 
GR- Maximum Gain 

Measured relative to GRA. (LS 
and VFr) 
GR ~ Max1mum Gain 

Relative to 1015,625 Hz, 
multitone test technique used. 
min. gain< GR < Max. gain 

f ~200Hz 
f ~ 300 Hz to 3000 Hz 
f ~3400Hz 
f ~4000Hz 

Sinusoidal Test Method 
Reference Level~ -10 dBmO 
DR~ 0 dBmO to +3 dBmO 
DR~ -40 dBmO to 0 dBmO 
DR~ -50 dBmO to -40 dBmO 
DR~ -55 dBmO to -50 dBmO 

Sinusoidal Test Method 
Reference Level ~ -10 dBmO 
DR~ 0 dBmO to +3 dBmO 
DR~ -40 dBmO to 0 dBmO 
DR~ -50 dBmO to -40 dBmO 
DR~ -55 dBmO to -50 dBmO 

Min. Typ. Max. Unit 

-0.3 0.3 dB 

-0.6 0.6 dB 

-0.5 0.5 dB 

-1.0 1.0 dB 

-0.1 0.1 dB 

-0.1 0.1 dB 

·0.3 0.3 dB 
·0.3 0.3 dB 
-0.8 0.0 dB 

-14 dB 

-0.25 0.25 dB 
-0.25 0.25 dB 
-0.5 0.5 dB 
-1.2 1.2 dB 

-0.25 0.25 dB 
-0.25 0 25 dB 
-0,5 0.5 dB 
-1.2 1.2 dB 
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ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

DXA Tx Delay, Absolute I~ 1600Hz 320 JlS 

DXR Tx Delay, Relative f ~ 500 - 600 Hz 225 !lS 
f ~ 600- 800 Hz 125 llS 
f ~ 800- 1000 Hz 50 !lS 
f ~ 1 000 - 1600 Hz 20 !lS 
I ~ 1600 - 2600 Hz 55 !lS 
f ~ 2600- 2800Hz 80 JlS 
f ~ 2800 - 3000 Hz 130 JlS 

ORA Rx Delay, Absolute f ~1600Hz 252 llS 

ORR Rx Delay, Relative I~ 500- 1000Hz 10 !lS 
I~ 1000- 1600Hz 30 JlS 
f ~ 1600-2600 Hz 105 JlS 
f ~ 2600 - 2800 Hz 135 JlS 
I~ 2800- 3000 Hz 185 JlS 

NOISE 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

NXC Tx Noise, C weighted VMie ~ OV 16 dBrnCO 

NXP Tx Noise, P weighted VMie ~ OV -70 dBmOp 

NREC Rx Noise, C weighted Receive PCM code~ Alternating 18 dBrnCO 
(Earpiece) Positive and Negative Code 

NREP Rx N01se, P we1ghted Receive PCM code ~ Pos1t1ve Zero -70 dBmOp 
(Earp1ece) 

NRLC Rx Noise, C weighted Receive PCM code~ Alternating 21 dBrnCO 
(Loudspeaker) Posit1ve and Negative code 

NRLP Rx Noise, P weighted Rece1ve PCM code ~ Positive Zero -67 dBmOp 
(Loudspeaker) 

NRS Noise, Single Frequency VMIC ~ OV, Loop-around -50 dBmO 
measurament from I~ 0 Hz to 
100kHz 

PPSRx Pos1t1ve PSRR, Tx VMIC ~ OV, 
Vee~ 5.0 Voe + 100 mVrms: 30 dB 
f ~ OHz to 50KHz 

PPSRp Posit1ve PSRR, Rx PCM Code equals Positive Zero, 30 dB 
Vee~ 5.0 VDC + 100 mVrms, 
measure VFr+ 
f ~ 0 Hz - 4 k-Hz 30 dB 
f ~ 4 kHz - 50 kHz 30 dB 

sos Spurious Out-Band signal at DR input set to 0 dBmO PCM 
the output code 

300 - 3400 Hz Input PCM Code 
applied at DR 
4600 Hz- 5600 Hz -40 dB 
5600 Hz - 7600 Hz -50 dB 
7600 Hz - 8400 Hz -50 dB 
8400 Hz- 100 kHz -50 dB 

~ SCS·1110MSON ___________ 2_9_13_0 
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DISTORTION 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Smx Signal to Total Distortion Sinusoidal Test Methode 
Smr (measured using C message 

weighting Filter) 
Level = 0 dBmO to - 20 dBmO 37 dBC 
Level = - 20 to -30 dBmO 36 dBC 
Level =- 40 dBmO 29 dBC 
Level =- 45 dBmO 24 dBC 

SDFx Single Frequency Distortion 0 dBmO input signal -46 dB 
transmit 

SDFr Single Frequency Distortion 0 dBmO input signal -46 dB 
receive 

IMD lntermodulation Loop-around measurament -41 dB 
Vollage at VMIC = -4 dBmO 
to -21 dBmO, 2 Frequencies in 
the range 300 - 3400 Hz 

CROSSTALK 

Symbol Parameter Test Condition Min. Typ, Max. Unit 

CTx-r Transmit to Receive Transmit Level = 0 dBmO, -65 dB 
f = 300 - 3400 Hz 
DR= QuietPCM Code 

CTr-x Receive to Transm1t Rece1ve Level = 0 dBmO, -65 dB 
f = 300 - 3400 Hz 
VMIC = OV 

APPLICATION NOTE FOR MICROPHONE CONNECTIONS 

DIFFERENTIAL MODE SINGLE ENDED MODE MIXED MODE lREVERSIBLEl 

B.47uF B.47uF 8.47uF 

~ 
MIC1+ 

~ 
MIC1+ 

MIC1- MIC1- ~ 
MIC1+ 

MIC1-

ST5989A ST5989A ST5989A 

MIC2+ MIC2+ MIC2+ 

MIC2- MIC2- MIC2-
B.47uF 8.47uF 8.47uF 

t t 
n925T5888R-82 

The 4 connection modes (since the MIXED MODE is symmetrical with respect to MIC1 and MIC2) allow 
one microphone at a time to be selected via the Vs bit (bit 7 of Control Register CR4). 
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ST5088 
PIA FE 

PROGRAMMABLE ISDN AUDIO FRONT END 

FEATURES: 

Complete CODEC and FILTER system including: 
• PCM ANALOG TO DIGITAL AND DIGITAL TO 

ANALOG CONVERTERS 
• POWERFUL ANALOG FRONT END CA

PABLE TO INTERFACE DIRECTLY: 
-Microphone Dynamic, Piezo or Electrete 
-Earpiece down to 1 OOQ or up to 150nF 
-Loudspeaker down to SOn or Buzzer up to 

SOOn F. 
• TRANSMIT BAND-PASS FILTER 
• ACTIVE RC NOISE FILTER 
• RECEIVE LOW-PASS FILTER WITH SIN X/X 

CORRECTION 
• MU-LAW OR A-LAW SELECTABLE COM

PANDING CODER AND DECODER 
• PRECISION VOLTAGE REFERENCE 

Phones Features: 
• DUAL SWITCHABLE MICROPHONE AMPLI

FIER INPUTS. GAIN PROGRAMMABLE: 15 
dB RANGE, 1 dB STEP. 

• LOUDSPEAKER AMPLIFIER OUTPUT. 
SWITCHABLE MAXIMUM GAIN: +9dB/+27dB 
WITH AUTOMATIC DIGITAL ANTICLIPPING 
SYSTEM. aTTENUATION PROGRAMMABLE: 
30dB RANGE, 2dB STEP. 

• SEPARATE EARPIECE AMPLIFIER OUTPUT. 
ATTENUATION PROGRAMMABLE: 15 dB 
RANGE, 1 dB STEP. 

• AUXILIARY TAPE RECORDER ANALOG IN
TERFACE: Tx + Rx COMBINED OUTPUT. 

• AUXILIARY SWITCHABLE EXTERNAL RING 
INPUT (EAIN). 

• TRANSIENT SUPRESSION SIGNAL DURING 
POWER ON. 

• INTERNAL PROGRAMMABLE SIDETONE 
CIRCUIT. ATTENUATION PROGRAMMABLE: 
15 dB RANGE, 1 dB STEP, INDEPENDENT 
FROM Rx CONTROL. 

• INTERNAL RING OR TONE GENERATOR IN
CLUDING DTMF TONES, SINEWAVE OR 
SQUAREWAVE WAVEFORMS. ATTENUA
TION PROGRAMMABLE: 27 dB RANGE, 3 dB 
STEP. 

• RINGER CONTROL PROGRAMMABLE IN-

July 1993 

ADVANCE DATA 

PLCC28 

ORDERING NUMBER: ST5088FN 

TERN ALLY (f!P) OR EXTERNALLY (pin AT) 
• COMPATIBLE WITH HANDS-FREE CIRCUIT 

TEA7540. 
• ON CHIP SWITCHABLE ANTI-ACOUSTIC 

FEED-BACK CIRCUIT (ANTI-LARSEN). 

General Features: 
• EXTENDED TEMPERATURE RANGE OPER-

ATION(*)- 25oC TO +85°C. 
• EXTENDED POWER SUPPLY RANGE 5V±1 0%. 
• 60 mW OPERATING POWER (TYPICAL). 
• 1.0 mW STANDBY POWER (TYPICAL). 
• CMOS DIGITAL INTERFACES. 
• SINGLE+ 5V SUPPLY. 
• DIGITAL LOOPBACK TEST MODE. 
• PROGRAMMABLE DIGITAL AND CONTROL 

INTERFACES: 
-Digital PCM Interface associated with sep

arate serial Control Interface MICRO
WIRE"' compatible. 

-GCI interface compatible. 

(') Functionality guaranteed in the range- 25'C to +85'C; 
T1 mng and Electncal Speaf1cations are guaranteed in the range 
- S'C to +70'C. 

APPLICATIONS: 
• ISDN TERMINALS. 
• DIGITAL TELEPHONES 
• CT2 AND GSM APPLICATIONS 

1/30 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without noti'2:23 



ST5088 

PIN CONNECTION (Top view) 
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ST5088 

GENERAL DESCRIPTION 

ST5088 PIAFE is a combined PCM CODEC/FIL
TER device optimized for ISDN Terminals and Digi
tal Telephone applications. This device is A-law 
and Mu-law selectable and offers a number of pro
grammable functions accessed through a serial 
control channel. 
Depending on mode selected, channel control is 
provided by means of a separate serial channel 
control MICROWIRE compatible or multiplexed 
with the PCM voice data channel in a GCI com
patible format requiring only 4 digital interface 
pins. When separate serial control interface is se
lected, PCM interface is compatible with Combo I 
and Combo II families of devices such as 
ETC5057/54, TS5070/71. 
PIAFE is built using SGS-THOMSON's advanced 
HCMOS process. 
Transmit section of PIAFE consists of an amplifier 
with switchable high impedance inputs followed 
by a programmable gain amplifier, an active RC 
antialiasing pre-filter to provide attenuation of high 
frequency noise, an 8th order switched capacitor 
band pass transmit filter and an A-law/Mu-law se
lectable compandig encoder. 
Receive section consist of an A-law/Mu-law se
lectable expanding decoder which reconstructs 
the analog sampled data signal, a 3400 Hz low 
pass filter with sin X/X correction followed by two 
separate programmable attenuation blocks and 
two power amplifiers: one can be used to drive an 
earpiece, and the other to drive a 50 Q loud-

PIN FUNCTIONS 

Pin Name 

speaker or a piezo transducer up to 600nF. 
When the loudspeaker section is set up with 
maximum gain (+27dB) the device provide inter
nally a programmable digital anticlipping system 
to avoid output distortion. 
Programmable functions on PIAFE include a 
Ring/Tone generator which provides one or two 
tones and can be directed to earpiece or to loud
speaker (or buzzer). 
A simple ringer control interface can bypass 11P 
control of sweep frequency and ring ON/OFF 
phases. 
A separate programmable gain amplifier allows 
gain control of the signal injected. Ring/Tone gen
erator provides sinewave or squarewave signal 
with precise frequencies which may be also di
rected to the input of the Transmit amplifier for 
DTMF tone generation. 
An auxiliary analog input (EAIN) is also provided 
to enable for example the output of an external 
band limited Ring signal to the Loudspeaker. 
Transmit signal rnay be fed back into the receive 
ampifier with a programmable attenuation to pro
vide a sidetone circuitry. 
A switchable anti-accoustic feed-back system 
cancels the larsen effect in speech monitoring ap
plication. 
Two additional pins are provided for insertion of 
an external Handfree function in the Loudspeaker 
receive path. 
An output latch controlled by register programm
ing permits external device control. 

Description 
1,2 HFI, HFO Hands free 1/0s: 

These two pins can be used to insert an external Handfree circuit 
such as the TEA 7540 m the recerve path. HFO is an output which 
provrdes the signalrssued from output of the receive low pass frlter 
while HFI is a hrgh impendance input which is connected directly to 
one of the inputs of the Loudspeaker amplrfier. 

3,4 VFr+, VFr- Receive analog earpiece amplifier complementary outputs, 
capable of driving load impedances between 100 and 400 
Q or a piezo ceramic transducer up to 150nF. These 
outputs can drive directly earpiece transductor. The signal 
at this output can drive be the summ of: 
- Receive Speech srgnal from DR, 
- Internal Tone Generator, 
- Srdetone signal. 

5 Vee Positive power supply input for the digital section. +5 V + I 0%. 

6,7 LS-,LS+ Recerve analog loudspeaker amplifier complementary outputs, 
intended for drivrng a Loudspeaker: 80 mW on 50Q load 
impedance can be provided at low distorsion meeting 
specrfrcatrons. 
Alternatively thrs stage can drrve a piezo transducer up to 
600nF. The signal at these outputs can be the sum of: 
- Receive Speech signal from DR, 
- Internal Tone generator, 
- External input signal from EAIN input. 

4/30 
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PIN FUNCTIONS (continued) 

Pin Name Description 
8,9 GND Ground: All digital signals are referenced to this pin. 

10 MS Mode Select: This input selects COMBO 1/11 interface mode 
with separate MICROWIRE Control interface when tied high 
and GCI mode when !led low. 

11 Dx Transmit Data ouput: Data is shifted out on this pin during the 
assigned transmit time slots. Elsewhere Dx output is in the high 
1mpendance state. In COMBO 1/11 mode, voice data byte is 
shifted out from TRISTATE output Dx at the MCLK frequency 
on the rising edge of MCLK. In GCJ mode, vo1ce data byte and 
control bytes are shifted out from OPEN-DRAIN output Dx at 
half the MCLK. An external pull up res1stor is needed. 

12 AT Alternate Tone: Ring frequency out is controlled without 11P 
intervention. Tri-state logic controls: f1 (Vee), f2 (GND), pause 
(High Impedance). 

15 DR Receive data mput: Data IS shifted 1n during the assigned 
Received t1me slots. In the COMBO 1111 mode, voice data byte 
is shifted in at the MCLK frequency on the falling edges of 
MCLK. In the GCI mode, PCM data byte and contol byte are 
shifted in at half the MCLK frequency on the receive rising 
edges of MCLK. There is one period delay between transmit 
rising edge and receive rising edge of MCLK. 

16 FS Frame Sync input: This signal is a 8kHz clock which defines 
the start of the transmit and rece1ve frames. Either of three 
formats may be used for this signal: non delayed timing mode, 
delayed t1ming and GCI compatible timmg mode. 

17 MCLK Master Clock Input: This signal is used by the switched 
capacitor filters and the encoder/decoder sequencmg logic. 
Values must be 512kHz, 1.536 MHz, 2.048 MHz or 2.56 MHz 
selected by means of Control Register CRO. MCLK is used 
also to shift-in and out data. In GCI mode, 2.56 MHz and 512 
kHz are not allowed. 

18 LO Open drain output: 
a logic 1 written into DO (CR1) appears at LO pin as a logic 0 
a logic 0 written into DO puts LO pin in h1gh impedance. 

21 TRO Tape Recorder Output: This pin prov1des the analog 
combmat1on of Tx voice s1gnal and Rx vo1ce signal. 

22 MIC2+ Alternative positive high impedance input to transmit pre-
amplifier. 

23 MIC1+ Pos1t1ve h1gh impedance 1nput to transm1t pre-amplifier for 
microphone symetrical connect1on. 

24 MIC1- Negative high impedance input to transmit pre-amplifier for 
microphone symetrical connection. 

25 VeeA Positive power supply input for the analog sect1on. 
+5 V ±. 10%. Vee and VeeA must be directly connected 
together. 

26 MIC2- Alternative negative high impedance input to transmit pre· 
amplifier. 

27 GNDA Analog Ground: All analog signals are referenced to this pm. 
GND and GNDA must be connected together close to the 
deVICe. 

28 EAIN External Auxiliary input: Th1s input can be used to prov1de 
alternate s1gnals to the Loudspeaker in place of Internal Ring 
generator. Input Signal should be voice band I1m1ted. 
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Following pin definitions are used only when COMBO 1/11 mode with separate MICROWIRE com
patible serial control port is selected. (MS input set equal one) 

PIN FUNCTIONS (continued) 

Pin Name Description 
13 co Control data Output: Serial control/status information is shifted 

out from the PIAFE on this pin when CS· is low on the falling 
odges of CCLK. 

14 Cl Control data Input: Serial Control information is shifted into the 
PIA FE on this pin when CS- is low on the rising edges of CCLK. 

19 CCLK Control Clock input: This clock shifts serial control information 
mto Cl and out from CO when the CS- input is low, depending 
on the current mstruction. CCLK may be asynchronous with the 
other system clocks. 

20 CS- Chip Select input: When this pin is low, control information is 
written into and out from the PIAFE via Cl and CO pins. 

Following pin definitions are used only when the GCI mode is selected. (MS input set equal zero) 

PIN FUNCTIONS (continued) 

Pin Name Description 

19, 14,13,20 AO,A 1 ,A2,A3 These pins select the address of PIAFE on GCimterface and 
must be hardwired to e1ther Vee or GND. AO,A1 ,A2,A3 refer to 
C4,C5,C6,C7 bits of the first address byte respectively. 

FUNCTIONAL DESCRIPTION 

Power on initialization: 
When power is first applied, power on reset ci
cuitry initializes PIAFE and puts it into the power 
down state. Gain Control Registers for the various 
programmable gain amplifiers and programmable 
switches are initialized as indicated in the Control 
Register description section. All GODEG functions 
are disabled. Digital Interface is configured in GCI 
mode or in COMBO 1/11 mode depending on Mode 
Select pin connection. 
The desired selection for all programmable func
tions may be intialized prior to a power up com
mand using Monitor channel in GCI mode or 
MICROWIRE port in COMBO 1111 mode. 

Power up/down control: 
Following power-on initialization, ·power up and 
power down control may be accomplished by writ
ing any of the control instructions listed in Table 1 
into PIAFE with "P" bit set to 0 for power up or 1 
for power down. 
Normally, it is recommended that all programm
able functions be initially programmed while the 
device is powered down. Power state control can 
then be included with the last programming in
struction or in a separate single byte instruction. 
Any of the programmable registers may also be 
modified while ST5088 is powered up or down by 
setting "P" bit as indicated. When power up or 
down control is entered as a single byte instruc
tion, bit 1 must be set to a 0. 

When a power up command is given, all de-acti
vated circuits are activated, but output Ox will re
main in the high impedance state on B time slots 
until the second Fs pulse after power up, even if a 
B channel is selected. 

Power down state: 
Following a period of activity, power down state 
may be reentered by writing a power down in
struction. 
Control Registers remain in their current state and 
can be changed either by MICROWIRE control in
terface or GCI control channel depending on 
mode selected. 
In addition to the power down instruction, detec
tion of loss MCLK (no transition detected) auto
matically enters the device in "reset" power down 
state with Dx output in the high impedance state 
and LOin high impedance state. 

Transmit section: 
Transmit analog interface is designed in two 
stages to enable gains up to 35 dB to be realized. 
Stage 1 is a low noise differential amplifier provid
ing 20 dB gain. A microphone may be capaci
tevely connected to MIC1 +, MIC1- inputs, while 
the MIG2+ MIG2- inputs may be used to capaci
tively connect a second microphone (for digital 
handsfree operation) or an auxiliary audio circuit 
such as TEA 7540 Hands-free circuit. MIC1 or 
MIC2 source is selected with bit 7 of register 
GR4. 
Following the first stage is a programmable gain 
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amplifier which provides from 0 to 15 dB of addi
tional gain in 1 dB step. The total transmit gain 
should be adjusted so that, at reference point A, 
see Block Diagram description, the internal 0 
dBmO voltage is 0.739 V (overload level is 1.06 
Vrms). Second stage amplifier can be pro
grammed with bits 4 to 7 of CR5. To temporarily 
mute the transmit input, bit TE (6 of CR4) may be 
set low. In this case, the analog transmit signal is 
grounded and the sidetone path is also disabled. 
An active RC prefilter then precedes the 8th order 
band pass switched capacitor filter. A/D converter 
has a compressing characteristic according to 
CCITT A or mu255 coding laws, which must be 
selected by setting bits MA, lA in register CRO. A 
precision on chip voltage reference ensures ac
curate and highly stable transmission levels. 
Any offset voltage arising in the gain-set amplifier, 
the filters or the comparator is cancelled by an in
ternal autozero circuit. 
Each encode cycle begins immediatly at the be
ginning of the selected Transmit time slot. The 
total signal delay referenced to the start of the 
time slot is approximatively 195 11s (due to the 
transmit filter) plus 123 I!S (due to encoding 
delay), which totals 320 JlS. Voice data is shifted 
out on Dx during the selected time slot on the 
transmit rising adges of MCLK. 

Receive section: 
Voice Data is shifted into the decoder's Receive 
voice data Register via the DR pin during the se
lected time slot on the 8 receive edges of MCLK. 
The decoder consists of an expanding DAC with 
either A or MU255 law decoding characteristic 
which is selected by the same control instruction 
used to select the Encode law during intitializa
tion. Following the Decoder is a 3400 Hz 6th 
order low pass switched capacitor filter with inte
gral Sin X/X correction for the 8 kHz sample and 
hold. 
0 dBmO voltage at this (B) reference point (see 
Block Diagram description) is 0.49 Vrms. A trans
cient suppressing circuitry ensure interference 
noise suppression at power up. 
The analog speech signal output can be routed 
either to earpiece (VFR+, VFR. outputs) or to loud
speaker (LS+, LS- outputs) by setting bits SL and 
SE (1 and 0 of CR4). 
Total signal delay is approximatively 190 JlS (filter 
plus decoding delay) plus 62.5 JlS (1 /2 frame) 
which gives approximatively 252 11s. 
Differential outputs VFR+,VFR· are intended to di
rectly drive an earpiece. Preceding the outputs is 
a programmable attenuation amplifier, which must 
be set by writing to bits 4 to 7 in register CR6. At
tenuations in the range 0 to -15 dB relative to the 
maximum level in 1 dB step can be programmed. 
The input of this programmable amplifier is the 

ST5088 

summ of several signals which can be selected 
by writing to register CR4.: 

- Receive speech signal which has been 
decoded and filtered, 

- Internally generated tone signal, (Tone ampli
tude is programmed with bits 4 to 7 of register 
CR7), 

- Sidetone signal, the amplitude of which is pro-
grammed with bits 0 to 3 of register CR5 

VFR+ and VFR· outputs are capable of driving output 
power level up to 14mW into differentially con
nected load impedance between 100 and 400 n. 
Differential outputs LS+,LS- are intended to di
rectly drive a Loudspeaker. Preceding the outputs 
is a programmable attenuation amplifier, which 
must be set by writing to bits 0 to 3 in register 
CR6. Attenuations in the range 0 to -30 dB 
relative to the maximum level in 2.0 dB step can 
be programmed. The input of this programmable 
amplifier can be the summ of signals which can 
be selected by writing to register CR4: 

- Receive speech signal which has been 
decoded and filtered, 

- Internally generated tone signal, (Tone ampli
tude is programmed with bits 4 to 7 of register 
CR7), 
EAIN input which may be an alternate Ring 
signal or any voice frequency band limited 
signal. (An external decoupling capacitor of 
about 0.111F is necessary). 

Receive voice signal may be directed to output 
HFO by means of bit HFE in Register CR4. After 
processing, signal must be re-entered through 
input HFI to Loudspeaker amplifier input. (An ex
ternal decoupling capacitor of about 0.1 JlF is 
necessary). 
The output loudspeaker section has two switch
able gains of +9dB and +27dB. 

+9d8 LS Gain 
This gain mode is fully equivalent to PIAFE 
ST5080 behaviour. 
LS+ and LS- outputs are capable of driving output 
power level up to 80 mW into 50 n differentially 
connected load impedance at low distortion meet
ing PCM channel specifications. When the signal 
source is a Ring squarewave signal, power levels 
up to approximatively 200 mW can be delivered. 

+27d8 LS Gain 
Additional gain of 18d8 has the purpose to in
crease the undistorted output power up to 
150mW typical with digital input DR ranging from 
-12dBmO to +3dBmO. 
Output DC offset is limited by high pass filter with 
35Hz cut frequency (with LS gain = +9d8 cut fre
quency = 9Hz) 
Anti-acoustic feed-back for loudspeaker to hand-
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set microphone loop with squelch effect: on chip 
switchable anti-larsen for loudspeaker to handset 
microphone feedback is implemented. A 12~B 
depth gain control on both transmit and rece1~e 
path is provided to keep consta~t the loa~ ga1n. 
On the transmit path the 12dB gam ~ontr?IIS p_r~
vided starting from the CR5 transm1t gam defini
tion; at the same time, on the receive path the 
12dB gain control is provided starting from CR6 
receive gain definition. 

DIGITAL ANTICLIPPING SYSTEM (D.A.S.) 
An automatic anticlipping system is necessary to 
avoid distortion on LS+/LS- when the output 
swing approaches the supply rails. (LS GAIN » 
+9dB). . 
The digital anticlipping system calculates ~qu_lval
ent input signal on DR pin and compares 1! w1th a 
selectable anticlipping threshold. The D.A.S. IS 
then able to reduce the overall gain in order to 
avoid or limit the distortion. 
Four different thresholds are programmable via 
register: 

-15dBmO D < 1% For safe margin 

-13dBmO D = 1% For normal operation 

-9dBmO 0~1% For norsy ambient n 
-7dBmO D >> 1% For very noisy ambient(') 

(*) When environment is noisy, power ~utpu_t 
might be more important than 1% d1slorl1on. 

Gain reduction of the D.A.S. (Anticlipping Attack) 
has a fixed speed of 8KHz. 
Gain recovery or increase (Anticlipping Release) 
has 4 programmable speeds of 4Hz, 8Hz, 31Hz 
and 62Hz. 

TAPE RECORDER OUTPUT (TRO) 
This section provides a combination of Tx and Rx 
Analog Signals to an external user like a re
cordering machine. The output levels relative to a 
signal of OdBmO on channel Dx and DR are: 
Rx TRO = 0.245VRMS (for OdBmO on DR) 
Tx TRO = 0.246VRMS (for OdBmO on DX) 
The single ended Op Amp is able to drive an ex
ternal load as low as soon. 

ALTERNATE TONE CONTROL (AT) 
This section allows to simplify the microprocessor 
control of ringer operation. When pin AT is put ex
ternally at high impedance state (or left open) the 
control of ring frequency emission is totally 
through a microprocessor, which updates in real 
time the contents of various registers. 
When pin AT is forced at GND or Vee the ring 
generator emits respectively the frequencies f2 
(GND) and f1 (Vee), previously defi~ed throu_gh 
registers CR9 (f2) and CR8(f1 ). Th1s operat1ve 

mode requires only start-up intervention of the 
microprocessor. 

Digital and Control Interface: 
PIAFE provides a choice of either of two types of 
Digital Interface for both control data and PCM. 
For compatibility with systems which use time slot 
oriented PCM busses with a separate Control In
terface, as used on COMBO 1/11 families of de
vices, PIAFE functions are described in next sec
tion. 
Alternatively, for systems in which PCM and con
trol data are multiplexed together using GCI inter
face scheme, PIAFE functions are described in 
the section following the next one. 
PIAFE will automatically switch to one of these 
two types of interface by sensing the MS pin. 
Due to Line Transceiver clock recovery circuitry, a 
low jitter may be provided on Fs and MCLK 
clocks. Fs and MCLK must be always in phase. 
For ST5421 S Transceiver, as an example, maxi
mun value of jitter amplitude is a step of 65 ns at 
each GCI frame (125!!S). So, the maximum jitter 
amplitude is 130 ns pk-pk. 

COMBO 1/11 mode. 
Digital Interface (Fig. 1) . . . 
Fs Frame Sync input determines the beg1nnrng of 
frame. It may have any duration from a single 
cycle of MCLK to a squarewave. Two different re
lationships may be established between the 
Frame Sync input and the first time slot of frame 
by setting bit 3 in register CRO. Non delayed data 
mode is similar to long frame timing on ETC5057/ 
TS5070 series of devices (COMBO I and 
COMBO II respectively): first time slot begins 
nominally coincident with the rising edge of Fs. 
Alternative is to use delayed data mode, which is 
similar to short frame sync timing on COMBO I or 
COMBO II, in which Fs input must be high at least 
a half cycle of MCLK earlier the frame beginning. 
A time slot assignment circuit on chip may be 
used with both timing modes, allowing connection 
to one of the two B1 and B2 voice data channels. 
Two data formats are available: in Format1, time 
slot B1 corresponds to the 8 MCLK cycles follow
ing immediately the rising edge of FS, while time 
slot B2 corresponds to the 8 MCLK cycles follow
ing immediately time slot B1. 
In Format 2, time slot 81 is identical to Format 1. 
Time slot 82 appears two bit slots after time slot 
B1. This two bits space is left available for inser
tion of the D channel data. 
Data format is selected by bit FF (2) in register 
CRO. Time slot 81 or B2 is selected by bit TO (0) 
in Control Register CR1. 
Bit EN (2) in control register CR 1 enables or dis
ables the voice data transfer on Dx and DR as 
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Figure 1: Digital Interface Format 

FORMAT 1 

DR B1 B2 x X X 

DX 

~c====~B~1======~====~B~2~====]---------------------------------
FORMAT 2 

FS _ ___Jl __ (delayed tlmlng) 

FS delayed trmlng) 

MCLK LILllJl.IUlfl n 

DR ___ ..L_ ___ s_1 ______ [_x_-'-----s_2 ____ _L_ _____ x _______ x __ 

DX 

~L_ __ B_1 __ ~~c====~B~2~====~---------------

Figure 2: GCI Interface Frame Structure 
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FS _jii~ ______________________ _] 
(1536kHz) 
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appropriate. During the assigned time slot, Dx 
output shifts data out from the voice data regrster 
on the rising edges of MCLK. Serial voice data is 
shifted into DR input during the same time slot on 
the falling edges of MCLK. 
Dx is in the high impedance Tristate condilion 
when in the non selected time slots. 

Control Interface: 
Control information or data is written into or read
back from PIAFE via the serial control port con
sisting of control clock CCLK. serial data input Cl 
and output CO, and Chip Select input, CS-. All 

control instructions require 2 bytes as listed in 
Table 1, with the exception of a single byte 
power-up/down command. 
To shift control data into ST5088, CCLK must be 
pulsed high 8 times while CS- is low. Data on Cl 
input is shifted into the serial input register on the 
nsing edge of each CCLK pulse. After all data is 
shifted in, the content of the input shift register is 
decoded, and may indicate that a 2nd byte of 
control data will follow. This second byte may 
either be defined by a second byte-wide CS
pulse or may follow the first contiguously, i.e. it is 
not mandatory for CS- to return high in between 
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the first and second control bytes. At the end of 
the 2nd control byte, data is loaded into the ap
propriate programmable register. CS- must return 
high at the end of the 2nd byte. 
To read-back status information from PIAFE, the 
first byte of the appropriate instruction is strobed 
in during the first CS- pulse, as defined in Table 
1. CS- must be set low for a further 8 CCLK 
cycles, during which data is shifted out of the CO 
pin on the falling edges of CCLK. 
When CS- is high, CO pin is in the high imped
ance Tri-state, enabling CO pins of several de
vices to be multiplexed together. 
Thus, to summarise, 2 byte READ and WRITE in
structions may use either two 8-bit wide CS
pulses or a single 16 bit wide CS- pulse. 

Control channel access to PCM interface: 
It is possible to access the B channel previously 
selected in Register CR1. 
A byte written into Control Register CR3 will be 
automatically transmitted from Dx output in the 
following frame in place of the transmit PCM data. 
A byte written into Control Register CR2 will be 
automatically sent through the receive path to the 
Receive amplifiers. 
In order to implement a continuous data flow from 
the Control MICROWIRE interface to a B chan
nel, it is necessary to send the control byte on 
each PCM frame. 
A current byte received on DR input can be read 
in the register CR2. In order to implement a con
tinuous data flow from a B channel to MICRO
WIRE interface, it is necessary to read register 
CR2 at each PCM frame. 

GCI COMPATIBLE MODE 
GCI interface is an European standardized inter
face to connect ISDN dedicated components in 
the different configurations of equipment as Ter
minals, Network Terminations, PBX, etc ... 
In a Terminal equipment, this interface called 
SCIT for Special Circuit Interface for Terminals 
allows for example connection between: 

- ST5421 (SID-GCI) and ST5451 (HDLC/GCI 
controller) used for 16 kbit/s D channel packet 
frames processing and SID control, 

- Peripheral devices connected to a 64 kbit/s B 
channel and ST5451 used for GCI peripheral 
control. 

ST5088 may be assigned to one of the B chan
nels present on the GCI interface and is moni
tored via a control channel which is multiplexed 
with the 64 kbit/s Voice Data channels. 

Figure 2 shows the frame structure at the GCI in
terface. Two 256 kbit/s channel are supported. 

a)GCI channel 0: It is structured in four sub
channels: 

- B 1 channel 8 bits per frame 
- B2 channel 8 bits per frame 
- M channel 8 bits per frame ignored by PIA FE 
-SC channel 8 bits per frame ignored by 

PIA FE 
Only B1 or B2 channel can be selected in 
PIAFE for PCM data transfer. 

b)GCI channel 1: It is structured also in four 
subchannels: 
- B 1 * channel 8 bits per frame 
-B2* channelS bits per frame 
-M* channel 8 bits per frame 
-SC* which is structured as follows: 

6 bits ignored by PIAFE 
A* bit associated with M* channel 
E* bit associated with M* channel. 

B1 *or 82* channel can be selected in PIAFE 
for PCM data transfer. 
M* channel and two associated bits E* and A* 
are used for PIAFE control. 

Thus, to summarize, 81, B2, B1 * or 82* channel 
can be selected to transmit PCM data and M* 
channel is used to read/write status/command pe
ripheral device registers. Protocol for byte ex
change on theM* channel uses E* and A* bits. 

Physical Interface 
The interface is physically constitued with 4 wires: 
Input Data wire: DR 
Output Data wire: Dx 
Bit Clock: MCLK 
Frame Synchronization: Fs 

Data is synchronized by MCLK and Fs clock in
puts. 
Fs insures reinitialization of time slot counter at 
each frame beginning. The rising edge or FS is 
the reference time for the first GCI channel bit. 
Data is transmitted in both directions at half the 
MCLK input frequency. Data is transmitted on the 
the rising edge of MCLK and is sampled one 
period after the transmit rising edge, also on a ris
ing edge. 
Note: Transmit data may be sampled by far-end 
device ie SID ST5421 on the falling edge 1.5 
period after the transmit rising edge. 
Unused channel are high impedance. Data out
puts are OPEN-DRAIN and need an external pull 
up resistor. 

COMBO activation/deactivation 
ST5088 is automatically set in power down mode 
when GCI clocks are idle. GCI section is reacti
vated when GCI clocks are detected. PIAFE is 
completly reactivated after receiving of a power 
up command. 
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Exchange protocol on M* channel 
Protocol allows a bidirectional transfer of bytes 
between ST5088 and GCI controller with acknow
ledgment at each received byte. For PIAFE, 
standard protocol is simplified to provide read or 
write register cycles almost identical to MICRO
WIRE serial interface. 

Write cycle 
Control Unit sends through the GCI controller fol
lowing bytes: 

- First byte is the chip select byte. The first four 
bits indicate the device address: 
(A3,A2,A1,AO). The four last bits are ignored. 
ST5088 compare the validated byte received 
internally with the address defined by pins A3, 
A2, A1, AO. If comparison is true, byte is ac
knowledged, if not, ST5088 does not acknow
ledge the byte. 

NOTE: An internal "message in progress" flag re
mains active till the end of the complete message 
transmission to avoid irrelevant acknowledgement 
of any further byte. 

- Second byte is structured as defined in 
Table 1. 

- Third byte is the Data byte to write into the 
Register as indicated in Table 1. 

It is possible but optional to write to several differ
ent registers in a single message. In this case the 
Chip Select byte is sent only once at the begin
ning of the message, the device automatically 
toggles between address byte and data byte. 

Read cycle 
Control Unit sends two bytes. First byte is the 
chip select byte as defined above. Second byte is 
structured as defined in Table 1. 
If PIAFE identifies a read-back cycle, bit 2 of byte 
1 in Table 1 equal 1, it has to respond to the Con
trol Unit by sending a single byte message which 
is the content of the addressed register. 
It is possible but optional to request several differ
ent read-back register cycles in a single message 
but it is recommended to wait the answer before 
requesting a new read back to avoid loss of data. 
ST5088 responds by sending a single data byte 
message at each request. 

Received byte validation: 
A received byte is validated if it is detected two 
consecutive times identical. 

Exchange Protocol: 
Exchange protocol is identical for both directions. 
Sender uses E* bit to indicate that it is sending a 
M* byte while receiver uses A* bit to acknowledge 
received byte. 

ST5088 

When no message is transferred, E* bit and A* bit 
are forced to inactive state. 
A transmission is initialized by sender putting E* 
bit from inactive state to active state and by send
ing first byte on M* channel in the same frame. 
Transmission of a message is allowed only if A* 
bit from the receiver has been set inactive for at 
least two frames. 
When receiver is ready, it validates the received 
byte internally when received in two consecutive 
frames identical. Then the receiver sets first A* bit 
from inactive to active state (pre-acknow
legement), and maintains A* bit active at least in 
the following frame (acknowledgement). If valida
tion is not possible, (two last bytes received are 
not identical), receiver aborts the message setting 
A* bit active for only a single frame. 
For the first byte received, Abort sequence is not 
allowed. PIAFE does not respond either if two last 
bytes are not identical or if the byte received does 
not meet the Chip Select byte defined by AO-A3 
pins bias. 
A second byte may be transmitted by the sender 
putting E* bit from active to inactive state and 
sending the second byte on the M* channel in the 
same frame. E* bit is set inactive for only one 
frame. If it remains inactive more than one frame, 
it is an end of message (i.e. not second byte 
available). 
The second byte may be transmitted only after re
ceiving the pre-acknowledgment of the previous 
byte transmitted (see Fig. 3). The same protocol 
is used if a third byte is transmitted. Each byte 
has to be transmitted at least in two consecutive 
frames. 
The receiver validates current received byte as 
done on first byte and then set A* bit in the next 
two frames first from active to inactive state (pre
acknowledgement), and after from inactive to ac
tive state (acknowledgement). If the receiver can
not validate the received current byte (two bytes 
received are not identical), it pre-acknowledges 
normally, but let A* bit in the inactive state in the 
next frame which indicates an abort request. 
If a message sent by ST5088 is aborted, it will 
stop the message and wait for a new read cycle 
instruction from the controller. 
A message received by ST5088 is acknowledged 
or aborted without flow Control. 
Figures 3 gives timing of a write cycle. Most signi
ficant bit (MSB) of a Monitor byte is sent first on 
M* channel. 
E* and A* bits are active low and inactive state on 
DOUT is high impedance. 
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Figure 3: E and A bits Timing 
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PROGRAMMABLE FUNCTIONS 
For both formats of Digital Interface, programm
able functions are configured by writing to a num
ber of registers using a 2-byte write cycle (not in
cluding chip select byte in GCI). 

Table 1: Programmable Register lntructions 

Function 
7 

Single byte Power up/down p 

Write CRO p 

Read-back CRO p 

WriteCR1 p 

Read-back CRt p 

Write Data to receive path p 

Read data from DR p 

Write Data to Dx p 

Write CR4 p 

Read-back CR4 p 

Write CR5 p 

Read-back CR5 p 

Write CR6 p 

Read-back CR6 p 

Write CR7 p 

Read-back CR7 p 

Write CR8 p 

Read-back CRB p 

Write CR9 p 

Read-back CR9 p 

Write p 

Read-back CR10 p 

6 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

ST5088 

Most of these registers can also be read-back for 
verification. Byte one is always register address, 
while byte two is Data. 
Table 1 lists the register set and their respective 
adresses. 

Address byte 
Data byte 

5 4 3 2 1 0 

X X X X 0 X none 

0 0 0 0 1 X see CRO TABLE 2 

0 0 0 1 1 X see CRO ~ 

0 0 1 0 1 X see CR1 TABLE 3 

0 0 1 1 1 X see CR1 

0 1 0 0 1 X see CR2 TABLE 4 . 
0 1 0 1 1 X see CR2 

0 1 1 0 1 X see CR3 TABLE 5 

1 0 0 0 1 X see CR4 TABLE 6 

1 0 0 1 1 X see CR4 

1 0 1 0 1 X see CR5 TABLE 7 

1 0 1 1 1 X see CR5 

1 1 0 0 1 X see CR6 TABLE 8 

1 1 0 1 1 X see CR6 

1 1 1 0 1 X see CR7 TABLE 9 

1 1 1 1 1 X see CR7 

0 0 0 0 1 X see CRB TABLE 10 

0 0 0 1 1 X see CRB 

0 0 1 0 1 X see CR9 TABLE 11 

0 0 1 1 1 X see CR9 

0 1 0 0 1 X see CR10 TABLE 12 

0 1 0 1 1 X see CR10 

NOTE!: bit7 of the address byte and data byte is always the first b1t clocked into or out from· Cl and CO pins when MICROWIRE serial 
port is enabled, or into and out from DR and Dx pins when GCI mode selected. 

NOTE2: 

NOTE 3: 

X = reseiVed: write a 

"P" bit IS Power up/down Control bit. P = 1 Means Power Down. 
B1t 1 mdicates, ~set, the presence of a second byte. 

Brt 2 IS wnte/read select bit. 
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Table 2: Control Register CRO Functions 

7 6 5 4 3 2 1 

F1 FO MA lA ON FF 87 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

0 
1 

0 
1 

0 
1 

state at power on Initialization 

(1): s1gn1flcant rn COMBO Jill mode only 

Table 3: Control Register CR1 Functions 

7 

HFE 

(1): 

(2): 

0 
1 

6 

ALE 

0 
1 

5 4 3 2 1 

DO MR MX EN T1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
0 
1 
1 

state at power on •mtial•zat1on 

S1gn1ficant 1n COMBO I ill mode only 

S1gn1ficant 1n GCI mode only. 

0 
Function 

DL 

MCLK =512kHz (1) 
MCLK = 1.536 MHz . 
MCLK = 2.048 MHz 
MCLK = 2.560 MHz (1) 

MU-Iaw; CCITT D3-D4 . 
MU-Iaw; Bare Coding 
A-Jaw including even bit inversion 
A-law; Bare Coding 

Delayed data trm mg . (1) 
Non delayed data trm ing (1) 

B 1 and B2 consecutive . (1) 
8 1 and 82 separated (1) 

8 bits time-slot . 
7 bits time-slot 

0 Normal operation . 
1 Digital Loop-back 

0 
Function 

TO 

HFO I HFI pins disabled . 
HFO I HFi pins enabled 

Anti-larsen disabled . 
Anti-larsen enabled 

LO latch is put in high impedance . 
LO latch set to 0 

DR connected to rec. path . (1) 
CR2 connected to rec. path (1) 

Trans path connected to Dx . (1) 
CR3 connected to Dx (1) 

vorce data transfer drsable . 
voice data transfer enable 

0 81 channel selected . 
1 82 channel selected 
0 81• channel selected (2) 
1 B2• channel selected (2) 
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Table 4: Control Register CR2 Functions 

7 6 5 4 3 2 1 0 
Function 

d7 d6 d5 d4 d3 d2 d1 dO 

msb lsb Data sent to Receive path or Data received from DR input 

Table 5: Control Registers CR3 Functions 

7 6 5 4 3 2 1 0 
Function 

d7 d6 d5 d4 d3 d2 d1 dO 
msb lsb Dx data transmitted 

Table 6: Control Register CR4 Functions 

7 6 5 4 3 2 1 0 
Function 

vs TE Sl EE RTL RTE SL SE 

0 M IC 1 selected 
1 M I C2 selected 

0 Transmit input muted . 
1 Transmit input enabled 

0 Internal s1detone disabled . 
1 Internal sidetone enabled 

0 EAIN disconnected . 
1 EAIN selected to Loudspeaker 

0 0 Ring I Tone muted 
0 1 Ring I Tone to Earpiece 
1 0 Ring I Tone to Loudspeaker 
1 1 Ring 1 Tone to Earpiece and Loudspeaker 

0 0 Receive signal muted . 
0 1 Receive signal connected to earpiece amphfer 
1 0 Receive signal connected to loudspeaker amplifier 
1 1 Receive signal connected to loudspeaker and 

earpiece amplifier 

state at power on mrtralrzatron 
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Table 7: Control Register CR5 Functions 

7 6 5 4 3 2 1 0 
Function 

Transmit amplifier Sidetone amplifier 

0 0 0 0 0 dB gain 
0 0 0 1 1 dB gam 

in 1 dB step 
1 1 1 1 15 dB gain 

0 0 0 0 -8 dB gain 
0 0 0 1 -9 dB gain 
- in 1 dB step 
1 1 1 1 -23 dB gain 

*·state at power on mitiallzat1on 

Table 8: Control Register CR6 Functions 

7 6 5 4 3 2 1 0 
Function 

Earpiece ampifier Loudspeaker 

0 0 0 0 0 dB gain 
0 0 0 1 -1 dB gain 

- in 1 dB step 
1 1 1 1 -15 dB gain 

0 0 0 0 0 dB gain 
0 0 0 1 -2 dB gain 
- - - in 2 dB step 
1 1 1 1 -30 dB gain 

":state at power on initialization 

Table 9: Control Register CR7 Functions 

7 6 5 4 3 2 1 0 Function 

Tone gain F1 F2 SN DE Attenuation 11 Vpp_ 

0 0 0 0 0 dB . 2.4 (1) 
0 0 0 1 -3 dB 1.70 
0 0 1 0 -6 dB 1.20 
0 0 1 1 -9 dB 0.85 
0 1 0 0 -12 dB 0.60 
0 1 0 1 -15 dB 0.43 
0 1 1 0 -18 dB 0.30 
0 1 1 1 -21 dB 0.21 
1 X X 0 -24 dB 0 15 
1 X X 1 -27 dB 0 10 

0 0 11 and 12 muted 
0 1 12 selected 
1 0 11 selected 
1 1 11 and 12 in summed mode 

0 Squarewave signal selected 
1 Sinewave signal selected 

0 Normal operatron 
1 Tone I Ring Generator connected to Transmit path 

(1): 

X 

state at power on initialization 

value provided If f1 or f2 IS selected alone. 
1f f1 and f2 are selected in the summed mode, 11=1.34 v,, while f2=1.06 v,, 
Output generator IS 2.4 v,, 
reserved: wnte 0 

. 

. 

. 

12 Vpp 

1.9 (1) 
1.34 
0.95 
0.67 
0.47 
0.34 
0.24 
0.17 
0.12 
0.08 

. 

. 
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Table 10: Control Register CR8 Functions 

7 6 5 4 3 2 1 0 
Function 

f17 f16 f15 f14 f13 f12 f11 f10 

msb lsb Binary equivalent of the decimal number used to calculate f1 

Table 11: Control Register CR9 Functions 

7 6 5 4 3 2 1 0 
Function 

f27 f26 f25 f24 f23 f22 f21 f20 

msb lsb Binary equivalent of the decimal number used to calculate f2 

Table 12: Control Register CR1 0 Functions 

7 6 5 4 3 2 1 0 
Function 

GLS ACE VT1 VTO FD1 FDO OFT HFT 

1 +27 dB into LH Path 
0 (') +9dB into LH Path 

1 Anticlipping ON 
0 (') Anticlipping OFF 

0 0 (') -15dm0 Anticlipping Threshold 
0 1 -13dm0 Anti clipping Threshold 
1 0 -9dm0 Anti clipping Threshold 
1 1 -7dm0 Anti clipping Threshold 

0 0 (') 256ms Garn Recovery Time Constant I (4Hz) 
0 1 128ms Gain recovery Time Constant I (8Hz) 
1 0 32ms Gain Recovery Time Constant I (31Hz) 
1 1 16ms Gain Recovery Time Constant I (62Hz) 

0 0 (•) Standard Frequency Tone Range 
0 1 Halved Frequency Tone Range 
1 0 Doubled Frequency Tone Range 
1 1 Forbidden 

(*) Default values inserted into the Register at Power On 

17130 -------------- ~:.-,1 ~~~;m~=:~~l:~ --------------
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CONTROL REGISTER CRO 
First byte of a READ or a WRITE instruction to 
Control Register CRO is as shown in TABLE 1. 
Second byte is as shown in TABLE 2. 

Master Clock Frequency Selection 
A master clock must be provided to PIAFE for 
operation of filter and coding/decoding functions. 
In COMBO 1/11 mode, MCLK frequency can be 
either 512 kHz, 1.536 MHz, 2.048 MHz or 2.56 
MHz. 
Bit F1 (7) and FO (6) must be set during initializa
tion to select the correct internal divider. 
In GCI mode, MCLK must be either 1.536MHz or 

Mu 2551aw 

msb lsb 

Vin - + full scale 1 0 0 0 0 0 0 

Vin = 0 V 
1 1 1 1 1 1 1 
0 1 1 1 1 1 1 

Vin =-full scale 0 0 0 0 0 0 0 

MSB is always the f1rst PCM brt shifted rn or out of PIA FE. 

Digital Interface timing 
Bit DN=O (3) selects digital interface in delayed 
timing mode while DN=1 selects non delayed 
data timing. 
In GCI mode, bit DN is not significant. 
After reset and if COMBO 1/11 mode is selected, 
delayed data timing is selected. 

Digital Interface format 
Bit FF=O (2) selects digital interface in Format 1 
where B1 and B2 channel are consecutive. FF=1 
selects Format 2 where B1 and B2 channel are 
separated by two bits. (see digital interface format 
section). 
In GCI mode, bit FF is not significant. 

56+8 selection 
Bit 'B7' (1) selects capability for PIA FE to take 
into account only the seven most significant bits 
of the PCM data byte selected. 
When 'B7' is set, the LSB bit on DR is ignored and 
LSB bit on Dx is high impedance. This function 
allows connection of an external "in band" data 
generator directly connected on the Digital Inter
face. 

Digital loopback 
Digital loopback mode is entered by setting DL 
bit(O) equal 1. 
In Digital Loopback mode, data written into Re
ceive PCM Data Register from the selected re
ceived time-slot is read-back from that Register in 

0 

1 
1 

0 

2.048MHz. 
512KHz and 2.56MHz are not allowed. 
Default value is 1.536 MHz for both modes. 
Any clock different from the default one must be 
selected prior a Power-Up instruction for both 
modes. 

Coding Law Selection 
Bits MA (5) and lA (4) permit selection of Mu-255 
law or A law coding with or without even bit inver
sion. 
After power on initialization, the Mu-255 law is se
lected. 

True A law even bit A law without even bit 
inversion inversion 

msb lsb msb lsb 

1 

1 
0 

0 

0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 

1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 
1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 

0 1 0 1 0 1 0 0 1 1 1 1 1 1 1 

the selected transmit time-slot on Dx. Time slot is 
selected with Register CR1. 
No PCM decoding or encoding takes place in this 
mode. Transmit and Receive amplifier stages are 
muted. 

CONTROL REGISTER CR1 
First byte of a READ or a WRITE instruction to 
Control Register CR1 is as shown in TABLE 1. 
Second byte is as shown in TABLE 3. 

Hands-free 1/0s selection 
Bit HFE set to one enables HFI, HFO pins for 
connection of an external handfree circuit such as 
TEA 7540. HFO is an analog output that provides 
the receive voice signal. 0 dBMO level on that 
output is 0.491 Vrms (1.4Vpp). HFI is an analog 
high impedance input (1 0 Kn typ.) intended to 
send back the processed receive signal to the 
Loudspeaker. 0 dBMO level on that input is 
0.491Vrms. 

Anti-larsen selection 
Bit ALE set to one enables on-chip antilarsen and 
squelch effect system. 

Latch output control 
Bit DO controls directly logical status of latch out
put LO: ie, a "ZERO" written in bit DO puts output 
LO in high impedance, a "ONE" written in bit DO 
sets output LO to zero. 

18/30 --------------.,.,, ~~~~m~~::~~:: --------------
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Microwire access to B channel on receive 
path 
Bit MR (4) selects access from MICROWIRE 
Register CR2 to Receive path. When bit MR is 
set high, data written to register CR2 is decoded 
each frame, sent to the receive path and data 
input at DR is ignored. 
In the other direction, current PCM data input re
ceived at DR can be read from register CR2 each 
frame. 

Microwire access to B channel on transmit 
path 
Bit MX (3) selects access from MICROWIRE write 
only Register CR3 to Dx output. When bit MX is 
set high, data written to CR3 is output at Dx every 
frame and the output of PCM encoder is ignored. 

B channel selection 
Bit 'EN' (2) enables or disables voice data trans
fer on Dx and DR pins. When disabled, PCM data 
from DR is not decoded and PCM time-slots are 
high impedance on Dx. 
In GCI mode, bits 'T1' (1) and 'TO' (0) select one 
of the four channels of the GCI interface. 
In COMBO 1/11 mode, only B1 or B2 channel can 
be selected according to the interface format se
lected. Bit 'T1 ·is ignored. 

CONTROL REGISTER CR2 
Data sent to receive path or data received from 
DR input. Refer to bit MR(4) in "Control Register 
CR 1" paragraph. 

CONTROL REGISTER CR3 
Dx data transmitted. Refer to bit MX(3) in "Control 
Agister CR1" paragraph. 

CONTROL REGISTER CR4 
First byte of a READ or a WRITE instruction to 
Control Register CR4 is as shown in TABLE 1. 
Second byte is as shown in TABLE 6. 

Transmit Input Selection 
MIC1 or MIC2 source is selected with bit VS (7). 
Transmit input selected can be enabled or muted 
with bit TE (6). 
Transmit gain can be adjusted within a 15 dB 
range in 1 dB step with Register CRS. 

Sidetone select 
Bit "SI" (5) enables or disables Sidetone circuitry. 
When enabled, sidetone gain can be adjusted 
with Register (CR5). When Transmit path is dis
abled, bit TE set low, sidetone circuit is also dis
abled. 

External Auxiliary signal select 
Bit "EE" (4) set to one connects EAIN input to the 

ST5088 

loudspeaker amplifier input. 

Ring/Tone signal routing 
Bits "RTL" (3) and RTE (2) provide select capa
bility to connect on-chip Ring/Tone generator 
either to loudspeaker amplifier input or to ear
piece amplifier input or both. 

PCM receive data routing 
Bits "SL" (1) and "SE" (0) provide select capability 
to connect received speech signal either to Loud
speaker amplifier input or to earpiece amplifier 
input or both. 

CONTROL REGISTER CRS 
First byte of a READ or a WRITE instuction to 
Control Register CRS is as shown in TABLE 1. 
Second byte is as shown in TABLE 7. 

Transmit gain selection 
Transmit amplifier can be programmed for a gain 
from OdB to 15dB in 1dB step with bits 4 to 7. 
0 dBmO level at the output of the transmit ampli
fier (A reference point) is 0.739 Vrms (overload 
voltage is 1.06 Vrms). 

Sidetone attenuation selection 
Transmit signal picked up after the switched ca
pacitor low pass filter may be fed back into the 
Receive Earpiece amplifier. 
Attenuation of the signal at the output of the 
sidetone attenuator can be programmed from 
-8dB to -23dB relative to reference point A in 
1 dB step with bits 0 to 3. 

CONTROL REGISTER CR6 
First byte tlf a READ or a WRITE instruction to 
Control Register CR6 is as shown in TABLE 1. 
Second byte is as shown in TABLE 8. 

Earpiece amplifier gain selection: 
Earpiece Receive gain can be programmed in 1 
dB step from 0 dB to -15 dB relative to the maxi
mum with bits 4 to 7. 
0 dBmO voltage at the output of the amplifier on 
pins VFr+ and VFr- is then 824.5 mVrms when 
OdB gain is selected down to 146.6 m Vrms 
when -15 dB gain is selected. 

Loudspeaker amplifier gain selection: 
Loudspeaker Receive amplifier gain can be pro
grammed in 2 dB step from 0 dB to -30 dB 
relative to the maximum with bits 0 to 3. 
0 dBmO voltage on the output of the amplifier on 
pins LS+ and LS- on 50 Q is then 1.384 Vrms 
(3.91 Vpp) when 0 dB gain is selected down to 
43.7 mVrms (123.6mVpp) when -30 dB gain is se
lected. 

------------~ SCS·niOMSOM ___________ 19_13_0 
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Current limitation is approximatively 150 mApk. 

CONTROL REGISTER CR7: 
First byte of a READ or a WRITE instruction to 
Control Register CR7 is as shown in TABLE 1. 
Second byte is as shown in TABLE 9. 

Tone/Ring amplifier gain selection 
Output level of Ring/Tone generator, before atte
nuation by programmable attenuator is 2.4 Vpk
pk when f1 generator is selected alone or 
summed with the f2 generator and 1.9 Vpk-pk 
when f2 generator is selected alone. 
Selected output level can be attenuated down to 
-27 dB by programmable attenutator by setting 
bits 4 to 7. 

Frequency mode selection 
Bits 'F1' (3) and 'F2' (2) permit selection of f1 
and/or f2 frequency generator according to 
TABLE 9. 
When f1 (or f2) is selected, output of the 
Ring/Tone is a squarewave (or a sinewave) signal 
at the frequency selected in the CRB (or CR9) 
Register. 
When f1 and f2 are selected in summed mode, 
output of the Ring/Tone generator is a signal 
where f1 and f2 frequency are summed. 
In order to meet DTMF specifications, f2 output 
level is attenuated by 2dB relative to the f1 output 
level. 
Frequency temporization must be controlled by the 
microcontroller. 
Any switching between two frequencies of the 
same channel (f1 or f2) is done maintaining prac
tically the phase continuity. 
The actual change in the frequency of the tone 
generator takes place within 1 /16th of the period 
of the highest of the two frequencies that are 
switched between, plus 2(.lS for internal data ac
quisition. 

Waveform selection 
Bit 'SN' (1) selects waveform of the output of the 
Ring/Tone generator. Sinewave or squarewave 
signal can be selected. 

DTMF selection 
Bit DE (0) permits connection of Ring/Tone/DTMF 
generator on the Transmit Data path instead of 
the Transmit Amplifier output. Earpiece feed-back 
may be provided by sidetone circuitry by setting 
bit Sl or directly by setting bit RTE in Register 
CR4. Loudspeaker feed-back may be provided di
rectly by setting bit RTL in Register GR4. 

CONTROL REGISTERS CAS AND CR9 
First byte of a READ or a WRITE instruction to 

Control Register CRB or CR9 is as shown in 
TABLE 1. Second byte is respectively as shown 
in TABLE 10 and 11. 
Tone or Ring signal frequency value is defined by 
the formula: 
f1 = CR8 I 0.128 Hz and f2 = CR9 I 0.128 Hz 
(with OFT= HFT = 0 in CR10) 
where CRB and CR9 are decimal equivalents of 
the binary values of the CRB and CR9 registers 
respectively. Thus, any frequency between 7.8 Hz 
and 1992 Hz may be selected in 7.8 Hz step. 
TABLE 13 gives examples for the main frequen
cies usual for Tone or Ring generation. 

CONTROL REGISTER CR10 
First byte of a READ or a WRITE instruction to 
control register CR1 0 is as shown in TABLE 1. 
Second byte is as shown in Table 12. 

Extra +18dB in LS Gain 
GLS = 1 sets extra 18dB Gain (total Gain= 27dB) 
GLS = 0 sets standard Gain= 9dB like on ST5080 

Anticlipping enable, thresholds and time con
stants 
ACE = 1 enables the operation of the Digital anti
clipping section (D.A.S.), needed to avoid distor
tion on sine wave when GLS = 1 (extra 18dB on LS) 
anticlipping thresholds of -15, -13, -9 and -7dBmo are 
defined by bits 4 and 5 (VT1/VTO). 
Gain recovery the constants (anticlipping release) 
are selectable among four values, 256ms, 128ms, 
32ms and 16ms by bits 2 and 3 (FD11FDO). 

Doubled Tone/Ringer Frequency Range 
Double frequency range on tone & ringer gener
ator is obtained by putting OFT= 1 (and HFT = 0). 
Formula for frequency generator is: 
f1 = CR8/0.064Hz and f2 = CR9/0.064Hz. 
Maximum frequency is 3984.4Hz and frequency 
accuracy is 15.6Hz. 

Halved Tone/Ringer Frequency Range 
Halved frequency and double accuracy on tone & 
ringer generator is obtained bu putting HFT = 1 (and 
OFT= 0). 
Formula for frequency generator is: 
f1 = CR8/0.256Hz and f1 = CR9/0.256Hz 
Frequency range is from 3.9Hz to 996.1 Hz and 
step is 3.9Hz with improved accuracy for low fre
quencies combination. 
HFT =OFT= 1 is a forbidden combination. 

_2o_i3_o ___________ ~ SGS-ntOMSDI\! -----------
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Table 13: Examples of Usual Frequency Selection (OFT= HFT = 0 in CR10) 

Description f1 value (decimal) Theoric value (Hz) Typical value (Hz) Error% 

Tone 250Hz 32 250 250 .00 
Tone 330Hz 42 330 328.2 -.56 
Tone 425Hz 54 425 421.9 -.73 
Tone 440Hz 56 440 437.5 -.56 
Tone 800Hz 102 800 796 9 -.39 
Tone 1330Hz 170 1330 1328 1 -.14 

DTMF 697Hz 89 697 695.3 -.24 
DTMF 770Hz 99 770 773.4 +.44 
DTMF 852Hz 109 852 851.6 -.05 
DTMF 941Hz 120 941 937.5 -.37 
DTMF 1209Hz 155 1209 1210.9 +.16 
DTMF 1336Hz 171 1336 1335.9 -01 
DTMF 1477Hz 189 1477 1476.6 .00 
DTMF 1633Hz 209 1633 1632.8 .00 

SOL 50 392 390.6 -.30 
LA 56 440 437.5 -.56 
Sl 63 494 492.2 -.34 
DO 67 523.25 523.5 +.04 
RE 75 587.33 586.0 -.23 
Mlflal 80 622.25 625.0 +.45 
Mi 84 659.25 656.3 -.45 
FA 89 698.5 695.3 -.45 
FA sharp 95 740 742.2 +.30 
SOL 100 784 781.3 -.34 
SOL sharp 106 830.6 828.2 -.29 
LA 113 880 882.9 +.33 
Sl 126 987.8 984.4 -.34 
DO 134 1046.5 1046.9 +.04 
RE 150 1174.66 1171.9 -.23 
Ml 169 1318.5 1320.4 +.14 

POWER SUPPLIES used. 
While pins of PIAFE device are well protected 
against electrical misuse, it is recommended that 
the standard CMOS practise of applying GND be
fore any other connections are made should al
ways be followed. In applications where the 
printed circuit card may be plugged into a hot 
socket with power and clocks already present, an 
extra long ground pin on the connector should be 

To minimize noise sources, all ground connec
tions to each device should meet at a common 
point as close as possible to the GND pin in order 
to prevent the interaction of ground return current
s flowing through a common bus impedance. A 
power supply decoupling capacitor of 0.1 !lf 
should be connected from this common point to 
Vee as close as possible to the device pins. 
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TIMING DIAGRAM 
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TIMING DIAGRAM (continued) 

GCI Timing Mode 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value 

Vccto GND 7 

Current at VMIC (V CC < 5.5V) ±50 

Current at VRxo and LS ± 100 

Voltage at any digital input (Vee< 5.5V); limited at +SOmA Vee+ 1 to GND- 1 

Current at any digital output ±50 

Storage temperature range -65 to+ 150 

Lead Temperature (wave soldering, 1 Os) + 260 

TIMING SPECIFICATIONS (unless otherwise specified, Vee= 5V ± 10%, TA = -5°C to 70°C ; 
typical characteristics are specified Vee= 5V, T A= 25 oc; 
all signals are referenced to GND, see Note 5 for timing definitions) 

MASTER CLOCK TIMING 

Symbol Parameter Test Condition Min. Typ. Max. 

fMCLK Frequency of MCLK Selection of frequency is 512 
programmable (see table 2) 1.536 

2.048 
2.560 

tWMH Period of MCLK high Measured from V1H to V1H 80 

twML Period of MCLK low Measured from V1L to V1L 80 

tRM Rise T1me of MCLK Measured from V1L to V1H 30 

tFM Fall Time of MCLK Measured from V1H to V1L 30 

PCM INTERFACE TIMING (COMBO 1/11 and GCI modes) 

Symbol Parameter Test Condition Min. Typ. Max. 

tHMF Hold Time MCLK low to FS low 10 

tsFM Setup Time, FS high to MCLK 30 
low 

to MD Delay Time, MCLK high to data Load= 100 pF 100 
valid 

toMZ Delay Time, MCLK low to DX 15 100 
disabled 

toFD Delay Time, FS high to data valid Load= 100 pF; 100 
Applies only if FS rises later 
than MCLK nsmg edge 1n Non 
Delayed Mode only 

tsoM Setup Time, DR valid to MCLK 20 
receive edge 

tHMD Hold Time, MCLK low to DR 20 
invalid 

Unit 

v 
rnA 

rnA 

v 
rnA 
oc 
oc 

Unit 

kHz 
MHz 
MHz 
MHz 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SERIAL CONTROL PORT TIMING (Usual COMBO 1/11 mode only) 

Symbol 

feeLK 

lwcH 

twcL 

IRe 

IFC 

IHCS 

tssc 

tsoc 

IHCD 

loco 

IDSD 

tooz 

IHSC 

tscs 

NoteS: 

Parameter Test Condition 

Frequency of CCLK 

Period of CCLK high Measured from V1H to V1H 

Period of CCLK low Measured from V1L to V1L 

Rise Time of CCLK Measured from V1L to V1H 

Fall Time of CCLK Measured from V1H to V1L 

Hold Time, CCLK high to CS-
low 

Setup T1me, CS- low to CCLK 
high 

Setup Time, Cl valid to CCLK 
high 

Hold Time, CCLK high to Cl 
mvalid 

Delay Time, CCLK low to CO Load= 100 pF, 
data valid plus 1 LSTTL load 

Delay Time, CS-Iow to CO data 
valid 

Delay Time CS-high or 8th 
CCLK low to CO high 
impedance whichever comes 
first 

Hold Time, 8th CCLK high to 
CS- hioh 

Set up T1me, CS- high to CCLK 
high 

A signal is valid If II is above VIH or below VIL and invalid If rt IS between VIL and VIH· 
For the purpoes of th1s specification the following conditions apply: 
a) All input s1gnal are defined as v,L = 0.4V, V1H = 2 7V, lA < 10ns, IF< 10ns. 
b) Delay tiiT'es are measured from the inputs signal valid to the output s1gnal valid. 
c) Setup times are IT'easured from the data input valid to the clock input 1nvalid 
d) Hold t1mes are measured from the dock signal valid to the data input invalid. 

ST5088 

Min. Typ. Max. Unit 

2.048 MHz 

160 ns 

160 ns 

50 ns 

50 ns 

10 ns 

50 ns 

50 ns 

50 ns 

80 ns 

50 ns 

15 80 ns 

100 ns 

100 ns 

ELECTRICAL CHARACTERISTICS (unless otherwise specified, Vee= 5V ± 10%, TA = -5°C to 70°C; 
typical characteristic are specified at Vee= 5V, T A= 25°C ; all signals are referenced to GND) 

DIGITAL INTERFACES 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

V1L Input Low Voltage All digital inputs DC 0.7 v 
except pin AT AC 0.4 v 

V1H Input High Voltage All digital inputs DC 2.0 v 
except pin AT AC 2.7 v 

V1L Input Low Voltage Input AT 0.5 v 

V1H Input High Voltage Input AT vee v 
-o.5v 

VoL Output Low Voltage Dx,IL = -2.0mA; DC 0.4 v 
all other digital outputs, AC 0.7 v 
IL=-1mA 

VOH Output High Voltage Dx,IL = 2.0mA; DC 2.4 v 
all other digital outputs, AC 2.0 v 
IL= 1mA 

ilL Input Low Current Any digital input, GND < V1N < V1L -10 10 I! A 

liH Input High Current Any diQital input, V1H <YIN< Vee -10 10 I! A 

loz Output Current in High Dxand CO -10 10 JlA 
impedance (Tri-state) 

25/30 
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ANALOG INTERFACES 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

IMJC Input Leakage GND<VMJc<Vcc ·100 +100 !lA 

RMJC Input Resistance GND < VMJC <Vee 50 kQ 

RLVFr Load Resistance VFr+ to VFr- 100 Q 

CLVFr Load Capacitance VFr+ to VFr- 150 nF 

RovFrO Output Resistance Steady zero PCM code applied 1.0 Q 
toDR;I=+1mA 

VosvFro Differential offset: Alternating± zero PCM code -100 +100 mV 
Voltage at VFr+, VFr- applied to DR maximum 

receive gain; RL = 1 OOQ 

RLLS Load Resistance Ls+ to Ls- 50 Q 

CLLS Load Capacitance Ls+ to Ls- 600 nF 

RoLs Output Resistance Steady zero PCM code applied 1 Q 
to DR; I+ 1mA 

VosLS Differential offset Voltage at Ls+, Alternating± zero PCM code -100 +100 mV 
Ls- applied to DR maximum 

receive gain; RL = 50Q 

RLTRO Load Resistance at TRO TRO to GND 600 Q 

POWER DISSIPATION 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

I ceo Power down Current CCLK,CI = 0.4V; CS = 2.4V 02 05 mA 
(J.lWire only) 
All other inputs act1ve 
GCI mode only: 0.2 0.5 mA 

lcc1 Power Up Current Ls+, Ls. and VFr+, VFr- not 12.0 17.0 mA 
loaded 

TRANSMISSION CHARACTERISTICS (unless otherwise specified, Vee= SV ± 10%, TA = -5°C to 70°C; 
typical characteristics are specified at Vee= SV, TA = 25°C, MICi/2 = OdBmo, DR= OdBmo PCM code, 
I= 1015.625 Hz; all signal are referenced to GND) 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Transmit path- Absolute levels at MIC1 I MIC2 

Parameter Test Condition 

0 dBMO level Transmit Amps connected for 
OdB ga1n 

Overload level A law selected 

Overload level mu law selected 

0 dBMO level Transmit Amps connected for 
15dB gain 

Overload level A law selected 

Overload level mu law selected 

Min. Typ. Max. Unit 

73.9 mVRMS 

106.08 mVRMS 

106.47 mVRMS 

13.14 mVRMS 

18.86 mVRMS 

18.93 mVRMS 
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TRANSMISSION CHARACTERISTICS (continued) 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Receive path -Absolute levels at VFR (Differentially measured) 

Parameter Test Condition 

0 dBMO level Receive Amp programmed for 
OdB gain" 

0 dBMO level Receive Amp programmed for 
- 15dB attenuation 

AMPLITUDE RESPONSE (Maximum, Nominal, and Minimum Levels) 
Receive path -Absolute levels at Ls (Differentially measured) 

Parameter 

0 dBMO level 

0 dBMO level 

AMPLITUDE RESPONSE 
Transmit path 

Symbol Parameter 

GXA Transmit Gain Absolute 
Accuracy 

GXAG Transmit Gain Variation with 
programmed gain 

GXAT Transmit Gain Variation with 
temperature 

GXAv Transmit Gain Variation with 
supply 

GXAF Transmit Gain Variation with 
frequency 

GXAL Transmit Gain Variation with 
signal level 

Test Condition 

Receive Amp programmed for 
OdB gain 

Receive Amp programmed for 
- 30dB gain 

Test Condition 

Transmit Gain Programmed for 
maximum. 
Measure deviation of Digital 
PCM Code from ideal OdBmo 
PCM code at Dx 

Measure Transmit Gain over 
the range from Maximum to 
minimum setting. 
Calculate the deviation from 
the programmed gain relative 
to GXA, 
i.e. GAXG = G actual • G orca · GXA 

Measured relative to GXA. 
min. gain< Gx < Max. gain 

Measured relative to GXA 
Gx = Maximum gain 

Relative to 1015,625 Hz, 
multilane test technique used. 
min. gain < Gx < Max. gain 

f =60Hz 
f =200Hz 
f = 300 Hz to 3000 Hz 
f =3400Hz 
f =4000Hz 
f = 4600 Hz to 5000 Hz 
f = 5000 Hz and up 

Sinusoidal Test method. 
Reference Level = -10 dBmo 
VMIC = -40 dBmo to +3 dBmo 
VMIC = -50 dBmo to -40 dBmo 
VMIC = ·55 dBmo to ·50 dBmo 

ST5088 

Min. Typ. Max. Unit 

824.5 mVRMS 

146.6 mVRMS 

Min. Typ. Max. Unit 

1.384 VRMS 

43.7 mVRMS 

Min. Typ. Max. Unit 

-0.30 0.30 dB 

-0.5 0.5 dB 

-0.1 0.1 dB 

-0.1 0.1 dB 

-26 dB 
-1.5 -0.1 dB 
-0.3 0.3 dB 
-0.8 0.0 dB 

-14 dB 
-32 dB 
-40 dB 

-0.25 0.25 dB 
-0.5 0.5 dB 
·1.5 1.5 dB 
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AMPLITUDE RESPONSE 
Receive path 

Symbol. Parameter 

GRAE Receive Gain Absolute Accuracy 

GRAL Receive Gain Absolute Accuracy 

GRAGE Receive Gain Variation with 
programmed gain 

GRAGL Receive Gain Variation with 
programmed gain 

GRAT Receive Gain Variation with 
temperature 

GRAV Receive Gain Variation with 
Supply 

GRAF Receive Gain Variation with 
frequency 
(Earpiece or Loudspeaker) 

GRALE Receive Gain Variation with 
signal level (Earpiece) 

GRALL Receive Gain Variation with 
signal level (Loudspeaker) 

Test Condition 

Receive gain programmed for 
maximum 
Apply 0 dBmo PCM code to DR 
Measure VFr+ 

Receive gain programmed for 
maximum 
Apply 0 dBmo PCM code to DR 
Measure Ls+ 

Measure Earpiece Gain over 
the range from Maximum to 
minimum setting. 
Calculate the deviation from 
the programmed gain relative 
to GRAE, 
i.e. GRAGE= G actu~- G oroo - GRAE 

Measure Loudspeaker Gain 
over the range from Maximum 
to minimum setting. 
Calculate the deviation from 
the programmed gain relative 
to GRAL, 
i.e. GRAGL = G actual- G prcq - GRAL 

Measured relative to G RA. (LS 
and VFr) 
GR =Maximum Gain 

Measured relative to GRA. (LS 
and VFr) 
GR = Max1mum Gam 

Relative to 1015,625 Hz, 
multilane test technique used. 
min. gain < GR < Max. gain 

f =200Hz 
f = 300 Hz to 3000 Hz 
f =3400Hz 
f =4000Hz 

Sinusoidal Test Method 
Reference Level = -10 dBmO 
DR= 0 dBmO to +3 dBmO 
DR= -40 dBmO to 0 dBmO 
DR= -50 dBmO to -40 dBmO 
DR= -55 dBmO to -50 dBmO 

Sinusoidal Test Method 
Reference Level = -1 0 dBmO 
DR= 0 dBmO to +3 dBmO 
DR= -40 dBmO to 0 dBmO 
DR= -50 dBmO to -40 dBmO 
DR= -55 dBmO to -50 dBmO 

Min. Typ. Max. Unit 

-0.3 0.3 dB 

-0.6 0.6 dB 

-0.5 0.5 dB 

-1.0 1.0 dB 

-0.1 0.1 dB 

-0.1 0.1 dB 

-0.3 0.3 dB 
-0.3 0.3 dB 
-0.8 0.0 dB 

-14 dB 

-0.25 0.25 dB 
-0.25 0.25 dB 
-0.5 0.5 dB 
-1.5 1.5 dB 

-0.25 0.25 dB 
-0.25 0.25 dB 
-0,5 0.5 dB 
-1.5 1.5 dB 
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ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

DXA Tx Delay, Absolute I= 1000Hz 320 340 (.IS 

DXR Tx Delay, Relative I = 500 · 600 Hz 225 245 (.IS 
I = 600 - BOO Hz 125 145 (.IS 

I = BOO - 1 000 Hz 50 70 (.IS 
I= 1000-1600 Hz 20 40 (.IS 
I= 1600-2600 Hz 55 75 (.IS 
I= 2600 - 2BOO Hz BO 100 (.IS 
I= 2BOO - 3000 Hz 130 150 1!5_ 

DRA Rx Delay, Absolute I= 1600Hz 252 270 (.IS 

DRR Rx Delay, Relative I= 500 - 1000 Hz 10 30 (.IS 
I= 1000-1600 Hz 30 50 (.IS 
I= 1600-2600 Hz 105 125 (.IS 
I= 2600 - 2800 Hz 135 155 (.IS 

I = 2BOO - 3000 Hz 185 205 (.IS 

NOISE 

Symbol Parameter Test Condition Min. Tvp. Max. Unit 

NXC Tx Noise, C weiqhted VMie= OV 16 dBrnCO 

NXP Tx Noise, P weighted VM!e= OV -70 dB mOp 

NREC Rx Noise, C weighted Receive PCM code= Alternating 18 dBrnCO 
(Earpiece) Positive and Neqative code 

NREP Rx Noise, P weighted Receive PCM code = Posnive Zero -70 dBmOp 
(Earpiece) 

NRLC Rx Noise, C weighted Receive PCM code= Alternating 21 dBrnCO 
(Loudspeaker} Positive and Neqative code 

NRLP Rx Noise, P weighted Receive PCM code = Posnive Zero -67 dBmOp 
(loudspeaker) 

NRS Noise, Single Frequency VM!e = OV, Loop-around -50 dBmO 
measurament from I = 0 Hz to 
100kHz 

NTRO Recorder Noise, Pweighted VM!e= OV - -60 dBmp 
Receive PCM code =Positive Zero 

PPSRx Positive PSRR, Tx VM!e= OV, 
Vee= 5.0 Voe + 100 mVrms; 30 dB 
I = OHz to 50KHz 

PPSRp Positive PSRR, Rx PCM Code equals Positive Zero, 30 dB 
Vee= 5.0 VDC + 100 mVrms, 
measure VFr+ 
I = 0 Hz - 4 k-Hz 30 dB 
I = 4 kHz - 50 kHz 30 dB 

sos Spurious Out-Band signal at DR input set to 0 dBmO PCM 
the output code 

300 - 3400 Hz Input PCM Code 
applied at DR 
4600 Hz - 5600 Hz -40 dB 
5600 Hz - 7600 Hz -50 dB 
7600 Hz - B400 Hz -50 dB 
B400 Hz - 100 kHz -50 dB 

29/30 
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DISTORTION 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Smx Signal to Total Distort1on Sinusoidal Test Methode 
Smr (measured using C message 

weighting Filter) 
Level ~ 0 dBmO to - 30 dBmO 36 dBC 
Level~- 40 dBmO 29 dBC 
Level~· 45 dBmO 24 dBC 

SoFx Single Frequency Distortion 0 dBmO input signal -46 dB 
transmit 

SoFr Single Frequency Distortion o dBmO input signal -46 dB 
receive 

IMD lntermodulation Loop-around measurament -41 dB 
Voltage at YMIC ~ ·4 dBmO 
to -21 dBmO, 2 Frequencies in 
the range 300 - 3400 Hz 

CROSSTALK 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

CTx·r Transmit to Receive Transmit Level ~ 0 dBmO, -65 dB 
f ~ 300 - 3400 Hz 
DR~ QuietPCM Code 

CTr-x Receive to Transmit Receive Level ~ 0 dBmO, -65 dB 
f ~ 300 - 3400 Hz; YMIC ~ OV 

TAPE RECORDER 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

GmoRx Receive TRO Output DR~ OdBmO 220 245 275 mVRMS 

GmoTx Transmit TRO Output DX ~ OdBmO 220 246 275 mVRMS 

APPLICATION NOTE FOR MICROPHONE CONNECTIONS 

DIFFERENTIAL MODE SINGLE ENDED MODE MIXED MODE !REUERSIBLEl 

B.47uF B.47UF B.47uF 

~ 
MIC1+ 

~ 
MIC1+ 

MIC1- MIC1- ~ 
MIC1+ 

MIC1-

ST51388 ST51388 ST51388 

MIC2+ MIC2+ MIC2+ 

MIC2- MIC2- MIC2-
B.47uF B.47uF B.47uF 

t t 
ns2srseee-es 

The 4 connection modes (since the MIXED MODE is symmetrical with respect to MIC1 and MIC2) allow 
one microphone at a time to be selected via the Vs bit (bit 7 of Control Register CR4). 

30/30 
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SID-GCI : SIT INTERFACE DEVICE WITH GCI 

a SINGLE CHIP 4 WIRES 192kb/s TRANS
CEIVER FULLY COMPLYING WITH CCITT 
1.430 

a ISDN BASIC ACCESS HANDLING 144kb/s 
2B + D TRANSMISSION 

a GCI COMPATIBLE INTERCHIP INTERFACE 
a EXCEEDS 1.430 RANGE : AT LEAST 1.5KM 

POINT-TO-POINT AND 200M POINT-TO
MULTIPOINT 

a ADAPTIVE AND FIXED TIMING OPTIONS 
FOR NT 

a CLOCK RESYNCHRONIZER AND DATA 
BUFFERS FOR NT2 

a PROGRAMMABLE S1 AND Q CHANNELS 
HANDLING ACCORDING TO US ANSI 
STANDARD FOR LAYER 1 MAINTENANCE 

., EASILY INTERFACEABLE WITH ST5451 
HDLC & GCI CONTROLLER AND ANY 
OTHER GCI COMPATIBLE DEVICE 

DESCRIPTION 

The ST5421 (SID-GCI) is a complete monolithic 
transceiver for data transmission on twisted pair 
subscriber loops. It is built on SGS-THOMSON 
HCMOS 3A double metal advanced process, and 
requires only a single + 5V supply. All functions 
specified in CCITT reccommendation 1.430 for 
ISDN basic access at the 'S' and 'T' interfaces 
are provided, and the device can be configured to 
operate either in TE (Terminal Equipment), in 
NT1 or NT2 (Network Termination) or in PABX 
line-card device. 

GCI interchip interface highly enhances device 
connection effiency by multiplexing controls and 
data on the same bus and requiring only 4 pins. 
ST5421 implements all the GCI standard func
tions for Monitor and Control/Indicate channels, 
supporting up to 8 GCI peripherals in multiplexed 
mode. 

As specified in 1.430, full-duplex transmission at 
192kb/s is provided on separate transmit and re
ceive twisted wire pairs using inverted Alternate 
Mark Inversion (AMI) line coding. Various chan
nels are combined to form the 192kb/s aggregate 
rate, including 2 'B' channels, each of 64kb/s, and 
1 'D' channel at 16kb/s. In addition, multiframe 

Apri11992 

DIP20 

PIN CONNECTION 

LO+ 
LO
FSa 

Vee 
MCLK/XTAL 

XTAL2 
Bx 

OEN 
BCLK 

Br 

nags T542 1- B4 

ADVANCE DATA 

LI+ 
LI-

LSD-
GND 
MB 
RST 
58/BCL/BUS 
S2/M1 
PCKO/CLK 
S1/FSb 

transmission is provided in a switchable process
ing mode based on United State ANSI standard 
for Layer 1 maintenance. 800 bills message 
oriented data transmission is supported by 81 
and Q channels. 

All 1.430 wiring configurations are supported by 
ST5421 including passive bus for TE's distributed 
within 200 meters, and point-to-point and point-to
multipoint extended up to at least 1500 meters 
(24 AWG cables). Adaptive receive signal pro
cessing enables the device to operate with low bit 
error rate on any of the standard types of cable 
pairs commonly found in premise wiring installa
tions when tested with the noise sources speci
fied in 1.430. 

Far-end Clock Resynchronizer automatically se
lected, data buffer and slave-slave mode allow 
design of NT2 trunk-card connected to several T 
interfaces. 

1/26 
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ST5421 

PIN DESCRIPTION 

Name Number Description 

GND 17 Ground Reference Voltage. all analog and digital signals are referenced to this pin. 

Vee 4 Positive Power Supply Input 5V ( + 5%) relative to GND 

Master Clock or Crystal Oscillator Input: this pin requires either a 15.36MHz crystal 
(parallel resonant w1th Rs < 100 Q ) to be tied between th1s pin and XTAL2 or a 

MCLK/XTAL 5 
logic CMOS level 15.36MHz clock from a stable source. When usmg a crystal, a 
total of 33pF load capacitance to GND must also be connected. In NT 
conf1gurat10ns. MCLK clock input doesn't need to be synchronous w1th the 
Network Reference Clock (FSa). 

XTAL2 6 
Crystal Oscillator Output. This pin should be connected to one end of the 
15.36MHz crystal, otherwise is not connected. 

Bit Clock: this signal determmes the data shift rate at GCI. Data is shifted-in on Bx 
and shifted-out on Brat half the BCLK frequency. When NT/TES mode is selected. 

BCLK 9 
BCLK is an input which does not need to be synchronous with the Master Clock 
input (MCLK). 
When TEM is selected, BCLK is an output at frequency of 1536kHz. This clock is 
phase locked to the receive line signal and synchronous with FSa output. 

Frame Synchron1zat1on Clock: 8kHz clock wh1ch defmes the start of the frame on 

FSa 3 
the GCI slave (NT/TES) Fsa is an mput used as a network reference clock for SIT 
line. In GCI master (TEM) is an output applicable as a validation strobe for the first 
B channel. 

81 if MD= 1; IS GCI channel number selection. 
81/F8b 11 F8b if MO = 0 and M1 = 0 (TEM): is a data strobe indicating the active slot for the 

second B channel on the GCI. 

Bx 7 Digital Input for GCI Channels: data to be transmitted to S line is shifted-in at half 
the BCLK frequency on the 2nd falling edge. 

Digital Output for GCI Channel (OPENDRAIN): data IS shifted-out at half the BCLK 
Br 10 frequency on the transmit rising edges of BCLK. 

An external pull-up resistor IS needed. 

DEN in TEM mode: is an output, normally low, that pulses high to indicate the 
active time slot for D channel data at the Bx input. It is intended to be gated with 

DEN 8 BCLK to control the D channel shifting from a layer 2 device (i.e. ST5451) to 
8T5421 transmit buffer. Using ST5451 HDCLIGCI controller, no external CirCUitry 
is needed. 

_____________ &ro ~~~;~~::~~:: ____________ 3_126 
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PIN DESCRIPTION (continued) 

Name Number Description 

PCKO IN TEM, L T/NT2, NT1 mode: 32 kHz clock output synchromzed to GCI 
clocks. It rs mtended to synchromze DC/DC converter m TEM mode. 

PCKO/CLK 12 
CLK m TES mode: rs a clock signal open drain output phased-locked to the 
recerve S line srgnal and applicable as far-end clock reference. Its frequency is 
1536kHz compatible with 768kbrt/s GCI data rate. An external pull-up resistor is 
needed 

MO = 0: GCI mode selectron, Trme slot Assrgner is selected on GCI channel 0. 
MO 16 MO = 1. GCI in a multiplex mode; SO, S1, S2 prns define the GCI channel number 

allocated to ST5421. TES/NT2 selectron rs done wrth the configuratron regrsters. 

S2/M1 13 
S2 if MO = 1: GCI channel number selection. 
If MO = 0; M1 = 0: TEM selected, M1 = 1: NT1 selected. 

SO if MO = 1; GCI channel number selection. 
BCL rn TEM; brt clock output at 768kHz compatrble wrth COMBO families 

SO/BCLIBUS 14 ETC5054/57. 
BUS rn NT1; S Bus Confrguration Selectron: low for frxed trmrng recovery and high 
for adaptrve trmrng recovery. 

RST 15 
Reset Prn: must be low at Power On Reset; after, a high pulse on thrs prn reset 
ST5421 rna state dependrng on the other confrguration pins. 

Line Signal Detect: open drain output, normally hrgh rmpedance, pulling low when 

LSD- 18 
SID-GCI is powered down and an S line signal is detected. 
It is applicable to wake up a microprocessor from a low power idle mode 
LSD- output goes back to high impedance when ST5421 is powered up. 

Transmit AMI signal drfferentral outputs to the SIT line transformer, when used 
LO+, LO- 1,2 wrth an appropriate 2:1 step down transformer, the line signal conforms to the 

output pulse masks rn CCITT 1.430. 

Receive AMI signal inputs from the SIT line transformer. They should be 
Lr,u+ 19,20 connected to an appropriate 1 :2 or 1 :1 transformer through a line coupling circuit 

to conform I 430 recommendation. Lr pin is also the internal voltage reference pin. 

Table 1: Pin configurations 

TERMINAL 
r::-::--:---:--, i 

s 

NETWORK 
TERMINAL TERMINATION 2 ,-

.----, 

TEM LT/NT2!1l TES ( 1) 
MB i-B i·1 i·1 

DEN o-DEN 
S2/M1 i·M1·B i-S2 i·S2 

51/F5b o·F5b i-51 i-51 
SO/BCL/BUS o-BCL i-SB 1-se 

PCKO/CLK O•PCKO O•PCKO O•CLK 

,-

NETWORK 
TERMINATION 1 

NETWORK 
TERMINATION 1 

==-=-..., 

NT1 
t=B 

i·M1·1 
Not used 

i-BUS 
O•PCKO 

"8!1ST542t-B6 
(11 differentiation between TES •md LT/NT2 is done by register programming. 

Default value after reset is LT/NT2 in adaptive timing recovery configuration. 

_4,_26'------------- b. yo ~~~;~~W:oo~E~ -------------
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FUNCTIONAL DESCRIPTION 

POWER OF INITIALIZATION 
Following initial application of power, SID-GCI 
enters the power down de-activated state. 
RST input must be tied low during power-on. 
After Power on reset, all the internal 1.430 circuits 
including the master oscillator are inactive and in 
a low power state except for the line signal detec
tion circuit. 

After any period of activity a high pulse on RST 
reset completely SID-GCI. 

Configuration mode programming of SID-GCI is 
done by means of pins polarization and register 
programming. 
NT1 and TEM modes are defined only by means 
of 2 configuration pins MO, M1 at Power On 
Reset. 
For NT2 and TES modes (M0=1 ), configuration 
has to be completed by means of a Control In
struction on Monitor channel prior a Power Up in
struction. 

POWER UP/DOWN CONTROL 

When TEM configuration is selected, ST5421 pro
vides GCI Clocks needed for control channel 
transfer. Power Up instruction is directly provided 
by pulling low the Bx data input. SID-GCI then 
reacts sending GCI clocks. LSD- output pin can 
be directly connected to Bx data input for provid
ing an automatic Power up when far-end attempts 
to activate. 
After a period of activity, Power down state is nor
mally re-entered by C/1 control code DC (1111) 
while ST5421 is sending C/1 indication code DP 
(0000); then ST5421 send twice C/1 indication 
code Dl(1111) before to power down. 
It is possible to force immediately power down 
state by using PDN (0001) C/1 control code. 
When NT1 configuration is selected, ST5421 is 
powered up directly by receiving GCI clocks on 
BCLK and FSa input from the "U" device. The 
only way to power down ST5421 is to stop BCLK 
or FSa clock signal inputs. 
For example PDN (0001) C/1 control code has no 
effect. 
When NT2 or TES configuration is selected, SID
GCI is powered up by the PUP code (0000) on 
C/1 Control Channel. After a period of activity, 
Power down state is normally reentred by C/1 con
trol code DC (1111) while ST5421 is sending C/1 
indication Dl(1111 ). 
It is possible to force immediately Power down 
state by using PDN (0001) C/1 control code. In 

ST5421 

NT1, NT2 or TES mode, loss of GCI clocks auto
matically forces the power down state. 

POWER UP/DOWN STATE 

Following a period of activity in the power up 
state, power down state may be re-entered as 
described above. Configuration Registers remain 
in their current state. They can be changed by the 
GCI Monitor channel. 

The power down transition disables analog and 
1.430 circuitry, stops the Crystal Oscillator and all 
the clocks internally generated. Line Signal De
tector Circuit remains active allowing LSD-pin to 
pull low if a receive signal is detected. 
Power up transition enables all analog and 1.430 
circuitry, starts the Crystal oscillator and reset the 
state machine to the de-activated state. It also in
hibits LSD-output. 

LINE CODING AND FRAME FORMAT 
For both directions of transmission, Alternate 
Mark Inversion (AMI) coding with inverted binary 
is used, as illustrated in figure 1. 
This coding rule requires that a binary ONE is 
represented by a 0 current high impedance out
put, whereas a binary ZERO is represented by a 
positive or negative-going 100% duty cycle pulse. 
Normally, binary ZEROs alternate in polarity to 
mamta1n a d.c. balanced line signal. 
The frame format used in SID-GCI follows CCITT 
reccommendation in 1.430 and illustrated in figure 
2. Each complete frame consists of 48 bits, with a 
line bit rate of 192kbit/s, giving a frame repetition 
rate of 4kHz. A violation of the AMI coding rule is 
u~ed to indicate a frame boundary, by using a 0+ 
b1t followed by a 0- balance bit to indicate the 
start of a frame, and by forcing the first binary 
zero following the balance bit to be of the same 
polarity as the balance bit. 

In the Network Termination (NT) to Terminal 
Equipment (TE) transmission direction, the frame 
contains in addition to the 2B+D basic access 
data, an echo channel, the E bit, which is used to 
retransmit the D bits that are received from the 
TE (s), and three extra channels: FA, M and S bit. 
In the TE to NT direction, the frame contains in 
addit!on to the 2B + D data, an extra channel, the 
FA b1t. 
FA, M and S bits are used to set up a Q multi
frame channel in the TE or NT direction, and a 81 
multiframe channel from NT toTE. These 800bit/s 
message oriented channels are structured on the 
base of the United States ANSI standard specifi
cation for layer 1 maintenance. 

----------- ,,..'/ SGS·niOMSON __________ 5.:._12_6 
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Figure 1: Inverted AMI Line-coding Rule. 

BINARY 
VALUES B 

AMI 
LINE 

SIGNAL 

Figure 2: Frame Format 

1 B B 1 1 B B B 1 
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LINE TRANSMIT SECTION 
The differential line driver outputs LO+ and LO
are designed to drive a suitable transformer with 
an external termination resistor. A 2:1 transfor
mer, results in a signal amplitude of 750mV on 
the line which meets the 1.430 pulse shape for all 
the loads specified. 
When driving a binary 1 symbol, the output pres
ents a high impedance in accordance with 1.430. 
When driving a 0+ or 0- symbol, the voltage 
limited current source is turned on. 

Short protection is included in the output stage. 

Overvoltage protection is required externally. 
Depending on TE or NT selected configuration, 
192kbit/s data is transmitted on LO+,LO- by 
means of clocks respectively locked on the far
end received bit and frame clocks recovered from 
the line with two bit delay between transmit and 
receive frame, or locked with a fixed delay on the 
Frame Sync signal received from FSa input. 

LINE RECEIVE SECTION 
The receive input signal should be derived via a 
1:1 a or 1 :2 transformer of the same type used for 

_61_26 ____________ L.,1 ~~~~m~lir::~?~ ____________ _ 
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the transmit direction.At the front end of the re
ceive section is a continuous filter which limits the 
noise bandwith. To improve the protection of the 
line interface and to comply with the receive input 
impedance spec even if power is lost, it is 
necessary to add 3 external resistors between the 
receive transformer and the LI+/LI- pins. 
To correct pulse attenuation and distorsion 
caused by the transmission line in point-to-point 
and extended passive bus applications, an adap
tive equalizer enhances the received pulse 
shape, thereby restoring a "flat" channel response 
with maximum eye open1ng over a Wide spread of 
cable attenuation characteristics. 

This equalizer is always enabled when either TE 
or NT mode adaptive sampling is selected, but is 
disabled for NT short passive bus applications, 
when NT mode fixed sampling is selected. 
An adaptive threshold circuit maximizes Signal to 
Noise ratio in the eye at the detector for all loop 
conditions. 
A DPLL (Digital Phase-Locked Loop) recovers a 
low-jitter clock for optimum sampling of the re
ceived symbols. 
The MCLK input provides the reference clock for 
the DPLL at 15.36MHz. 

When the device is powered down, a Line Signal 
Detect circuit, able to discriminate a valid line sig
nal from noise, is enabled to detect the presence 
of incoming data. LSD-output pulls low to wake 
up the equipment. 

GCI INTERFACE 

General Description 
GCI interface is an European standardized inter
face to connect ISDN dedicated components in 
the different configurations of equipment as Ter
minals, Network Terminations, PBX, etc ... 
In Terminal Equipments, this interface allows con
nection between SID-GCI and an associated 
ST5451 HDLC&GCI Controller used for 16kbit/s 
D channel processing and SID-GCI control. 
64kbit/s B1 and B2 channels are transferred on 
GCI interface providing direct connection for B 
channel processing peripherals like Programm
able ISDN COMBO ST5080 or extra ST5451 con
trollers. 

ST5421 

In NT2 or PBX line card, GCI interface permits 
connection of up to 8 SID-GCI onto a common 
serial multiplexed bus. Each SID-GCI is assigned 
to one GCI channel selected by hardware con
figuration. 

Figure 3 shows the Frame structure of a GCI 
channel. One GCI channel is structured in four 
subchannels: 

- B1 channel 8 bits 
- B2 channel 8 bits 
-Monitor (M) channel 8 bits 
- SC channel which is structured as follows: 

D channel 2 bits 
C/1 channel 4 bits 
A bit associated with M channel 
E bit associated with M channel 

B1 ,B2 and D channels are used to transfer 2B + 
D basic access data. 

M channel is used to read and write multiframe 
S1 and Q channel messages and to configurate 
SID-GCI. Protocol for byte exchange on the M 
channel uses the E and A bits. 

C/1 (Control/Indicate) channel is used to ex
change "real time" primitives between the SID
GCI and the Controller as Activation/Deactivation 
codes. 

Physical Description 
The interface consists of 4 wires: 

Input Data: Bx 
Output Data: Br 
Bit Clock: BCLK 
Frame Synchronization: FSa 

Data is synchronized by BCLK and FSa signals. 
The latter insures reinitialization of a time slot 
counter at each frame beginning. Its nsing edge is 
the reference for the first bit of the first GCI chan
nel. Data is transmitted in both directions at half 
the BCLK frequency, on the rising edge of BCLK 
and is sampled 1.5 period after the transmit rising 
edge. Unused channels are high impedance. 

In NT2 or PABX equipments, up to 8 GCI chan
nels (32 bits each) may be multiplexed on Bx and 
Br links used as a serial bus for several devices. 
The channel number selection is made by pro
gramming pins SO,S1 and S2 according to the fol
lowing rules: 

S2 S1 so Channel Number Times lots 
0 0 0 0 0-3 
0 0 1 1 4-7 
0 1 0 2 8- 11 
0 1 1 3 12- 15 
1 0 0 4 16- 19 
1 0 1 5 20-23 
1 1 0 6 24-27 
1 1 1 7 28-31 
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Figure 3: GCI Interface Structure 

GCI CHANNEL 0 GCI CHANNEL 1 GCI CHANNEL 7 
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Bx 
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FSa 

BCLK 

BCLK frequency may be any value between 512 
and 6176kHz. 
In TEM and NT1 configurations, the first GCI 
channels is automatically selected. 

In TEM configuration, due to SID-GCI recovery 
circuitry, a low jitter should be provided on FSa 
and BCLK clocks. FSa and BCLK are always in 
phase. The maximum value of jitter amplitude is a 
step of 65ns at each GCI frame (125!ls). The 
maximum high frequency jitter amplitude is 130ns 
pk-pk. 

For applications such as the network side of an 
NT2, eg, a PABX trunk card, TES mode allows 
the transmission side of SID-GCI to be a slave to 
the received frame timing while GCI is also in 
slave mode Elastic buffers which allow any phase 
relationship between FSa and 1.430 frames and a 
clock resynchroniser circuit absorb jitter and low 
frequency wander up to at least 1811s pk-pk at fre
quencies below 1OHz. 

Exchange Protocol on the C/1 channel 

Exchange of information in the C/1 channel runs 
as follows: 
Two devices connected on a GCI channel send 
each other a permanent four bit command code 
in the C/1 field. The same code is sent at a 8kHz 
frequency as long as the content of the internal 
C/1 register remains unchanged. 
When a change of C/1 the command is initiated 
that is recognized by SID-GCI if detected in two 
consecutive frames. 

82 

82 

M D en AE 81 82 M D en AE 

M D en AE 81 82 M D en AE 

ST5421 will interpret the new code and send the 
corresponding control instructions on the S line or 
switch a local function as long as the correspond
ing action is required. 
An information change received from the S line or 
a local status change of SID-GCI set a new indi
cation code on the C/1 channel. The code is sent 
at least in 2 consecutive frames. 
Table 2 gives the C/1 codes meaning. C1 bit is 
first transmitted. 

Here after for each mode a list of recognized 
Control and Indicate codes is given. 

TEM mode: Control 

0000 (DR) : Deactivation Request 
In the Power Up state, DR instruction can be 
used as a Deactivation Request instruction to 
force transmission of INFOO on the S line. 

0001 (PDN) : Power Down Request. 
PDN instruction forces the device to the Power 
Down state after that Dl (1111) has been sent 
in two consecutive frames. 

1000 (AR8) : Activate Request Class 8. 
ARB instruction combines an Activation Re
quest, which initiates the Activation Sequence 
on the line, and a request to attempt to access 
the transmit D channel in the high priority class 
at the S interface after its complete activation. 
After activation of the S interface, AlB indication 
is sent by ST5421. D channel access attempt is 
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Table 2· C/1 Channel Coding 

Code TEM LT/NT2 TES NT1 

C1 C2 C3 C4 Ind. Com. Ind. 

0000 DP DR TIM 

0001 X PDN X 

0010 X X X 

0011 EOM X X 

0100 El X El 

0101 X X X 

0110 X X X 

0111 X X X 

1000 AP ARB AP 

1001 CON AR10 X 

1010 X ARL X 

1011 X X X 

1100 AlB X AI 

1101 Al10 X X 

1110 AIL X AIL 

1111 Dl DC Dl 

(x) codes reserved 

automatically processed for each HDLC frame 
to be transmitted without need for new Control 
Instruction. 
Except for code EOM, any further indication 
change on C/1 as CON or El deactivates D 
channel access attempt at the S interface. A 
new AR8 instruction is needed to restart the 
procedure. 
Note : A new AR8 instruction means that if the 
controller was already sending AR8, it has to 
change first the code sent to ie DC (1111) and 
after change again to AR8. 

1001 (AR1 0) : Activate Request Class 1 0. 
Same meaning as AR8 command but request
ing access to transmit D channel with low 
priority class. . 
After activation of the S Interface has been 
completed, Al10 indication is sent by SID-GCI. 

1010 (ARL}: Activate Request Loopback. 
ARL instruction operates a loopback of 28 + D 
channels from Bx input to Br output. It may be 
set when the device is either activated, in which 
case it is transparent (the composit~ signal i_s 
also transmitted to the line), or when 1t IS deacti
vated in which case it is non transparent. 
Any change from ARL to another C/1 command 
clears the loopback. 
When the complete loopback is activated, (AIL) 
code is sent by SID-GCI. 

1111 (DC) : Deactivation Control. 
DC instruction allows ST5421 to enter automat-

Com. Ind. Com. Ind. Com. 

PUP/DR DP PUP/DR TIM DR 

PDN X PDN X X 

X X X X X 

X X X X X 

X El X El Fl2 

X X X X X 

X X X X X 

X X X X X 

AR AP AR AP AR 

X X X X X 

ARL X ARL X ARL 

X X X X X 

Fl4 AI X AI Fl4 

X X X X X 

X AIL X AIL X 

DC Dl DC Dl DC 

ically the Power Down state if the S line_ is 
deactivated (DP sent by SJD-GCI). When S line 
is not deactivated, DC has no effect. 

TEM mode : Indication 
0000 (DP}: Deactivation Pending Indication. 
DP code indicates ST5421 is powered up and 
that no identified signal has been detected on 
the S line. DP indicatior. is sent when one of the 
following events occur: 
- Power Up has been completed and no signal 

is identified on the line, 
-after a period of activity, INFOO is detected on 

the S line, 
- the device being in status F4, F5, F6, F7 or, 

F8, a DR instruction is issued. 

0011 (EOM) : End of Message. 
EOM indicates that the closing flag of a D chan
nel message has been transmitted on S line in
dicating successfull completion of a packet 
sending. EOM is sent continuously until rec~lv
ing of a new AR8 or AR10 command or line 
status change. 
EOM code sending can be disabled via a Moni
tor channel instruction EID : (see table 3). 

0100 (EI}: Error Indication. 
El indicates that a frame loss of has been de
tected on S line ; is sent when one of the follow
ing events occur : 
- being in the F6 or F7 states, detection of a 
Joss of frame, (jump to F8). 

r== SGS·THOMSON ----------9-12-6 
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- being in the F7 state, receiving of INF02, 
(jump to F6). 

1000 (AP): Activation Pending. 
AP indicates that INF02 (or INF04) frames 
have been identified on the line. 
AP indication is sent when one of the following 
events occur: 
- being in F2 deactivated state, detection of 
INF02 or INF04. 
- being in the loss framing state FB, detection of 
INF02 

1001 (CON): Contention Indication 
CON is sent when, during transmission of a 
packet in the D channel, a received E bit does 
not match the last transmitted D bit, indicating a 
lost collision. 
D channel access attempt is deactivated at the 
S interface. A new ARB or AR1 0 instruction is 
needed to restart the procedure. 

1100 (AlB): Activation Indication Class B. 
AlB is sent when, following an ARB instruction, 
the S line is completely activated (state F7). 
The D channel access procedure is set in the 
high priority class B (or 9). 

1101 (AI10): Activation Indication Class 10. 
Al10 is sent when, following an AR10 instruc
tion, the S line is completely activated. The D 
channel access procedure is set in the low 
priority class 10 (or 11 ). 

1110 (AIL): Activation Indication Loopback. 
AIL indicates that the complete loopback re
quested by the instruction ARL is completed. 

1111 (DI): Deactivation Indication. 
Dl is sent at least in two consecutive frames 
when, being in the S line deactivated state (DP 
indication sent by SID-GCI) DC control instruc
tion is received on C/1 control channel. 
After that, SID-GCI is automatically powered 
down. 

TES mode : Control. 
0000 (PUP/DR) : Power Up Request/Deactiva
tion Request. 
When in Power Down, Power Up instruction 
powers up the device in the configuration pre
viously set. When in Power Up, PUP/DR can be 
used as a Deactivation Request instruction to 
force the transmission of INFOO on the line. 

0001 (PDN) : Power Down Request. 
PDN instruction forces the device to the Power 
Down state. 

1000 (AR): Activate Request. 
AR instruction initiates the Activation Sequence 
on the line. It is recommended that an AR be 

delayed at least 2ms after the PUP instruction. 

1010 (ARL) : Activate Request Loopback. 
Identical to TEM mode. 

1111 (DC) : Deactivation Control. 
DC instruction allows ST5421 to enter automat
ically the Power Down state if the S line is 
deactivated (DI sent by SID-GCI). When S line 
is not deactivated, DC has no effect. 

TES mode : Indication. 

0000 (DP) : Deactivation Pending. 
DP code indicates ST5421 has been just 
powered up and no signal has been identified 
on the line. 

0100 (EI): Error Indication. 
Identical toTEM mode. 

1000 (AP): Activation Pending. 
Identical to TEM mode. 

11 DO (AI) : Activation Indication. 
AI is sent when, following an AR instruction, the 
S line is completely activated in state F7. 

1110 (AIL): Activation Indication Loopback. 
Identical to TEM mode. 

1111 (DI) : Deactivation indication. 
Dl indication is sent when one of the following 
events occur: 

-After a period of activity, INFOO is detected 
on the S line, 

- the device beeing in status F4, FS, F6, F7 
or FB, DR instructions is issued. 

NT1 mode : Control. 

DODO (DR) : Deactivation Request. 
DR command forces ST5421 through the ap
propriate deactivation sequence where INFOO 
is sent on the line. The device remains in the 
Power Up state. Dl indication is sent. 

0100 (FI2): Force Info 2 
Being in the activated state G3, Fl2 instruction 
forces the appropriate sequence to send INF02 
on the line. If the S line is not completely acti
vated, Fl2 instruction has no effect. 

1000 (AR) : Activation Request. 
Being in the inactive Power Up state, sending 
INFOO, AR instruction forces SID-GCI through 
the appropriate sequence to send INF02 on the 
line. It is recommended that an AR instruction 
be delayed at least 2ms after setting the GCI 
clocks. 
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1010 (ARL): Activate Request Loopback. 
Identical toTEM mode. 

1100 (FI4): Force Info 4. 
An activation Request being in progress, Fl4 in
struction allows SID-GCI through the appropri
ate sequence to send INF04 on the line. 

1111 (DC) : Deactivation Control. 
DC instruction has no effect on SID-GCI. 

NT1 mode : Indication. 

0000 (TIM) : Timing Requested. 
Being in Power down state, the LSD- output is 
pulled low to indicate that the far-end is at
tempting to activate the S interface. The device 
requests GCI clock signals. Receiving of GCI 
clocks powers up the SID-GCI, LSD- is freed, 
and TIM code is sent on the C/1 channel. 

0100 (EI): Error Indication. 
El code indicates that a loss of frame has been 
detected on the S line, ST5421 being previously 
activated. 

1000 (AP): Activation Pending. 
AP code indicates that INF01 frames have 
been identified of the line. The device is waiting 
for an activate request to send INF02. 

1100 (AI): Activation Indication. 
AI code indicates that the S line is activated. 
That means it is receiving INF03. 

1111 (DI): Deactivation Indication. 
Dl code indicates S line is completely deacti
vated: the device can be powered down switch
ing off GCI clocks. 

1110 (AIL): Activation Indication Loopback. 
Identical toTEM mode. 

NT2 mode : Control. 
0000 (PUP/DR) Power Up Request/Deactiva
tion Request. 
When in Power Down state, PUP code powers 
up the device in the NT2 configuration pre
viously selected. When in Power Up state DR 
code forces the appropriate deactivation se
quence where INFOO is sent on the line. SID
GCI remains in Power Up state. 

0001 (PDN) : Power Down Request. 
Identical toTES mode. 

1000 (AR): Activation Request. 
After a PUP instruction, AR forces the appropri
ate sequence to send INF02 on the line. It is 
recommended that AR instruction is sent after 
receiving TIM indication .. 

ST5421 

101 o (ARL) : Activation Request Loopback. 
Identical to TEM mode. 

1100 (FI4): Force Info 4. 
An Activation Request being in progress, Fl4 in
struction puts ST5421 through the appropriate 
sequence to send INF04 on the line. 

1111 (DC) : Deactivation Control. 
The DC instruction allows to enter the power 
down state if the S line is deactivated. 
DC control has no effect if SID-GCI not sending 
Dl indication. 

NT2 mode: Indication. 

0000 (TIM) :Timing Requested. 
Being in Power down state, LSD- output is 
pulled low to indicate that far-end is attempting 
to activate the interface. SID-GCI requests GCI 
clocks followed by a PUP instruction. After re
ceiving, LSD- is freed and TIM is sent on C/1 
channel. 

0100 (EI) : Error Indication. 
Identical to NT1 mode. 

1 000 (AP) : Activation Pending. 
Identical to NT1 mode. 

1101 (AI): Activation Indication. 
Identical to NT1 mode. 

1110 (AIL) : Activation Indication Loop back. 
Identical to TEM mode. 

1111 (DI) : Deactivation Indication. 
The Dl code indicates that the S line is com
pletely deactivated. 

EXCHANGE PROTOCOL ON M CHANNEL 
Protocol allows a bidirectional transfer of bytes 
between SID-GCI and a Controller (for example 
ST5451) with an acknowledgement at each re
ceived byte. 

Write cycle. 
The Controller sends to ST5421 control instruc
tion(s) coded on a single byte. It is possible but 
optional to wnte several control instructions in a 
single message. Control instruction bytes are 
structured as defined in Table 3. 

Read cycle. 
When a new validated 81 or Q message is re
ceived from the line, the device send a single byte 
message as defined in table 4. If a new message 
is received from the S line before the previous is 
acknowledged by the controller end, this new 
message is lost. 
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Exchange protocol. 
The exchange protocol is identical for both direc
tions. 

The sender uses E bit to indicate that it is sending 
a M byte while the receiver uses A bit to acknow
ledge the received byte. 
When no message is transferred, E bit and A bit 
are forced to inactive state (i.e. high impedance). 
A transmission is initialized by the sender setting 
E bit in active state and sending the first byte on 
M channel in the same frame. Transmission of a 
message is allowed only if A bit received has 
been detected inactive in the last two frames. 
When the receiver is ready, it validates the re
ceived byte internally when it has been detected 
identical in two consecutive frames. Then, the re
ceiver set first A b1t from inactive to active state; it 
is the pre-acknowledgement, and maintain A bit 
active at least in the following frame, it is the ac
knowledgement. 
If validation is not possible, the two last bytes re
ceived not identical, the receiver abort the mess
age by setting A bit active for one frame only. 
A second M byte may be transmitted by the sen-

Figure 4: Monitor messaging 

der turning E bit from active to inactive state and 
sending the byte in the same frame. The E bit is 
set inactive for one frame only. If it remains inac
tive more than one frame, it is an end of mess
age. The second byte may be transmitted only 
after receiving the pre-acknowledgement of the 
previous byte (see timing diagram). 
The receiver validates the current received byte 
as for the first one and then set A bit in the next 
two frames first from active to inactive state (pre
acknowledgement) and from inactive to active 
(acknowledgement). If the receiver cannot vali
date (the two bytes received are not identical) it 
pre-acknowledges normally but let A bit in the in
active state in the next frame which indicates an 
abort request. 
If a message is aborted, ST5421 sends again the 
complete message until receiving acknow
ledgement. 
A received message is acknowledged or aborted 
without flow Control. 
Figure 4 gives the timing of a write cycle. The 
most significant bit of a Monitor byte is sent first of 
the M channel. E & A bits are active low and inac
tive state on Br is high impedance. 
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Table 3: Monitor Channel Instruction 

Functions Mnemonic 
Bit Number 

7 6 5 4 3 2 1 0 

Device Mode: 
NT Mode Adaptive Sampling n NTA 0 0 0 0 0 1 0 0 
NT Mode Fixed Sampling NTF 0 0 0 0 0 1 0 1 
TE Slave Mode (slave-slave) TES 0 0 0 0 0 1 1 0 
Monitoring Mode Activation MMA 0 0 0 1 1 1 1 1 
TE Master Mode TEM 0 0 0 0 0 1 1 1 

8 Channel Configuration: 
8 Channel Mapped D1rect (") 8DIR 0 0 0 0 1 1 0 0 
8 Channel Exchanged 8EX 0 0 0 0 1 1 0 1 
81 Channel Enabled(") 81E 0 0 0 1 0 1 0 0 
81 Channel Disabled 810 0 0 0 1 0 1 0 1 
82 Channel Enabled (•) 82E 0 0 0 1 0 1 1 0 
82 Channel Disabled 82D 0 0 0 1 0 1 1 1 

End of Messages Indication: 
EOM Indication Enabled n EIE 0 0 0 1 0 0 0 1 
EOM lnd1cat1on Disabled EID 0 0 0 1 0 0 0 0 

Multiframe Processing: 
Multiframe Disabled (•) MID 0 0 0 1 0 0 1 1 
Multiframe Enabled MIE 0 0 0 1 0 0 1 0 
D1sable Three Time Checkmg DIS3X 0 0 1 0 1 0 0 1 
Enable Three Time Checkmg (•) EN3X 0 0 1 0 1 0 0 0 
Write Multiframe Message MFT 0 0 1 1 M1 M2 M3 M4 

Loopback Test Mode: 
Clear Allloopbacks (•) CAL 0 0 0 1 1 0 1 1 
Loopback 81 on Line Enabled L81E 0 0 0 1 1 0 0 0 
Loopback 82 on Line Enabled L82E 0 0 0 1 1 0 0 1 
Loopback 28+D Enabled (1) L8S 0 0 0 1 1 0 1 0 
Loopback 81 on GCI Enabled LB81E 0 0 0 1 1 1 0 0 
Loopback 82 on GCI Enabled L882E 0 0 0 1 1 1 0 1 

(1) alternate command instrucbon to ARL (CA code), but Without any status •nd•cabon pend mg. 
(') 1mb a I state followmg Power on mitialization 

Table 4: Monitor Status Messages 

Functions Mnemonic 

Multiframe Receive Register MFR 

Monitor channel code description: 
Monitor channel code list is given in table 3 and 4. 

Device mode. 
NTA :NT mode Adaptive sampling. 
In NT mode, adaptive sampling should be se
lected when the device is an NT equipment con
nected on any wiring configuration up to the maxi
mum specified length for operation. Multiple 
Terminals, if required, must be grouped within ap
proximately 50 meters one from each other (de
pending on cable capacitance as indicated in 
_1.430). Transmit section of SID-GCI is phased 
locked to GCI FSa source. 

NTF : NT mode fixed sampling. 
In NT mode, fixed sampling should be selected 

. 
Bit Number 

7 6 5 4 3 2 1 0 

0 0 1 1 M1 M2 M3 M4 

when the device is in a NT equipment connected 
on a passive bus wiring configuration up to ap
proximately 200 meters in length depending on 
cable type. In this mode the receiver DPLL is dis
abled and sampling of the received symbols is 
fixed to enable multiple Terminals (nominally up 
to 8) to be connected anywhere along the passive 
bus. Transmit and Receive section is phased 
locked to GCI FSa source. 

TES : TE mode connected on the T interface. 
This mode should be selected when the device is 
used on the T interface side of an NT2 equip
ment. 1.430 circuitry operates as in TE mode but 
GCI interface is driven by BCLK and FSa sources 
providing a slave-slave configuration. 
Data buffers and a clock resynchronizer enable 
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the GCI to function with FSa and 8CLK jittering 
sources. No phase relationship is needed be
tween the line recovered clocks and GCI. 

A 1536kHz clock signal output phased locked to 
the Recevied line signal is delivered on CLK. 

CLK output signal is generated only when 
ST5421 if fully activated (state F7) and no clock 
signal is detected on that pin by the device during 
his own selected GCI channel. 
Otherwise CLK output remains high impedance. 

Note: CLK output is activated immediately on the first bit of the 82 
channel (GCI srde) and rsdeactrvated r mmedrately rf SID-GCIIeaves 
F7 state 

D channel access Control circuitry is disabled. i.e. 
D channel data at 8x input is continuously trans
mitted to the line; there is no monitoring of the D 
echo channel from the network direction. 

MMA : Monitoring mode activation. 
When ST5421 is configured in TE mode by 
means of pins MD, M1, the MMA instruction allow
s to receive and activate on INF03 frames, while 
remaining the master of GCI. That configuration 
can be used for applications such as monitoring 
the outputs of TEs on a passive bus. 
The received 28+0 can then be passively moni
tored (the line transmit LO+,LO- would not be 
connected). 

TEM : TE Master Mode. 
When ST5421 is in TE configuration by means of 
pins MD, M1, and in the Monitoring Mode Activa
tion by means of the instruction MMA, the TEM 
instruction set back SID-GCI in the normal TE 
Master mode. 

8 channels configuration. 

BDIR/BEX 81E/B1D 82E/82D 
8DIR and 8EX instructions provide for the ex
change of data between the 81 and 82 channels. 
(Note: when enabling a 8 channel in conjuction 
with the BEX command, channels is referenced at 
the CGI). 
When either or both 8 channels are disabled by 
means of the 81 D or 820 instruction, binary 1 are 
transmitted on the line regardless of 8x input 
while 8r output is in high impedance state. When 
enabled by means of 81 E and B2E instructions, B 
channel are transparently transmitted. 

End of message indication. 

EID/EIE 
C/1 channel End Of Message code sending can 
be enabled with instruction EIE and disabled by 
means of EID. 

Multiframe processing. 

MFT/MFR/MI E/MID 
In the Transmit direction, with the device in TEM 
or TES mode, data entered in bit positions M1, 
M2, M3 and M4 of instruction MFT is transmitted 
to the NT in multiframe bit positions 01, 02, 03 
and 04 respectively. With the device in NT mode, 
data entered in the M bit positions is transmitted 
to the TE in multiframe bit positions S1 1, S1 2, 
S13 and S14 respectively. In the Receive direc
tion, when the Multiframe receive data buffer re
quires servicing, the MFR (see table 4) status 
message is autonomously sent with M1, M2, M3 
and M4 bits representing 01, 02, 03 and 04 or 
sn, S12, S13 and S14 bits received from the 
multiframe respectively. 

Multiframe Structure and transmission protocol on 
the line comply with the ANSI US Standard 
T1.6D5.1989. "Basic Access Interface for S and T 
Reference points - Layer 1 specification". 
Multiframe message exchange can be supported 
by SID-GCI when the line is synchronized :states 
F6 & F7 in TEM or TES modes and state G3 in 
NT modes. 
The multiframe channel processing must be en
abled by an MIE instruction to use these chan
nels. 

DIS3X/EN3X 
When EN3X is set, a new Multiframe message re
ceived from the line is checked and transferred on 
the M channel when received three times identi
cal. 
When DIS3X is set, Multiframe messages are 
transferred tranparently every superframe. 

Loopback test modes 

CALILBS/LB1 E/LB2E/LBB1 E/LBB2E 
L81 E and L82E instructions turn each individual 
B channel from the line receive input back to the 
line transmit output. They may be set separately 
or together. 
L881 E and L882E instructions turn each individ
ual B channel from GCI input to the GCI output. 
They may be set separately or together. 
CAL instruction clears both loopbacks. 
It is not allowed to set or clear a L81, L82, L881 
or L882 loopback while a complete loopback is 
set by means of the C/1 instruction ARL. L8S can 
be used as an alternate command to ARL. 

Activation/Deactivation 

In NT configuration : 

After Power on initialization, ST5421 can be con-
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figured in NT1 or NT2 mode, by means of pins 
and register programming. In NT1, SJD-GCJ is 
powered up directly by receiving the GCI clocks 
on BCLK and FSa inputs. In NT2 mode, the de
vice is powered up by means of PUP code on the 
C/1 Control channel. 

Activation may be initiated from either end of the 
loop. 
To operate an activation from the Network, 
ST5421 must be first powered up by the appropri
ate procedure followed at least 2ms later by an 
AR instruction on the C/1 channel. Network timing, 

Figure 5: Activation Procedure in GCI mode, NT Selected. 

I GBB POYER OOYN I GB1 POIJER DDI.IN 
pending far-end aetivation 

IF Line Signal Detected 
SET LSD- •B 

JUMP to GB1 state 

I 
IF Pamer Up control SET 

Powers Up 

! 

SET TIM indicete 
JUMP to G1B etete 

G19 POioJER UP 
de-.,ctiveted 

I ~ 

IF Power Up control SET 
Pooere Up 

SET TIM indic,te 
JUMP to G19 e t" te 

I 
IF AR control SET IF INFOB received r. IF INFOB received IF INF01 received 

SEND INF02 
JUMP to G2 etate 

IF AR Control SET 
SEND INFD2 

JUMP to G2 e t.• te 

I 
IF INF03 lo 

FI4 Control SET 
SEHD IHF04 
JUMP to G4 

IF FI2 Control SET 
SEHD IHFD2 
JUMP to G2 

DC Control SET !. DC Control SET !. 
NT2 mode selected NT1 mode selected 

Powere Damn JUMP to G19 
JUMP to GBB 

IF DR Control SET IF INF03 reeeived 
SEND INFOB SET AI indicete 

SET DI indicete SENO IHF02 
JUMP to G19 JUMP to G3 

I pending ::t1vat1on I 
I 

IF not IHF03 
SET EI 

SEHO IHF02 
JUMP to G2 

G4 ACTI UATED 

IF loee of freme detected 
or if IHFOB reeeived 

SEHO IHF02 
SET EI indicete 

JUMP to G2 

SET AP indicate 
SET IHFOB 

JUMP to G11 et,te 

IF DR Control SET 
SEHO INFOB 

SET DI indic"te 
JUMP to G19 

IF DR Control SET 
SEHO IHFOB 

SET OI indicete 
JUMP to GiB 

I 
IF DR Control SET 

SEHD IHFOB 
SET DI indicete 

JUMP to G1B 
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FSa, BCLK and MCLK must be present at this 
time. When activation is initiated by the far-end, 
SID-GCI being in the Power Down state, a Line 
Signal Detector circuit pulls low LSD- pin, which 
can be used to wake up the system. A power Up 
procedure must be then be issued allowing identi
fication of received signal ie, INF01 or INF02. 
The appropriate procedure is then followed ac
cording to 1.430. 
1.430 recommends that 2 Timers should be avail
able in an NT. An Activation Request should be 
associated with the start of an external Timer 1 if 
required. Timer 1 should be stopped when the AI 
indication is generated following successful acti
vation. If Timer 1 expires before AI is generated, 
however, Control instruction DR should be written 
to the device to force deactivation. Timer 2 which 
is specified to prevent unintentional re-activation, 
is not required since ST5421 can uniquely recog
nize INF01 frames. 
Two extra codes are needed for NT1 application: 
Fl4 indicates to the SID-GCI that the U line is acti
vated and allows completion of activation by 
sending INF04. Fl2 indicates to SID-GCI that the 

U line has lost synchronization and requests 
sending of INF02. 

In TEM or TES configuration : 
After Power on initialization, ST5421 can be con
figured in TE or TES power down mode, depend
ing on pins and register configuration setting. In 
TEM mode, SID-GCI is powered up by pulling low 
the Bx input. SID-GCI reacts by sending GCI free
running clocks. In TES mode, the SID-GCI is 
powered up by means of the PUP code on the C/1 
Control channel. 
Activation may be initiated from either end of the 
loop. To operate an activation from the Terminal, 
the device must be first powered up by the appro
priate procedure followed at least 2ms later by an 
AR instruction on the C/1 channel. When activa
tion is initiated by the far-end, SID-GCI being in 
the Power Down state, a Line Signal Detector Cir
cuit pulls low the LSD- pin, which can be used to 
wake up the system. A Power Up procedure must 
then be issued allowing identification of received 
signal ie, INF02. The appropriate procedure is 
then followed according to 1.430. 

Figure 6: Activation Procedure in GCI mode, TE Selected 

IF BlC SET • B 
Powers Up 

SET DP indicate 
JUMP to F2 

IF INFDB received ~ 
ARI1l Control SET 

SEND INFD1 
JUMP to F4 

IF ARI1l Control SET 
SEND INFOII 
JUMP to F5 

IF Line Signal Detected 
SET LSD- ·B 
JUMP to F11 

F2 POWER uP 
deectiuated 

IF INFD2 or INFD4 received 
SET AP indicate 

SEND INFDB 
JUMP to F3 

IF INFD2 received ~ 
ARI1l Control SET 

SEND INFD3 
JUMP to F6 

F11 POWER DOWN 
pending far-end activation 

IF BlC SET • B 
Powers Up 

SET DP indicate 
JUMP to F2 

IF INFDB received ~ 
DC Control SET 

SET DI indicate ITEM onlyl 
Powers Down 
JUMP to F1B 

IF INFD4 received ~ 
ARI1l Control SET 

SET AII1l indicate 
SEND INF03 
JUMP to F7 

/189ST542t -88 
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Figure 6: Continued 

F4 FAR-END 
pend lng ac tlva tlon 

IF DR Control SET 
SET DP indicate ITEM onlyl 
SET DI indicate ITES onlyl 

SEHD IHFD9 

IF Line Slgnal Detected 
SEHD IHFOB 

JUMP to F2 

IF DR Control SET 
SET DP indicate ITEM onlyl 
SET DI indicete ITES onlyl 

SEND IHFDB 
JUMP to F2 

IF IHFOB received OR 
DR Control SET 

SET DP indicate ITEM onlyl 
SET DI indicate ITES onlyl 

SEHD IHF09 
JUnP to F2 

I 
IF INFOB received OR 

DR Control SET 
SET DP lndicete !TEn onlyl 
SET DI indicate ITES onlyl 

SEND IHFOB 
JUMP to F2 

IF INFOB received OR 
DR Control SET 

SET DP indicate !TEn onlyl 
SET DI indicate ITES onlyl 

SEHD IHFOB 
JUMP to F2 

FS IDENTIFVING 
pendlng actlvatlon 

IF IHF02 rece lved 
SEND INF03 
JUMP to F6 

F6 SYNCHRONIZED 
pending activation 

IF IHFDA received 
SET AII11 indicatD 

SEHD IHF03 
JUMP to F7 

F7 ACTIUATED 

IF INF02 received 
SET AP indicate 

SEND INF03 
JUMP to F6 

FB LOSS FRA11IHG 

IF INF02 received 
SET AP indicate 

SEND INF03 
JUMP to F6 

JUMP to FS 

IF IHF04 received 
SEHD IHF03 

SET AII11 lndicete 
JUMP to F7 

IF Lose of Fr.ame Detected 
SET EI indicate 

SEND IHFOB 
JUMP to FB 

I 
IF L01111 of Frame Detected 

SET EI lndlcete 
SEND IHFOB 
JUMP to FB 

IF INF04 received 
SET A Ill I lndlca te 

SEND INF03 
JUMP to F7 

111 AR means: AR, ARB or AR1B 11hll11 AI means: AI, AIB or AUB 
dspending on configuration 
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1.430 recommends that a Timer should be avail
able in a TE. An Activation Request to the SID
GCI should be associated with the start of an ex
ternal Timer 3 if required.Timer 3 should be 
stopped when the AI indication is generated fol
lowing successful activation. Timer 3 expires be
fore AI, AlB or Al1 0 is generated, however Con
trol instruction DR should be written to the device 
to force de-activation. 

D CHANNEL ACCESS IN TEM MODE 
A controller device requiring to start transmission 
of a packet on the line should first prepare the 
complete message such that the opening Flag is 
ready to be shifted accross GCI. A Control In
struction ARB or AR1 0 will initiate first the Activa
tion Sequence on the line until activation has 
been completed and then the D channel access 
sequence according to Priority Class 1 (signalling) 
or Priority Class 2 (Data packet) respectively. 
After line activation, AlB (or Al1 0) indication is 
sent from SID-GCI. Then, DEN output immedi
ately enables to prefetch the opening flag from 
the controller device into the SID-GCI D channel 
buffer. Meanwhile, the Priority Counter checks 
that no other TE connected to the S interface is 
transmitting in the D channel. This is assured by 
counting consecutive "1"s in the E bit position of 
frames received from the NT and comparing the 
value with the current priority level as specified by 
1.430. If another TE is active in the D channel, 
DEN pulses are inhibited once the Opening Flag 
is in the Transmit buffer to prevent further fetching 
of Transmit data from the Controller until D chan
nel access is achieved. 
As soon as the required number of consecutive E 
bit "1"s has been counted, the leading 0 of the 
opening flag is transmitted in the next D bit posi
tion to the NT. Then, DEN pulses are re-enabled 
in order to get new D channel bits. No other in
structions are necessary for local flow control be
tween controller and ST5421 . 
During transmission in the D channel, SID-GCI 
continues to compare each E bit with the D bit 
previously transmitted before proceeding to send 
the next. In case of mis-match, a contention for 
the previous D bit is assumed to have been won 
by another TE. Transmission of the current 
packet therefore ceases and "1 "s are transmitted 
in all following D bit positions. Status indication 
CON is sent to the controller on C/1 channel. DEN 
output pulses are again inhibited, and D channel 
access sequence is disabled. 
In order to retransmit the lost frame, the controller 

must begin as before sending a new ARB (or 
AR1 0) ; it has to change first the code sent (ie Dl) 
and after change again to ARB. Successful send
ing of a transmit frame is detected when the clos
ing Flag is transmitted in the D channel. "1"s are 
then transmitted in the following D bit positions. 
If enabled by the Control Instruction EIE, indica
tion EOM is sent to indicate the End of message. 
After sending of a transmit frame successfull, SID 
GCI will automatically perform a new D access 
sequence if it's still receiving ARB or AR1 0 com
mand on C/1 channel, otherwise no D access se
quence will be done until reception of ARB or 
AR10 command. 
Any indication change on the C/1 channel except 
EOM indicates deactivation of the D channel ac
cess sequence and a new ARB (or AR1 O) is 
needed to restart the procedure. 
Note: Users willing to control the D channel ac
cess, can use this procedure: 
Send ARB or AR1 0 until receiving DENx, then 
remove ARx command code and replace it by an 
another command (ie Dl that is equivalent to a 
NOP operation if the device is full_activated). At 
the end of a D frame EOM Indication is received 
(if EIE is set); when a new D message is pre
pared an ask for a new D channel access by ARB 
or AR10 can be sent. 
Users that want to discriminate consecutive D 
channel access with EOM Indication, are sug
gested to remove EOM Indication, between 2 D 
frames, to be able to separate the 2 messages 
EOM: With the following method: send ARB 
(AR10) continuously, until receiving EOM Indica
tion, then send ONCE ARB~ [0111) (AR10~ 
[011 0)) on C/1 channel and continue to send the 
previous code ARB (AR10); this ARB~ (AR10~) is 
a kind of EOM aknowledge: the device detect a 
'new' primitive ARB (AR1 0), stop EOM Indication 
and replace it by AlB or Al1 0 if ST5421 is still full 
activated. 
For application with automatic D channel access and 
wanting to change the priority class (B or 1 0) for D 
channel, they can use the following procedure: 
Assuming that the present D frame is priority 
class B and that the next D frame will be priority 
class 10, users can change ARB code to AR 1 0 as 
soon as they are sure that the present D frame is 
started, by controlling DENx, anticipating the next 
D messages before the closing flag of the present 
D frame. When the automatic D channel access 
will be performed for next D message, the D 
channel request will be done with the desired 
priority class. (see figure below). 

C/I Com: RRB ...... RRB, ...... , .. RRB RR19 RR19 .............. , .. , 
DENx 1111 Ill 111111111111111111111 Ill 

IStert D End D I 
+ - - - -present Fr!lme- - - --+ 

Priori ty·B 
nSB8T64Zt-tB 

INew D Freme 
+ - -Next 
Priori ty•1B 
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MULTIFRAME MAINTENANCE CHANNELS (81 
AND QWORDS) 
Each direction of transmission across the S inter
face includes a low-speed (800 b/s) channel for 
loop maintenance accessed via the monitor chan
nel of ST5421. A multiframe structure, consisting 
of 20 frames on the S interface, is used to syn
chronize these channels and convey messages 
coded into 4-bit words, see Table 5. One word is 
transmitted downstream (NT-to-TE) in the 81 
channel, and one word is transmitted upstream 
(TE-to-NT) in the Q channel every multiframe. 
When the device is in NT mode, the MIE com
mand enables both the transmission of the multi
frame identification algorithm (reversal of the 
FAIN bits every 5th frame and M bit set = 1 every 
20th frame) and enables the MFR message. The 
algorithm is present during INF02 and INF04 
frames. In TE modes this command only enables 
the MFR message since the device will always 
search for and synchronize to the multiframing 
identification bits if NT is sending them. In all 
modes, at the end of each multiframe the re
ceived 4-bit word is decoded to determine if it 

Table 5: Codes for Q and S1 channel messages 

NT toTE 

ST5421 

should generate an MFR interrupt immediately, or 
be stored until 3 consecutive multiframes have 
contained the same 4-bit word before a MFR 
message is generated. Table 5 lists the codes 
which are 3-times checked. Note, however, that 
no other action is taken by the ST5421 in re
sponse to received codes (e.g. loop-backs are not 
automatically implemented); the external control
ler must take the necessary action. This provides 
the freedom to implement maintenance functions 
without constrains from the device, and to utilise 
the unassigned codes for other functions. 
It is possible to disable the checking algorithm by 
setting DIS3X instruction on M channel. There, 
Multiframe words are transferred transparently on 
M channel. 
The MID command disables the transmission of 
the Multiframe identification algorithm in NT mode 
and disables the MFR message in both NT and 
TE modes. Both the MIE and MID commands can 
only be written to the device when it is deacti
vated (either powered-up or powered-down). The 
Multiframe Transmit Register should also be 
loaded with the appropriate "idle" messages, by 
means of an MFT instruction, prior to activation. 

TE to NT 

Message (1) Received at TE Number of Repetitions Received at NT Number of Repetitions 
Before M FR message 

S11 S12 S13 S14 (EN3X set) Q1 Q2 Q3 
Before M FR message 

Q4 (EN3X set) 

Idle (Normal) 0 0 0 0 3 1 1 1 1 3 

Loss-of·Power 
1 1 1 1 1 0 0 0 0 1 

Indication 

STP Pass 0 0 1 0 3 -- -- -- -- --
STF Fail 0 0 0 1 3 -- -- -- -- --
ST Request (3) -- -- -- -- -- 0 0 0 1 3 
STI Indication 0 1 1 1 3 -- -- -- -- --
DTSE-IN 1 0 0 0 1 -- -- -- -- --
DTSE-OUT 0 1 0 0 1 -- -- -- -- --
DTSE-IN & OUT 1 1 0 0 1 -- -- -- -- --
LB1 Request -- -- -- -- -- 0 1 1 1 3 
LB 1/lndicatlon 1 1 0 1 3 -- -- -- -- --
LB2 Request -- -- -- -- -- 1 0 1 1 3 
LB2/Indication 1 0 1 1 3 -- -- -- -- --
LB1/2Request (2) -- -- -- -- -- 0 0 1 1 3 
LB 1/21ndication 1 0 0 1 3 -- -- -- -- --
Loss-of-Received 

1 0 1 0 3 -- -- -- -- --
Signal Indication 

Unassigned All other codes 1 All other codes 1 

Notes: 
(1) No autonomous act1on 1s taken by ST5421 1n response to received messages. Where appropriate, the external controller must respond w1th 
a command or other act1on. . 
(2) The code "0011" w1ll be recewed by an NT1 when the LB1 and LB2 requests are transmitted by two d1fferent TEs (NT2s) on a Pass1ve Bus. 
(3) The code "0001" will be received by an NT1 when ST Request and any other code (except LP) is sent simultaneously by two or more TEs 
on a Passive Bus 
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ST5421 

ABSOLUTE MAXIMUM RATINGS 

Parameter Value Unit 

Vee to GND 7 v 
Voltage at Bx, Br Vee+ 1 to GND- 1 v 
Voltage at any Digital Input (except Bx) Vee+ 1 to GND- 1 v 
Current at any Digital Input (except Br) ±50 rnA 

Current at Lo ± 100 rnA 

Storage Temperature Range -65 to +150 oc 
Lead Temperature (soldering 10s) 300 oc 

ELECTRICAL CHARACTERISTICS (unless specified otherwise: Vee= 5V ±5%, TA = 0 oc to 70°C; 
typical characteristics are specified at Vee= 5V, TA = 25°C. All signals are referenced to GND). 

DIGITAL INTERFACE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

V1L Input Low Voltage All Digital Inputs 0.7 v 
V1H Input High Voltage All Digital Inputs 2.2 v 
VILX Input Low Voltage MCLK/XTAL input 0.5 v 
VIHX Input High Voltage MCLK/XTAL input Vee-0.5 v 
VoL Output Low Voltage 

Br: IL = 3.2 rnA 0.4 v 
All other Digital Outputs: IL = +1 rnA 

VQH Br: IL = 3.2 rnA 2.4 v 
Output H1gh Voltage All other Digital Outputs: IL = ±1 rnA 2.4 v 

All outputs, IL = 1 0011A Vee-0.5 v 
hL Input Low Current Any Digital Input, GND < VIN < V1L -10 +10 llA 

hH Input High Current Any Digital input, VIH < V1N <Vee -10 +10 llA 

loz Output Current in HIGH All Digital Tri-state 1/0s -10 +10 llA 
lm pedance (tri-state) 

LINE INTERFACE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Ru Differential Input GND < Ll+. Ll- <Vee 200 kQ 
Resistance 

CLLO Load Capacitance From LO+ to LO- 200 pf 

Vos Differential Offset Voltage Driving Binary Is, 220Q between LO+ and -20 
20 mV 

at Lo+> Lo- LO-

POWER DISSIPATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

I ceO Power Down Current All Outputs Open-circuit 850 llA 

Icc! Power Up Current Device Deactivated (Nolet) 16 rnA 

Note1: when the device IS acbvated and dnv1ng a correct terminated line, ICC1 Increases by several rnA. A worst case data pattarn, consisting 
of all binary O'S mcreases ICC! by apprximately 8mA. 
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ELECTRICAL CHARACTERISTICS (continued) 

TRANSMISSION PERFORMANCE • 

Symbol Parameter Test Conditions Min. Typ. Max. 

Transmit Pulse Amplitude Conform to all CCITT 1430 requirenents using the spec1fied transformer. 
(see transformer model) 

RL 220Q between Lo+ and Lo. ±1.4 ±1.6 

Transmit Pulse unbalance o+ reletive to a· +5 

Input Pulse Amplitude Differential between L1+ &L1- ±175 

MASTERCLOCK 

Symbol Parameter Test Conditions Min. Typ. Max. 

M CLK Frequency 15.36 

M CLK Frequency -100 100 
Tolerance 

MCLK Input Clock Jitter 50 

Timing Recovery Jitter BCLK Output Relative to MCLK at TE -130 130 

tMH, tML Clock Pulse width High Y1H = Vcc-0.5V, Y1L = 0.5V 20 
and Low of MCLK 

tMR, tMF Rise Time and Fall Time Used as a logical input 10 
of MCLK 

TRANSFORMER MODEL (all values are to be measured at 1OkHz) 

Min. Typ. Max. 

1:N Primary to Secondary Turn Ratio -1% 2 1 °/o 

R Primary Total DC Resistance 12 

Lp Primary Inductance 22 30 37.5 

Lm Primary Inductance with Secondary Shorted 16 20 

Cp Primary Capacitance with Secondary Open 25 

• Figure 9: Transmit & Receive Transformer Model 

J'+"F~~ 
a P 

SID LINE 

J(f,PF:. 

ST5421 

Unit 

Vpk 

% 

mVpk 

Unit 

MHz 

ppm 

ns 
pk-pk 

ns 

ns 

ns 

Unit 

Ohm 

mH 

mH 

pF 
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TIMING SPECIFICATIONS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

IDCDE Delay Time BCLK TE Mode only 30 ns 
High to DEN 
Transition 

IHCF Hold Time BCLK 0 ns 
Trans. to FSa 
Transition 

IRC. IFC Rise & Fall Time 15 ns 
BCLK 

twcH. BCLK width High & Low 60 ns 
IWCL 

ISFC Setup Time FSa High to 70 BCLK ns 
BCLK Low ·50 

IDCF Delay Time BCLK TE Mode only 30 ns 
High to FSa HIGH 

to co Delay Time BCLK 20 80 ns 
High to DATA Valid 

IDFD Delay Time FSa High Load 1 OOpF. Apply only if FSa rises later 80 ns 
to Data Valid than BCLK rising edge 

tocz Delay Time BCLK 50 120 ns 
Low Data Invalid 

tsoc Setup Time Data 30 ns 
Valid to BCLK Low 

IHDC Hold Time BCLK Low 20 ns 
to Data Invalid 

tocc Delay Time BCLK TE and TES side modes only 0 30 ns 
H1gh to CLK High 

Figure 10: GCI Mode 
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APPLICATIONS INFORMATION 

While the pins of ST5421 SID-GCI device are well 
protected against electrical misuse, it is recom
mended that the standard CMOS practise of ap
plying GND to the device before any other con
nections, should always be followed. In 
applications where the printed circuit card may be 
plugged into a hot socket with power and clocks 
already present, an extra long ground pin on the 
connector should be used. 
To minimize noise sources, all ground connec
tions to each device should meet at a common 
point as close as possible to the GND pin in order 
to prevent the interaction of ground return current
s flowing through a common bus impedance. A 
power supply decoupling capacitor of 0.15F 
should be connected from this common point to 
Vee as close as possible to the device pins. 

CRYSTAL OSCILLATOR 

The clock source for ST5421 may be provided 
with a commercially available crystal or an exter
nal clock source meeting the frequency require
ments as explained in the following sections. 

CRYSTAL SPECIFICATION 
ST5421 SID-GCI clock source may be either a 
quartz crystal operating in parallel mode or an ex
ternal signal source at 15.36MHz. The complete 
oscillator (crystal plus the oscillator circuit) must 
meet a frequency tolerance specification of 1 
1 OOppm total to comply with the CCITT 1.430 spe
cification for TE applications.The frequency toler
ance limits span the conditions of full operating 
temeprature range (commercial or industrial) and 
effects due to aging and part parameter variation
s. 
The crystal is connected between pin 5 
(MCLK/XTAL) and pin 6 (XTAL2), with a 33pF 
total capacitance from each pin to ground. The 
external capacitors must be mica or high-0 ce
ramic type. The use of NPO (Negative Positive 
Zero coefficient) capacitors is highly recom
mended to ensure tight tolerance over the opera
ting temperature range. The 33pF capacitance in
cludes the external capacitor plus any trace and 
lead capacitance on the board. Nominal fre
quency of 15.360MHz, frequency tolerance (accu
racy, temperature and aging) less than 1.60ppm, 
with Rs = 150, CL= 20pF, parallel mode, CO 
(shunt capacitance) 7pF.An external circuit may 
be driven directly from the pin XTAL2 (pin 6) pro
vided that the load presented is greater than 50K 
shunted by a total of 33pF of capacitance. Crystal 
oscillator board layout is critical and should be de
signed with short traces that do not run parallel 
when in close proximity (to minimize coupling be
tween adjacent pins). On multi-layered boards a 
ground layer should be used to prevent coupling 

ST5421 

from signals on adjacent board layers. Ground 
traces on either side of the high frequency trace 
also helps isolate the noise pickup. 

EXTERNAL OSCILLATOR CONFIGURATION 
An external 5V drive clock sourcxed may be con
nected to the MCLK (pin 5) input pin of ST5421. 
The nominal frequency should be 15.36MHz with 
a tolerance of 1 BOppm. The ST5421 SID pro
vides a load of about 7pF at the MCLK input pin. 

LINE TRANSFORMER REQUIREMENTS 

The electrical characteristics of the pulse transfor
mer for the ISDN "S" interface are defined to 
meet the output and input signal and the line iso
lation and characteristics as defined in CCITT 
reccommednation 1.430. The transformer pro
vides isolation for the line card or terminal from 
the line it lasi provides a means to transfer power 
to the terminalb over the S-loop via the "phantom" 
circuit created by center-tapping the line side 
windings. A transformer is used both at the trans
mit and the receive end of the loop. These notes 
specify the tolerances of a transformer that is em
ployed with ST5421 to meet the CCITT recom
mendation on output pulse mask and impedance 
requirements. 

LINE TRANSFORMER RATIO 
The transmit and th receive transformers can be 
the same (with a winding ratio of 1 :2) or option
ally, the receive transformer could have a trans
former ratio of 1 :1. The primary of the transformer 
is connected to the S loop while the secondary is 
connected to the device. 

EXTERNAL PROTECTION CIRCUITRY 

Precautions are to be taken to ensure that 
ST5421 SID-GCI is protected against electrical 
surges and other interferences due to electro
magnetic fields, power line faults and lightening 
discharge that may occur in the transmission me
dium. Protection circuits that are external to the 
device are recommended on both the primary and 
secondary sides of the line transformer. 

DC BIAS CAPACITORS FOR ANALOG REFER
ENCE 
Two decoupling capacitors (0.1!lF mica) and 
1 011F (electrolytic) are connected between pin 19 
of the device and its ground connection. These 
capacitors decouple the midpoint of a two-resistor 
potential divider (inside the device) and provide 
an internally buffered reference for the analog cir
cuitry. 
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ST5421 EXCEEDING 1.430 TRANSMISSION RE
QUIREMENTS 
This ST5421 is designed with the goal of substan
tially exceeding the transmission performance re
quirements as specified in the 1.~30. This is m~de 
possible in the ST5421 SID des1gn by employ1ng 
superior analog front end designs. For example, 
in the receive path, an analog prefiter removes 
<200kHz noise signals, which is then followed by 

an adaptive line equalizer to accomodate varying 
line conditions with superior performance. A con
tinuously tracking adaptive threshold circuit pro
vides the slicing levels for the detection circuits for 
correct interpretation of transmission bits even on 
long lossy loops. This implementation results in 
longer ranges of S interface cables compared to 
1.430 requirements. 

26/26 ~ SGS·THOMSON ------------=.=..:... ____________ ,.,.,, [1j]0@1ii1@"~"@1i"liil@lill0@$ 

278 



ST5451 

ISDN HDLC AND GCI CONTROLLER 

a MONOLITHIC ISDN ORIENTED HDLC AND 
GCI CONTROLLER. 

a GCI AND J..LW/DSI COMPATIBLE. 
a FULLY CONTROLLING GCI AND GCI-SCIT 

M & C/1 CHANNELS MANAGEMENT. 
a FULLY SUPPORTING LAPB AND LAPD 

PROTOCOL ON 8 OR D CHANNEL. 
a EASILY INTERFACEABLE WITH ANY KIND 

OF STANDARD NON MULTIPLEXED OR 
MULTIPLEXED BUS MICROPROCESSOR. 

a DMA ACCESS WITH MULTIPLEXED BUS J..LP 
a CAN HANDLE AND STORE AT THE SAME 

TIME TWO FRAMES IN TRANSMISSION 
(64bytes FIFO Tx) AND EIGHT FRAMES IN 
RECEPTION (64bytes FIFO Rx) 

a COMPATIBLE WITH ALL THE SGS-THOM
SON ISDN PRODUCT FAMILY. 

GENERAL DESCRIPTION 
ST5451 HDLC and GCI controller is a CMOS cir
cuit fully developed by SGS-THOMSON and dif
fused in advanced 1.2 J..Lm HCMOS3 technology. 
The device is intended to be used mainly in ISDN 
applications, in Terminal (TE) and in Line Termi
nations (L T). 
ST5451 can handle HDLC packets either on 
16Kbit/s D channel or 64 Kbit/s B channel; it can 
work with a wide range of PCM signals 
going from GCI (General Circuit Interface) to 
DSI (Digital System Interface) to any PCM-Iike 
stream. 
ST5451 is a complete GCI controller designed to 
comply with the GCI and GCI-SCIT (Special Cir
cuit Interface for Terminal) completely handling 
Monitor (M) and Command/Indicate (C/1) chan
nels. 
ST5451 can be easily controlled by many differ
ent kind of microprocessors or microcontrollers 
having either non-multiplexed or multiplexed bus 
structure. 
ST5451 can be used in connection with ST5420/1 
S Interface Devices (SID-J..LW and SID-GCI) and 
ST5080 Programmable ISDN Combo (PIC) in 
Terminals and with ST5410 U Interface Device 
(UID) in Line Terminations. 

September 1993 

ADVANCE DATA 

DIP28 S028 

ORDERING NUMBERS: 

ST5451N ST5451D 

PIN CONNECTION (Top view) 

CS/CE 
MULT 

AD/AS/ALE 
A1/I/Fi 

A2/REQR 
A3/ACKR 
A4/REQX 
AS/ACKX 

ST 

DEN 
CLK 
DIN 

FS 
Uss 

H89ST5451-84 

UDD 
R/W/WR 
E/DS/RD 
!NT 

D8/AD8 
D1/AD1 
D2/AD2 
03/AD3 
D4/AD4 
DS/AOS 
D6/AD6 
D71AD7 
RST 

DOUT 

1/32 
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BLOCK DIAGRAM 

Ucc USS 

PIN DESCRIPTION 

NAME 

cs 
-
INT 

MULT 

-
1/M 

DIN CLK 

STATUS 
REGISTERS 

FS'r'NC DOUT 

COMMAND 
REGISTERS 

MICROPROCESSOR 

DEN 

MUL T AB A1 A215 ST DB/7 
ALE I/M DMA AD9/7 

E R/W cs 
RD WR CE 

RESET 

lf89ST545t·85 

PIN TYPE FUNCTION 

1 I Chip Select. A low level enables ST5451 for read/write operations. 

Interrupt request rs asserted by ST5451 when rt request a service. 
25 0 

Open dram output. 

Multiplexed Bus. Indicates the J.LP bus interface selected. 
2 I MULT = 1: multiplexed bus and DMA available. 

MULT = 0: address and data bus separated. 

lntei!Motorola. When MUL T = 1 this pm selects erther Intel or 
4 I Motorola 6805 bus. 

2 _,_32 ____________ L..,l ~~~;m~'R:oo~~ -------------
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DEMULTIPLEXED MICROPROCESSOR BUS INTERFACE (MULT = 0) 

NAME PIN TYPE FUNCTION 

AO/A5 3-8 I Address Bus. To transfer addresses from llP to ST5451. 

DO/D7 17-24 1/0 Data Bus. To transfer data between llP and ST5451. 

R/W 27 I Read/Write. "1" indicates a read operation; "0" a write operation. 

E 26 I 
Enable. Read/wrile operations are synchronized with this signal; its 
falling edge marks the end of an operation. 

MULTIPLEXED MICROPROCESSOR BUS INTERFACE (MULT = 1 1/M = 1) 

NAME PIN TYPE FUNCTION 

ADO/AD7 17-24 1/0 
Address Data Bus. To transfer addresses and data between llP 
and ST5451. 

WR 27 I Wrile. This signal indicates a wnte operai!On. 

RD 26 I Read. This signal indicates a read operation. 

ALE 3 I Falling edge latches the address from the external AiD Bus. 

MULTIPLEXED MICROPROCESSOR BUS INTERFACE (MULT = 1; 1/M = 0) 

NAME PIN TYPE FUNCTION 

ADO/AD? 17-24 1/0 Address Data Bus. To transfer addresses and data between llP 
and ST5451. 

R/W 27 I Read/Write. "1" Indicates a write operation; "0" a write operation. 

DS 26 I Data Strobe. Read/Wnte operai!Ons are synchromzed with this 
siQnal: its falhnQ edge marks the end of an operation. 

AS 3 I 
Address Strobe. Falling edge latches the address from the external 
AID Bus. 

DMA (direct memory access): only when MUL T = 1 

NAME PIN TYPE FUNCTION 

DMA REO X 7 0 Direct Memory Access Requests: these outputs are asserted by 
DMA REO R 5 0 the device to request an exchange of byte from the memory. 

Direct Memory Access Acknowledge: these mputs are asserted by DMAACKX 8 I 
DMA ACK R 6 I the DMA controller to s1gnal to the HDLC conlroller that a byte 1s 

being transferred m response to a previous transfer request. 

GCIINTERFACE 

NAME PIN TYPE FUNCTION 

Data output for Band D channels. In GCI mode 11 outputs B1, 
Dour 15 1/0 82, M and C/1 channels. In TE mode (GCI-SCIT) 11 can mvertto 

input data for M' and C/1' channels (See Table 2). 

Data input forB and D channels. In GCI mode it inputs 81, B2, M 
DIN 12 1/0 and C/1 channels In TE mode (GCI-SCIT) it can invert to output 

data for M' and C/1" channels (See Table 2). 

CLK 11 I 
Data Clock It determmes the data shift rate for GCI channels on 
the module interface. 

Frame synchronization. This signal1s a 8kHz signal for frame 
FS 13 I synchronization. The front edge g1ves the t1me reference of the first 

bit in the frame. 

Data Enable. In TE mode, this pin is a normally low inpul pulsmg 

DEN 10 I 
high to indicate the active bit limes forD channel transmit at DOUT 
pin. lt1s intended to be gated with CLK to control the shifting of 
data from HDLC controller to S interface device. 

3/32 
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NON GCIINTERFACE 

NAME PIN TYPE FUNCTION 

Data output. Digital output for serial data. Three modes: 

DouT 15 0 
- HDLC Protocol multiplexed link 
- H DLC Protocol non multiplexed link 
-Non HDLC protocol (transparent Mode). 

DIN 12 I Data mput. Digital input for serial data. Three modes (See DouT). 

CLK 11 I Data Clock. It determines the data shift rate. Two modes: Single or 
double bit rate. 

Frame synchronization. Used in mode H DCL protocol multiplexed 
FS 13 I link. Don"! care in other modes. The nsing edge g1ves the 11me 

reference of the f1rst bit of the frame. 
DEN 10 I Data Enable. When high, enable the data transfer. on DouT 

OTHERS 

NAME PIN TYPE FUNCTION 

Voo 28 I Positive power supply = 5V ±5% 

Vss 14 I Signal ground 

RsT 16 I Reset 

ST 9 I Spec1al Test. (Reserved) must be tied to Vss 

2 - FUNCTIONS 

2- 1 -Basic HDLC Functions 

2- 1 - 1 -In Receive Direction: 

- Channel selection 
In GCI channel 81 or 82 or D may be selected. 
81 or 82 may be selected without M and C/1 
channels 

- Flag detection 
A zero followed by six consecutive ones and an
other zero is recognized as a flag 

- Zero delete 
A zero, after five consecutive ones within an 
HDLC frame, is deleted 

- CRC checking 
The CRC field is checked according to the gen
erator polynomial 

- Check for abort 
Seven or more consecutive ones are interpreted 
as an abort flag 

- Check for idle 
Fifteen or more consecutive ones are inter
preted as "idle" 

- Minimum lenght checking 
HDLC frames with less than n bytes between 
start and end flag are ignored: allowed 
values are 3 !> n !> 6. 

This value is set by a programmable register 

-Address Field recognition 
4 SAPI and/or 3 TEl may be recognized. Sev
eral programmable registers indicate the recog
nized address types. 

2 - 1 - 2 - In Transmit Direction: 

-Shift control in TE mode 
D channel data are signalled by DEN pin. 

-Flag generation 
A flag is generated at the beginning and at the 
end of every frame. 

-Zero insert 
A zero is inserted after five consecutive ones 
within an HDLC frame 

- CRC generation 
The CRC field of the transmitted frame is gener
ated according to the generator polynomial 

-Abort sequence generation 
An HDLC frame may be terminated with an 
abort sequence under microprocessor control 

- lnterframe time fill 
Flags or idle (consecutive ones) may be trans
mitted during the interframe time. A programm
able bit selects the mode. 

4/32 
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2- 2- FIFO Structure 
2- 2- 1 -Receive FIFO Structure 
In receive direction, a 64 byte FIFO memory is 
used. It is divided in 8 blocks of 8 bytes automat
ically chained. 

In case of a frame length of 64 bytes or less, the 
whole frame can be stored in the FIFO. After the 
first 32 bytes have been received 11P is inter
rupted and may read the available data. 

In case of frames longer than 64 bytes, the 11P is 
interrupted to read out the FIFO by 32 byte block. 

In case of several short frames, up to eight may be 
stored inside the FIFO. After an interrupt, one frame 
is available for the 11P. The eventual other seven 
frames are queued and transferred one by one. 

2 - 2 - 2 -Transmit FIFO Structure 
In transmit direction. a 64 byte FIFO memory is 

TABLE 1 - ST5451 Internal Registers 

Address Hexa Read 

ST5451 

used, structured in 2 blocks of 32 bytes. ST5451 
is requested to transmit after 32 bytes have been 
written into the FIFO. 

If a transmission request does not include a 
message end, the HDLC controller will request 
the next data block by an interrupt. 

2 - 3 - Microprocessor Interface 
Three types of microprocessor interfaces are 
available (MULT and 1/M control pins set the 
desired interface). 
- Motorola non multiplexed families. 
-Motorola multiplexed family (6805 type) 
-Intel family. 

You can connect ST5451 to a Direct Memory Ac
cess Controller as MC68440 or MC6450 (dual or 
quad channels). 
A programmable register indicates DMA Interface 
enabling. 

Write 

00 Receive FIFO Transmit FIFO 

1F 

20 ISTAO ISTAO 

21 ISTA1 ISTA1 

22 ISTA2 ISTA2 

23 STAR CMDR 

24 MODE MODE 

25 RFBC TSR 

26 CA CA 

27 CB CB 

28 cc cc 
29 CD CD 

2A CE CE 

28 CF CF 

2C CIR1 CIX1 

2D CIR2 CIX2 

2E MONR1 MONX1/0 

2F MONX1/1 

30 MONR2 MONX2/0 

31 MONX2/1 

32 MASKO 

33 - MASK1 

34 MASK2 

3E CCR CCR 

5/32 ------------- L.,l ~~~~m~::~~lt -------------
283 



1\) I"' co w 
.Po "' 

~ 
-~ .. en 
@• 

~;! 
~0 .. :a: @en 
~0 
~z 

CF REGISTER C/I N BKB/s 16KB/s S6KB/s 64KB/s C/I' N' cr· 

I 
TE 

MAS ccs CMS 
PI 

uz 
MSD1 RX RX 

/SSC /SC DOUT 
MSD9 TX TX RX TX DR ox RX TX RX TX RX TX RX TX TX 

X X X X X )( )( 9 RX ON DIN TX ON DOUT 
CONTINUOUS I 

MODE 
)( X a a X )( a 1 DIN DDUT 

X a a 1 X )( a 1 
DIN 

I 11 
DOUT 
111 

X 1 a 1 X )( a 1 
DIN DOUT 
121 121 

MUL TIPLEXEO 

X X 1 a X X a 1 DIN DDUT 
DIN DOUT 

NOH GCI MODE 
X a 1 1 )( )( a 1 

131 131 

X 1 1 1 X )( a 1 
DIN DDUT 
IAI 141 

1 1 a a a a/1 1 1 DIN DOUT DIN DDUT DIN DOUT 

1 1 9 1 a a/1 1 1 DIN 
DOUT 

DIN 
DOUT DOUT 

161 
DOUT DIN 

161 161 TERMINAL 

1 1 9 a 1 a/1 1 1 DIN DOUT OIH OOUT DIN DOUT 
ODUT OIN DOUT DIN GCI MODE 
151 lSI lSI lSI 10 MASTER! 

1 1 a 1 1 9/1 1 1 OIH 
OOUT 
161 

DIN OOUT 
DOUT DDUT DIN DOUT DIN DDUT 

DIN 
161 151 lSI 151 151 161 

1 B B B B B/1 1 1 DIN DOUT DIN DOUT 

1 B B 1 B B/1 1 1 OIN 
OOUT DOUT DOUT 
161 

DIN 
161 161 

TERMINAL 

1 B 9 B 1 B/1 1 1 DIN DOUT DIN DDUT DIN DOUT DIN DOUT 
GCI MODE 

DDUT DDUT DDUT 
ID SLAVE! 

1 B B 1 1 B/1 1 1 DIN DIN DIN DOUT DIN DDUT 
161 161 161 

1 X 1 B B B/1 1 1 DIN DDUT DIN DOUT 

1 B 1 1 B B/1 1 1 DIN DOUT 
DIN DDUT 
131 131 

1 1 1 1 B B/1 1 1 DIN DOUT 
DIN DOUT 

TERMINAL 
IAI 141 

GCI MODE 
1 X 1 B 1 9/1 1 1 DIN DOUT DIN DDUT DIN DDUT DIN DDUT 

DIN DOUT 
191 Ot" 92) 

1 B 1 1 1 B/1 1 1 DIN DOUT DIN DDUT DIN DOUT 
131 131 

1 1 1 1 1 B/1 1 1 DIN DDUT 
DIN DDUT 

DIN DOUT DIN DDUT 
IAI 141 

B X B X X 9/1 1 1 DIN DOUT DIN DOUT DIN DDUT 
REGULAR 

GCI MODE 

I 1 l FIRST BIT OF 16KB/S CHANNEL SELECTED 
121 SECOND BIT OF THE 16KB/S CHANNEL SELECTED THIS TABLE SHOWS THE USED CHANNELS ACCORDING TO THE CONFIGURATION OF THE CF 
131 LAST BIT OF THE 64KB/S CHANNEL SELECTED REGISTER AND THE PINS USED IDIH, DDUTI WHERE THE RECEIVERS RX AND THE 
141 SEVEN FIRST BITS OF THE 64KB/S CHANNEL SELECTED TRANSMITTERS TX GET DR PUT THE DATA 
151 TO INSURE THE EXCHANGING OF MESSAGES WITH THE OTHERS 

ST5451 PERIPHERAL DEUICES THE MASTER DEUICE USES THE C/l' AND M' CHAHNELS OH 
DIN PIN FOR THE OUTPUT SERIAL DATA DOUT PIN FOR THE IHPUT SERIAL DATA 

I 6 l OHLY THROUGH THE ACCESS PROCEDURE 
--
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3- REGISTER DESCRIPTION 

For all the register pictures MSB is on the left and 
LSB on the right 
If not otherwise stated bit are considered active at 1. 

FIFOS 

RFIFO (read), XFIFO (write). 

The address range of the two FIFOs are identical. 
All the 32 addresses give access to the "current" 
FIFO location. 

When the closing Flag of a receive frame is de
tected, a status byte is available in the RFIFO. 
This byte has the following format: 

I RBC I RDO I CRC I RAB I 0 I 0 I 0 I 0 I 
RBC Receive Byte Count. 

ROO 

The length of the received frame is n 
time 8 bits (n=3,4,5, ... ) 

Receive Data Overflow 
A part of the frame has not been lost 
because the receive FIFO was full 

CRC CRC Check 
The received CRC bytes were not correct 

RAB Receive Abort 
The received frame was not aborted 

A status byte equal to DOH indicates a correctly 
received frame 

ISTAO Interrupt Status Register 0 
After RESET 10H 

I RME I RPF I RFO I XPR I XDU I EXI2 I EXI1 I 0 

RME Receive Message End 

RPF 

RFO 

XPR 

One complete frame of length less than 
or equal to 32 bytes, or the last part of 
a frame of length greater than 32 bytes 
is stored in the RFIFO. 

Receive Pool Full 
32 bytes of a frame are in RFIFO. The 
frame is not yet completely received. 

Receive Frame Overflow 
A complete frame was lost because no 
storage space was available in the 
RFIFO. 

Transmit Pool Ready 
One data block (32 bytes max) may be 

ST5451 

entered into the XFIFO. 

XDU Transmit Data Underrun 
A transmitted frame was terminated 
with an abort sequence because no 
data were available for transmission in 
XFIFO and no XME command was is
sued. It is not possible to transmit 
frame when that interrupt remains un
acknowledged and XRES has not been 
set. 

EXI2 Extended Interrupt 2 
The interrupt reason is indicated in reg
ister ISTA2 

EXI1 Extented lnterrupt1 
The interrupt reason is indicated in reg
ister ISTA1. 

ISTA1 Interrupt Status Register 1 
After RESET 01 H 
(GCI mode only) 

0 I 0 I CIC1 I EOM1 I XAB1 I RMR11 RAB1 I XMR1 I 
CIC1 

EOM1 

XAB1 

RMR1 

RAB1 

XMR1 

Comman/lndicate Change 
A change in the value of CIR1 is de
tected 

End of Message 1 (monitor channel) 
MON1 has received an end of mess
age. 

Monitor Transmit ABORT 
The received byte has not been de
tected in two successive frames. 
MON1 has sent an ABORT (A bit) to 
the remote transmitter. 

Receive Monitor Register 1 ready 
A byte has been received in register 
MONR1. 

Receive Abort 
MON1 received an ABORT from the 
remote receiver. 

Transmit Monitor Register 1 ready 
A byte can be stored in register 
MONX1 

ISTA2 Interrupt Status Register 2 
After RESET 01 H 
(GCI and TE mode only) 

I 0 I 0 I CIC2 I EOM21 XAB21 RMR21 RAB21 XMR21 

CIC2 Command/Indicate Change 
A change in the value of CIR2 is de
tected. 

7/32 -------------"'1 ~~~~~~1!';1:~~n -------------
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EOM2 End of Message 2 (monitor channel) 
MON2 has received an end of mess
age. 

XAB2 Monitor Transmit ABORT 
The received byte has not been de
tected in two successive frames. 
MON2 has sent an ABORT (A bit) to 
the remote transmitter. 

RMR2 Receive Monitor Register 2 ready 
A byte has been received in register 
MONR2. 

RAB2 Receive ABORT 
MON2 received an ABORT from the 
remote receiver. 

XMR2 Transmit Monitor Register 2 ready 
A byte can be stored in register 
MONX2. 

MASKO, MASK1, MASK2 
After Reset FF; the three mask registers MASKO, 
MASK1, MASK2 are associated respectively to 
the three interrupt registers ISTAO, ISTA1,and 
ISTA2. 
Each interrupt source in ISTA registers can be se
lectively masked by setting to "1" the correspond
ing bit in MASK1. Interrupt sources (masked or 
not) are indicated when ISTA is read by the 
microprocessor. When an interrupt source is not 
masked, INT goes low. 

STAR Status Register 
After Reset 48H 

I xoov I XFW I IDLE I RLA loc1ol o I o I o 

XDOV Transmit Data Overflow 

XFW 

IDLE 

RLA 

DCIO 

More than 32 bytes have been written 
into the XFIFO. 

XFIFO Write enable 
Data can be entered into the XFIFO. 

IDLE State 
15 or more consecutive ones have 
been detected on the input data line. 

Receive Line Active 
Frames or interframe flags are being 
received 

D and C/1 Channels are occupied 

CMDR Command Register 
After Reset 00 

XHF 

XME 

RMC 

RMD 

HDLC frame transmission can start. 

Transmit Message End 
The last part of the frame was entered 
in XFIFO and can be sent. 

Receive Message Complete 
Reaction to RPF or RME interrupt. The 
received frame (or one pool of data) 
has been read and the corresponding 
RFIFO is free. 

Receive Message Delete 
Reaction to RPF or RME interrupt. The 
entire frame will be ignored. The part of 
frame already stored is deleted. 

RHR Reset HDLC receiver 

XRES Reset HDLC transmitter 
XFIFO is cleared and the transmitted 
frame (if any) is aborted. 

M2RES Monitor 2 Reset 
Reset MONITOR and C/1 channels (TX 
and RX). 

M1RES Monitor 1 Reset 
Reset MONITOR and C/1 channels (TX 
and RX). 

For the four first bits (XHF, XME, RMC, 
RMD), the reset is done by the device; 
the other bits level sensitive 

MODE HDLC Mode Register 
After Reset 00 

I DMA I Fl1 I FLO I ITF I RAG I GAG I NHF I FLA I 
DMA DMA Interface activation 

FL 1/0 Frame Length 
Minimum frame length accepted 

FL1 FLO 

ITF 

3 bytes 
4 bytes 
5 bytes 
6 bytes 

lnterframeTime Fill 

0 
0 
1 
1 

ITF= 1 : Flags are transmitted 
ITF= 0: IDLE is transmitted 

RAG RAG= 1 : Activate RX 
RAG= 0 :deactivate RX 

0 
1 
0 

8/32 
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CAC 

NHF 

FLA 

Channel Activation 
CAC = 1 : Activate RX and TX 
CAC = 0 : deactivate RX and TX 

HDLC Function Select 
NHF = 1 :disable HDLC function 

Flag 
FLA = 1 : transmit shared flags 
FLA = 0 :transmit two flags between 
consecutive frames. 

RFBC Receive Frame Byte Counter 
After reset 00 

IRoc7IRoc6IRoc5IRoc4IRoc3IRoc2IRoc1IRocol 

ROC 0/7 Receive Data Count 

Total number of bytes of received 
frame without CRC. 

ROC 0/4 Indicate the number of bytes in the cur
rent block available in RFIFO. 

ROC 5/7 Indicate the number of 32 bytes blocks 
received. If the frame exceeds 223 
bytes, ROC 5/7 hold the value "111", 
only ROC 4/0 continue to count modulo 
32. 

See Table 3. 
The contents of the register are valid after an 
RME interrupt. The f.!P must read N+ 1 bytes to 
transfer the number of bytes received and the 
status byte into the memory. 

CIX1 Command/Indicate Transmit Register 1 

After reset FFH 
(GCI only) 

1 I 1 I 1 I C1 C2 C3 I C4 I 

C1, C2, C3, C4: 

Code to be transmitted permanently 
in the outgoing GCI C/1 channel. 

CIR1 Command/Indicate Receive Register 1 
After reset FFH 
(GCI only) 

I 1 1 I 1 I 1 I C1 C2 C3 C4 

C1, C2, C3, C4: 

Incoming GCI C/1 channel. 

MONX1 Monitor Transmit Register 1 
After reset FFH 
(GCI only) 

ST5451 

M1 M2 I M3 I M4 I M5 I M6 M7 MB 

The value written in MONX1 is trans
mitted in the outgoing Monitor channel 
according to GCI transfer protocol. 
XMR1 interrupt indicates when MONX1 
is again available. 

MONR1 Monitor Receive Register 1 
After reset FFH 
(GCI only) 

M1 M2 I M3 I M4 I M5 M6 M7 MB 

The value read from MONR1 gives the 
value of the byte received in the moni
tor channel according to GCI transfer 
protocol. RMR 1 interrupt indicates 
when a new byte is available in 
MONR1 register. 

CIX2 Command/Indicate Transmit Register 2 

After Reset FFH 

(GCI and TE mode only) 

I 1 1 I P1 I P2 I P3 I P4 P5 P6 

P1/P6 Code transmitted permanently in the 
2nd GCI C/1 channel. 

CIR2 Command/Indicate Receive Register 2 
After reset FFH 
(GCI and TE mode selected only) 

I 1 1 I P1 I P2 I P3 I P4 I P5 I P6 

P1/P6 The contents of the 2nd C/1 channel; 
they are the different requests received 
from TE peripheral devices to f.!P. 
Six peripherals can make a simulta
neous request. 

MONX2 Monitor Transmit Register 2 
After reset FFH 
(GCI and TE mode only) 
The value written in MONX2 is trans
mitted in the 2nd GCI M channel to a 
peripheral (if PI= 1; register CF). 
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TABLE 3 

N (number of bytes in the Counter n (number of 32 bytes blocks 
frame received without CRC) 

N 

1 Min 

2 

3 

30 
31 

32 

33 

62 
S3 

64 
222 

223 
224 

2SS 

2S7 

-

MONR2 Monitor Receive Register 2 
After reset FFH 
(GCI and TE mode only) 

765 

n 
000 

000 

000 
000 
000 

001 

001 

001 
001 

010 
110 

110 
111 

111 

111 

111 

The value read from MONR2 gives the 
value of the byte received from M 
channel in 2nd GCI channel. 

TSR Time Slot Register 
After reset 00 

lrsR7IrsR61TsRslrsR4IrsR3IrsR2IrsR1 lrsRol 

In GCI mode (MDS1 = 1 in CF Register) 
a) CCS=1 in CF Reg. (64 Kbit/s) 

Then: TSR2 indicates 81 or 82 
TSR4/7 indicate position of 
GCI channel 

b) CCS=O in CF Reg. (16 Kbit/s) 
Then: TSR4/7 indicate position of 

GCI and its D channel 

In Multiplexed Mode 
(MDS1 =0 in CF Register) 

a) CC8=1 in CF Reg. (64 Kbit/s) 
Then: TSR2/7 indicate channel 
position in the 64 time slots 
multiplex 

b) CCS=O in CF Reg. (16 Kbit/s) 
Then: TSR0/7 indicate channel 
position in the 256 time slots 
multiplex. 

43210 received ) 

m n 

00001 0 

00010 0 

00011 0 

11110 0 
11111 0 

00000 1 

00001 1 

11110 1 
11111 1 

00000 2 
11110 6 

11111 s 
11111 7 

00000 7 

00001 7 

7 

CA Configurationn Register A 
After reset 00 

I CA 7 I CAS I CAS I CA4 I CA3 I CA2 I CA 1 I CAO I 

CAO 
CA1 

CA2 

CA3 
CA4 

CAS 

CAS 

CA7 

C8 

cc 

SAPI 0 IS recogmzed CAO = 1 
SAPIS3 CA1 = 1 
SAPix CA2 = 1 
SAPI y CA3 = 1 
TEI127 CA4 = 1 

TEiz CAS= 1 

TEl t CAS= 1 

Address filter active CA7= 1 

Configuration register 8 
After reset 00 
Content of CB indicate SAP I x value 

High Order 6 Bits 

SAP I 

Configuration Register C 
After reset 00 

I o I o 

Content of CC indicate SAP I y value 
High Order S Bits 

SAP I I o I o 

10/32 
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CD 

CE 

Configuration Register D 
After reset 00 
Content of CD indicate TEl z value. 

7 High Order Bits 

TEl 

Configuration Register E 
After reset 00 
Content of CE indicate TEl t value. 

7 High Order Bits 

TEl 

CF Configuration Register F 
After 00 

ITEIMAS/ssclccs I eMS/sci PllvzoouTI MDS1 IMosol 

TE TE mode 
TE = 1 : the frame is constitued by 
three GCI channels (GCI-SCIT) 

MAS/SSC If CCS = 0, TE = 1, MDSO and MDS1 = 1 
(i.e. GCI mode, TE mode, 16 Kbit/s) 
MAS/SSe is MAS and: 

ccs 

CMS/SC 

MAS = 0 means "Slave device" 
MAS = 1 means "Master device" 

If SC = 1 (i.e. a sub-channel is se-
lected) MAS/SSG is SSG; if 16Kb is se-
lected sse chooses between first on 
second bit of the stream while, if 64Kb 
is selected sse chooses between first 
or last seven bits of the stream (see 
TABLE 2 and CMS/SC) 

Channel Capacity Selection 
CCS = 1 : 64 Kb/s 
CCS = 0: 16 Kb/s. 

If CCS = 0, TE = 1, MDSO and MDS1 = 1 
(i.e. GCI mode, TE mode, 16Kbit/s) 
CMS/SC is CMS (Contention mode se-
lection) and: 
CMS = 1 means "D and C/1 channel 

access procedure active" 
CMS = 0 means "D and C/Z channel 

access procedure active" 

If CCS = 1 and TE = 1 CMS/SC is SC 
(Subchannel) and: 
SC = 0 means "16Kbit/s or 64Kbit/s is 

used" 

PI 

ST5451 

SC = 1 means "an 8Kbit/s or 56Kbit!s 
subchannel inside a 16Kbit!s or 
64kbit/s is used" (see MAS/SSG) 

Peripheral Interface (only if TE=1) 
PI = 1: CIX2, CIR2, MONX2, MONR2, 
active 

VZDOUT When level 1 device is inactive (i.e. 
CIR1 = Dl = 1111) and GCI has to be 
waken up (i.e. TIM = 0000 in CIX1 ), 
DOUT is set to zero requiring FS 
and CLK if VZ DOUT =1. 

MDS1 Mode Bit 1 
MDS1 = 1 :GCI mode 
MDS1 = 0: Multiplexed mode 

MDSO Mode Bit 0 
MDSO = 1: Multiplexer and Demulti
plexer are active. 
MDS=O No multiplexer. 

CCR Configuration Register 00 
After reset 00 

I TLP IADDRI AD3 I AD2 I AD1 I ADO I CRS I TRI 

TLP Test Loop 

ADDR 

AD0/3 

AD0/2 

CRS 

TRI 

TLP = 1: The transmitter is internally 
connected to the receiver; the transmit 
output is not activated. The digital inter-
face must be activated to provide the 
bit clock and frame Synchro. 

Address Recognized 
If TE = 1 and PI = 1 
ADDR = 1: The first byte received in 
MONR2 is compared with AD0/3. If 
equal the message is accepted, other
wise is ignored. 
ADDR = 0: The message is always ac
cepted. 

When PI = 1, is the component ad
dress. 

Address bit used to access D and C/1 
channels (TE = CMS =1, CCS = 0). 

Clock Rate Selection 
CRS = 1: Clock frequency is twice the 
data rate (GCI). 
CRS = 0: Clock frequency and data 
rate are identical. 

Tristate 
TRI = 1: DOUT in tristate 
TRI = 0: DOUT in open drain. 
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4 ·WORKING PROCEDURES 

4 - 1 - RECEIVE FRAME 

Recognized frame (by means of SAPI and/or TEl 
identification), having a minimum length is sto~ed 
in the RFIFO with all bytes between the open1ng 
flag and CRC field. 
When the frame is less than or equal to 32 bytes, 
is transferred in one block, and just after the re
ceiving completion interrupt (RME), a st~tus byte 
is appended at the end. The frame and 1ts status 
byte remain stored until J.lP acknowledgement 
(RMC). 
When the frame is longer than 32 bytes, blocks of 
32 bytes plus one remainder block of lenght 1 to 
32 are transferred to the microprocessor. The re
ceiving 32 byte block generates a RPF interrupt 
and the data in RFIFO remains valid until J.lP ac
knowledgement (RMC). 
The J.lP can ignore a received frame by meaning 
RMD (Receive Memory Delete), reaction to RP.F 
or RME. The part of frame already stored IS 

Figure 1: Receiving of an HDCL frame 

RPF 
--" 

DATA 

RMC 
RECEPTION OF 32 BYTES 

RPF 
_... 

HDLC DATA 

RECEIUER 
RMC 

RME 
RFBC IS READ 

DATAfSTATUS BVTE 

RMC 
FRAME ACKNOWLEDGED 

RPF 
DMA REQ R 
DMA ACK R 

...... 

HDLC RECEPTION OF 32 BYTES 
DMA REQ R 

RECEIUER DMA ACK R 

A + 

RME 

deleted and the remainder frame is ignored by the 
HDLC Controller. 

The last block of the frame generates the RME in
terrupt. 

RFBC register bits 0 to 4 indicate the number of 
bytes currently stored in the RFIFO. Bits 5 to 7 in
dicate the total number of 32 byte blocks already 
received. Bits 5 to 7 do not overflow. When the 
counter status 7 has been reached, it indicates a 
frame length greater than 223 bytes (see Table 
3). 
RFBC register is valid only after the RME inter
rupt and remains valid until RMC acknow
ledgement by J.lP. 
At each read access by the J.lP, RFBC 5/7 bits re
main unchanged, RFBC 0/4 bits are decreased to 
reach value 0 when the whole block is read. 
Interrupts are queued inside the device. They are 
sent one by one to the microprocessor after each 
acknowledgement RMC. If a frame is lost be
cause the RFIFO was full, a RFO interrupt is 
generated. 

MICROPROCESSOR 

I EOP • 
DMA 

RMC ------ r- MICROPROCESSOR CONTROLLER 

END OF ~ PROCESS 

RFBC IS READ + RMC 

-
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4- 2- TRANSMIT FRAME 
After polling bit XFW or after a XPR interrupt, up 
to 32 bytes may be stored in XFIFO. Trans
mission begins after that XHF command is issued 
by 11P. 8!5451 wi!l request another data block by 
an XPR Interrupt 1f the XFIFO contains less than 
32 bytes. 
When XME is set, all remaining XFIFO bytes are 

Figure 2: Transmission of an HDCL frame 

XPR 

DATA 

XHF 
TRANSMISS.OF 32 BYTES 

XPR 

HDLC DATA 

TRANSMITTER 
XHF 

I 

I 

XPR 

DATA 

XME 
END OF FRAME 

XPR 
DMA REQ T 
DMA ACK T 

DATA 
HDLC 

TRANSMITTER 
DMA REQ T 
DMA ACK T 

A 

DATA 
END OF FRAME 

XME 

ST5451 

transmitted, the CRC field and the closing flag are 
added. The HDLC controller then generates a 
new XPR interrupt. 
If the XFIFO becomes empty while XME com
mand has not been set, an abort sequence is 
generated, followed by interframe time fill and 
XDU interrupt is generated. 

A frame may be aborted by XRES command as 
well. 

MICROPROCESSOR 

DMA 

CONTROLLER 
MICROPROCESSOR 

~ 

1189ST5451-8? 
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4-3- COMMAND/INDICATE PROCEDURE 
The exchange of information in the C/1 channel 
runs as follows: 
The two circuits (i.e. ST5421 and ST5451) con
nected on the GCI interface send one each other 
a permanent four bit command code in C/1 field. 
RECEIVE C/1 
The ST5451 stores on every frame the four bits of 
C/1 channel coming from level 1 circuit in a first 
register CIR. This value is compared with the pre
vious one. If a one new appears during two con
secutive frames, this new value is loaded in regis
ter CIR1 and a CIC1 interrupt is generated. 
TRANSMIT C/1 

The transmit register CIX1 can be written at any 
time by the JlP. Its content is continuously sent in 
the C/1 channel. 
Note: The TIM command (0000) forces a low 
level on DOUT, if CIR1 = Dl (1111) when VZ 
DOUT = 1 to require FS and CLK. 

4- 4- MONITOR CHANNEL 
The GCI Monitor channel procedure allows full 
duplex data transmission with acknowledgement 
using A bit. 
MESSAGE RECEIVING 
An interrupt (bit RMR1 in ISTA1 register) is 
generated when a new byte is available in regis
ter MONR1. 
ST5451 generates an interrupt bit (XAB1 in 
1ST A 1) if it does not read twice the same bytes 
meanwhile sending an ABORT to the remote 
transmitter. 
It performs an interrupt (EOM in ISTA1) also 
when it has received an End Of Message. Ac
knowledgement to remote transmitter is sent if: 
-the byte was received twice with the same value 
- the microprocessor reads the previous byte 
stored in register MONR1. 
This procedure performs flow control between S 
interface device and JlP. 

MESSAGE TRANSMISSION 
ST5451generates an interrupt (XMR1 in ISTA1) 
when register MONX1 is available. 
Writing register MONX1/0 generates a message 
transmission. When the last byte is stored in the 
register MONX1/1, ST5451 sends the End of 
Message to remote receiver. If an Abort is re
ceived, one interrupt (RAB1) is generated. 
4- 5- M' and C/1' CHANNELS 
The procedure allows a full duplex data trans
mission between microprocessor and the periphe
ral devices connected on C/1' local and M' chan
nel through GCI-SCIT channel 1. 
Receive Interrupt on C/1' (DOUT is an input). 
A new value on C/1' indicates to ST5451 master 

that one device in the terminal wants to send a 
message. Up to six peripherals may generate 
such an interrupt to the microproc.essor. 
ST5451 writes at every frame the six bits of C/1' 
channel coming from peripherals in register CIR'. 
This value is compared with the previous one and 
if a new one appears during two consecutive 
frames, is loaded in register CIR2 and CIC2 inter
rupt (ISTA2 register) is generated. 
11P may send a message on M' channel (DIN 
becomes an output) to allow the peripheral device 
to transmit. 
MESSAGE TRANSMISSION ON M' CHANNEL 
ST5451 sets interrupt XMR2 (ISTA2 register) if 
register MONX2/0 is available. Writing MONX2/0 
generates a message transmission. When the 
last byte is stored in register MONX2/1, 
ST5451sends End of Message to remote periphe
ral. 
If an ABORT is received, interrupt RAB2 (ISTA2 
register) is issued. Then microprocessor may 
send its message again. 
MESSAGE RECEPTION ON M' CHANNEL 

Interrupt bit RMR2 (ISTA2 register) is generated 
when a new byte is available in MONR2 register. 
ST5451 sets interrupt bit XAB2 (ISTA2 register) if 
it does not read twice the same byte; in this case, 
it sends an ABORT to remote peripheral. 
The controller generates interrupt bit EOM2 
(ISTA2 register) when End Of Message is re
ceived. 
4 - 6 - ACCESS PROCEDURE TO D AND C/1 
CHANNELS (GCI and TE mode selected only) 

Up to eight HDLC controllers may be connected 
to D channel and C/1 channel. A contention resol
ution mechanism is used if bit CMS (Contention 
Mode Selection) is set. 
The mechanism allows to give an access without 
losing data. 
An access request may be generated, if CIX1 
(Command/Indicate Register 1) contains a differ
ent code from Dl (1111 ). During the procedure, M 
channel (with A and E bits) may be used. On 
input DIN, the GCI controller checks the CMS4 bit 
(CMS channel- Third GCI channel) (see Fig. 4). 
CMS4 indicates the status of C/1 and D channels 
CMS4= 1 "channels free"; CMS4= 0 channels oc
cupied. 
If the channels are free, the HDLC controller 
starts transmitting its individual address AD2 on 
CMS1, AD1 on CMS2, ADO on CMS3. If an erro
neous address is detected, the procedure is ter
minated immediately. If the complete address can 
be read without error, the D and C/1 channels are 
occupied: the ST5451 transmits CMS4 = 0: The 
HDLC controller which has the lowest address 
has priority over the others. 
The access request is withdrawn if the HDLC 
controller transmits code Dl = 1111. the CMS4 bit 
(CMS field) is set. 
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Figure 3: GCI-SCIT Frame Timing 

125,us 

CHANNEL B CHANNEL 1 CHANNEL 2 

81 82 NOT USED CMS 

nB!1ST545t -24 

Figure 4: GCI-SCIT Channels Timing 
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4 - 7 - DMA ACCESS 
The HDLC controller has a DMA interface which 
is activated by DMA bit in MODE register.The 
DMA interface is available only when multiplexed 
bus is selected. 
ST 5451 asserts DMA REQR or DMA REQX to 
request an exchange of bytes between the FIFOS 
and the external memory. 
The external DMA controller asserts DMA ACKR 
or DMA ACKX to access the FIFOS. 
These signals are equivalent to E/DS/RD func
tions. 
During DMA access, CS/CE pin must be inactive; 
AS and E/DS/RD signals can be present. · 
Outside DMA Access, all registers are accessible 

Figure 5: D and C/1 channels Access Procedure 

CMS • 1 
)JP 

ON D CHANNEL 

ACCESS REQUEST TO 

D ~ C/I CHANNELS 

CM54 • e 

by the JlP except the FIFOS. 
FRAME RECEPTION: 
When one block has been stored in RFIFO, DMA 
REO R pin goes low and RPF (or RME) interrupts 
the JlP. The DMA controller reads the RFIFO. 
After the RME interrupt, the frame length will be 
available in RFBC register. The block is acknow
ledged by RMC command. 

FRAME TRANSMISSION: 
When a 32 byte block is free in XFIFO, DMA re
quest goes low and XPR interrupts the JlP. The 
DMA controller can write data in the XFIFO. At 
the end of the frame, the JlP send XME to HDLC 
controller; CRC and closing flag will be sent by 
the HDLC controller. 

1 
PRIMITIVE • DI 

DI a 1111 

~ 
RESET CMS FIELD 

CMS1 a CMS2 

CMS3 a CMS4 a 1 

L 
C/I ~ 0 CHANNELS 

HIGH IMPEDANCE 

OUTPUT 

D ~ C/I CHANNELS 

RELEASING 
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4- 8- INTERRUPT PROCEDURE 

4- 8- 1 - HDLC CHANNELS 

4- 8- 1 - 1 -RECEIVE DIRECTION 

RRE and RPF interrupts 
RPF bit (register ISTAO) set high to indicate the 
HDLC controller has received a block of 32 bytes 
which is not a complete message. 

This bit remains high until it is erased by the 
microprocessor. 

As for each bit of ISTAO register, except the ex
tension bits of ISTA1 and ISTA2 (EX11, EXI2), the 
way to erase RPF is to write a "0" at its location 
and to write a "1" at the location of the others (for 
example 7FH into ISTAO to erase RME). The pro
cessing order is: 

-put MaskO on ISTAO (if Mask Off) 
- (Read FIFOR) X 32 
-Write ISTAO to erase RPF (BFH) 
- Write RMC to "1" for asking for another block 

of the frame 
(NB: RMC, RMD are automatically erased 
by the controller) 

- Remove MaskO 

RME bit (register ISTAO) set high to indicate the 
HDLC controller has received a short frame or the 
last block of a large frame. The message is now 
complete, the bit remains high until it is erased by 
the microprocessor. The processing order is: 

-put MaskO on ISTAO (if upper level Mask Off) 
- Read RFBC with a mask on the 3 most signi-

ficant bits, to know the number "N" of trans
fers to do 

- (Read FIFOR) x N for data 
- Read FIFOR for status on the frame 
-Write ISTAO to erase RME (7FH) 
- Write RMC or RMD to "1" for asking for an-

other frame. 

RFO interrupts 

RFO is a bit of the interrupt register ISTAO set 
high to indicate an overflow of the receive FIFO 
has been detected, either because more than 8 
frames cannot be stored or because more than 
64 bytes can't be stored. This information is also 
stored into the status of the concerned frame 
(RDO). 

The processing order of the microprocessor is: 
- Looking for RPF and RME bits and pop - up 

the frames. Then look for the status and 
throw down the frame concerned. In general 
case, only one frame is lost. 

4- 8- 1 - 2- TRANSMIT DIRECTION 

XPR Interrupt 
XPR is a bit of the interrupt register ISTAO coming 
high to indicate HDLC controller has a free block 
of 32 bytes. This bit remains high until the micro-

ST5451 

processor write a byte into the block and erase 
this bit into ISTAO; if another block is free, XPR 
get high again immediately. 

The processing order of the microprocessor is in 
non DMA Mode: 

-Put MaskO on ISTAO (if upper level Mask Off) 
-Write at least one byte into FIFOX 
-Write ISTAO to erase XPR 
- Write XHF to "1" for launching the transmit 

operation of block (a block is not necessarily 
32 bytes) 
or write XME to "1" for launching the trans
mit of a short frame or of the last part of a 
frame 

- Remove masks 

In DMA Mode two general cases are possible: 

1) The external DMA controller works by "pages" 
less or equal to 32 bytes. The "process" of the 
DMAC is a short frame transmission and the pro
cessor must give an XME at the end of the DMAC 
process (refer to figure 2). 

2) The DMA controller works by "pages" of more 
than 32 bytes. It's process is the transfer of the 
whole frame. 
The circuit doesn't need an XHF at the end of an 
intermediate 32 byte block; since it has reached 
32 bytes written into the current fifo, it begins the 
transfer and toggles on the second fifo as soon as 
the first is full. ~At this moment an XME is 
possible if the 32" byte ~as the end of the frame 
-case 1) and then, a 33' write operation into the 
fifo generates an internal XHF and the frame fol
lowing blocks are expected. 

- In the two cases the flow control is done be
tween DMAC and ST5451 by the way of 
REQX and ACKX signals 

The processing order is: 
-Put MaskO 
- Give order to DMAC to begin transfer 
- Wait for DMAC end of process 
-Write ISTA to erase on XPR 
- Write XME to signal the end of the frame to 

the ST5451 (otherwise the ST5451 will put 
"underrun" interrupt, as soon as its two 
blocks are free). 

XDU Interrupt 
XDU is a bit of the interrupt register ISTAO com
ing high to indicate HDLC controller has detected 
an underrun (a frame is being transmitted and no 
more bytes are available into the FIFO). 
The HDLC controller finish the frame by transmit
ting an "Abort" and no more data can be trans
mitted even in NHF mode. To be sure XDU is 
seen by the Microprocessor, XDU interrupt bit 
must be erased in ISTAO in addition of XRES se
curity procedure 
The transmit control is frozen and the only way to 
reinitialize a transmit session is to write an XRES, 
after erasing XDU. 
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4 - 8 - 2 - M CHANNELS INTERRUPTS EOM, 
RMR, XMR, RAB 
Receive Direction 
RMR 1/2 is a bit of interrupt register ISTA 1/2 
coming high to indicate the M (or M') channel 
controller has received a valid byte on receiving 
channel (two identical consecutive bytes). 
The microprocessor processing order is; 

1. Erasing RMR 1/2 interrupt into ISTA 1/2 
2. Read MONR 1/2 register. 
This order can't be inverted because, as long as 
MONR isn't read, the receive state machine is 
locked in wait state, a new byte can't be acknow
ledged and so, a new interrupt can't be done. 
More, if MONR is read first, the receive state ma
chine is ready for receiving a new byte and create 
another interrupt. So, if the interrupt bit corre
sponding to the previous frame isn't erased be
fore a new byte arrives, this byte won't be seen 
(the microprocessor won't be informed) and the 
controller will be locked waiting for MONR read. 
XAB 1/2 is a bit of the interrupt register coming 
high to indicate the receive controller has de
tected an abort (two conscutive bytes not identi
cal) as long as this interrupt isn't erased, the re
ceiver is locked in wait state. 

EOM 1/2 is a bit of the interrupt register coming 
high to indicate the receive controller has de
tected an end of message. As long as the inter
rupt isn't erased, the receiver is locked in wait 
state. 

Transmit Direction 
XMR 1/2 is a bit of the interrupt register coming 
high to indicate a byte can be written into MONX. 
The processing order is: 

1. Erasing XMR bit 
2. Writing a new byte into MONX. 
If this order is inverted, the new byte will be trans
mitted and a new XMR may be erased before 
being seen by the microprocessor. 
RAB 1/2 is a bit of the interrupt register coming 
high to indicate the remote receiver has reported 
an abort detection. The processing order is: 
1 . Erasing RAB bit 
2. Erasing XMR bit 
3. Writing a new byte into MONX. 
If a write operation of the new byte is done before 
the RAB erasing, the byte will be lost and the 
transmitter will stay waiting for it. 

4-8-3-CICHANNELINTERRUPTS 

CIC 1/2 is a bit of ISTA 1/2 interrupt register com
ing high to indicate a valid byte has been de
tected by the command indicate receive control
ler, and readable into CIR 1/2 register. The 
processing order is: 

1. Erasing CIC bit 
2. Reading CIR register. 
If this order is inverted, a next byte may be un
seen by the microprocessor. It is recommended 
to work with "Ping Pong" protocol on Cl channels, 
as non flow control is done. 

4- 9- SOFTWARE RESET PROCEDURES 
4- 9- 1 - XRES (Transmit Direction) 

XRES is a level sensitive command of CMDR 
which initialize the transmit process. 

- XPR interrupt bit is erased 
- XDU interrupt bit is not erased (security pro-

cedure) 
-All data in FIFOs are lost 
-After an XRES, the microprocessor must wait 

for an XPR before writing new data. 

The processing order is: 
-Writing a "1" into XRES (CMDR) 
-Writing a "0" into XRES (CMDR) 
- Read ISTAO waiting XPR or enable XPR in-

terrupt 

4- 9- 2- RHR (Receive Direction) 

RHR is a level sensitive command of CMDR, 
which reinitialize the receive process. 

- RME, RPF bits are erased 
- RFO bit is erased 
-All frames in FIFO Rare lost 
- If RHR is released (got down) at the time a 

frame is on line, the HDLC controller waits 
for a flag. 

4-9- 3- M1 RES, M2RES M/CI channels 

MRES is a level sensitive command of CMDR 
which initialize the M/CI channel protocole in both 
directions. 

XMR, RAB, RMR, CIC, XAB, EOM bits are er
ased by MRES. 
After a clock programming (bit CRS), it's necess
ary to put MRES bit to initialize properly the M 
protocol. 
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TYPICAL APPLICATIONS 
ST5451 HDLC controller may be used in TE, 
NT2, NT12 or LT. 
Figures 6 to 8 illustrate three typical applications 
in multifunctional TE. 
The D channel containing only signalling is pro
cessed by the LAPD controller and routed via a 
parallel JlP interface to the terminal processor. _ 
The support of the LAPD protocol which is im
plemented by the HDLC controller device allows 
in cost senstive applications the use of a low cost 
microprocessor. See fig. 6. 
Fig. 7 illustrates a configuration in which the D 
channel containing signalling data (SAPI s) as 
well as packet switched data (SAPI p) is pro
cessed by two controllers and two independent 
microprocessors. 
Fig. 8 illustrates a configuration in which o~e 
microprocessor is connected to two controllers v1a 
a DMA controller. 
D channel with LAPD signalling data and B chan-

Figure 6: Low cost GCI terminal application 

ST5451 

nel LAPB packet data are processed by the same 
JlP. A DMA controller performs device to memory 
transfers. It is a typical work station application. 
Fig. 9 and 10 illustrate 2 typical applications in 
NT2 or exchange. 
An NT2 or L Tin fig.9 with eight D channel control
lers connected to the GCI interface handle sub
scriber 0 to 7. Any GCI compatible transceiver (S 
or U) may be used to do the subscriber line inter
face; a GCI compatible exchange circuit may im
plement the system interface. This is one decen
tralized application. 
Fig. 10 illustrates a centralized application. Using 
a switching net work, it is possible to connect: 

up to thirty two 64 Kbit/s channels on a 2 Mb/s 
PCM highway to 32 B channel controllers 

up to sixty four 64 Kbit/s channels on a 4 Mb/s 
PCM highway to 64 B channel controllers 

up to two hundred fifty six D channels on a 4 Mb/s 
highway to 256 D channel controllers. 

.. 
u u ~ 
u. -' 

0 

"' 
.. 
~ .. 
a: 

~ 

" .. 
a: 
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ST5451 

Figure 7: LAPB and LAPD protocol on the same D channel handlended with 2 different ~Ps 
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Figure 8: LAPB and LAPD protocol handling an Band D channel 
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Figure 9: Decentralized D channel handling in NT2 or LT 
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Figure 10: Centralized D channel handling in NT2 or L T 
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Figure 11: HDCL Frame Transmission Procedure 
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Figure 12: HDCL Frame Transmission Procedure in D Channel 
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Figure 13: S Activation and Deactivation procedure 
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ELECTRICAL CHARACTERISTICS (T from 0 to 70°C, Voo = 5 ± 0.25V). 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Is Supply Current CLK Freq. = 4MHz - 4 - rnA 
CLK Freq. =2M Hz - 2 4 rnA 
NO CLK Freq. - 20 300 ~A 

STATIC CHARACTERISTICS- GCIINTERFACE (T from 0 to 70°C, Voo = 5 ± 0.25V). 

Symbol Parameter Condition Min. Max. Unit 

VIH High Level Input Voltage Max1mum leakage current : + 10 ~A 2.4 VDD+0.4 v 
VIL Low Level Input Voltage Maximum leakage current : + 10 ~A VSS-0,4 0,8 v 

VOH High Level Output Voltage IOH = -0,4 !lA 2,4 v 
VOL Low Level Output Voltage IOL = 2mA 0,45 v 
VOL Low Level Output Voltage IOL = 7mA 0,45 v 

DouT . D,n . INT 

c Input/Output Capacity 10 pF 

GouT Load Capacity DIN/DOUT 150 pF 

Load Capacity INT 150 pF 

Load Capac1ty AD0/7 100 pF 

DYNAMIC ELECTRICAL CHARACTERISTICS- GCIInterface 

Symbol Parameter Min. Typ. Max. Unit 

FSync 8KHz 8 KHz 

FcLK 64 x n x FSync 1 < n < 8 512 4096 KHz 

twcH Period of CLK High 80 ns 

twcL Period of CLK Low 80 ns 

IRe Rise Time of CLK 10 ns 

tFC Full T1me of CLK 10 ns 

IHCF Hold Time: CLK- FS 0 ns 

ISFC Set-up T1me: FS- CLK 30 ns 

loco Delay Time: CLK High to data valid. out: 150 pF 80 ns 

tocz Delay Time: to Data Disabled 0 80 ns 

tom Delay Time: FSync. High to data valid. count: 150 pF. Applies 80 ns 
only_if Sync rises later than CLK raising edge. 

!soc Set-up Time: Data valid to CLK receive edge. 30 ns 

I HOC Hold T1me: CLK low to data invalid. 30 ns 

_____________ L.,, ~~~~mg,r::~~~ ____________ 2_51_32 
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DYNAMIC ELECTRICAL CHARACTERISTICS- Double Clock Interface 

Symbol Parameter Min. Typ, Max. Unit 

FSync 8KHz 8 KHz 

FcLK 16 x n x FSync 1 ,; n ,; 64 128 8192 KHz 

twcH Period of CLK High 50 ns 

twcL Period of CLK Low 50 ns 

IRC Rise Time of CLK 10 ns 

IFC Full T1me of CLK 10 ns 

IHCF Hold Time: CLK- FS 0 ns 

ISFC Set-up T1me: FS- CLK 30 ns 

loco Delay Time: CLK High to data valid. out: 150 pF 80 ns 

tocz Delay Time: to Data Disabled 0 80 ns 

loFD Delay Time: FSync High to data valid. count: 150 pF. Applies 80 ns 
only if Sync nses later than CLK raising edge. 

!soc Set-up Time: Data valid to CLK receive edge. 30 ns 

I HoC Hold Time: CLK low to data invalid. 30 ns 

ELECTRICAL CHARACTERISTICS- Single Clock Interface 

Symbol Parameter Min. Typ. Max. Unit 

FSync 8KHz 8 KHz 

FcLK 8 X n x FSync 1 < n < 64 64 4096 KHz 

twcH Period of CLK High 80 ns 

twcL Penod of CLK Low 80 ns 

IRe Rise Time of CLK 10 ns 

IFC Full T1me of CLK 10 ns 

IHCF Hold Time: CLK- FS 0 ns 

ISFC Set-up Time: FS- CLK 100 ns 

loco Delay T1me: CLK H1gh to data val1d. out: 150 pF 80 ns 

tocz Delay Time: to Data Disabled 0 80 ns 

loFO Delay T1me: FSync. High to data valid. count: 150 pF. Applies 80 ns 
only 1f Sync rises later than CLK ra1smg edge. 

tsoc Set-up Time: Data valid to CLK receive edge. 30 ns 

I HOC Hold Time: CLK low to data invalid. 30 ns 

_26_13_2 _________________________ i(~8 ~~~~~~¥~:~~~ ----------------------------
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Figure 14: GCI Timing 

Figure 15: Single Clock Diagram 
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Figure 16: Non-multiplexed 11P bus timing 

READ CYCLE WRITE CYCLE _____ .., 
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READ CYCLE (Non-multiplexed mode) 

Symbol Parameter Min. Max. Unit 

lEAH Address Hold After E 10 ns 

lEAH R/W Hold After E 10 ns 

IAES Address to E Setup 20 ns 

IAES R/W to E. Setup 20 ns 

IACC Data Delay from E 110 ns 

!oF Output Float Delay 25 ns 

twE Mm1mum Width of E 110 ns 

WRITE CYCLE (Non-multiplexed mode) 

Symbol Parameter Min. Max. Unit 

lEAH Address Hold After 10 ns 

lEAH R/W Hold After E 10 ns 

IAES Address to E Setup 20 ns 

IAES R/W to E.CS Setup 20 ns 

toES Data to End of E Setup 35 ns 

IEOH End of E.CS to Data hold 10 ns 

!wE Minimum Width of E 60 ns 

IRW Minimum W1dlh of RESET 100 ns 
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Figure 17: Multiplexed lntel-like ~P bus timing 
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READ CYCLE (Multiplexed Intel Mode) 

Symbol Parameter Min. Max. 

ILA Address Hold After ALE 10 
IAL Address to ALE Setup 20 

tAo Data Delay from RD 110 

IRA RD Pulse Wrdth 110 

toF Output Float Delay 25 

lRt RD Control Interval 70 

twA ALE Pulse Width 30 

tess CE to RD or WR set-up tess 20 

tcsH CE hold after RD to WR tcsH 10 

WRITE CYCLE (Multiplexed Intel Mode) 

Symbol Parameter Min. Max. 

tww WR Pulse Width 60 

low Data Setup to WR 35 

two Data Hold after WR 10 

lwr WR Control Interval 70 

ST5451 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 
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Figure 18: Multiplexed Motorola-like JlP bus timing 
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tWAS AS Pulse Width 

twos DS Pulse Wrdth 

tASDS AS low to DS high 

tRWS RW to DS setup 

tRWH RW hold after DS 
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DMA BUS TIMING (Reception Mode) 

Symbol Parameter Min. Max. 

tACC Data Delay from ACKR 110 

toF Output Float Delay 25 

twAR Minimum width ACKR 110 

twA A Minimum width ACKR 70 

toRAR REQR Delay from ACKR 80 

Figure 19: DMA frame reception timing 
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Figure 20: DMA frame transmission timing 

DMA REQ X 
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DMA BUS TIMING (Transmission Mode) 

Symbol Parameter 

toAS Data Setup to ACKX 

toAH Data Hold from ACKX 

twA X Minimum width ACKX 
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Unit 
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ns 

ns 
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DEN TIMING 

Symbol Parameter Min. Max. Unit 

I ORCS DEN setup to CLK 30 ns 

IoRcH DEN Hold from CLK 30 ns 

IOFCS DEN Setup to CLK 30 ns 

lORCH DEN Hold from CLK 30 ns 

Figure 21: DEN Timing 
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UNIVERSAL PROGRAMMABLE DUAL PLL 

a TWO INDEPENDENT PLL WITH 16 BITS 
PROGRAMMABLE DIVIDERS FROM 13 TO 
65535 FOR TRANSMIT AND RECEIVE 
LOOPS 

" ON CHIP REFERENCE OSCILLATOR COM
MON FOR THE TWO LOOPS UP TO 16MHz 
WITH EXTERNAL CRYSTAL 

" TWO INDEPENDENT PROGRAMMABLE 
REFERENCE COUNTERS: 
- 12 bits programmable counter from 13 to 
4095 followed by selectable dividers by 1, 
4 and 25 

- 14 bits auxiliary programmable counter from 
13 to 16383 

a A MCU CLOCK DERIVED FROM REFER
ENCE OSCILLATOR WITH A SELECTABLE 
DIVISION FACTOR OF 3 OR 4 

" TWO INDEPENDENT PFD (PHASE FRE
QUENCY DISCRIMINATOR) WITH 3 STATE 
OUTPUTS 

" LOCK DETECT SIGNAL OUTPUT FOR THE 
TRANSMIT LOOP 

" 3 & 4 WIRES SELECTABLE MCU SERIAL IN
TERFACE, FOR SIMULTANEOUS PRO
GRAMMING OF 2 COUNTERS 

" STAND-BY MODE 

MAIN CHARACTERISTICS 
" High input sensitivity: 

200mVpkpk@ 60MHz 
" Low consumption: 

3.5mA@ 3V for the two loops 
" Power supply voltage: 

3V to 5V 
" Operating temperature range: 

-25°C to +70°C 

DESCRIPTION 
The ST7162 is a dual frequency synthesizer in 
High Speed CMOS technology for radio applica
tions with a frequency up to 60MHz. The low 
power consumption and high flexibility make it 
well suitable for cordless CTO applications in vari-

. ous countries. 

July 1993 

PRODUCT PREVIEW 

DJP16 
ORDERING NUMBER: ST7162N 

8016 
ORDERING NUMBER: ST7162D 

PIN CONNECTION (Top view) 

CLOCK 
AUX DATA 1N 

DATA 1N 
ENABLE 

MCU CLOCK 
IJSS 

OSC OUT 

1153ST?:J62-B2 

LD 
PD TX 
FlN TX 
OUT TX 
IJDD 

OUT RX 
PO RX 

1/14 
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BLOCK DIAGRAM 

RECE IUE -+-------t-4(}<}---t----------tlf\f--------------I@->455KHz 

FIN RX 

OUTRX 

CLOCK 

DATA IN ->0--------1 
AUX 0 ATA IN -oQ--------t 

ENABLE +<j>------i--.,---,-,--J 

DUTTX 

TRANSMIT 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Voo- Vss Supply Voltage 

VrN Input Voltage 

VouT Output Voltage 

lrN. louT DC Current per pin 

loo. Iss DC Current for pin Voo or Vss 

Tstg Storage Temperature 

lt!l35T?162-81R 

Value Unit 

-0.5 to +6 v 
Vss -0.5 to Voo +0.5 v 
Vss -D.5 to Voo +0.5 v 

-10to10 rnA 
-30 to 30 rnA 

-55 to +125 oc 

2/14 -------------- L.,, ~~~;m~~:oo~n --------------
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PIN FUNCTIONS 

N. Name Function 

1 CLOCK MCU Interface 

2 AUX DATA IN MCU Interface 

3 DATA IN MCU Interface 

4 ENABLE MCU Interface 

5 MCU CLOCK Scaled down reference frequency for clocking the MCU 

6 Vss Negative Power Supply 

7 OSC OUT Oscillator Output 

8 OSCIN Oscillator Input 

9 FIN Rx Input to the 16 bits Receive Counter 

10 PO Rx Phase detector output of the Receive loop 

11 Out Rx Power saving output bit for the RX loop and FIN Rx d1v1ded by N1 for testing the Rx input 
sensitivity. 

12 Voo Positive power supply 

13 OUTTx Power saving output bit for the T x loop and FIN Tx d1v1ded by N2 for testing the T x input 
sensitivity. 

14 FIN Tx Input to the 16 bits Transmit counter. 

15 PO Tx Phase detector output of the transmit loop 

16 LD Lock detect output of the transmit loop. 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, voltage reference = Vss) 

Symbol Parameter Test Condition Voo Min. Typ. Max. Unit 

SUPPLY 

Voo Supply Voltage 3 5.5 v 
loo up Supply Current 200mVpkpk sinus at input; 3V 3.7 mA 

FIN RX =36M Hz, FIN TX =49MHz; 
loop in lock condition; 
lose= 1 0.24MHz; no output load 5V 7.7 mA 

looRx Supply Current 200mVpkpk sinus at input; 3V 2.5 mA 
FIN RX =36M Hz; TX Loop in 
Power down; lose= 1 0.24MHz; 
no output load 5V 5.3 mA 

loo down Supply Current Stand-by mode for all counters; 3V 150 (lA 
OSCIN pin Grounded; 
MCU interface disabled 5V 300 (.lA 

Tx and Rx INPUTS 

C1N Input Capacitance 8 pF 

liN up Input Current 0 < V1N < Voo 3V -60 60 (.lA 
5V -100 100 11A 

Fmax Input Frequency Input = sinus 200mVpkpk 3-5V 60 MHz 
AC coupled 

OSCILLATOR 

C1N Input Capacitance 8 pF 

CouT Output Capacitance 8 pF 

I1N up Input Current o < V1N < Voo DC measured 3V -60 60 (.lA 
5V -100 100 (.lA 

Fmax Input Frequency 3-5V 16 MHz 

3/14 
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ELECTRICAL CHARACTERISTICS (Tamb = 25°C, voltage reference = Vss) 

Symbol Parameter Test Condition Voo Min. Typ. Max. Unit 

PHASE FREQUENCY DISCRIMINATOR 

GouT Output Capacitance 8 pF 

loUT HI Output Current Source 
VouT=2.7V 3V -200 J.lA 
VouT=4.5V 5V -500 J.lA 

loUTLO Output Current Sink 
VouT= 0.3V 3V 200 J.lA 
VoUT= 0.5V 5V 500 J.lA 

I LEAK Leakage Current Three state output 5V -50 50 nA 
VPDT x, VPDRx = 0 or 5V 

MCUINTERFACEINPUTS 

CIN Input Capacitance 8 pF 

liN Input Current DC measured V1N = Voo or Vss 3-5V -10 10 uA 

V1H Input Voltage High level "'1" 3V 2.3 v 
5V 3.8 v 

V1L Input Voltage Low level "0" 3V 0.7 v 
5V 1.2 v 

Fmax Input Frequency Maximum frequency at clock 3-5V 500 KHz 
input 

Tw Pulse width Clock and Enable inputs 3V 80 ns 

5V 60 ns 

Tsu Set-upTime Data to clock 3-5V 100 ns 

Enable to clock 3-5V 200 ns 

THOLD Hold T1me Clock to data 3V 80 ns 

5V 40 ns 

TREC Recovery Time Enable to Clock 3V 80 ns 

5V 40 ns 

DIGITAL OUTPUTS: OUTTx, OUTRx, MCUcLOCK, LD 

CLOAO Output Load 25 pF 
Capacitance 

VouTIH Output Voltage louT= 0, High level "1" 3V 2.95 v 
5V 4.95 v 

Vouno Output Voltage louT= 0, Low level "0" 3V 0.05 v 
5V 0.05 v 

IoUTH I Output Current Source 
VouT=2.7V 3V -200 J.lA 
VouT=4.5V 5V -500 J.lA 

loUTLO Output Current Sink 
VouT=0.3V 3V 200 J.lA 
VouT= 0.5V 5V 500 uA 

THI Output rise Time CLOAO = 25pF 3V 200 ns 

5V 100 ns 

TLO Output Fall Time CLOAD = 25pF 3V 200 ns 

5V 100 ns 

4/14 
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Figure 1: Control Unit Block Diagram 

Rl3 CONTROL 
REGISTER 

CLOCK 
R1 16 BlTS DlU BY N1 

RX REGISTER RX COUNTER 

DATA lN 
R2 16 BlTS DlU BY N2 

AUX 
MULTIPLEXER 

TX REGISTER TX COUNTER 
DATA IN 

ENABLE 
R3 12 BlTS DlU BY N3 

REF REG1STER REF COUNTER 

R-1 AUX 14 BlTS DIU BY N<l 
REF REGISTER AUX REF COUNTER 

N93ST?162-B3 

Sumary of Internal Registers 

A dress Number of Register Data Bits Function 

A2 A1 AO 

RO 0 0 0 13 CIRCUIT CONTROL 

R1 0 0 1 16 BINARY VALUE OF N1 = RX RATIO 

R2 0 1 0 16 BINARY VALUE OF N2 = TX RATIO 

R3 0 1 1 12 BINARY VALUE OF N3 =REF RATIO 

R4 1 0 0 14 BINARY VALUE OF N4 = AUX REF RATIO 

5/14 
-------------- b.''Jil ~~~~~~::Oil~~~ --------------

315 



ST7162 

Description of Control Register 

Bit Name Function 

D12 TEST1 

Dn TEST2 
Test Mode: See Table 1. 

D10 TEST3 

D9 AUXILIARY Set to 0 to select 3 wires serial data bus mode at the next pattern 
DATA SELECT Set to 1 to select 4 wires serial data bus mode at the next pattern 

D8 REFOUT/3 Set to 0, MCUCLOCK frequency= OSC.OUT frequency I 4 
Set to 1, MCUCLOCK frequency= OSC.OUT frequency I 3 

D7 TXCE TX Counter Enable bit: if set to 0, TX amplifier, counter and PFD will be in power 
down mode and ounx pin w111 be set to 1. 

D6 RXCE RX Counter Enable bit: if set to 0, RX amplifier, counter and PFD Will be 1n power 
down mode and OUTRX pin will be set to 1. 

D5 RCE Reference Counter Enable bit: if set to 0, ref counter will be in power down mode. 

D4 ARCE Auxiliary Reference Counter Enable bit: if set to 0, AUX Ref counter will be in 
power down mode 

D3 MUX SELECT 1 

D2 MUX SELECT2 Used to connect internally PFD inputs REFTX and REFRX to the chosen Ref 
frequency output: see Table 2. 

D1 MUX SELECT3 

DO MUX SELECT 4 

Table 1. 

TEST1 TEST2 TEST3 Status of output pin Status of output pin Status of TX and RX PFD ounx OUTRX 
--

0 0 0 CONTROL BIT TXCE CONTROL BIT RXCE NORMAL OPERATION 

0 0 1 INTERNAL POINT INTERNAL POINT TEST MODE NORMAL IUP 
REFTX REFRX 

0 j 0 INTERNAL POINT INTERNAL POINT TEST MODE NORMAL I DOWN 
FINTX/N2 FINRX/N1 

0 1 1 INTERNAL POINT INTERNAL POINT TEST MODE I LEAKAGE 
FINTX/N2 FINRX/N1 

1 0 0 CONTROL BIT TXCE CONTROL BIT RXCE OPERATION WITH INCREASED 
!UP AND !DOWN 

1 0 1 INTERNAL POINT INTERNAL POINT TEST MODE INCREASED !UP 
REFTX REFRX 

1 1 0 INTERNAL POINT INTERNAL POINT TEST MODE INCREASED I DOWN 
FINTX/N2 FINRX/N1 

1 j 1 INTERNAL POINT INTERNAL POINT TEST MODE I LEAKAGE 
FINTX/N2 FINRX/N1 

6/14 
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Figure 2: Reference Frequency Diagram. 
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ST7162 

DSC OUT 

11!135T.?J6~-lNA 

INPUT OF TX PFD INPUT OF RX PFD 
REFTX CONNECTED REFRX CONNECTED 
TO INTERNAL POINT TO INTERNAL POINT 

(see Note 1) (see Note 2) 

FREF FREF 

FREF FREF/4 

FREF FREF/25 

FREF AUXFREF 

FREF/4 FREF 

FREF/4 FREF/4 

FREF/4 FREF/25 

FREF/4 AUXFREF 

FREF/25 FREF 

FREF/25 FREF/4 

FREF/25 FREF/25 

FREF/25 AUXFREF 

AUXFREF FREF 

AUXFREF FREF/4 

AUXFREF FREF/25 

AUXFREF AUXFREF 

If the 12 brts REF. counter is drsabled (RcE control brt = 0) then the rnputs of RX and TX PFD (REF TX and REF RX) are connected to rnternal 
porn! AUX REF. 

Note(2): 
If the 14 brts auxiliary reference counter is drsabled (ARCE control bit= 0) then the internal point AUXFREF is replaced by FREF/25 
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PROGRAMMING THE REGISTER (Figs 3 to 8) 

When a Low level is present on the ENABLE in
put, information on the DATA and AUX DATA in
puts are used to progr<;~f!l the internal registers. 
Data are shifted at the ns1ng edge of the clock In

put. First the 3 address bits of a register are sent, 
followed by 12 to 16 data bits, depending on the 
lenght of the register. The address is latched at 
the 3rd clock impulse following a falling edge at 
ENABLE input. This configuration allows to send 
various lenght patterns. Moreover, fixed patterns 
of 24 or 32 bits can be sent if dummy bits are in
serted between the address bits and the first data 
bit. After the last data bit, a rising edge of the EN
ABLE input latches the information. When the 
Voo supply is switched on, an internal circuit pro-

Figure 3:3 Wires Serial Data Transmission Timing 

RB: CONTROL REGJSTER 

ENABLE 

CLOCK 

r 
DATA l< 

Aul< DATA l< 

X= DON'T CARE 

ADDRESS 

A2 

0 

ADDRESS 

l< l< 

A1 

0 

~j 

l< l< l< l< l< 

AO 

0 

vides a reset of the control register bits. When the 
serial bus is not used, a Low level at clock input 
and a HIGH level at ENABLE inputs are applied. 

PROGRAMMING THE 3/4 WIRES MODE 
When the Auxiliary Data select bit of the control 
register is set to 1, the serial bus is switched in 4 
wires mode at the next pattern. Then one or other 
of the 5 registers may be serially loaded by one or 
other of the DATA or AUX DATA inputs. When 
loading simultaneously 2 registers with differant 
lenght, dummy bits are inserted between the. ad
dress bits and the data bits of the shorter reg1ster 
(see fig. 8). 

DAHl 
~ 

l< 

l< l< l< l< l< l< l< l< l< l< 

11935TN62•0Sfl 

DATA 

D12 TEST 1 

D11 TEST2 

D10 TEST3 

D9 AUX. DATA SELECT 

DB REF OUT/3 

D7 TX COUNTER ENABLE 

D6 RX COUNTER ENABLE 

D5 REF. COUNTER ENABLE 

D4 AUX. REF. COUNTER ENABLE 

D3 MUX SELECT 1 

D2 MUX SELECT2 

D1 MUX SELECT 3 

DO MUX SELECT 4 
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Figure 4: 3 Wires Serial Data Transmission Timing 

Rl: R~ REGISTER AND R2: TX REGISTER 

ENABLE 

CLOCK 

ADDRESS 

DATA X 

AUX DATA ~ )< ~ 

X = DON'T CARE 

ADDRESS 

A2 A1 

0 0 

0 1 

AO 

1 

0 

REGISTER 

R1 : RX COUNTER 

R2 : TX COUNTER 

Figure 5: 3 Wires Serial Data Transmission Timing 

X 

R3: 12 SITS REFERENCE FREQUENCY COUNTER 

ENABLE 

CLOCK~ 

DATA 

DATA 

>( )< ~ ~ >( )< ~ 

n9351~t62·11611 

DATA 

D15 MSB =32768 

DO LSB = 1 

AUlC DATA lC lC )( )( )( )( )( )( )( )( )( )( )( )( )( )( )( 

X = DON'T CARE 

ADDRESS 

A2 A1 

0 1 

AO 

1 

ns:Js7..-t6Z·I1.?11 

DATA 

REGISTER D11 MSB = 2048 

R3 : REF. COUNTER 

DO LSB = 1 

ST7162 

~ 

X ~ 
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Figure 6: 3 Wires Serial Data Transmission Timing 

~A: 1A BITS AUXILIARY FREQUENCY COUNTE~ 

ENABLE 

CLOCK 

ADDRESS DATA 

DATA X 

AUX DATA X X X X X X X X 

ti!J3ST?162·08h 

X= DON'T CARE DATA 

ADDRESS 
D13 MSB = 8192 

A2 A1 AO REGISTER 

1 0 0 R4: AUX REF. COUNTER DO LSB = 1 

Figure 7: 4 Wires Serial Data Transmission Timing 

Rl tR>< REGlSTERl AND Q2 tTX REGISTEQl SIMULTANEOUSLY 

ENABLE 

CLOCK 

ADDRESS DATI"! 

DATA 

AUX DATA X 

ADDRESS DATA 

A2 A1 AO REGISTER AUXA2 AUXA1 AUXAO 
MSB = 32768 D15, AUX D15 

0 0 1 R1 : RX COUNTER 
DO, AUX DO LSB = 1 

0 1 0 R2 : TX COUNTER 
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Figure 8: 4 Wires Serial Data Transmission Timing 

R3 112 BlTS RE• •RED COUNTERl AND Rd 11d BlTS ~UXRE• •RED COUNTERJSJMULTANEOUSLY 

ENABLE 

CLOCK 

" 
ADDRESS 

9' 
DUMMY 

~' 
DATA 

~ D~T~ 

DATA X X 

UX DATA )( )( 

" •I• 
AUX D~TA 

~ 

X= DON'T CARE 

ADDRESS 

A2 A1 AO 
REGISTER 

AUXA2 AUXA1 AUXAO 
DATA AUX DATA 

D11 MSB = 2048 AUX D13 MSB = 8192 
0 1 1 R3 : REF COUNTER : 

: 
1 0 0 R4: AUX REF. : 

COUNTER DO LSB = 1 AUX DO LSB = 1 
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PFD DESCRIPTION (pin 10 & 15) 
Outputs PDTX or PDRX produce an output pulse 
current, sourcing or sinking, whose width de
pends on the delay between falling edges of ref
erence frequency and RF frequency divided. Sim-

plified schematic of both PFD is described in fig
ure 10. When the current output is off, PFD is in 
high impedance state. The voltage at PFD out
puts pins depends on the loop filter and Vco char
acteristics (Fig. 9) 

Figure 9: PD Output Current vs. FIN I REF. Frequencies. 

REFRX 
(REFTX) 

FIN RX/N1 
(FIN TX/N2) 

OUTPUT 
CURRENT 

Figure 10: Simplified schematic of PFD outputs. 

When the loop is locked, to prevent a dead area 
in the PFD gain due to switching delays, a very 

Figure 11: PD output current in locked condition. 

OUTPUT 
CURRENT 

T = 1/REF 

-<II~'> t1 = 1/0SC IN Freq. 

TRI-STATE 

D93TL012 

toVCO 

short phase offset is introduced in the loop, so the 
PFD output current show the following waveform 
Fig. 11. 

TRI-STATE 

093TL014 
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Figure 12: Switching diagrams. 
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MULDEX IC FOR MUL TIMED lA TELESERVICES 

• HCMOS SEA OF GATE TECHNOLOGY 
• 64 PINS QUAD FLAT PACKAGE 
• TWO MODES OF OPERATION: STAND

ALONE, MICROPROCESSOR 
• INTERFACE FOR 8/16/32 BIT MICROPRO

CESSORS 
• TRANSMITTER FUNCTIONS: 

Implementation of two electrical interfaces: 
- 64kbit/s only 
- to 4 up to 32 Time Slot Multiplex. 
Allocation of the multimedia frame structure in 
B channel for 32B channels. 
3 input internal multiplexer can multiplex up to 
3 sources within the 64kbit/s output stream. 
Serial/Parallel input to the AC data: 
-Serial: using the 8th bit of the input stream. 
-Parallel: using bytes provided by 

microprocessor. 
Serial/parallel input for the seven sub-chan
nels. 

• RECEIVER FUNCTIONS: 
Implementation of two electrical interfaces: 
- 64kbit/s only 
- to 4 up to 32 Time Slot Multiplex 
Allocation of the multimedia frame structure in 
Bchannel of 32 channels. 
3 Output internal demultiplexer can demultiplex 
up 3 signals provided by the 64kbit/s input 
stream. 
Serial/parallel output for AC data: 
-Serial: using the 8th bit of the output stream. 
-Parallel: using bytes provided by 

microprocessor. 
Serial/parallel output for the seven subchan
nels. 

• OTHER GENERAL ASPECTS: 
Interrupt procedures to access 16 input regis
ters and 10 output registers. 
Working with/without external byte synchroni
zation depending on Protocol Select Pin and 
bit programmation. 
The emitter and receiver provide superframe 
synchronization. 
Error correction on BAS (up to two consecutive 
errors can be corrected, three are detected). 
Fast receiver synchronization (parallel 
method). 

May 1993 

PQFP64 

ORDERING NUMBER: STH221 

DESCRIPTION 
The ·H221/Muldex integrated circuit is a multi
plex/demultiplex for a frame structure with 8-bit 
data channel. Manufactured using HCMOS "Sea 
of gates" technology, the device requires a single 
5 V supply and is available in a 64 pin Quad Flat 
Package. The H221 /Muldex implements the 
frame structure for a 64 kbit/s channel in audio
visual teleservices as defined by CCITT in the 
H.221 recommendation with automatic gener
ation/decoding of FAW and error correction de
tection on BAS. It also implements the CRC4 al
gorithm for error detection on the sub-multiframe 
structure and allows the possibility of serial and/or 
parallel input/output of data channels (including 
the AC channel). In addition the multiframe struc
ture is supported with automatic generation/de
coding of the Multiframe Alignment Word and en
abling of multiframe count. The H221/Muldex is 
controlled by a microprocessor using an 8-bit data 
bus or can function in a stand-alone mode; stand
ard 64 kbit/s or time division multiplex interface are 
implemented. 
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PIN CONNECTION (Top view) 

N.C. 

N.C. 

TOOt/TOO 

T002/RCK 

uss 

uss 

N.C. 

SMFT/IM 

CPIJ/!8 

CPI2/IA 

CPI1/5YI 

CP/CPI 

TDI1/TOI 

UOD 

UOO 

N.C. 

u 
:z: 
>en 
"-
' 0 

5 

en 
en 
:> "' .. ~ 

en m m 
:> 0 0 

Table 1: Alphabetical Listing of Symbols. 

Symbol Pin Symbol 

CON 41 080 

CONF 34 081 

CP/CPI 60 082 

CPI1/SVI 59 083 

CPI2/IA 58 084 

CPI3/18 57 085 

CP01/SVO 47 086 

CP02/0A 46 087 

CP03/08 45 DCLR 

DSN 37 DCLT 

DTACKN 36 SDO 

Pin 16 must not be connected. 

N "' .. "' m m m m 
0 0 0 0 

Pin 

3 

4 

5 

6 

7 

8 

9 

10 

13 

19 

21 

M "-
0 :z: u 
~ s :z: 

N.C. 

TOIJ 

TOI2 

uss 

uss 

N.C. 

RESETn 

CSN 

MODE 

PROT 

N.C. 

SOO 

FSCT 

DCLT 

N.C. 

N.C. 

"' "- c "' "' 0 0 0 
m ID u ..J "' 0 0 n!13STH221-1311 
0 0 "' en u :> :> :> ... 0 a: 

"' en 

"' a: 

Symbol Pin Symbol Pin 

SMFR/OM 44 VSS 1,2,28,29,53, 
54 

FSCR 12 SMFT/IM 56 

FSCT 20 TDI1/TDI 61 

FSVN/CPO 48 TDI2 30 

IRON 40 TDI3 31 

MODE/TEST 24 TD01/TDO 51 

PROT 23 TD02/RCK 52 

RESETN 26 TD03 35 

RWN 39 VDD 15,16.42.43, 
62,63 

SDI 11 CSN 25 

2/30 
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Table 2: Pin Description. 

Pin Symbol Mode Type Function 

3-10 DB0-087 1/0 CPU 1/0 Data uP Interface. 

11 SOl I Rx Serial Data Input. Input of serial stream from line into the receiver. 
64 kbit/s or 256 kbit/s uo to 2048kb/sec (GCI). 

12 FSCR I Rx Frame Syncro Rx. Octet synchronization (if present) for the 
receiver. 

13 DCLR I Rx Data Clock Rx. Clock of input data for receiver. 
64khz or 512 up to 4096khz (GCI) 

19 DCLT I Tx Data Clock Tx. Clock of output data from transmitter. 
64khz or 512 up to 4096khz (GCI) 

20 FSCT I Tx Frame Syncro Tx. Octet syncronization (if present) for the 
transmitter. 

21 SDO o· Tx Serial Data Output. Output of serial stream from 
transmitter into B channel selected. Open drain in GCI mode. 

23 PROT I Protocol select. Select of protocol implementation: 
0 = 64 kbit/s 
1 = Multiplex at 512 up to 2048kb/s. 

24 MODE/ I CONF = 1 Test is given by this pin. 
TEST Specific test mode of the component. In normal operation, must be 

0. 

CONF = 0. Selection of working mode. 
MODE = 0. Controlled by CPU (CPU mode) 
MODE = 1. Stand Alone (S-A Mode). mode). 
Test is given bv Bit 3 of Command Register. 

25 CSN I CPU Chip Select. In CPU mode allows the selection of the component 
by the CPU: 
0 =The CPU can access internal registers using RWN, CON, 
DSN signals. 
1 =The H221 is disabled. 
In S-A mode this pin represents the N5 bit of the H221 protocol 
(Enable/disable of the multiframe count). 

26 RESETN I Reset component. Reset the H221 and initializes default 
conditions. Low Signal= act1ve Minimum durat1on = 1 us. 

30 TDI2 I Tx Terminal Data Input 2. Serial input of data for the transmitter, 
clocked by CP. Data is shifted on the falling edge of CP. Usable 
only if CONF = 1 otherwise ignored. 

31 TDI3 I Tx Terminal Data lnput3. Serial input of data for the transmitter. 
Data is shifted on the falling edge of CP. Usable only if CONF = 1 
otherwise ignored. 

34 CONF I Configuration. 
CONF = 0. CPI, TDI, SYI, lA, IB, IM, OM, TOO, CPO, SYO, OA, 
OB, RCK, Mode pins are validated. 

CONF = 1. CP, TDI1/3, CPI1/3, TDO 1/3, CPO 1/3, SMFT, 
SMFR, TEST, FSYN pins are validated. 

35 TDO 3 0 Tx Terminal Data Output3. Serial Output of data received. Data is 
shifted on the rising edge of CP. If CONF = 1: Open Drain else 
TD03 = 0. 

36 DTCAKN 0 CPU Data Acknowledge. Data acknowledge for writing from CPU and 
data ready for reading. 
1 = Data not yet ready or acknowledged. 
0 = Data ready or acknowledged. 
In S-A mode it represents the Aloe signal. 

37 DSN I CPU Data Strobe. Strobe signal for data 1/0 from/to CPU. 
0 = Data Valid on data bus. 
In S-A mode it is used to strobe the BAS data on the data bus. 

3/30 --------------"'' ~~~@~~r::O!~~ --------------
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Table 2: Pin Description. 

Pin Symbol Mode Type Function 

39 RWN I CPU Read or Write. Indicates whether the next data transfer perlormed 
is a read or a write. 
0 = Write operation. 
1 = Read operation. 
In S·A mode it indicates the direction of the BAS data on data bus. 

40 IRON OD CPU Interrupt Request. When low mdicates that the H221 1s 
requesting interrupt service. ThiS lead goes h1gh when the CPU 
performs the interrupt acknowledge. It IS an open drain so pull·up 
res1stor 1s needed. 
In S·A mode it represents the Eloc signal. 

41 CDN I CPU Command or Data Selection between the command register or 
the data registers set. 
0 = The CPU accesses a data register. 
1 =The CPU accesses the command register. 
In S-A mode 1t enables the computing of the CRC4 value by the 
transmitter. 
0 = Tx computers CRC4 value. 
1 =Alii's are transmitted on the CRC4 pos1t1on (CRC4 disabled). 

44 SMFR/ 0 Rx CONF = 1. Submultiframe received. 
OM This signal goes high at the beginning of first bit of octet 1 of every 

submultiframe. It returns low at the begmning of first bit of octet 83 
of every submultiframe. 

CONF = 0 Out Mask. 
Frame synchronization; it goes high before the beginning of first bit 
of octet 1 of every frame. It returns low between the 16th and the 
72nd octet, depending on the programmed conditions. Valid only 
when the receiver is frame alloned. 

45 CP03/ 0 Rx CONF = 1. Clock pulse for data output 3. This signal is 
OB configurated by CPS and WIN bits. It is associated to TD03 data 

CONF = 0. Out multiplex addr. B. 
LSB of the channel number of the bit on the TDO output. 

46 CP02/ 0 Rx CONF = 1. Clock pulse for data output 2. This signal is 
OA configurated by CPS and WIN bits. It is associated to TD02 data. 

CONF = 0. Out multiplex addr. A. Together with OA and SYO 
indicates the channel number of the bit on the TDO output. These 
signals can be used to address an external demultiplexer 
separating 8 sub-channels. 

47 SYO/ 0 Rx CONF = 1. Clock pulse for data output 1. This s1gnal1s 
CPO! configurated by CPS and WIN b1ts. It is associated to TDOI data. 

CONF = 0. Synchro Output MSB of the channel number of the bit 
on the TDO output. It also represents the synchronization octet; 
SYO is low at the beoinnino of the octet. 

48 FSYN/ I - CONF = 1. Frame Synchronization. 
CPO Th1s 8kHz signal indicates the first b1t of the first t1me slot for 

TDOI, TD02, TD03, TOll, TDI2, TDI3 multiplex. 

CONF = o Clock Pulse Output; 
Clock for the output of data from rece1ver. The clock mput must 
have a mimfmum frequency of 64KHz and a maximum frequency 
of 2 MHz. Signals OA, OB and SYO have meaning only whne 
CPO has a 64KHz frequency. 

4/30 -------------- L..,, ~~~;U1?1rr::oo~lt --------------
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Table 2: Pin Description. 

Pin Svmbol Mode Tvoe Function 
51 TOOl/ TS/0 Rx CONF = 1. Terminal Output 1. 

TOO Serial output of data received. Data is shifted on the rising edge of CP. 
OPEN DRAIN 

CONF = 0. Terminal Data Output. 
Serial output of data received, clocked by CPO. Data 1s shifted on 
the leadma edae of CPO. 

52 TD02/ TS/0 Rx CONF = 1. Terminal Output 2. 
RCK Serial output of data received. 

Data is shifted on the rising edge of CP. 
OPEN DRAIN 

CONF = 0. Rx Clock. 
A 64KHz clock recovered by the receiver from the 
incomma stream. 

56 SMFT/ 0 Tx CONF = 1. Submult1frame transmitted. 
IM This signal goes high at the begmning of f1rst b1t of octet 1 of every 

submultiframe. It returns low at the beginnmg of first bit of octet 8 
of every submult1frame. 

CONF = 0. Input Mask. 
Input Mas. Frame synch; it goes high before the transmission of the 
first bit of octet# 1 of every frame. It returns low between the 16th 
and the 72nd octet, deoendina on the oroarammed conditions. 

57 CPI3/ 0 Tx CONF = 1. Clock Pulse for data input 3. This s1gnal1s configurated 
IB by CPS and WIN bits. It is associated to TDI3 data. 

CONF = 0. Input Mask. 
In multiplex addr. B. LSB of the channel number of the b1t on the 
TDI inout. 

58 CPI2/ 0 Tx CONF = 1. Clock Pulse for data Input 2. This signal is configurated 
lA by CPS and WIN bits. It is associated to TDI2 data. 

CONF = 0. In Multiplex Addr. A 
In multiplex addr. A. Together with lA and SYI indicates the 
channel number of the bit on the TDI input. These signals can be 
used to address the mult1olexma of 8 sub-channels. 

59 CPI/ 0 Tx CONF = 1. Clock Pulse for data Input 1. This signal is configurated 
SYI by CPS and WIN bits. It is associated to TOll data. 

CONF = 0. Input Synchronization .Input Sync. MSB of the channel 
number of the bit on the TDI input. It also represents the sync of 
the outaoina octet i.e. SYI is low at the beainnina of the octet. 

60 CP/CPI I Tx-Rx/ CONF = 1. Clock Pulse. 
Tx This signal is used to generate s1x clock pulses: CPI1, CPI2, CPI3 

and CP01, CP02, CP03. Its frequency is twice bmary data rate of 
TDI1, TDI2, TDB and TD01, TD02, TD03 multiplex. 
Minimum frequency 128kHz. 
Maximum frequency 4096kHz. 

CONF = 0. Clock Pulse input. Clock for the input of data into 
transmitter. The clock input must have a minimum frequency of 
64kHz and a maximum frequency of 2 MHz. Signals lA, IB and 
SYI have meanina onlv when CPI has a 64kHz freauencv. 

61 TDI1/ I Tx CONF = 1. Terminal Data Input 1. 
TDI Serial input of data for the transmitter. Data is shifted on the falling 

edge of CP. 

CONF = 0. Terminal Data Input. Serial mput of data for the 
transmitter, clocked by CPl. Data is shifted on the leadmg edge of 
CPl. 
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OVERVIEW 
The H221/Muldex performs complete multiplex
ing/demultiplexing according to the CCITT H.221 
recommendation. It generates and decodes 
frame and multiframe structure automatically with
out intervention by the host CPU. The host CPU 
must initialize the H221 registers and supply or 
read BAS and AC information upon request. The 
CPU is notified of important events via interrupt. 
The H221/Muldex contains a receiver, a transmit
ter and an interface unit (fig. 1). 

ARCHITECTURE 
Transmitter 
The transmitter can work in two main modes: un
framed or framed. In the first mode, octets to be 
transmitted are shifted out on the serial data out
put (SDO) without any data insertion or control; in 
framed mode, the transmitter constructs the 
frame, submultiframe and multiframe structure. 
Data is shifted on the rising edge of the data clock 
signal (DCL T). 
In framed mode the transmitter handles bit # 8 of 
the octets: it puts into octets 1 to 16 information 
that identifies the frame structure (FAW, BAS, 
Parity, CRC4, A, E, according to the submulti
frame); into octets 17 to 80 the transmitter puts 
the AC channel information. 
This data can be sent to the AC register of the 
transmitter by the host CPU or can be the 8th bit 
of the incoming bit stream, depending on the con
figuration set by CPU. A request for AC data is 
made by the CPU via interrupt; the transmitter 
generates an interrupt request 1 mS before it 
needs the data. After this time it transfers the AC 
data into internal register and starts the trans
mission of the next 8 octets. Then the cycle 
restarts with another interrupt request. 
The same mechanism is applied to the BAS data 
request; SMFT pin generates a signal every 
20ms. 
This submultiframe transmit signal is at "1 "during 
FAS transmitting. CPU can update if necessary 
BAS data and configuration registers TD11 R, 
TDI2R, TDI3R, when SMT is low. BAS data will 
be emitted during the next submultiframe and the 
new configuration of TDI1, TDI2, TDI3 multiplex 
will be actual after this next submultiframe. If not 
updated, old data is emitted. 
The transmitter puts into the first bit of every infor
mation that identifies the multiframe structure; 
some are fixed and generated by the transmitter 
(MAW), others are variable (multiframe counter, 
L 1, L2, L3, R bits and TEA). When enabled, the 
multiframe count is generated automatically by 
the transmitter, if disabled, all zeroes are trans
mitted; other bits are sent by the host CPU into 
the TFAS register. This data is transferred into in
ternal register for transmission at the beginning of 

a multiframe (i.e. on the first bit of the frame # 0); 
if necessary data can be updated by the CPU be
fore the end of a multiframe; no interrupt request 
is generated for this data. 
The transmitter also computes the CRC4 value of 
a submultiframe and puts this value on the next 
odd frame according to the CCITT H221 recom
mendation; at reset, for the first two frames a zero 
value is transmitted; if the CRC4 computing is not 
enabled, the transmitter sends all ones in the 
CRC4 position. 

Receiver 
The receiver, like the transmitter, has two working 
modes: unframed and framed. In the first mode, 
octets received into the serial input (SDI) are 
shifted out on the terminal data (TOO) without any 
control or synchronism search; in framed mode, 
the receiver detects frame and multiframe align
ment words (FAW and MAW) following proce
dures specified in CCITT H221 recommendation. 
When frame alignment is obtained, the receiver 
computes parity for BAS data; it uses this data for 
correcting up to two errors on BAS; 3 errors are 
detected. 
If aligned, the receiver also decodes AC data; the 
availability of the data is signalled to the host 
CPU via interrupt; the CPU has 1 ms to remove 
the data before the AC register is updated with 
the new value. The AC data is also available as 
the 8th bit of octets on terminal data output (TOO) 
when the component is receiving octets 17 to 80. 
The number of interrupt generated for the AC 
channel depends on the configuration set by 
CPU. 
BAS register (RBAS) is updated every submulti
frame when receiving octet 17 of the odd frame 
(i.e. after the parity has been verified); CPU can 
read BAS data when SMFR is low. SMFR pin 
generates a signal every 20ms. This Submulti
frame Receive Signal is at "1 "during an even 
frame and FAS and BAS receiving of odd frame. 
After reading BAS data, CPU can load immedi
ately into T001 R, T002R, T003R register when 
SMFR is yet low to change the configuration of 
T001, T002, T003 multiplex if necessary. Er
rors detected on BAS data (corrected or not) are 
signalled to the host CPU via interrupt; reading 
the receiver status register the CPU can deter
mine the type of error. 

The data on the BAS register is not valid if errors 
on BAS are not recoverable. In the first bit of 
every frame the receiver reads information con
cerning multiframe structure; registers that hold 
this information (multiframe counter (RC), L 1, L2, 
L3, R bits and TEA (RFAS)) are updated at the 
beginning of a multiframe; the CPU can read 
multiframe data at any time•except on the first 
octet of the first frame of a multiframe. 
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The receiver also computes the CRC4 value of a 
submultiframe and compares it with the received 
value of CRC4; if discrepancies are found, bit 
Eloc is set and an interrupt is generated; error in
terrupts are generated at the beginning of a frame 
only when some error condition are present. 
Interface 
The interface unit provides interface between the 
host CPU and the H221 Muldex transmitter and 
receiver via data bus and some control signals. 
The interface holds general purpose register and 
decoding logic for the addressing of transmitter 
and receiver registers. Using data-strobe/data
acknowledge protocol, the H221/Muldex can in
terface CPU that use synchronous or asyn
chronous read/write cycles. 

PRINCIPLES OF OPERATION 
CPU Interface 
The CPU has direct access into two register, 
command or data, using the CON signal. The 
data register is split in 16 registers; the address of 
the data register is specified in the command 
register. The CPU configures the H221/Muldex by 
writing the command and data registers. Status 
information can be accessed by reading one of 
the status registers and is used to monitor the 

STH221 

H221/Muldex operation. The most useful informa
tion is coded in the command/status register for 
fast access by the CPU. 
H221 Registers 
The H221/Muldex registers are divided into four 
classes: command/status, receiver, transmitter, 
test. 
Command/Status Register. Direct access by 
CPU when CON signal is high; contains interrupt 
and error flags, controls the addressing of data 
registers, the clearing of interrupt flags, the test 
mode and the start of the transmitter. 
Receiver Registers. These registers contain in
formation received: multiframe data, BAS data, 
AC data, octet. Other registers contain status in
formation of the receiver: frame and multiframe 
counters, AC counter, status bit indicating level of 
synchronization achieved (octet, frame, multi
frame). 
Transmitter Registers. These registers contain 
information to be transmitted: multiframe data, 
BAS data, AC data, octect. Other registers con
tain status information of the transmitter: frame 
and multiframe counters, AC counter, bits pro
gramming the operating mode of the transmitter. 
Test Register. These registers contain data used 
for the testing of the component; not used in nor
mal operation. 

7/30 
-------------- i"'!l ~~~~~?f::oo~~ --------------

331 



STH221 

Table 3: Common/Status Register Definition. 

Bit 7 6 5 4 3 2 0 

(Write) Field IR IT IE s W3!T W2 WI wo 

Bit Symbol Name/Description 

0 wo Data Register Address (bit 0). Interpreted with WI (bit I) and W2 (bit 2) and W3 [(bit 3) +if 
GONF ~ I] as the address of the data register as indicated by the following table: 

W3 W2 W1 wo Write Read 

0 0 0 0 TFAS RFAS 

0 0 0 I TBAS RBAS 

0 0 I 0 TAG RAG 

0 0 I I TEST TG 

0 I 0 0 TEST RG 

0 I 0 I GOND RXST 

0 I I 0 AGS!TEST RTAGG 

0 I I I TPD RPD 

Available only if GONF ~ I 

I 0 0 0 TSAA TBGR 

I 0 0 1 TD01R 

I 0 I 0 TD02R 

I 0 I I TD03R 

I I 0 0 TSAN RBGR 

I I 0 I TDIIR -

I I I 0 TDI2R 

I I 1 1 TDI3R 

Forced to I if MODE pin is high and CONF ~ 0. 

I WI Data Register Address (bit I). Forced to 0 when MODE pin is h1gh and CONF ~ 0. 

2 W2 Data ReQister Address (bit 2). Forced to 0 when MODE pin is hiQh and CONF ~ 0. 

3 W3!T Data Register Address (bit 3) 1f GONF ~ I. 
GR Test if GONF = 0. 
Specifies test mode of the component. In normal operation must be 0. T is cleared by hardware 
reset or by software reset (bit RSN of GOND register). 
If GONF ~I, this funct1on is performed through pin MODE!TEST 

4 s Start/Interrupt Enable. When this bit goes high, the transmitter starts transmitting the first bit of 
the first frame of a multiframe. If it remains high, generation of all interrupts is enabled. If it 
returns low interrupts are disabled. Two consecutive writes to this bit (1-0) are sufficient to start 
the transmitter. The transmitter starts on the second falling edge of SYI signal (fig. 5). Sis 
cleared by hardware reset or by software reset (bit RSN of GOND reQister). 

5 IE Error Interrupt AcknowledQe. WritinQ I on this bit clears the correspondinQ interrupt flag. 

6 IT Transmitter Interrupt Acknowledge. Writing I on this bit clears the corresponding interrupt 
flaq. 

7 IR Receiver Interrupt Acknowledge. Writing I on this bit clears the corresponding interrupt flag. 
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Table 3: Common/Status Register Definition. (Continued) 

Bit 7 6 5 4 3 2 0 

(Read) Field IR IT IE ELOC ALOC EBC EB 0 

Bit Symbol Name/Description 

0 - Unused bit. Read always as zero. 

1 EB BAS Data Error When 1 indicates an unrecoverable error on the BAS data. This bit is updated 
on a submultiframe basis. 

2 EBC BAS Data Error Recovered When 1 indicates that BAS data has been rece1ved with an or 2 
errors and that error has been corrected by the error correction logic. 

3 ALOC Local Alignment. When 0 indicates that the receiver is aligned on frame and multiframe. The 
same bit is transmitted as bit A of the frame if ASEL bit of ACSfTEST register allows it. 

4 ELOC Local Error. When 1 indicates a difference between the CRC4 value calculated by the receiver 
and the CRC4 received. The same bit can be transmitted as bit E of the frame 

5 IE Error Interrupt Flag. When 1 indicates that an error interrupt has been generated by the 
component. It returns 0 on error mterrupt acknowledge. 

6 IT Transmitter Interrupt Flag. When 1 indicates that a transmitter interrupt has been generated 
by the component. It returns 0 on transm1tter interrupts acknowledge. 

7 IR Receiver Interrupt Flag. When 1 indicates that a receiver interrupt has been generated by the 
component. It returns 0 on receiver interrupt acknowledge. 
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Table 4: TFAS Register Definition (Address 0000). 

Bit 

(Write) Field 

Hardware RESET 
configuration 

Bit Symbol 

0-3 L1-L3, R 

4 TEA 

5 N5 

6 SYNEXT 

7 EPI 

7 6 5 4 3 2 1 0 

EPI SYNEXT N5 TEA R L3 L2 L1 

0 1 X 0 0 0 0 0 

Name/Description 

L1-L3, R bits. L1-L3 and R bits of H221 multiframe structure. Cleared by hardware or software 
reset. 

TEA bit. Terminal Equipment Alarm bit to be transmitted. Cleared by hardware or software reset. 

NS bit. Multiframe count enable. When 1 the transmitter counts multiframe sending multiframe 
number in descendmg order on bit N1 N4 (N1 = LSB). No default on reset. 

Transmitter Octet Syncro Valid. Specifies if external octet synchro is valid. If 1, the external 
octect syncro is present and valid; if o, the octet synchro may be present but 11 is not taken into 
account by transmitter. Hardware or software reset forces this b1t to 1. 

Enable Parallel Input. When 1 enables parallel input of data to be transmitted using TPD 
register. If this bit is 0 data enters senally through the TDI input. Cleared by hardware or 
software reset. 

Table 5: RFAS Register Definition (Address 0000). 

Bit 7 6 5 4 3 2 0 

(Read) Field 0 0 N5 TEA R L3 L2 L1 

Bit Symbol Name/Description 

0-3 L1-L3, R L1-L3, R bits. L1-L3 and R bits of H221 multiframe structure. 

4 TEA TEA bit. Terminal Equipment Alarm bit received. 

5 N5 N5 bit. Enable mult1frame count bit received. If 1 the remote transmitter has multiframe 
numbering enabled. 

6-7 - Unused bits. Read as zero. 
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Table 6: TBAS and RBAS Register Definition (Address 0001). 

Bit 

I· 
7 6 5 4 3 2 0 

Field bo b1 b2 bJ b4 bs bs b7 

Bit Symbol Name/Description 

0·7 bob? BAS Data. BAS data to be transmitted (TBAS Register write) or rece1ved (RBAS Register read). 
boIS the MSB and b7 the LSB as defmed by CCITT. 

Rem: Hardware RESET is inactive on configuration. 

Table 7: TAG and RAG Register Definition (Address 001 0). 

Bit 7 6 5 4 3 2 0 

Field ACs ACs A Co 

Bit Symbol Name/Description 

0-7 ACoAC7 AC Data. AC data to be transmitted (TAC Registerwnte) or rece1ved (RAC Reg1ster read). In 
TAC register ACe 1s the first bit transmitted while m RAC register ACo represents the last b1t 
received. 

Rem: Hardware RESET is inactive on configuration. 

Table 8: TG Register Definition (Address 0011 ). 

Bit 

0·3 

Bit 

(Read) Field 

Symbol 

TFoTF3 

7 6 5 4 3 2 0 

TFo 

Name/Description 

Transmitter Frame Counter. Indicates the frame number m transmission (i.e. the frame 
poS111on w1thin the multiframe structure). TFo IS the LSB. 

4·7 TN1TN4 Transmitter Multiframe Counter. Indicates mult1frame number in transmiSSIOn and represents 
bit N1N4 of the mult1frame structure. TN1 is the LSB. 

Rem: Write register used for TEST only ' 
: No access to user 
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Table 9: RC Register Definition (Address 0100). 

Bit 

0·3 

4·7 

Bit 

(Read) Field 

Symbol 

RFoRFs 

RNtRN4 

7 6 5 4 3 2 0 

RNs RFs RFo 

Name/Description 

Receiver Frame Counter. Indicates the receiving frame number (i.e. the frame position within 
the mult1frame structure). RFo is the LS8. 

ReceiverMultiframe Counter. Indicates bit N1 N4 of the received multiframe structure. RNt is 
the LS8. 

Rem: WRITE register used for TEST only 
: No access to user. 

Table 10: COND Register Definition (Address 0101 ). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 FUN 

1 8182N 

2 N51EN 

3 ACS 

7 6 5 4 3 2 1 0 

ENEL ENCRC SYNEXR RSN ACS N51EN 8182N FUN 

1 0 0 1 1 1 1 1 

Name/Description 

Framed or Unframed Mode. Specifies if the transmitter generates frame and multiframe 
structure. If 1 the transmitter sends FAS, BAS, AC, CRC4, A, E and mulliframe information on 
bit 8 of transmitting data. If 0 the 8th bit is passed as is from TDI input to SDO output. Hardware 
reset forces th1s bit to 1 . 

B1 or B2 Position. When GCI mode active and CONF set to 0, specifies the position of the 
octet on the input or output data stream. If 1 the octet is placed on 81 position; if 0 on 82 
position. In 64 kbitls mode or CONF set to 1, 81 82N has no meaning. Hardware reset forces 
this bit to 1. When CONF is set to 1, the desired position is defined through bits 4 to 0 of TSAN 
register (TSN4, TSN3, TSN2, TSN1, TSNO). 

N51nternal or External. Specifies the source of N5 bit (multiframe count enable). If 1 the N5 bit 
of the transmitter is the complement of the Aloe bit of the receiver. In this case the transmitter 
starts multiframe count automatically when the receiver is aligned. If N51EN = 0, the N5 bit of the 
transmitter is the bit contained in the TFAS register. In this case the transmitter starts multiframe 
count when the CPU writes 1 on N5 bit of TFAS register. Hardware reset forces this bit to 1. 

AC Mode Select. Specifies the way AC data is exchanged with the terminal: parallel or mixed 
mode (serial/parallel). If 0, AC data are sent to H221/Muldex by CPU through data bus 8 bits at 
a time (parallel mode) upon interrupt request. Eight interrupt requests are generated by the 
transmitter at the begmning of octets 9, 17, 25, 33, 41, 49, 57, 65; the CPU has 1 mS to update 
the AC register (TAC), then the 8 bits of AC are transmitted (for data requested on octet 9 the 
transmission starts at octet 16 and ends at octecl 24, ACO bit first). Eight interrupt requests are 
generated by the receiver at the beginning of octets 25, 33, 41, 49, 57, 65, 73, 1; the CPU has 
1 ms to remove data from AC register (RAG), then the AC reg1ster is updated with the new 
received data (in octet 25 is presented data received in octets 16 to 24, ACO bit first). If the ACS 
billS 1, AC data are sent to H221/Muldex in a mixed mode (parallel/serie). Parallel data are 
requested first; the number of parallel AC data is specified on bits ACSEo ACSE2 of ACS!TEST 
register. The remaining part of the AC data IS sent to the transmitter as the 8th bit of the stream 
coming into the TDI pin. Interrupt request is generated only for parallel data. The rece1ver gives 
AC data simultaneously in both ways but generates interrupt request only for parallel data. 
Hardware reset forces thiS bit to 1. 
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Table 10: COND Register Definition (Continued). 

Bit Symbol Name/Description 

4 RSN Reset Software. When 0, this bit forces reset state of the component and initializes default 
conditions in all registers except the COND register itself. Hardware reset forces this bit to 1. 

5 SYNEXR Receiver Octet Syncro Valid. Spec1f1es 1f external octet synchro is valid. If 1, the external octet 
synchro is present and valid; if 0, the octet synchro may be present but it is not taken into 
consideration by the receiver. Hardware reset forces this bit to 0. 

6 ENCRC Enable CRC4 Calculation. Specifies whether the transmitter has to calculate and transmit the 
value of CRC4. If 1, the transmitter cal~ulates and transmits the CRC4 value; if 0, the value of 
CRC4 1s not calculated and all ones are transmitted on the CRC4 pos1t1on. Hardware reset 
forces this bit to 0. 

7 ENEL Enable transmission of Eloc. Specifies is the Eloc s1gnal1s passed from the rece1ver to the 
transmitter. If 1, the rece1ver passes the Eloc bit (the result of comparison between CRC4 
rece1ved and calculated) to the transmitter. If 0, no value is transferred and the transmitter 
always sends 0 on the E bit position. Hardware reset forces this bit to 1. 

Table 11: RXST Register Definition (Address 0101 ). 

Bit 7 6 5 4 3 2 0 

(Read) Field CRCA1 SM SF so E A 

Bit Symbol Name/Description 

0 A Alignment Loss. When 1 indicates a loss of alignment in the remote receiver. It represents the 
A bit received in odd frames. 

1 E CRC4 Error. When 1 indicates an error on the CRC4 computing by the remote receiver. It re 
presents the E bit received in odd frames. 

2 so Octet Synchronization. When 1 md1cates that the receiver has achieved octet synchronization 
by recognizing the FAS position on the frame structure. 

3 SF Frame Synchronization. This b1t goes h1gh when the receiver validates the rece1ved frame as 
specified by CCITT H221 rec. It remains high until a loss of frame al1gnment IS recognized. 

4 SM Multiframe Synchronization. This bit goes high when mult1frame alignment is achieved by the 
receiver that recognizes the mult1frame alignment s1gnal. It returns low when three consecutive 
mult1frame al1gnment signals have been rece1ved with an error. 

5·6 - Unused bits. Read undefined. 

7 CRCA1 CRC4 All Ones. When 1 indicates that the received CRC4 data contains all ones. This can be a 
symptom that ind1cates the disabling of the CRC4 calculation by the remote transmitter. 
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Table 12: ACS/TEST Register Definition (Address 011 0). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 RCL 

1 RSBT 

2 AEXT 

3 ASEL 

4 RRES 

5 ACSEo 

6 ACSE1 

7 ACSE2 

7 6 5 4 3 2 1 0 

ACSE2 ACSE1 ACSEo RRES ASEL AEXT RSBT RCL 

0 0 0 0 0 X 0 X 

-.. 
Name/Description 

Recirculate Control Specifies recirculating of the output stream into the receiver for local 
testing purposes. If 1, the output of the transmitter is internally recirculated into the receiver. The 
output pin (SDO) is forced to 1 when in 64 kbit/s mode (3-state when in GCI mode). the data on 
the input pin (SOl) is ignored. This bit has meaning only when bitT of command register is 1. 

Reset bit timing. When this bit goes high, the bit timing of the transmitter is initialized. 
Th1s function may be used to synchronize two or more transmitters (f1g. 6). Hardware or 
software reset force this bit to 0. Valid only when T b1t of command register is o; 1f bitT~ 1 the 
RSBT bit should be 0. 

External A bit. Represents the value of the transmitted A bit when ASEL bit is 1. No default on 
hardware or software reset. Valid only when T bit of command register is 0; if bitT ~ 1 the AEXT 
bit should be 0. 

A bit select. This bit specifies the source of the A bit transmitted on odd frames. If 1 the value of 
A is that of the AEXT bit of this register (see below). If 0 the A bit is generated internally by the 
receiver and indicates the frame and multiframe alignment. Hardware or software reset force 
this bit to 0. Valid only when bitT of command register is 0; if bitT~ 1 the ASEL bit should be 0. 

Receiver Restart. Controls the restart of the receiver alignment. If 1, the receiver restarts octet, 
frame and multiframe alignment, regardless of the current level of alignment. Hardware reset 
forces this bit to 0. 

AC Select. (bit 0) Interpreted with ACSE1 and ACSE2 as the number of serial AC channels as 
indicated by the following table: 

ACSE2ACSEo IM/OM AC# 

0 0 0 16 8 

0 0 1 72 1 

0 1 0 64 2 

0 1 1 56 3 

1 0 0 48 4 

1 0 1 40 5 

1 1 0 32 6 

1 1 1 24 7 

The IM and OM signals go h1gh at the beginning of the first octet of the frame and return low at 
the end of the octet md1cated by the 4th column of the table. The 5th column indicates how 
many senal octets are mput to the transmitter. When Signals IM and OM are h1gh, interrupt are 
generated respectively by the transmitter and the rece1ver; when signals return low no more 
mterrupts are generated; m this way IM and OM s1gnals indicate the sw1tchmg between parallel 
and serial mode of AC channel. ACSE b1ts have meamng only when ACS b1t of COND reg1ster 
is high; otherwise ACSE bit must be zero. Hardware reset forces this b1t to 0. 

AC Select. (bit 1 ). Hardware reset forces this bit to 0. 

AC Select. (bit 2). Hardware reset forces this bit to o. 
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Table 13: RTACC Register Definition (Address 0110). 

Bit 7 6 5 4 3 2 0 

(Read) Field ACTo ACRo 

Bit Symbol Name/Description 

0-2 ACRoACR2 Receiver AC Counter. Indicates the byte number of the AC in the RAG register. E. g. when 0 
indicates that RAG contains 8 bit of AC channel received in octets 17 to 24. 

3-5 ACToACT2 Transmitter AC Counter. Indicates the byte number of the AC in the TAG register. E. g. 
when 0 indicates that CPU must write into TAC register AC data that will be transmitted in 
octets 17 to 24. 

6-7 - Unused bits. Read undefined. 

Table 14: TPD and RPD Register Definition (Address 0111 ). 

Bit 

0-7 

Bit 

Field 

Symbol 

dod? 

7 6 5 4 3 2 0 

ds ds dO 

Name/Description 

Parallel Data. This register contains parallel data to be transmitted (TPD) or received (RPD). 
The TPD register IS used by the transmitter only when the EPI bit of COND register is 1 and it 
must be updated by CPU every octet; its content is transferred on the output register on the 
rising edge of the clock (DCL T) that marks the beginning of the octet. THe RPD register is 
updated by the receiver on the first bit of the octet; CPU can read the reg1ster at any time but 
during the first bit of every octet. The bit d7 is the first b1t of the octet entered into the rece1ver 
and the first bit of the octet shifted out from the transmitter. 

Rem: Hardware RESET is inactive on configuration. 
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Table 15: TSAA Register Definition (Address 1000). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0-4 TSAO- TSA4 

5 CPS 

6 WIN 

7 NM8 

7 6 5 4 3 2 1 0 

NM8 WIN CPS TSA4 TSA3 TSA2 TSA1 TSAO 

0 0 0 0 0 0 0 0 

Name/Description 

Time Slot Side Application. These 5 bits indicate the time Slot selected of 32 Time Slots 
corresponding to 64kb/s channel for transmitting and receiving. 
The receiver delivers eight bits onto TD01, TD02, TD03 pins with clock pulses CP01, CP02, 
CP03 during the Time Slot selected .. 
The transmitter receives eight bits from TDI1, TDI2. TDI3 pins and delivers clock pulses CPI1 
and CPI2 and CPI3 during the same Time Slot. 
Pulse relating to FAS and BAS is delivered if bit NMS = 1. 

Clock Pulse Simple. 
The Frequency of CPI1-3, CP01-3 clocks and Data rate of TDI1-3, TD01-3 are the same. 
CPS = 0 and WIN = 0. 
The frequencies of CPI1-3, CP01-3 is twice Data rate of TDI-3, TD01-3. 

Window. 
WIN = 1. CPI 1-3 and CPO 1-3 pins deliver windows. 
WIN = 0. CPI 1-3 and CP01-3 pins deliver clock pulses. 

Non Masked b1t 8. 
NMS = 1. 
Clock pulse (or window) relating to FAS and BAS is delivered. 
NM8 = 0. 
Clock pulse (or window) relating to FAS and BAS is not delivered. 

Table 16: TBCR Register Definition (Address 1000). 

Bit 7 6 5 4 3 2 0 

(Read) Field TFO TB6 TB5 TB4 TB3 TB2 TB1 TBO 

Bit Symbol Name/Description 

0-6 TB0-6 Transmit Byte. 
This counter indicates the number of octet which is being transmitted (Modulo 80). 

7 TFO Transmit frame. 
TFO = 0 Even frame. 
TFO = 1 Odd frame 
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Table 17: TD01 Register Definition (Address 1001 ). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 R11 
1 R21 
2 R31 
3 R41 
4 R51 
5 R61 
6 R71 
7 R81 

7 6 5 4 3 2 

R81 R71 R61 R51 R41 R31 

0 0 0 0 0 0 

Name/Description 

Subchannel1 Received is switched on TD01 pin. 
Subchannel2 Received is switched on TD01 pin. 
Subchannel 3 Received is switched on TD01 pin. 
Subchannel 4 Received 1s switched on TD01 pin. 
Subchannel 5 Received is switched on TD01 pin. 
Subchannel 6 Received is switched on TD01 pin. 
Subchannel 7 Received is switched on TD01 pin. 
Subchannel 8 Received is switched on TD01 pin. 

Table 18: TD02 Register Definition (Address 1010). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 R12 
1 R22 
2 R32 
3 R42 
4 R52 
5 R62 
6 R72 
7 R82 

7 6 5 4 3 2 

R82 R72 R62 R52 R42 R32 

0 0 0 0 0 0 

Name/Description 

Subchannel 1 Rece1ved is switched on TD02 pin. 
Subchannel 2 Received IS switched on TD02 pin. 
Subchannel 3 Received is switched on TD02 pin. 
Subchannel 4 Received IS SWitched on TD02 pin. 
Subchannel 5 Received is switched on TD02 pin. 
Subchannel 6 Rece1ved is switched on TD02 pin. 
Subchannel 7 Received 1s switched on TD02 pin. 
Subchannel 8 Rece1ved 1s sw1tched on TD02 pin. 

Table 19: TD03 Register Definition (Address 1 011 ). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 R13 
1 R23 
2 R33 
3 R43 
4 R53 
5 R63 
6 R73 
7 R83 

7 6 5 4 3 2 

R83 R73 R63 R53 R43 R33 

0 0 0 0 0 0 

Name/Description 

Subchannel1 Rece1ved is switched on TD03 pin. 
Subchannel 2 Received is switched on TD03 pin. 
Subchannel 3 Received 1s switched on TD03 pin. 
Subchannel 4 Received is sw1tched on TD03 pin. 
Subchannel 5 Rece1ved is switched on TD03 pin. 
Subchannel 6 Rece1ved IS SWitched on TD03 pin. 
Subchannel 7 Received IS switched on TD03 pin. 
Subchannel 8 Received is switched on TD03 pin. 

STH221 

1 0 

R21 R11 

0 0 

1 0 

R22 R12 

0 0 

1 0 

R23 R13 

0 0 
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Table 20: TSAN Register Definition (Address 11 00). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0-4 TSN04 

5-7 MGN0-2 

7 6 5 4 3 2 1 0 

MGN2 MGN1 MGNO TSN4 TSN3 TSN2 TSN1 TSNO 

0 1 1 0 0 0 0 0 

Name/Description 

Time Slot Side Network. 
These 5 bits indicate the time slot selected of 32 time slots corresponding to 64kb/s channel 
for transmitting and receiving. The H221 frame IS transmitted and received m this channel. 

Maximum channel group side network. 
These 3 bits indicate the number of group of 4 B channels which conslituites the multiplexes 
side network. 

MGN2 MGN1 MGNO 

0 0 1 1 group of 4 Time Slots 
0 1 0 2 group of 4 Time Slots 
0 1 1 3 group of 4 Time Slots 
1 0 0 4 group of 4 Time Slots 
1 0 1 5 group of 4 Time Slots 
1 1 0 6 group of 4 Time Slots 
1 1 1 7 group of 4 Time Slots 
0 0 0 8 group of 4 Time Slots 

Example TSAN is 61 (h); TSN = 1, MGN = 3. 
The emitter and the receiver are connected onto the Time Slott of multiplex which is 
constituited by 12 Time Slots. 

Table 21: RBCR Register Definition (Address 11 00). 

Bit 7 6 5 4 3 2 0 

(Read) Field RFO RB6 RB5 RB4 RB3 RB2 RB1 RBO 

Bit Symbol Name/Description 

0-6 RB0-6 Byte received. 
These 7 bits indicate the number of octet received (Modulo 80). 

7 RFO Frame Received. 
RFO = Even frame 
RFO = 1 Odd Frame. 
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Table 22: TDI1 Register Definition (Address 1101 ). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 T11 
1 T21 
2 T31 
3 T41 
4 T51 
5 T61 
6 T71 
7 T81 

7 6 5 4 3 2 

T81 T71 T61 T51 T41 T31 

0 0 0 0 0 0 

Name/Description 

Subchannel 1 to be emitted comes from TDII pin. 
Subchannel 2 to be emitted comes from TDII pin. 
Subchannel3 to be emitted comes from TDII pin. 
Subchannel 4 to be emitted comes from TDII pin. 
Subchannel 5 to be emitted comes from TDII pin. 
Subchannel 6 to be emitted comes from TDII pin. 
Subchannel 7 to be emitted comes from TDII pin. 
Subchannel 8 to be emitted comes from TDII pin. 

Table 23: TDI2 Register Definition (Address 111 0). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

Bit Symbol 

0 T12 
1 T22 
2 T32 
3 T42 
4 T52 
5 T62 
6 T72 
7 T82 

7 6 5 4 3 2 

T82 T72 T62 T52 T42 T32 

0 0 0 0 0 0 

Name/Description 

Subchannelt to be emitted comes from TDI2 pin. 
Subchannel 2 to be emitted comes from TDI2 pin. 
Subchannel3 to be emitted comes from TDI2 pin. 
Subchannel4 to be emitted comes from TDI2 pin. 
Subchannel5 to be emitted comes from TDI2 pin. 
Subchannel6 to be emitted comes from TDI2 pin. 
Subchannel7 to be emitted comes from TDI2 pin. 
Subchannel8 to be emitted comes from TDI2 pin. 

STH221 

1 0 

T21 Ttl 

0 0 

1 0 

T22 T12 

0 0 
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STH221 

Table 24: TDI3 Register Definition (Address 1111 ). 

Bit 

(Write) Field 

Hardware RESET 
Configuration 

7 

T83 

0 

6 5 

T73 T63 

0 0 

4 3 2 

T53 T43 T33 

0 0 0 

Bit Symbol Name/Description 

0 T13 Subchannel1 to be em1tted comes from TDI3 pin. 
1 T23 Subchannel 2 to be emitted comes from TDI3 pin. 
2 T33 Subchannel 3 to be emitted comes from TDI3 pin. 
3 T43 Subchannel4 to be emitted comes from TDI3 pin. 
4 T53 Subchannel5 to be emitted comes from TDI3 pin. 
5 T63 Subchannel6 to be emitted comes from TDI3 pin. 
6 T73 Subchannel 7 to be emitted comes from TDI3 pin. 
7 T83 Subchannel8 to be emitted comes from TDI3 pin. 

Table 25: Circuit Configuration. 

Input/Output PROT= 0 

CONF=O Side Network DCLR =64kHz 

DCLT =64kHz 

1 0 

T23 T13 

0 0 

PROT= 1 

One GCI channel: 
Data rate 256kb/s 
DCLR = DCL T =512kHz 

Side Application 13 signals for external multiplexer 

CONF = 1 Side Network DCLR =64kHz 1 to 8 GCI channels 
Data Rate n x 256kb/s 

DCLT =64KHz DCLR = DCLT = n x 512kHz 
FSCR = FSCT must be supplied (1:::; n :s 8) 

FSR = FSCT 
1 B channel selected of 32 

S1de Application 3 Input Multiplex 
3 Output Multiplex 
1 64kb/s selected of 32 
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Figure 1: Circuit Interfaces. 

CP 

FSYN 

FROM NETWORK 
FSCR DCLR SDI 

H221 

RECEIUER 

"""'~NNPl(l') 
000000 
oa.oa.cc. 
l-Ut--UI-U 

THREE MULTIPLEX 
TO 

TO NETIJORK 
FSCT DCL T SOD 

H221 

EMITTER 

T"l ....-t N N (I') Pl 
........................ f-t ...... 

CC.OQ.OCL 
1-UI-Ul-U 

THREE MULTIPLEX 
FROM 

MICRO 
INTERFACE 

CONF·1 

f1!J3STH221-B111 

STH221 

THREE APPLICATION 

Figure 2: Video and Audio Terminal. 
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Table 24: Multiframe Structure. 

Submultiframe Frame Bit 1 Bit2 Bit3 

0 
0 N1 

1 0 

1 
2 N2 

M 3 0 

u 2 
4 N3 

L 5 1 
T 
I 3 

6 N4 0 

F 7 0 1 
R 8 NS 
A 4 
M 9 1 
E 10 L 1 

5 
11 1 

6 
12 L2 

13 L3 

7 
14 TEA 

15 R 

Multiframe Synchronization: Bit 1 of frames 1, 3, 5, 7, 9, 11. 
Multiframe number: N1, N2, N3, N4, N5. 

Channel number: L 1, L2, L3. 
Terminal Equipment Alarm TEA, Bit rese!Ved R. 

Figure 3: H221 Multiframe. 

H221 FRAME 

0 

A 

MUL TIFRAMES NUMBERED 

Bit4 BitS Bit6 

1 1 0 

E C1 C2 

5 7 9 18 11 12 13 14 15 

8.169::5 x 16 • 2.56 !5econd~ 

1153SrH221-i13 

Bit7 BitS 

1 1 

C3 C4 

22/30 
-------------- !'11 ~~~~~~11'::0!~©~ --------------
346 



Figure 4: Possible Delays of 81 and 82 Channels. 

3600.2 
81 channel path ASB 300000Km/s Delay 300000 = 0.240s. 

82 channel path (AB) 5ms/Km (AB) = 6000Km Delay 6000 . 5 = 30000!!S 
Difference between 81 and 82:240- 30ms = 210ms 

Figure 5: Terminal Receiving. 

Assumptions for videophone terminal. 

-The delay of 81 channel is greater than 
the delay of 82 channel (mp to 250 11s); 82 channel must be delayed. 

-Video decoder is slower than the speech decoding up to 1 OOms. 
- B 1 is reserved to speech. 
- 82 is reserved to video. 

STH221 
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Figure 6: Two H.221 Frames Transmetting. 
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Figure 7: 81 channel is slower than 82 channel. 
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24/30 -------------""' ~~~m~r::9t: -------------
348 



STH221 

Figure 8: Application Interface Configuration can change every 20ms. 
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5MF1 5MF2 SMF 3 5 MF 4 

2Bms 2Bms 2Bms 2Bm~ 

12m:s 

SMFR 1-
;.... '--- [__ '--- '---

IT RBAS hi reBd 
Z!lnd Vl!llues (T001.x 

TD02x, T003.x ) are 
loaded in to TDOiR 
TDD2R, TDD3R 

Registers when SMFR 

is low Cby CPUJ 

then TOOt, TDD2 

T003 mu 1 hp lex 

are con-tigurllted 
by TOO be, TD02x, 
TDD3x, at the 

beginning of' SMF2 

If RBFIS 19 read 
ond TOO!y. T002y 
TD03y loaded 11hen 
SMFR 1e lou 

Figure 10: Sub multiframe emitted. 

SMF1 SMF2 

28ms 28ms 

SMFT 9" h - I. 
rlf TBASx, TDI1x, then TBASx 19 

TDI2x, TDl3x em1tted dur1ng 

loaded 1nto submul t1frame2 

TBAS, TOI1R 

TOI2R, TDI3R 

Reg1s te rs when SMT 

is low !by CPUl 

If TEASy, TDI1y, 

TDI2y, TOI3y 

are loaded in to 
TBAS, TOIR, TOI2R, 

TDI3R Registers 

when SMT is low 
by CPU 

then TOOl. T002 
T003 multiplex 
lll re conf!igurll ted 
by TD01y. TOD2y. 

TDD3y, at: the 

beginning oF SMF3 

SMF3 

29ms 

and TOIL TOI2 

TDI3 multiplex 

are conf1gurated 
by TDI!x, TOI2x, 

TDI3x, at the 
beg1nn1ng of SMF3 

then TEASy is 
emitted during 

Submul tiframe3 

lf93STH221 fB 

11!J3STH221-99 
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-, [L 
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Figure 11: FSYN in comparison with FS when FSYN is different from FS. 

125 us 125 

FS _ll II 

FSYN I I 
d 

125us 

d· two bit duration min 

Figure 12: Application Interface. 
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d 

---,____ 

I 
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TIMING CHARACTERISTICS (Preliminary) 

Table 25: CPU Read and Write Timing. 

Symbol Description 

tcrs CSN, CDN, RWN, BUS Set-Up Time 

tcTH CSN, CDN, RWN, BUS Hold Time 

tors DTACKN Valid Offset 

lOTH DTACKN Release 

tosw DSN Width 

toss Data Valid Offset 

tosH Data Release 

TIMING DIAGRAMS. 

Figure 13: CPU Write Cycle 

CSH 

CDH 

RIJH 

BUS 

DSH 

DTACKH 

Figure 14: CPU Read Cycle 

CSH 

CON 

RIJN 

BUS 

DSN 

OTACKH 

STH221 

Min. Max. Unit 

40 - ns 

10 - ns 

- 20 ns 

- 20 ns 

40 - ns 

- 20 ns 

- 20 ns 
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Figure 15: Transmitter Start Timing. 

DCT/11 

DCLT 

FSCT 

SYI 

s 

IM 

Table 26: Network Side Timing Specifications 

Symbol Test Conditions Parameters Min. Max. Unit 

lHeF Hold Time DCLR/DCL T 0 ns 
Transition to FSCR/FSCT 
Transition 

IRe, tFe Rise and Fall Time: DCLR/DCL T 15 ns 

tweH. tweL DCL Width High and Low 60 ns 

tsFe Set up Time FS High to DCL Low 70 DCL -50 ns 

toco Delay Time DCL High to Data Load 150pF 80 ns 
Valid 

toFD Delay Time FS High to Data Valid Load 150pF 80 ns 

toez Delay Time DCL Low Data Invalid 120 ns 

tsoc Set up Time Data Valid to DCL 30 ns 
Low 

!Hoe Hold Time DCL Low to Data 20 ns 
Invalid 

Table 27: Application Side Timing Specifications 

Symbol Test Conditions Parameters Min. Max. Unit 

tweH. tweL CP Width High and Low CP = m ·128kHz 60 - ns 
1 :5 m :532 

IRe. IFe Rise and Fall Time CP - 15 ns 

Is Fe Set Up Time FSYN High to CP 70 CP -50 ns 
Low 

loeoa Delay Time CP High to Data Valid Load 150pF - 70 ns 

toFDa Delay Time FSYN High to Data Load 150pF - 90 ns 
Valid 

toez Delay Time CP Low to Data - 120 ns 
Invalid 

tsoe Set Up Time Data Valid to CP 30 - ns 
Low 

I Hoe Hold Time CP Low to Data Invalid 20 - ns 
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-------------- L-,1 ~~~~m~r::~~~~ --------------
352 



STH221 

Table 27: Application Side Timing Specifications (continued) 

Symbol Test Conditions Parameters Min. Max. Unit 

tocc Delay Time CP H1gh to CP01/3, - 60 ns 
CPI1/3 High 

tocw Delay Time CP Low to window - 80 ns 
High and Low 

loFC Delay Time FSYN H1gh to CPO F1rst Clock Pulse of First T1me - 80 ns 
1/3, CPI1/3 High Slot 

loFW Delay Time FSYN High to First Clock Pulse of First Time - 80 ns 
window High Slot 

tooT Delay Time DCL THigh to SFMT - 80 ns 
High and Low 

to oR Delay Time DCLR High to SFMR - 80 ns 
High and Low 

tooo Delay T1me DCLR Low OB, OA, CONF = 0 - 60 ns 
SYO, OM valid 

tool Delay Time DCL T Low to 18, lA, CONF=O - 60 ns 
SYIIM valid 

tsoc Set Up Time Data Valid to CPI CONF = 0 30 - ns 
Low 

!HoC Hold Time CPI Low to Data CONF = 0 20 - ns 
Invalid 

Figure 16: Network Side Signals. 

DCL 

FS 

SDO 

SDI 
lf93STH221-1l'R 
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Figure 17: Application Side Signals. 
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TDA7233 
TDA7233D 

1 W AUDIO AMPLIFIER WITH MUTE 

• OPERATING VOLTAGE 1.8 TO 15V 
• EXTERNAL MUTE OR POWER DOWN 

FUNCTION 
• IMPROVED SUPPLY VOLTAGE REJECTION 
• LOW QUIESCENT CURRENT 
• HIGH POWER CAPABILITY 
• LOW CROSSOVER DISTORTION 

DESCRIPTION 
The TDA7233/D is a monolithic integrated circuit 
in 8 pin Minidip or S08 package, intended for use 
as class AB power amplifier with a wide range of 
supply voltage from 1.8V to 15V in portable play
ers, cordless telephones and Cellular Radios. 

TEST AND APPLICATION CIRCUIT 

Minidip SOB 

ORDERING NUMBERS: 

TDA7233 TDA7233D 

~~--~--~--~~vs 
188nF 

,q,-~3.---C,3 :J: 
Uin 

R:l 
"18KQ 

Note: Sw1tch Open= Mute 
Switch Closed = Play 

April1993 

1192TDI1i1233D-81 

1/4 
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TDA7233- TDA7233D 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Supply Voltage 

lo Output Peak Current 

Ptot Total Power D1ssipat1on at Tamb = 50°C 

Tstg, T1 Storage and Junction Temperature 

PIN CONNECTIONS (Top views) 

GND 
MUTE 

tUs 
POWER 

GND 

+INPUT 
-INPUT 
SUR 
OUTPUT 

n92TDII72330·82 

Minidip 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-ambient 

GND 

MUTE 
GND 
+Us 

max. 

Value 

16 

1 

1 

-40to 150 

n92TOII?2330·83 

SOB 

SOB 

200 

Unit 

+INPUT 
-INPUT 
SUR 

OUTPUT 

v 
A 
w 
oc 
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TDA7233 - TDA7233D 

ELECTRICAL CHARACTERISTICS (Vs = 6 V, lamb= 25 °C, unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vs Supply Voltage 1.8 15 v 
Vo Quiescent Out Voltage 2.7 v 

V5 =3V 1.2 v 
Vs = 9 V 4.2 v 

ld Quiescent Drain Current MUTE HIGH 3.6 9 rnA 

MUTE LOW 0.4 

lb Input Bias Current 100 nA 

Po Output Power d=10% I= 1KHz 
Vs = 12 V RL=BQ 1.9 w 
Vs=9V RL=4Q 1.6 w 
Vs=9V RL=BQ 1 w 
Vs=6V RL=BQ 0.4 w 
Vs = 6 V RL=4Q 0.7 w 
Vs=3 V RL=4Q 110 mW 
Vs=3V RL=BQ 70 mW 

d Distortion Po= 0.5 W 0.3 % 
I= 1kHz 

- RL=BQ 
Vs=9V 

Gv Closed Loop Voltage Gain I= 1kHz 39 dB 

R1N Input Resistance I= 1kHz 100 KQ 

eN Total Input Noise B =Curve A 2 J.!V 
(Rs= 10 kQ) 

B = 22 Hz to 22 kHz 3 

SVR Supply Voltage Rejection I= 100 Hz, Ra = 10 KQ 45 dB 

MUTE Attenuation V0 = 1 V f =100Hz to 10kHz 70 dB 

MUTE Threshold 0.6 v 
IM MUTE Current 0.4 mA 

3/4 
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TDA7233 · TDA7233D 

Figure 1: Output Power vs. Supply Voltage 
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Figure 3: DC Output Voltage vs. Supply Voltage 
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Figure 2: Supply Voltage Rejection vs. Frequency 
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TDA7326 

AM-FM RADIO FREQUENCY SYNTHESIZER 

., FM INPUT AND PRECOUNTER FOR UP TO 
140MHz 

., AM INPUT FOR UP TO 40MHz 

., 6-BIT SWALLOW COUNTER, 8-BIT PRO
GRAMMABLE COUNTER FOR FM AND SW 

" 14-BIT PROGRAMMABLE COUNTER FOR 
LWAND MW 

" ASYNCHRONOUS 8-BIT SERIAL INTER
FACE 

., ON-CHIP REFERENCE OSCILLATOR AND 
COUNTER 

11 PROGRAMMABLE SCANNING STEPS FOR 
AM AND FM 

11 DIGITAL PHASE DETECTOR AND LOOP FIL
TER 

,. TWO SEPARATE FREE PROGRAMMABLE 
FILTER APPLICATIONS AVAILABLE 

., TUNING VOLTAGE OUTPUT 0.5 TO 9.5V 
• PROGRAMMABLE CURRENT SOURCES TO 

SET THE LOOP GAIN 
• ON-CHIP POWER ON RESET 
" STANDBY MODE 

BLOCK DIAGRAM 

05CIN 

OSCDUT 

FM- IN 

AM- IN 

OLEN 

CLK 

DATA 

June 1993 

ADVANCE DATA 

DIP 16 

S016L 

ORDERING NUMBER: TDA7326 (DIP 16) 
TDA7326D (S016L) 

DESCRIPTION 
The TDA7326 is a PLL frequency synthesizer in 
CMOS technology that performs all the function of 
a PLL radio tuning system for FM and AM (LW, 
MW,SW) 

•----'-''-¢ LP I N2 

•----'-''-¢ LP IN 1 

~----=--6 U R E C 

LPOUT 

l SET 

:18 UOD1 

1 UOD2 

:13 GND 

n92 TOI'I?J26- fJ 1 B 

1/10 

This is advanced 1nformat1on on a new product now in development or undergoing evaluation. Details are subject to change Without notic3'sg 



TDA7326 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Voo1- Vss Supply Voltage 

Voo2- Vss Supply Voltage 

VtN Input Voltage 

Vour Output Voltage 

iJN Input Current 

lour Output Current 

Tst Storage Temperature 

TA Ambient Temperature 

PIN CONNECTION 

UDD2 
ISET 
UREF 

CLK 
DATA 

OLEN 
OSCIN 

OSCOUT 

LPIN2 
LPIN1 
LPOUT 
GND 
AM-IN 
FM-IN 

UDD1 

TST OUT 

Value 

-0.3 to+ 7 

-0.3 to+ 12 

VSS - 0.3 to Voo + 0.3 

VSS - 0.3 to Voo + 0.3 

- 10 to+ 10 

- 10 to+ 10 

-55 to+ 125 

-20 to+ 85 

t192TDFI?326-B28 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-ambient 

Figure 1 :Input Sensitivity 

\J lti! m\J l 

613 
FM MODE 

513 

48 

21l :5< 
A, )< 

18 .<XXX 
XXX xxxx XXX X 

13 HIB 1:LB 14 B 
13 

B 
Fin(Hflz) 

U!NimUI 
RM DIRECT MODE 

6B 

50 

48 

30 

20 

1B 

0 
18 

1192 ron7:J25- B9B 

Unit 

v 
v 
v 
v 

mA 

mA 
oc 
oc 

100 

F!niMHzl 
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TDA7326 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C ; Voot - Vss = 5V; VDD2- Vss = 9V fosc = 4MHz; 
RISET = 68KQ; unless otherwise specified.) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Voot Supply Voltage 4.5 5.0 5.5 v 
V002 Supply VoltaQe 9.0 10.0 v 

loot FM Supply Current no output load. FM mode, 15 20 mA 
lm= 100MHz 

loot AM Supply Current no output load, AM mode, 6 10 mA 
lin= 1MHz 

loot STB Supply Current Standby mode 20 llA 

lo02 Supply Current 2 3 mA 

VREF Voltage at pin 3 3.5 v 
VoSET Voltage at pin 2 RiSET = 68KQ 8.0 v 

RF INPUT (AM IN FMIN) 

foMiN Min Input Frequency AM Direct Mode 0.5 MHz 

Swallow Mode 16 MHz 

loMAX Max Input Frequency AM Direct Mode 20 MHz 

Swallow Mode 40 MHz 

foMiN Min Input Frequency FM Sinus 30 MHz 

loMAX Max Input Frequency FM Sinus 140 MHz 

VoMiN Min Input Voltage AM Direct Mode 40 mV/rms 
0.6 to 16M Hz (Sinus) 

Swallow Mode 40 mV/rms 
16 to 40MHz (Sinus) 

VoMAX Max Input Voltage AM 0.6 to 40MHz (Sinus) 600 mV/rms 

VoMiN Min Input Voltage FM 70 to 120MHz (Sinus) 30 mV/rms 

VoMAX Max Input Voltage FM 70 to 120MHz (Sinus) 600 mV/rms 

Zon Input Impedance FM fin= 120MHz 200 Q 

Zon Input Impedance AM fin= 12MHz 1400 Q 

OSCILLATOR 

lose Oscillator Frequency 4 MHz 

tbu Built UpTime Euro-Quartz ITT 100 ms 

Cm Internal Capacitance 9 pF 

CouT Internal Capacitance 9 pF 

Zon Input Impedance 4 15 KQ 

Von Input Voltage VDD1 mVpp 

PLL CHARACTERISTICS 

!step Step Width AM 1/2.5 KHz 

!step Step Width FM 1.25/25 KHz 

!ref Ref Frequency AM 1/2.5 KHz 

!ref Ref Frequency FM 12.5/25 KHz 

LOOP FILTER INPUT (LPINt, LPIN2 = PIN ~5. f6) 

-lin Input Leakage Current VIN = Vss; Phase Detector -0.1 llA 
Output= Tristate 

I on Input Leakage Current VIN = Voo; Phase Detector 0.1 J.LA 
Output = Tristate 

3/10 
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TDA7326 

ELECTRICAL CHARACTERISTICS (continued) 

LOOP FILTER OUTPUT (LPour = PIN 14) 

Symbol Parameter Test Condition 

VOL Output Voltage Low I LOAD = 0.2mA Voo2; = 1 OV 

VOH Output Voltage High -I LOAD = 0.2mA Voo2; = 1 ov 
CHARGE PUMP CURRENT GENERATION (LPIN1, LPIN2 =PIN 15, 16) 

ls1 Sink Current LPIN1,2 CURR1 = 0, CURR2 = 0 

CURR1 = 0, CURR2 = 1 

CURR1 = 1, CURR2 = 1 

CURR1 = 1, CURR2 = 0 

-lso Source Current LPIN1,2 CURR1 = 0, CURR2 = 0 

CURR1 = 0, CURR2 = 1 

CURR1 = 1, CURR2 = 1 

CURR1 = 1, CURR2 = 0 

DOUT1 OPENDRAIN OUTPUT(PIN 9) 

voL I Output Voltage Low ILOAD = 1mA 

BUS INTERFACE 

-IlL Input Leakage Current VIN = Vss 

IIH Input Leakage Current VIN = Vss 

VIH Input Voltage High Leading edge 

VIL Input Voltage Low Leading edge 

BUS INTERFACE, WAITING TIME (see fig. 5) 

t1 OLEN to CLK 

t3 CLK to DATA 

ts CLK to DATA 

BUS INTERFACE, DATA REPETITION TIME (see fig. 5) 

tr1 Release Time Between 2 bytes, 
exept byte 4 

tr2 Release Time after the FM mode 
transmission of byte 4 AM mode 

BUS INTERFACE, SETUP TIME (see fig. 5) 

t2 I OLEN to CLK 

BUS INTERFACE, HOLD TIME (see fig. 5) 

t4 DATA to CKL 

t6 OLEN to CLK 

fCLK CLK Frequency 

Duty Cycle 

tpl see fig. 5 

tph see fig. 5 

Min. Typ. Max. Unit 

0.6 v 
9 v 

5 !lA 

200 !lA 

300 !lA 

500 llA 

5 llA 

200 llA 

300 !lA 

500 j.!A 

0.5 v 

-1 1 llA 
-1 1 llA 

3.4 v 
1.6 v 

0.2 j.!S 

0.1 j.!S 

0.4 j.!S 

5 j.!S 

180 j.!S 

2 ms 

j.!S 

0 JlS 

0.4 !lS 

500 KHz 

50 % 

1 j.!S 

1 j.!S 
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2.0 GENERAL DESCRIPTION 
This circuit contains a frequency synthesizer and 
a loop filter for an FM and AM radio tuning sys
tem. Only a Vco is required to build a complete 
PLL system. 
A small signal of the AM and FM Vco can be ac
cepted by the circuit. 
For FM and SW application, the counter works in 
a two stages configuration. 
The first stage is a swallow counter with a four 
modulus (:32/33/64/65) precounter. 
The second stage is an 8-bit programmable 
counter. 
For LW and MW application, a 14-bit programma
ble counter is available. 
The circuit receives the scalling factors for the 
programmable counters and the values of the ref
erence frequencies via a three line serial bus in
terface. 
The reference frequency is generated by a 4MHz 
XTAL oscillator followed by the reference divider. 
An external oscillator (f = 4MHz) can be used in
stead of the internal one; it must be connected to 
OSCIN (pin 7) 
The reference- and step-frequency is 1 or 2.5kHz 
for AM. 
For FM mode a step frequency of 12.5 and 25kHz 
can be selected. 
The circuit checks the format of the received data 
words. 
Valid data in the interface shift register are stored 
automatically in buffer registers at the end of 
transmission. 
The output signals of the phase detector are 
switching the programmable current sources. 
Their currents are integrated in the loop filter to a 
DC voltage.The values of the current sources are 
programmable by two bits also received via the 
serial bus. 
The loop filter amplifier is supplied by a separate 
positive power supply, to minimize the noise in 

ADDRESS BITS 

BYTE MSB-BIT7 BIT6 BITS 

TDA7326 

reduced by the digital part of the system. 
The loop gain can be set for different conditions. 
After a power on reset, all registers are reset to 
zero and the standby mode is activated. 
In standby mode, oscillator, reference counter, 
AM input and FM input are stopped. The power 
consumption is reduced to a minimum. 

BIT4 

3.0 DETAILED DESCRIPTION OF THE PLL 
FREQUENCY SYNTHESIZER 

3.1 INPUT AMPLIFIERS 
The signals applied on AM and FM input are am
plified to get a logic level in order to drive the fre
quency dividers. 

3.1.1 Input Impedance 
The typical input impedance: for the FM input 
is 200Q and for AM input is 1.4kn. 

3.1.2 Input sensitivity 
(see Figures 1 a and 1 b). 

3.2 DATA AND CONTROL REGISTER 

3.2.1 Register Location 
The data registers (bit2 ... bit7) for the control 
register and the data registers PCO ... PC?, 
SWO ... SW5 for the counters are organized in 
four words, identified by two address bits (bitO 
and bit1). bitO is the first bit to be send by the 
controller, bit? is the last one. The order and 
the number of the bytes to be transmitted is 
free of choice. The modification of the 
PCO ... PC? registers is valid for the internal 
counters only after transmission of bite4 
(SCO ... SC5). 
Standby mode is activated during the regis
ters AM/FM and SWM/DIR are set to zero. 

3.3 DIVIDER FROM Vco FREQUENCY TO 
REFERENCE FREQUENCY 

DATA BITS 

BIT3 BIT2 BIT 1 LSB BITO 

Function adrO adr1 data 0 data 1 data 2 data3 data4 data5 

byte 1 0 0 test 0 test 1 test 2 SOUT CURR2 IAEF 

byte 2 0 1 PC7 PC6 LPF1/2 CURR1 SWM/DIR AM/FM 

byte 3 1 0 PC5 PC4 PC3 PC2 PC1 PCO 

byte 4 1 1 SC5 SC4 SC3 SC2 SC1 sea 

5/10 
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3 2 2 CONTROL AND STATUS REGISTERS .. 
REGISTER NAME FUNCTION 

SWM/DIR Swallow direct-mode switch 1 = SWM, 0 = DIR 

AM/FM AM - FM band switch 1 =AM, 0 = FM 

fREF Selection of reference frequency (see table 3.4) 

CURR1 Current select of change pump 

CURR2 Current select of change pump 

LPF1/LPF2 Loop filter input select 1 = IPF1, 0 = IPF2 

SOUT Switch output condition 1 =output high, 0 =output low 

This divider provides a low frequency fsvN which 
is phase compared with the reference frequency 
fREF-

3.4 OPERATING MODE 
Four operating modes are available: 
- FM mode, 
-AM swallow mode, 
-AM direct mode, 
- Standby mode 
They are user programmable with the SWR/DIR 
and AM/FM registers. 
Standby mode: all functions are stopped. This al
lows low current consumption without lost of infor
mation in all register 

3.4.1 FM and AM (SW) Operation (Swallow 
Mode) 
The FM or AM signal is applied to a four 
modulus: 32/33/64/65 high speed prescaler, 
which is controlled by a 6 bit divider 'A'.This 
divider is controlled by the 6 bit SC register. 
In parallel the output of the prescaler is con
nected to a 8 bit divider 'B'. This divider is 
controlled by the 8 bit PC register. For FM 
mode with 25kHz reference frequency opera
tion, the divider A is a 5 bit divider. The high 

Figure 2: FM and AM (SW) operation (swallow mode) 

speed prescaler is working in : 32/33 dividing 
mode. Bit 6 of the SC register has to kept to 
"0". 
Dividing range calculation : 
For FM mode with 12.5kHz reference fre
quency and SW swallow mode operation : 
fvco = [ 65 ·At + (Bt + 1 -At)· 64]. fREF or 
fvco = (64 · Bt +At+ 64) · fREF 
Important : For correct operation B 2': 64 and B 
2':A. 
At FM mode with 25kHz reference frequency : 
fvco = [ 33 · A2 + (82 + 1 - A2) · 32 ] · fREF 
fvco = (32 · 82 + A2 + 32) · fREF 
Important: For correct operation B 2': 32 and B 
;:oA. 
A and Bare variable values of the dividers. 
To keep the actual tuning frequency after a 
modification of the reference frequency, the 
values of the dividers have to be modified in 
the following way. 
Switching from 25kHz to 12.5kHz reference 
frequency : B1 = B2, At = A2 · 2 
Switching from 12.5kHz to 25kHz reference 
frequency: 

At (At+ 1) 
82 = 81, A2=2and A2=--2-

for odd values At. 

f ref 

PO 

REGISTER 

PC8, .PC7 

phl COUNTER 

8 

1192TOfi?325·B4fl 
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Figure 3: AM direct mode operation for SW, MW and LW 

AM~ 

FM~ 

The AM signal is directly applied to the 14 bit 
static divider 'C'. This divider is controlled by both 
SC and PC registers. 
Dividing range: fvco = (C + 1) · IREF 

3.4 REFERENCE FREQUENCY GENERATOR 
The crystal oscillator clock is divided by the 
reference frequency divider to provide the ref
erence frequency to the phase comparator. 
Reference frequency divider range is select-

Figure 4: Phase comparator 

f ref 

fsyn 

r ref 

fsyn 

lpln1/2•~ i 
I LJ L 

PHASE LEAD 

f192 f0t1?:J26- BS~ 

able by the programming bit '!REF'. 
Available reference frequency are shown in 

TABLE3.4 

AM/FM fREF fREF (kHz) 

0 0 12.5 

0 1 25 
1 0 1 

1 1 2.5 

f ref 

fsyn 

lpln1/2 • 

ll_____lL . 
r ref 

fsyn 

lp1n112 • 

1-u~ . 
N92f0!'1?326-B5A PHASE LAG 

~s TH 7t1o 
-------------- &."'!/ 0\\l~~~rn~rn~~:oo~~ --------------
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Figure 5 

byte 1-3 

following table. 
3.5 THREE STATE PHASE COMPARATOR 

The phase comparator generates a phase error 
signal according to phase difference between 
fsvN and fREF. This phase error signal drives the 
charge pump current generator 

3.6 CHARGE PUMP CURRENT GENERATOR 

This system generates signed pulses of current. 
Duration and polarity of those pulses are deter
mined by the phase error signal. The absolute 
current values are programmable by 'CURR1' 
and 'CURR2' register and controlled by an exter
nal resistor R1sET connected to Pin 2 and GND. 

3.7 LOW NOISE CMOS OP-AMP 
A low noise Op-Amp is available on chip. The 
positive input of this Op-Amp is connected to an 
internal voltage divider and to Pin 3 'VREF'. The 
negative input is connected to the charge pump 
output. 
In cooperation with this internal amplifier and ex
ternal components, a active filter can be provided. 
To increase the flexibility in application the nega
tive input can be switched to two input pins (Pins 

byte ~ L~ 

_IliU1IUliUlJl_~ 

15 and 16). This switch is controlled by 'LPF' reg
ister with 'LPF' low Pin 15 is active and 'LPF' high 
Pin 16 is active. This feature allows two separate 
active filters with different performance. 

Test Register Test Function 
Status 

test test test PIN 9 (TEST !OUT) PIN 7 (OSCIN) 
0 1 2 

0 0 0 Sout (appl. mode) Osc1n (appl. mode) 

1 0 0 fref Output Osc1n (appl. mode) 

0 1 0 Ph, Output fref Input 

1 1 0 fsynOutput fret Input 

0 0 1 Ph, input Osc1n (appl. mode) 

3.8 SWITCH OUTPUT AND TEST FUNCTION 

3.9 C-BUS INTERFACE 
This interface allows communication between the 
PLL device and llP systems. A bus control system 
check the format of transmission, only eight bit 
word transmission is allowed. Four registers with 
6 bit are user programmable. The selection of this 
four registers is controlled by two address bits. 

8/10 
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4.0 BIT ORGANIZATION OF THE BUS TRANSFER OPERATION 

Loading registers for 5 or 6 bits of the programmable counters 

I I 17~? I sc4l SC3 I sc2 I sc1 I sea I 

Setting control register for loop filter select charge pump current mode select 

I 0 I I X I X I~~ ICURRjiS~~/1 ~~ I 

Setting control register for switch output pin 9, charge pump current bit 2, reference frequency select 

I 0 I 0 I 0 I 0 I 0 I Sa.rr I CURR21 fREF I 

Test mode inizialization 

0 I 0 I TSTO I TST1 I TST2 I Sa.rr I CURR21 fREF 

(*)This bit has to be "0" for !REF= "1" (fREF =25kHz in FM mode) 

9/10 
-------------- Lyf! ~~~~ru&r::~~~ --------------

367 



TDA7326 

Figure 5: Application with two loop-filters 

+5\J 

R5 

560 

tst/.,ut 

lset 

R3 

9 

2 

IJreF 

C9 

NOT ON BOARD 
AN/FN l!CO 

UFN 

C13 C:14 R9 
1K :J:68nF :188nF:!: 6.BK 

R6 
1K 

LPOUT 
C:l 2.2nF 

14 C3 
:16 

LPlN:Z 

15 
LP1N1 

TDA7326 

CLK 
HlnF 

4 
5 

DATA 
OLEN 

6 
3 7 B 

OSCJN IJ 4NHz 
OSCOUT 

C:lB 0 C:l1 
68K :lui=' J: :l.2pF:J: :J:1.2pl=' 

n!J:JTOR?:1.16-:1Bil 

') C? must be connected as closed as possible between pin 10 and pin 13 

Figure 6: PC Board and Component Layout of fig. 5 
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2 
+I 
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SPEECH CIRCUIT WITH POWER MANAGEMENT 

• 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 

June 1993 

18 

17 

21 

22 

12 16 23 

1 2 5 

ADVANCE DATA 

DIP24 

ORDERING NUMBER : TEA7052DP 

TEA7052 

~------------~14 

~------------~11 

13 nBBTER?B5Z-B$ 

1/13 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
369 



TEA7052 

PIN CONNECTIONS (top view) 

DIP24 

ANTISIOETONE LONG LINE 

ANTISIOETONE SHORT LINE 

AC IMPEDANCE 

EKTRA RECEIUE OUTPUT 

AMPLIFIED TRANSMISSION 

Uref 

DTMF INPUT 

MICROPHONE INPUT 

I ref 

PRIURTEI'PUBLIC 

MICROPHONE MUTE 

PDUER CURRENT SOURCE 

NBBTFIIii'1152-82 

RECEIUE OUTPUT 

MICROPROCESSOR SUPPLY 

ANTINOISE FILTER 

Uc 

ULINE 

SURCHARGE FILTER 

PULSE DIAL INPUT 

HU STAGE CONTROL 

MICROPROCESSOR RESET 

HOOK OETECTI ON 

RECEIUE MUTE 

GROUND 

ELECTRICAL CHARACTERISTICS (T a= 25°C) 

Symbol Parameter Test Conditions Min. Typ. 

Vc Stabilized Voltage (pin 21) IL = 27mA 2.35 2.6 

Idem Charging Current (pin 21) IL = 27mA 2.6 

lA Line Current Regulation for HV Pin 15 =Pin 21 = GND 
Control (pin17) IL = 150mA 

IL = 100mA 
150 

Pin 15 ON; Pin 21 = GND 
IL = 75mA 150 

Pins 15 and 21 ON 
IL = 60mA 150 
IL = 16mA 

I RilL 27mA < IL < SOmA 0.8 0.9 

lint Internal Bias Current (pin 21) IL = 27mA, Rg = 26.7kQ, 
(V2o = Rs x lint+ Vc) 

250 280 

VREF Reference Voltage IL = 27mA 1.32 1.38 

2/13 
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Max. Unit. 

2.85 v 

mA 

5 
!LA 

!LA 

100 
!LA 
nA 

1.0 11AimA 

310 !LA 

1.47 v 
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ELECTRICAL CHARACTERISTICS (continued) 

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

I REF Current at VREF -10 100 11A 

Vmp Stabilized Supply at Pin 23 3.7 4.0 v 

temp Charging Current at Pin 23 Pin 15 =Pin 21 = GND 0.7 X mA 
lu = IL - Idem x lu 

lspm Static Current at Pin 23 IL = 6mA 0.5 rnA 
IL > 25mA 2.5 2.8 

limp Internal Consumption 90 120 160 JlA 

lea Supply Current for Parallel Rg = 26.7k.Q 
Circuits (pin 12) IL = 10mA 3 mA 

IL = 27mA 8 9.5 rnA 
IL = 42mA 21 23.5 mA 

Microprocessor Reset 
Vrh High Treshold 0.845 0.89 Vmp 
Vrb Low Treshold 0.76 0.8 0.84 (pin 23) 

Vrsh Output High Reset= 1 0.9 
Vrsb Output Low Reset= 0 0.1 

Vmh Mute Microphone (pin 11) ON 1.6 v 
Vmb OFF 0.25 0.8 v 
Vmh Mute Earphone (pin 14) ON 2.7 v 
Vmb OFF 0.25 2.1 v 

Gel Tx Gain Long Line IL = 27mA 41 42 43 dB 
Gee Tx Gain Short Line IL = 42mA 34 36 38 

Gmf DTMF Gain IL = 27mA, Pin 11 > 1.6V 41 42 43 dB 

De Tx Distorsion IL = 27 to 42mA 
VL = OdBm 3 % 
VL = 3dBm 10 % 

Ze Microphone Impedance 20 k.Q 

Bep Tx No1se (psophometric) IL > 27mA, 2k at Pins 6·8 -73 dBmp 

Re Tx Attenuation in Mute Mode IL = 27mA, Pin 11 > 1.6V 60 dB 

Grl Rx Gain Long Line IL = 27mA 29 30 31 dB 
Grc Rx Gain Short Line IL = 42mA 22 24 26 

Dr Rx Distorsion IL = 27 to 42mA 
Vee= 500mV 3 % 
Vee= 700mV 10 % 

Brp Rx Noise , IL > 27mA -74 dBmp 

Rc Rx Attenuation in Mule Mode IL = 27mA, Pin 14 > 2.7V 60 dB 

Gal Antisidetone IL = 27 to 42mA -22 dB 

Zac AC Impedance IL > 27mA 500 650 800 Q 

Grs Confidence Level Vrec!Vmf Pin11 >1.6V,Pin14>2.7V 35.5 38.5 41.5 dB 

3/13 
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TEST CIRCUIT 

19 

~ 
I 4.7nF ~3 J ~ ii::t98uF I 
I ~---u- ;;;; 1.2nF R3 
I 
I 

MJE348 ~ BF39~ 688 I 
I 

18U lK .. 
r---------~~~--------- 33u 

~_h I ~£ll nn 399 
: ZALC I : ZALL 1 

"' n-1 I I 

!_ .!l!L_RJ~~ !__g~4 __ _!l!q_: 24 22 189n 
1 17 ---f-

~- ---1- -- -I Rl I I I R4 
2 21 

R6 1 ~~ I 
1113 •' 1116 I 3 ::; II :I..._ :ce c9: 28 ~ 

II 

: I 
5 

I II ZRL 115 ~~ I ZIIC 
~· - I 

6 19 -- -
I 

7 
TEA7052 r-1J:i _5- 2.2K 1117 --4 

15 
B 112 

9 R1 
iu::;~ ,g_ 18 23 

UM~~ ll9 ~~~ .- 11 13 

~ r- 14 
16 18 12 !;~C3 

,_ 

33K u: El!TRA CURREN SUPPLY 

ET 
C11 :;~ 3.3U 

T 

DTMF INPUT 

MICROPHONE MUTE 

RECEIVE MUTE 

MICROPROCESSOR RES 

PULSE DIAL INPUT ~- noBT£Rl'B52-B3 

R1 ~ 920KQ 
R2 ~ 820KQ 
R3 ~ 1.5MQ 
R4 ~ 75Q 
R5 ~ 5.1KQ 
R8 ~ 13KQ 
R9 ~ 26.7KQ 
R11 ~ 140KQ 
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R12 ~ OQ 
R13 ~ 2.7KQ 
R14 ~ OQ 
R15 ~ 140KQ 
R16 ~ 2.7KQ 
R17 ~ 1.2 KQ 
R 18 ~ 680KQ for private complex 

C1 ~ 100!!F 
C2 = 4.7!!F 
C3 = 10!!F 
C4 = 1!!F 
C5 = 100f1F 

C6 = 27pF 
C7 ~ 27pF 
CB ~ 2.2nF 
C9 = 2 2nF 
C11 ~ 220f1F 



CIRCUIT DESCRIPTION 

1. DC-CHARACTERISTICS 

1.1. VC (pin 21 ). The stabilized voltage Vc is con
nected to Vline (pin 20) through an internal shunt 
regulator which presents to the line a high AC im-

Figure 1. 

213 

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) 

_ 60mA max in steady state (conversation) 

Figure 2. 

IL 

15!3mA !max) 

513mA !max! 

TEA7052 

pedance at frequencies higher than 200Hz. At this 
purpose the value of C1 (at pin 21) must be not lower 
than 47 microFarad. 

Ill 

l 

NBBTEII?B52-84 

T-charge of 240msec (typ) is obtained with 
C1= 2201-LF. 

Vc xC1 
T-charge = typically. 

Idem 

IL2 

NBB TEII?B58 -85 4!3!3mS !max! t 

5/13 
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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 liming 
of the DC characteristic and also limit at 75mA-peak 
the line current during decadic dialing. 

Figure 3. 

IL 

HOOK 
DETECT. 

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 

ff88fER?858-86 t 

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. 

Figure 4. 

IL 

I/\ 1\ 1\ 1\ 1\ 1\ 
v v v v v 

l/\ 1\ RING CALL v v 

t 

HOOK 
DETECT. 

MICROPROCESSOR SIGNAL 

ff88fER?858-8? t 
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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. 

Vref1 

Vline must be externally adjusted (with R6) to guar
antee both DC and AC characteristic in accordance 
to the french standards. At this purpose it is sug
gested 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 sev
eral conditions, both internal (lline sensor) and ex
ternal (pins 15 and 21) with the purpose to accom
plish the different DC characteristics and transitory 
conditions imposed by the French specification : 

a) steady DC-characteristic and lightnings (pins 15 
and 21 ON) 

TEA7052 

Vc is fixed by design at about 2.6 volts. 

Lint is reversely related to R9 (Lint= 7.5V/R9 at 
I line = 27mA). 

25 

I I 1nt ,. 

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
jected into the external high voltage transistor stage, 
requested by the French specification. 

7/13 
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Figure 6. 

HU 
a) pin 19 and25 ON 

CONTROL r CURRENT 
1513uA 

27uA 

HU 
CONTROL 
CURRENT 

HU 
CONTROL 
CURRENT 

HU 
CONTROL 
CURRENT 

£t'uA 
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313 68 IL(mAl 

b) pin 19 and 25 grounded 

128 ILCmAJ 
c) pin 19 ON ; PIN 25 grounded 

38 68 ILCmAl 

d) pin 19 grounded ; pin 25 ON 

313 613 Ill rnA l 

IL 

613 

38 

UL(Ul 
7 8.5 45 HH3 

IL 

1213 

. UL(U l 
7 9 

IL 

68 

313 

UL(Ul 
7 9 188 

IL 
613 

313 

UL(Ul 
7 8.5 
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2. TRANSMISSION CHAIN 

Figure 7. 

PREAMPLI AGC 

8 

7 

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 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 par
allel 

Zpar = Zout//ZinV/Zext 

where: 
_ Zint = 1 Okohm II 8.5nF (internal) 
_ Zext = R6 II C4 (at pin 20) 

TEA7052 

TX AMPLI 

20 

/188 TEII?fJ52- f fJ 

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, depend
ing on !line. 

In sending mute condition (Vmute > 1.6V) these 
gains are reduced of at least 60dB. In the same con
dition DTMF input (pin 7) is activated, with gain Gmt 
to the line independent from !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 sidetone 
cancellation (see paragraph 3.2.). 

9/13 
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3. RECEIVE CHAIN 

Figure 8. 

280----~-, 

~--------1 

I 
I 
I 
I 
I 
I 

3.1. A.G.C. IN RECEIVE. As described for the 
transmission chain, also the receiving gains Gr, from 
pins 1 and 2 to pin 24, have a reduction of 6dB when 
lline moves from 27mA to 42mA. 

3.2. SIDETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to op
timize sidetone both at long and short lines. 

Before entering pins 1 and 2, the received signal is 
attenuated by two attenuating networks : 

_ Zall I Zrl to pin 1 for long lines sidetone com
pensation, 

_ Zalc I Zrc to pin 2 for short lines sidetone com
pensation. 

Zrl and Zrc define the total receive gains : 

V 24 Zrc 
a) = Grl x for long lines 

V 20 Zrl + Zall 

V 20 Zrc 
b)-- = Grc x =-------=::-:--

V 24 Zrc + Zalc 
for short lines 

Zall and Zalc define the sidetone compensation of 
the circuit. 

The equivalent balancing impedance is given by the 
formula: 

10/13 
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Zal = K x Zalc + (1 - K) x Zall 

where K = 0 at lline = 27mA or lower (long line) 

Kvariesfrom Oto 1 with llinebetween 27mA 
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 -----=---o----

Zout 

where: 
_ Zext = R6 II C4 II (Zelectret) (at pin 20) 
_ Zint = 10Kohms //8.5nF (internal impedance) 
_ Zout = 10.65 x Z4 (at pin 3; see paragr. 2.2.) 
_ Zline (short) and (long) are the impedances of the 

line at OKm and 3.5Km. 
_ R5 =5.1Kohm±1% 

3.3. AC Impedance. The total AC impedance of the 
circuit to the line is : 

Zpar = Zouti/Zinti/Zexti/Zalc//Zall (see par. 2.2. and 
3.2.) 

= Zouti/Zinti/Zext (Zalc, Zall Zpar) 



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-

TEA7052 

ply (pin 23) to charge quickly the external capacitor 
C3. 

This charging current is: lcpm = 0.7 x (lline- Idem), 
where Idem = 2.6mA is the current charging C1. 

Vmp = 3.95V in normal operation and current in
creases linearly from 0.5mA min, at lline=6mA, to 
2.5mA min, at lline = 27mA, remaining stable for 
higher values of lline. 

Figure 9 : Microprocessor Supply Current vs. Line Current. 

Is 
lmnl 

MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 

3.8 

2.5 

2.8 

1.5 

1.8 

8.5 

5 18 29 38 

4.2. MICROPROCESSOR RESET (pin 16). The Mi
croprocessor Reset becomes active when Vmp 
overcomes 85 %of its nominal level. 

It becomes low when Vmp undergoes 84 %. 

Figure 10. 

u 
SUPPLY 

v 
RESET 

I/ 

f18B TEf/?858- 13 

99% 

49 58 !LimA I 

!188 T£11?858- t J/ 

Slope A is related to C3, 11 mp (internal consump
tion) and to the external load (microprocessor or di
aler). 

8~ 
KPEA 

t 

""' 
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5. PUBLIC I PRIVATE 

5.1. A. G. C. OFF (pin 1 0}. An external resistor, R1 8, 
applied between pin 10 and ground disconnects the 
AGC control. 

Sending, receiving gain and sidetone compensation 

Figure 11. 

"BBTEIV'852-15 
dB 

Km.l GAIN ATTENUATION 

8 3.5 Tx and Rx 
REFERENCE=Gel=BdB 

~ 
and EQUIUALENT 
5IDETONE LINE 

~ 
-2 

1. 75 

""" !"-. 

""' 
-4 

........._ 

~ g -6 

are now independent of the line length and the value 
of the current lp, flowing through R1 8, defines the 
length of the line for which sidetone is optimized (lp 
= 2.7V I R18). 

TEA7B52 

IREF 

Ip l R18 --
R18 = 6BBK 

2.7 

Ip 

6G = -2dB ~ B.SdB 

2 4 5 8 10 12 I~.duAl 

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 : 

12/13 
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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). 
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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 lline) for lline < 22mA 
_ lea= (0.9 x lline 13mA) for lline > 22mA 

(ex: lline = 16mA then lea= 4.8mA 
lline = 30mA then lea= 14.0mA 
lline = 60mA then lea= 41.0mA 

Figure 12. 

PIN 12 

!mAl 

48 

38 

28 

H3 

The voltage level at pin 12 must be defined by an ex
ternal regulator (i.e. : zener) and, if necessary, fil
tered with a capacitor (47 to 220 micro F). 

In case Vline (at pin 20) approaches Vat pin 12, then 
the internal current source switches off and its DC 
current is shunt to ground through an internal com
plementary generator, thus avoiding and negative 
effect on the AC and DC impedances of the tele
phone set application. 

nBBT£11?858-16 

I PIN 12=F I Ill 

/ 

/ 
v 

/v 

/ 

/ 
!--'" .....-

,__.. -
10 

6.2. EXTRA RECEIVE OUTPUT (pin 4). The Extra 
Receive Signal is active also in Receive Mute con
dition, so allowing the transit of the receive signal 
from the speech circuit to an external hands-free 
system even when the earpiece is muted. 

20 .30 40ILimAl 

The gain at this pin is 30dB lower than standard Re
ceive Output (pin 24). 

13/13 
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SPEECH CIRCUIT WITH POWER MANAGEMENT 

• 2/4 WIRES INTERFACE WITH 
-double antisidetone network 
- AC impedance externally programmable 
- Rx output dynamic programmable 
- AGC attack-disconnect points programmable 

• ANTI-CLIPPING/ANTI DISTORTION CIRCUIT 
PROGRAMMABLE 

,. DTMF INTERFACE 
., 3.3 VOLTS SUPPLY FOR MICROPROCES

SOR OR DIALER 
., EXTRA CURRENT SUPPLY PROGRAMMA

BLE FOR LOUD SPEAKER 
., DC CHARACTERISTIC PROGRAMMABLE 

FOR ALL SPECIFICATION 
• LOW CURRENT OPERATION 

DESCRIPTION 
The TEA7063 is designed to meet the different 

BLOCK DIAGRAM 

17 

16 

5 

6 

16()4---< 

September 1993 

1.2 

3 28 

PRELIMINARY DATA 

DIP-20 S0-20L 

ORDERING NUMBERS: 

TEA7063DP TEA7063FP 

worldwide specifications for telephone set in me
dium and high range equipments. 

9 :IS 

TEA7963 

:18 

7 

5 

1 2 4 13 1198TE11?86:1-8:J 
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PIN CONNECTION (Top view) 

LONG LINE SIDETONE 

SHORT LINE SIDETONE 

IMPEDANCE 

BUFFER OUTPUT 

V-REF 

DTMF INPUT 

MICROPHONE INPUT 

I-REF 

I START 

SQUEEZING THRESHOLD 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

Max. Current DC (steady) 

Max. Voltage AC (steady) 

Parameter 

Max. Voltage AC + DC (steady) 

Max. Current (20ms) ONE SHOT 

Max. Voltage (20ms) ONE SHOT current< 1A 

Ptot Total Power Dissipation 

TJ Junction Temperature 

MAXIMUM OPERATING CONDITION 

Symbol Parameter 

Voc DC Voltage 

VAc AC Voltage 

loc DC Current 

Top Temperature Range 

EARPHONE 

MICROCONTROLLER POWER SUPPLY 

NOISE FILTER 

V-CAPA 

V-LINE 

I SLOPE 

MIC/MIC-EARPHONE MUTE 

GND 

CURRENT SUPPLY FOR L.S. AMP 

SOFT-CLIPPING FILTER 

Value 

150 

7.5 

9 

1 

12 

1 

130 

Value 

7 

2.2 

110 

-20 to 70 

Unit 

mA 

v 
v 
A 

v 
w 
oc 

Unit 

v 
Vp 

mA 
oc 
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TEST CIRCUIT 

L~ "'"' 
61l!l 

.... :::c<~ 

~~ZALSI lzALL r-JD 
R11 R12 I I R1d 

R13 R16 ... 
: :ce cs: : 

DTMF JNPUT 

I MUTE MJCRO 
MlCRO-E1'\RPHO 

R4 = 75 
R5=5.1K 
R6 = 22K 
R9 = 100K 
R11 = 140K 
R12 = 0 

NE 

ZRS 
ZRL 

~ 1.8K 

1u 

UM ~~ 

R13 = 2.7K 
R14 = 0 
R15 = 140K 
R16 = 2.7K 
R17=1.8K 
R18 = 560K 

R17 

R1S T 
1 28 
2 

Rd 18 
3 17 
d 

RS 16 
s 
TEA?Ia63 

13 
19 

6 
7 

14 

.----- 8 

18 

R9 Rst 

C1 = 47f.LF 
C2 = 4.7f.LF 
C3 = 47f.LF 
C4 = 470nF 
C5 = 100f.LF 
C6 = 47pF 

-;::::;-

15 

9 

12 

l 3.9U 
H 

c1afj R18 

C7 = 47pF 
CS = 2.2nF 
C9 = 2.2nF 
C10 = 150nF 

C3; 

TEA7063 

<i·:;F 
JB 

33uF 
nu 398 

•• 
~)--------< 

221lnF 

R6 
J -U-----' 

C1 

RLS 

t i; RLL 

LOUDSPE1'\KER AMP 

~ l 

llo HANDFREE 
POI.IER SUPPL'V 

3.3\J 

RLL = 150K 
RLS = 100K 
RST =330K 
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ELECTRICAL CHARACTERISTICS (Tamb = 25°C; f = 1KHz; R9 = 1 OOKQ; unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vc Stabilized Voltaoe (pin 17) IL = 25m A; R9 = 1 OOKQ 2.25 2.5 2.75 v 
lint Internal Bias Current (pin 17) IL= 25mA 120 140 160 J.IA 

IL = 25m A; R9 = 180K 105 J.IA 
(V16 · R6*1int +Vc) 

Vref Reference Voltaoe IL= 25mA 1.05 1.2 1.35 v 
I ret Current at Vret -100 +10 J.IA 

Vmo Stabilized Supply at pin 19 3.1 3.3 3.5 v 
lcmp Charging Current at Pin 19 Pin 17 = GND 0.6 X mA 

lime 

lspm Static Current at Pin 19 IL = 25m A; R9 = 1 OOKQ 1.1 1.5 mA 

IL = 25mA; R9 = 180KQ 0.85 mA 

l1mp Internal Consumption 80 110 150 J.IA 

lea Supply Current for Parallel IL=25mA 10 12 mA 
Circuits (pin 12) IL=75mA 50 57 mA 

Vmh Mute Microphone (pm 14) ON 1.6 v 
Vmb OFF 0.25 0.8 v 
Vmh Mute Earphone (pin 14) ON 2.7 v 
Vmb OFF 0.25 2.1 v 

1m leak Mute Leakaoe Current (pin 14) V14 = 5V 20 uA 

Gs Tx Gain Long Line IL=25mA 41.5 42.5 43.5 dB 
AGCs -7 -6 -5 dB 

Gml DTMF Gain Pin 14 > 1.6V 41.5 42.5 43.5 dB 

THDs Tx Distortion IL= 25mA 
Vm,c = -3dBm -GS 3 % 
Vm,c = -3dBm -GS + 15dB 10 % 

z. Microphone Impedance 20 KQ 

Nrx Tx Noise (psometric) IL=25mA -74 dBm 
2KQ at Pins 5-7 psoph 

Rs Tx Attenuation in Mute Mode IL= 25mA 60 dB 
Pin14>1.6V 

Gr Rx Gain Long Line IL= 25mA 29 30 31 dB 
AGCr Lme Lenght -7 -6 -5 dB 

THO, Rx Distortion IL=25mA 
Vro = 500mV 3 % 
Vro = 630mV 10 % 

NRx Rx N01se IL= 25mA -74 dBmp 

Rr Rx Attenuation in Mute Mode IL= 25mA 50 dB 
Pin= 14 > 2.7V 

Gas Antisidetone IL=25mA 22 dB 

Zac AC Impedance IL= 25mA 500 650 BOO Q 

Grs Confidence Level= VuNEiVREC Pin 14>2.7V 35.5 38.5 41.5 dB 
(in DTMF) 

lsr Soft Clipping Current Level IL = 25m A; R9 = 1 OOKQ 2.30 2.55 2.80 mA 
Control.(pin 10) IL = 25mA; R9 = 180KQ 1.4 uA 

Vsr Control Voltage Range (Pin 10) Vsr = Rsr x lsr 0 1 v 

4/12 --------------------------lyo ~~~@~g~:oo~~--------------------------
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CIRCUIT DESCRIPTION 
1 . DC CHARACTERISTICS 

1.1 Vc (pin 17) 
The stabilized voltage VC is connected to Vline 
(pin 16) through an internal shunt regulator T1, 
T2, which presents to the line a high AC imped
ance at frequecncies higher than 200Hz. At this 
purpose the value of C1 (at pin 17) must be not 
lower than 47!1F (suggested value is 1 0011F). 
The shunt regulator, T1 and T2, also controls the 
extra current source, or power management, at 
pin 12 (see also paragraph 6). 

1.2 VuNE (pin 16) 
The line voltage (pin 16) is determined by the 
value of the external resistor R6 and by the inter
nal current, l,nt, flowing between Vc (pin 17) and 

Figure 1 

C1 

Figure 2 

I in t 

6.5 

6.9 

5.5 

VLJNE 
lVl p1n'16 

Ground (see also paragr.: 1.1 ): 

VuNE = Vc + R 6 X l,nt 
Vc is fixed by design at about 2.5V. 

lint is reversely related to R9: 

lmt = 8 Volt/R9 + 60~A at IL > 25mA 

lint = 4 Volt/R9 + 60~A at IL = 6mA 

TEA7063 

where IL depends on ILs (see supply manage
ment) 
VuNE must be externally adjusted (with R6) to 
guarantee both DC and AC characteristic in ac
cordance to the specific standard of the different 
adminastrations. 

Another adjustment of the DC characteristic is 
possible with R9. Increasing the value of R9 
causes a decrease of l,nt and consequently a re
duction of the product l,nt x R9. (see also Para
graph 7) 

n!IB1£Rii'B63•12 

R6·:lBK; R9·'1BBK 
R6·22K: R9·51lK 

5.8 

4.5 

R9·1SilK:R6-:lllK 
R9·1BBK:R6·22K 
R9·5BK:R6·'16K 

4.B 

3.5 

3.B+---+6~1~1-1r6--2r2----------~1LlmAJ 

J'i!II1TE1lil863-13 
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2. TRANSMISSION CHAIN 
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 ILL to 
ILS with a constant AC load of 600Q. 

The values of ILL (long line current) and ILS (short 
line current) are programmable through 1-start (pin 
9) and 1-slope (pin 15) (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 xZ4 
The total AC impedance shown to the line is the 
parallel 

Zpar = Zoutf /Zinti!Zext 
where: 

Figure 3 

PREAMP AGC 

5 

- Zint = 10KQ//8.5 nF (internal) 
- Zext = R6//C4 (at pin 16) 

2.3 Sending Mute 
In normal speech operation (Vmute at pin 14 < 
0.8V), the signal at Microphone Input (pin 7) is 
amplified to Vhne (pin 16) with the gain Gs (long 
line) or 6dB lower (shorter lines) depending on 
AGC control (see paragr. 4). 

In sending mute condition (V 14 > 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 I line lenght. 

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 sidetone cancellation (see 
paragraph 3.2). 

16 

n!J/ITEhi'/163- N 
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2.5 Soft Clipping 
To avoid distortion on line, the TEA7063 has a 
"soft clipping" on transmit channel. 

The resistor (Rsoft) on pin 1 0 fixes the maximum 
AC peak dynamic on the line: VsTL 

. Rsoft ( pin 10 ) 
VsTL(Vp) = Vpm16(DC) -1.44 o Rg ( pin B ) 

Figure 4 

TEA7063 

1V 470mV 
where Rsoft ~ lsT 1sT= 2 . RS (pinS) 

The capacitor (C1 0) and the resistor (R1 0) con
nected on pin 11 fixe the constant time of the soft 
clipping. 

Recommended values: C10 = 150nF; 
R10 = 560KQ 

PREAMP AGC 

t.JLJNE 

16 
~OUTPUT STAGE 

RsoFt 

Figure 5: Transmit Curves 

IJSTL 
tUOLT 
PE:AKl 

Upp/GS 

IJpp 
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UAC ON LJNE 

~ MICROPHO"E 

Rsoft x 1st~ :lt.J 

119BTEII?B53-15 

t.JAC ON PlN 7 

UAC ON PlN 7 

UAC ON LlNE 

ON LJNE <113!':1 

nsoTE'Ili"06:J-:J6 t 
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--------------J:::.YD lioll~tlfj@rn~rntli'lfj@II!J~!:~ 

389 



TEA7063 

3. RECEIVE CHAIN 

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 20, 
have a reduction of 6dB when lline moves from 
ILL to ILS (see also paragr. 4). 

3.2 Sidetone 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 re
quested 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 attenating networks: 

- ZALUZRL to pin 1 for long lines sidetone com
pensation, 

- ZALS/ZRS to pin 2 for short lines sidetone com
pensation. 

ZRL and ZRS define the total receive gains: 

V20 ZRL 
a) V1 6 = G, • ZRL + ZALL for long lines 

b) 

V20 ZRS 
V1 6 = ( Gr- 6dB ) • ZRS + ZALS for short lines 

ZALL and ZALS define the sidetone compensa
tion of the circuit. 

Figure 6 

160~---..,~ 

The equivalent balancing impedance is given by 
the formula: 

ZAL = K •ZALS + (1 - K) •ZALL 

where: 

-K = 0 at luNE =ILL or lower (long line) 

-K varies linearly from 0 to 1 with lline between 
ILL and ILS 

-K = 1 at luNE = ILS or higher (short line) .. 

Calculations to define ZALL and ZALS are: 

a) 
ZALL = 70 • R5 • Z11ne ( long )I I Zext I I Zintl I Zout 

b) Zout 
ZALL = 70 • R5 • Zrre ( short )I I Zext I I Zrnl I Zout 

Zout 
where: 

- Zext = R6//C4//(Zelectret) (at pin 1 3) 

- Zrnt = 10KQ//8.5nF (internal impedance) 

- Zout = 10.65 • Z4 (at pin 3; see paragr. 2.2) 

- Zline (short) and (long) are the impedances of 
the line at minimum and naximum line lenght 

- R5 = 5.1 Kn ±1% (typically) 

3.3 AC Impedance 
The total AC impedance of the circuit to the line 
is: 

ZAG = Zout//ZinV/Zext (ZALS, ZALL »ZAG) 

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. 

8/12 --------------t..,l ~~~~m~::~~--------------
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In this condition an internal connection is acti
vated from line DTMF output (pin 16) to Receive 
Output (pin 20) with an attenuation GRS = 38.5?8 
to provide acoustic feedback of the DTMF emis
sion. 

4. A.G.C AND SIDETONE PROGRAMMING 
4.1 Programmable Controls 
AGC and sidetone attack and disonnect points (or 
currents) are programmable externally through 
two independents pins, 1-start (pin 9) and 1-slope 
(pin 15). 

4.2 1-Start (pin 9) 
An external resistor RLL connected between !
start (pin 9) and Microprocessor Supply (pin 19) 
controls the attack point of AGC and ZAL (an
tisidetone Z). 
ILL is the line current at which the control starts. 
Formulas for ILL and RLL with R9 = 100K are: 

2880 
ILL = RLL + 11 mA 

2880 
RLL ( ILL - 11 mA ) 

4.31-Siope (pin 15) 

An external resistor RLS connected between 
!-slope (pin 15) and Microprocessor Supply (pin 
19) controls the disconnected point of AGC and 

Figure 7 

ldBJ 
l)( f. R)( 

GAlNS 

ldBl 

SlOE TONE 
EFFlCJENCY 

11881Efl-'862-8-' 

TEA7063 

ZAS (antisidetone Z). ILS is the line current at 
which the control stops. Formulas for ILS and 
RLS with R9 = 1 OOK are: 

4680 
ILS = RLS + ILL; 

4680 
RLS = ( ILS - ILL ) 

4.4 A.G.C. OFF (pin 9 and 15) 
Programming ILL and ILS respectively higher 
than 70mA and 450mA is forcing the IC in AGC 
OFF Condition. 
Suggested external components are: 
RLL = 51 Kn and RLS = 1 OKQ 
In this case sending, receiving gain and sidetone 
compensation are independent of the line lenght. 
Pins 1 and 2 can be connected to each other sav
ing 5 passive external components at pin 2. 

4.5 Secret Function for Private (pin 14) 
The two separate thresholds for sending and Re
ceiving Mute (pin 14) allow "Secret Function" 
(only microphone muted). 
Pin 14 can be set: 
a) between 0.25V and 0.8V for speech mode, 
b) between 1.6V and 2.1V for "secret" mode (mi
crophone muted), 
c) between 2.7V and 3.3V for "all muted" mode 

LINE 

JLS JLimAl 

9/12 
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5. MICROPROCESSOR INTERFACE 
5.1 Microprocessor Supply (pin 19) 
At "off-hook" the first priority of the circuit is to 
make some current available at the Microproces
sor Supply (pin 19) to charge quickly the external 
capacitor C2. 

This charging current is lcpm = 0.6 •IUNE 
T-charge of about 10ms is necessary, with C2 = 
47/~-tF. to charge pin 19 at the specified value of 
3.3V typical at IUNE = 25mA: 

T-charge = ~·~V ~ C2 typically 
• 0 LINE 

FigureS 

Jsmp 

lmRJ 

Vmp = 3.3V in normal operation and current in
creases linearly from 0.5mA min, at luNE = 6mA, 
to1.5mA, at luNE = 25mA, remaining stable for 
higher values of luNE. (with R9 = 1 OOK) 
In general: 

130Volt 
Imp=~+ 0.3mA at IL > 25mA 

11Volt 
Imp=~ + 0.3mA at IL > 6mA 

A zener of 3.9V typical is generally suggested to 

2 .S -j----r--...:;R.:::.9•:..:5:::5K::...._ ___ _ 

B.S 
8.4 

28 

6. CURRENT SOURCE FOR SPEAKERPHONE 
6.1 Current Source (pin 12) 
Most of the DC current available from the line is 
delivered by the speech circuit at the output I source 
(pin 12) through an internal current generator. 

Typical values of this current, ILs with R9 = 1 OOK, 
are: 
ILs = (0.3 o luNE) for luNE < 16.5mA 
ILS = (0.9 o I LINE -1 OmA) for luNE > 16.5mA 
(ex: luNE = 16mA then ILs = 5mA 

Figure 9 

49 

JB 

29 

18 

lLS pm 12 
I mAl 

48 58 ILimRl 
n!18TER78D3·l8 

I LINE = 30mA then ILs = 17mA 
luNE = 60mA then ILs = 44mA). 
The voltage level at pin 12 must be defined by an 
external regulator (i.e.: zener) and, if necessary, 
filtered with a capacitor (47 to 220~-tF). 

In case VuNE (at pin 16) approaches voltage at 
pin 12, then the internal current source switches 
off and its DC current is shunt to ground through 
and internal complementary generator, thus 
avoiding any negative effect on the AC and DC 
impedances of the telephone set application. 

R9·199K 
R9·1BBK 
R9·56K 

19 2B 39 .dB 59 69 IU mAl 
ng111£A;JI16~- t9 
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7. INTERNAL DESCRIPTION OF CURRENT 
MANAGEMENT 

7.1 Internal Power Supply Management 

R9 fixes the line power supply management. 
R9 fixes the values of: lear, I up. lref and ILS. 

A current line information is used to modifie the 
values of lear, lup, lref and ILS between a minimum 
and a maximum values. 
On Fig 10: 
The transmit output stage is represented by a cur
rent source (ltr). The ltr value depends of the DC 
voltage on VuNE (pin 16) and RzAc value. 

The other internal stages connected to VuNE (pin 
16) are represented by a constant 1.3mA current 
source. 

7.2 DC Characteristics (internal) 

The DC characteristic is equals to: 

VuNE (pin 16) = Vc (pin 17) + R6 o l~nt 

lint is the sum of all the current sources con
nected on VC (pin 17): 
[lp + lref + Vpin17 I (r7 + r8)] 

- lp is the bias internal operational amplifiers 
power supply. 

- lref = 1 I 3 o (Vrefl I R9); with Yref1 = 470mV 

- I ref = 156 I R9 mA 

The current line information changes lint value; 

at low line current (6mA): l~nt = 4V I R9 + 60!-!A 

at low line current (IL = ILb): l,nt =8V I R9 + 60!-!A 

7.3 Microcontroller Supply (internal) 
lup = [(p2 I r2) o lref + 0.3] mA = [(p2 I r2) o 156 I 
R9) + 0.3] mA 

The current line information changes p21r2 value; 

at low line current (6mA): p2 I r2 = 70 
at a line current (IL = ILb): p2 I r2 = 820 

7.4 Earphone Current Supply (internal) 

lear= (p1 I r1) o I ref mA = (p1 I r1) o (156 I R9) mA 

The current line information changes p11r1 value; 
at low line current (6mA): (p1 I r1) = 200 
at a line current (IL = ILb): p1 I r1 = 2700 

The maximum peak dynamic on the earphone is: 
V pear = Zear 0 I ear 

7.5 Transmit Output Stage (internal) 

The output stage bias current depends of the DC 
voltage on pin 16 and on RzAc impedance. 

TEA7063 

0.1425 o VuNE- 0.517 . . 
ltr = R (Rz ts the reststor 

connected betwe~ pin3 and the ground) 

7.6 Loudspeaker Current Source (internal) 

The current source for external peripherals has 
two slopes: 

- First slope; before lear, I up, ltr and hnt are stabi
lized at their maximum values: (IL = ILb) 

ILS = 0.285 oIL 
- Second slope; after lear, lup, ltr and hnt are sta

bilized at their maximum values: (for IL > ILb) 

!I (ILS) = 0.91 o !I( I LINE 

lear, lup, ltr and l~nt are stabilized at their maximum 
values between 16 and 26mA, the absolute IL 
value depends of R9 value. The line current (ILb) 
where lear, lup, ttr, l,nt are stabilized at their maxi
mum values and where the slope of ILS change 
is: 

ILb = lear + lup + ltr + lmt + 1.3 
0.715 

7.7 Numerical Example 

1) R9 = 100KQ; R6 = 25KQ 

~ DC characteristic= 6V for lmt max: 

= 5V for l~nt min: 

lint min (IL = 6mA) = 4 11 OOK + 60 = 1 00!-!A 
lint min (IL = ILb) = 8 1100K + 60 = 140!-!A 

Vpin17 = 2.5V => R6 = 25Kn => 
Vpin16 min (IL = 6mA) = 2.5 + 25 o 100E- 3 = 5V 
Vpin16 max (IL = ILb) = 2.5 + 25 •140E- 3 = 6V 
~ Current Sources 

lup min (IL = 6mA) = 0.4mA 
lup max (IL = ILb) = 1.6mA 

lear min (IL = 6mA) = 0.3mA 
lear max (IL = ILb) = 4.2mA 

with Rz = 75n 

ltr min (IL = 6mA) = 2.6mA 
ltr max (IL = ILb) = 4.5mA 

ILS min (IL = 6mA) = 1.3mA 

~ lLb 
ILb= 1.6 + 4.2 + 4.5 + 0.14 + 1.3mA 

0.715 

ILb = 16.5mA 

ILS (for IL = ILb) = 0.285 o ILb = 4.7mA 

~ at IL = 100mA: 
!I(ILS) = 0.91 o li(IL) = 0.91 o (1 00 - 16.5) = 76mA 
ILS = 4.7 + 76 = 80.7mA 
2) R9 = 56KQ; R6 = 18KQ 

~ DC characteristic= 6.1 V for l,nt max: 

= 4.8V for l,nt min: 

11/12 -------------&.yu ~~~~lli~f~:IT!~[~ -------------
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lint min (IL = 6mA) = 4 /56K + 60 = 130J.LA 
lmt min (IL = llb) = 8 /56K + 60 = 200J.LA 

Vpin17 = 2.5V :=} R6 = 18KQ :=} 

Vpin16 min (IL = 6mA) = 2.5 + 18 •130E- 3 =4.85V 
Vpin16 max (IL = llb) = 2.5 + 18 •200E- 3 = 6.1V 

+ Current Sources 

lup min (IL = 6mA) = 0.5mA 
lup max (IL = llb) = 2.5mA 
lear min (IL = 6mA) = 0.55mA 
lear max (IL = llb) = 7.5mA 

with Rz = 75Q 

Figure 10: Line Power Supply Management 

-ULJNE 

16 Rl PI 1- R2 P2 f- -uc 
17 

ltr min (IL = 6mA) = 2.35mA 
ltr max (IL = llb) = 4.5mA 
ILS min (IL = 6mA) = 1.17mA 

+ llb 
llb= 2.5+ 7.5 + 4.5 + 0.2 + 1.3 A 

0.715 m 

llb = 22.4mA 

ILS (for IL = llb) = 0.285 • llb = 6.4mA 
+at IL = 100mA: 
~(ILS) = 0.91 ·~(IL) = 0.91 • (1 00- 22.6) = 64mA 
ILS = 6.4 + 64 = 70.4mA 

R6 r3 rA 
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TEA7088 

LOW RANGE PHONE DEDICATED CHIP 

• RING 
-GENERATION OF 8 MELODY TONES 

(including the 3 German melody tones) 
-4 STEP DIGITAL CONTROL ON THE 

AMPLIFIER OUTPUT LEVEL 
., SPEECH 

- SOFTCLIPPING ON SENDING CHANNEL 
-RECEIVE AMPLIFIER FOR PIEZO OR 

ELECTRODYNAMIC TRANSDUCER 
- +6 dB MODE ON RECEIVE CHANNEL 
- AGC SLOPE LINE LOSS COMPENSATION 

PROGRAMMABLE 
-LINE POWER MANAGEMENT 

., DIALLING 
- PULSE DIALLING 

INTERFACE 
- DTMF GENERATOR 

rr MICROCONTROLLER POWER SUPPLY 
rr MICROCONTROLLER CONTROL INTER

FACE INCLUDING SERIAL BUS 
" LINE CURRENT SOURCE SUPPLY FOR EX

TERNAL PERIPHERALS 

DESCRIPTION 
This TEA7088 is a single chip device which inte
grates the three basic functions of a low range 
telephone set: 
-Speech network 
- DTMF generator 
- Ringer on buzzer 

A complete low-end telephone set can be de
signed with a TEA7088 associated with a micro
controller. 

SPEECH 

The speech network includes: 
- a low noise transmit channel suitable for any 

kind of microphone transducer. Softclipping on 
transmit line signal is provided by the chip. 

- a low noise receive channel with symmetrical 
outputs to be compatible with both piezo
ceramic and electrodynamic earpiece. An addi
tional 6dB gain can be inserted in the receive 
channel. 

- a line length depending gain control. Starting 
point of gain decreases is fixed @ 25mA line 
current; slope of gain decrease is externally ad-

September 1993 

PRODUCT PREVIEW 

DIP28 S028 

ORDERING NUMBERS: 

TEA7088DP TEA7088FP 

justable for a constant gain over line current, 
the pin AGC must be left open. 

The phone impedance and sidetone can be tuned 
through external networks. 

DTMF GENERATOR 

The onboard DTMF generator fullfils the CEPT 
requirements with an external single pole filter. A 
single quartz is used on the microcontroller 
(ST629X) to drive the TEA7088. If more tones are 
requested the input RM/MSK allows to inject 
tones generated by the microcontroller. 

RINGER 
Up to 8 different tones can be generated by the 
TEA7088 ringer. The digital volume control of the 
ringer can be performed through a specific com
mand (4 steps). A ring indication signal is pro
vided to the microcontroller by the TEA?OBB. 

FURTHER ADVANTAGES 
~The microcontroller power supply is provided by 

the TEA7088. The power supply is specifically 
designed to cope with a long flash or a long 
ground key duration. 

~The TEA7088 is able to supply the necessary 
current to an external speakerphone circuit 
TEA7540 or loudspeaker amplifier TEA7530 
and TEA7532 without any additional circuitry. 

~Line current and reset indications are provided 
to the microcontroller by the chip. 

~The microcontroller drives the TEA7088 through 
a 2 wires serial interface. 

1/4 
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TEA7088 

PIN CONNECTION (Top view) 

SOFT 
RECJN 

SN 
AGC 

MJC1 
MJC2 

GTR 
lJCC 

GND 
HiLS 

Va 
VL 

VMC 
GREC 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

Top Operating Temperature 

Tstg Storage Temperature 

luNE Line Current 

IRING Ring Current 

Authorized 2- RECIN 
voltage 3-SN 
on Pin 8-VCC 

10-IVLS 
12- VL 
13-VMC 
17-BUZ 
19- RES 
20- PON 
21- Rl 
22 -osc 
23 -MSK 
24- DATA 
25- DCL 
26- VRMC 

Tt Junction Temperature 

N!J3T€R7888-8:J 

Parameter 

DTMF 
VREF 
VRMC 
DCL 

DATA 
MSK 
osc 
RJ 
PON 
RES 
URJNG 
BUZ 

EAR+ 
EAR-

Value 

-25 to +70 

-55 to +150 

120 

50 

13 
12 
12 
6 
12 
6 

VRtNG +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 

5 

-25 to 110 

Unit 
oc 
oc 
rnA 

rnA 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
oc 

2/4 
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'fEA7090 

LOW RANGE PHONE DEDICATED CHIP 

II RING 
-GENERATION OF 8 MELODY TONES 

(including the 3 German melody tones) 
-4 STEP DIGITAL CONTROL ON THE 

AMPLIFIER OUTPUT LEVEL 
., SPEECH 

- SOFTCLIPPING ON SENDING CHANNEL 
-RECEIVE AMPLIFIER FOR PIEZO OR 

ELECTRODYNAMIC TRANSDUCER 
- +6 dB MODE ON RECEIVE CHANNEL 

D DIALLING 
- PULSE DIALLING 

INTERFACE 
- DTMF GENERATOR 

a MICROCONTROLLER POWER SUPPLY 
., MICROCONTROLLER CONTROL INTER

FACE INCLUDING SERIAL BUS 
., LINE CURRENT SOURCE SUPPLY FOR EX

TERNAL PERIPHERALS 

DESCRIPTION 
This TEA7090 is a single chip device which inte
grates the three basic functions of a low range 
telephone set: 
- Speech network 
- DTMF generator 
- Ringer on buzzer 

A complete low-end telephon_e set ~an be. de
signed with a TEA7090 assoc1ated w1th a micro
controller. The electrical characteristics of the de
vice suit the German telephone set public and 
private market. 

SPEECH 
The speech network includes: 
- a low noise transmit channel suitable for any 

kind of microphone transducer. Softclipping on 
transmit line signal is provided by the chip. 

- a low noise receive channel with symmetrical 
outputs to be compatible with both piezo
ceramic and electrodynamic earpiece. An addi
tional 6dB gain can be inserted in the receive 
channel. 

The phone impedance and sidetone can be tuned 
through external networks. 

May 1993 

PRELIMINARY DATA 

DIP28 S028 

ORDERING NUMBERS: 

TEA7090DP TEA7090FP 

DTMF GENERATOR 

The onboard DTMF generator fullfils the CEPT 
requirements wi_th an external single_pole filter. A 
single quartz 1s used on the m1crocontroller 
(ST629X) to drive the TEA7090. 

RINGER 
Up to 8 different tones can be generated by the 
TEA7090 ringer. The digital volume control of the 
ringer can be performed through a specific com
mand (4 steps). A ring indication signal is pro
vided to the microcontroller by the TEA7090. 

FURTHER ADVANTAGES 
~The microcontroller power supply is provided by 

the TEA7090. The power supply is specifically 
designed to cope with a long flash or a long 
ground key duration. 

~The TEA7090 is able to supply the necessary 
current to an external speakerphone circuit or 
loudspeaker amplifier without any additional cir
cuitry. 

~Line current and reset indications are provided 
to the microcontroller by the chip. 

~The microcontroller drives the TEA7090 through 
a 2 wires serial interface. 

1/16 
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TEA7090 

PIN CONNECTION (Top view) 

SOFT 
REC1N 

SN 
N.C. 
MJC1 
MJC2 

GTR 

IJCC 
GND 

IIJLS 
lis 
UL 

UMC 
GREC 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

Top Operating Temperature 

Tsta Storage Temperature 

I LINE Line Current 

IRING Ring Current 

Authorized 2- RECIN 
voltage 3-SN 
on Pin 8-VCC 

10- IVLS 
12- VL 
13 -VMC 
17-BUZ 
19-RES 
20- PON 
21 -RI 
22-0SC 
23-MSK 
24- DATA 
25- DCL 
26-VRMC 

Tl Junction Temperature 

Parameter 

DTMF 
UREF 
URMC 
DCL 
DATA 
MSK 
osc 
Rl 
PON 
RES 
URlNG 
BU2 

ERR+ 

EAR-

Value 

-25to +70 

-55 to +150 

120 

50 

13 
12 
12 
6 
12 
6 

VRING +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 
VRMC +0.3/GND -0.3 

5 

-25to 110 

Unit 
oc 
oc 
rnA 

rnA 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
oc 
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TEA7090 

TYPICAL DIAGRAM and GENERAL CHARAC· 
TERISTICS 
A typical diagram is given on Fig 1. 

- The transmit adjust gain network (ZGTR) is cal
culated in order to have a steady gain on a 
600Q load on line (44dB typical). 

The values of the different networks used in this 
datasheet are defined as followed: 

- The sidetone network (ZST) is set to be Lower 
than 20dB (VearNmic) on a 600Q load on line. 

- The Return loss is adjusted by RZ on the Ger
man complex impedance (220 + 820//115nF). 

- The DC characteristics are set by a resistor of 
110k between VL and VS 

DC CHARACTERISTICS (T amb = 25°C) 

Symbol Parameter Test Condition 

VL Line Voltage (Pin 12) Test 1 
- In speech and DTMF mode IL =20mA 

IL =SOmA 
- In Mask mode IL =20mA 

Stabilized Voltage (Pin 26) Test 1 
lvAMC - Output current IL = 12mA 

IL = 20mA 
VRMC -Output Voltage IL = 20mA 

Unstabilized Voltage (Pin 13) Test 1 
IVMc - Start up Current VRMc= 2V 

IL = 20mA 
- Output Current IL= 20mA 

ILs Line Current Source Supply Test 1 
(Pin 10) IL = 20mA 

IL =SOmA 

The line current source supply depends of IL; 
- For IL < 18mA: ILs (rnA) = 0.61 x IL(rnA) • 0.8rnA 
- For IL > 18mA: ILs (rnA)= 0.92 x IL(rnA) • 7rnA 
On this pin the maximum output level is; 
Vpin10 = Vpin12 • (1.2 + 10 x ILs) 
and Vpin10 < 6V 

AC CHARACTERISTICS (T amb = 25°C) 

Symbol Parameter 

R1 RETURN LOSS 

Test Condition 

Test2 
RL = 220 + 820 II 11SnF 
F = 30013400Hz 

TRANSMIT CHARACTERISTICS (Tamb = 25°C; F =1KHz) 

Symbol Parameter Test Condition 

Gtr Gain Test4 
Vem = -SSdBV 
Rtg = 910 + 1.1 K II 39nF 
IL =20mA 

L\Gtr Gain Variation Test4 
-7SdBV < Vem < -SSdBV 
Rt9 = 910 + 1.1 K II 39nF 
20mA < IL < SOmA 

Zmic Microphone Input Impedance 

Nt Noise Test4 
2KQ on microphone inputs 
IL =20mA 

Mmic Microphone Mute Test4 
Vern= -SSdBV 

Dt Soft Clipping Test4 
Vlmax See Fig. 3 d<2% 

- Maximum Level on Line IL =20mA 

Min. Typ. Max. Unit 

S.4 6 6.6 v 
6.S 7.2 7.9 v 

3.S v 

1 rnA 
1.S rnA 
3.2 3.4 3.6 v 

12 1S rnA 
4.S s rnA 

11.4 rnA 
39 rnA 

Min. Typ. Max. Unit 

17 dB 

Min. Typ. Max. Unit 

43 44 4S dB 

-O.S o.s dB 

32 40 48 KQ 

-76 dBmp 

60 dB 

1.9 Vp 

Sl16 
------------- L.,l ~~~~m~~:~~~ -------------
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Figure 3. 
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2 

The maximum gain is adjustable between 42 and 
54d8 with Rgt value: 

RZI I RL 
Gtl = 201og ( 820 · Rgt I I SOK ) 

RL =line load impedance 

RECEIVE CHARACTERISTICS (Tamb = 25°C; f = 1KHz) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Eff Sidetone Test4 20 dB 
-Efficiency Vmic = -55dBV 

IL = 20mA 
Rrg1 = 11 K Rrg2 = 20K 

Grec Gain in Symmetric Mode Test6 1 2 3 dB 
Rrg1 = 11 K 
Rrg2 = 20K 
IL= 20mA 
Vpin12 = -12dBV 

L\Grec Gain Variation Test6 -0.5 0.5 dB 
Rrg1 = 11K 
Rrg2 = 20K 
20mA < IL < SOmA 
-32dBV < Vpin12 < -12dBV 

Dr Distortion Test 7 
Asymmetric output use 
Rear= 300 
Vear = -16dBV 1 2 % 
Vear=-12dBV 2 5 % 
IL = 20mA 

Test6 
Symmetric output use 
Rear= 300 
Vear = -1 OdBV 1 2 % 
Vear = -6dBV 2 5 % 
IL =20mA 

Nr Noise Test 6 
Rear= 300 
IL = 20mA -75 dBmp 

Mear Earphone Mute Test6 60 dB 
Vpin12 = -12dBV 

Zout Output Impedance 40 n 

6/16 --------------so...,/ ~~~~m~r::O!~~ --------------
404 



TEA7090 

RING CHARACTERISTICS (Tamb = 25°C; f = 1KHz) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Ringer Testa 
VrhnON - Ringing Threshold Voltage Rl active 15 20 v 

VThnOFF Ri inactive 8 9 v 

IRing Internal Consumption in Ring VRING = 10V 1 1.2 mA 
Mode 

VRMC Microprocessor Supply Voltage 3.7 4 4.3 v 
Iron -Rise lime lnng= 10mA 100 ms 
VR~ng - Internal Zener Voltage 24 26 29 v 
Vbout - Buzzer Vout Level Code (011111) 23 25 28 Vpp 

Level Code (011110) 9 11 13 Vpp 
Freq =1312Hz Level Code (0111 01) 3 4.5 6 Vpp 
Freq. Code 001111 LeveiCode(011100i 0.5 1 2 Vpp 

F1 -3 tone ring melody Freq. Code (000000) 822 Hz 
F2 Freq. Code (001101) 1074 Hz 
F3 Freq. Code (001111) 1312 Hz 

- Ring Frequency Accuracy -0.4 0.4 % 

R1ng Le"'el Uoutput te~t 

Ubau~ 

DTMF GENERATOR (T = 5 to 55°C) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Ami -Tone Frequency Accuracy TestS For all parameters -0.4 0.4 % 
H = 1.79MHz IL=20mA 

Llf - LF Group line level 
Lhf - HF Group line level 
Pmf - Preemphasis HF/LF 
Cmf - DTMF Confidence tone: 

Earphone level (low freq.) 
Earphone level (high freq.) 

- - Unwanted frequency level 
(see Fig 4) 

Note: LF = Low Frequency 
HF = H1gh Frequency 

Figure 4: Unwanted Frequency level in DTMF 

Ultne 
tdBm I 

-58 

-78 

-99 
188 1K 

n!33TEA:?999 96 

\ 
\ 

1\ 
\ 

18K 188K Hzlfl 

-12 
-10 
+1 

13 
17 
-

MICROCONTROLLER 
TEA7090 

-10.5 -9 dBm 
-8.5 -7 dBm 
+2 +3 dB 

17 21 mV 
22 27 mV 
- - -

INTERFACE WITH 

All inputs can be driven by a Low level max. of 
0.1 x VRMC and a high level min. of 0.9 x VRMC. 
All inputs except OSC (pin 22) have an internal 
pull-up resistor (120K). 
Steady state for OSC at low level is forbidden. 
All outputs can drive a± 1 rnA typical. 

Power Supply 

The microcontroller is power supplied by a 3.5V 
regulated supply (VRMC) and by an unregulated 
power supply (VMC). 
The two supplies are connected through a serial 
regulator. The unregulated power supply (VMC) 
has a DC voltage equal to: Vpin12 - 0.6V and 
must be lower than 6V. 

7/16 ------------- L.,, ~~~;m~~:oo~~ -------------
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Figure 4. 

13 UMC 

5.6\J 

18 URING 

3.5\J 

N93TE11i"B9B·Bi"B 

RlNGREF 
4\J 

113uF 

In ring mode, only the 1011F connected on pin VRMC is power supplied. 

Ring Indicator Output (RI) 
Ri is active with more than 18V on VRING (with 
internal Hysteresis of 10V) and when VRMC is 
higher than 3.15V. (0.9 x Final value). 

Figure 5: Timing. 

As soon as the microcontroller receives this sig
nal, it can send the digital code for the output 
level and the ringing melody on the ring signal 
output. 

~ 
RINGING ON I RINGING PAUSE+ RlNGING ON 

~ •• 
URMC v _/ 

POWER 
ON 13 

RI _j L 
t1 t1 

TONE j/1 + f2+ f3~ j/1+ f2+ f3 
~ GENERATION 

t2 f1+f2+f3- t2 t2-t1·613ms 
3 TONE RING MELODY N93TE11i"B9B-B811 

During the delay t2-t1, the microcontroller can analyse the line ring frequency and then sends to the se
rial data input the code corresponding to the chosen ringing output level. 

8/16 
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Power on 
PoN is active when the line current is present and 
the voltage is higher than 3.15V on VRMC. (0.9 x Fi· 

nal Value). 

Figure 6: Timing HOOK OFF/HOOK ON 

TEA7090 

NOTE: 
During the break period in the pulse and Flash 
mode and during the exchange line break, the 
Power on signal is going to low level. Maximum 
delay for Pon decay edge after lune goes to zero 
is _50ms (with Cpin8 = 47J.lF, Cpin11 = 1J.lF, 
Cpm27 = 10J.lF). 

]'""' HOOK 
OFF/HOOK ON 

,r-HOOK ON 

1'- HOOK OFF I • t 

3.15 u:/ 
t 

tOt.IER ON 

I 
11!1:1 TF:Rl'B!IB· B!IR t 

Figure 7: Timing PULSE/FLASH MODE 

~ PULSE/FLASH 
Jline 

n n 1 

MODE 

DC .. 
PULSE 

3.15 

1 URNC 

b'D 01 

FLASH EXCHANGE t 
LINE BREAK 

.. 
t 

DC. 
n93TERl'89B·2tB t 

_____________ s=.,1 ~~~;m~r;,:~~~ ____________ 9_11_6 
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Reset 
RESET is active in speech on the first positive 
edge of PON and then remains high until VRMC 
decreases below 3. t SV (0.9 x final value) or the 

Figure 8: Timing PULSE/FLASH MODE 

n n 
PULSE 

RESET code is received. In Ring, RESET is iden
tical to Rl output. 
NOTE: For complete timing information on reset 
code use, see TEA7090+ST6292 App. Note. 

FLASH t 

1 URHC 

3.sr_--------------------------------------
• t 

j"'" 
n!J:JTER?B!JB-!BR • t 

Figure 9: Timing Without Use Microcontroller Reset Cpde Control 

IUl 

s.e 
3.4! 

3.5 
3.15 

+ UMC 

URHC 

f RESET 

' PON 
I 

--
Td 

TO is fixed by the VMC value, CtO on VMC, and 
the ST6 current consumption. 
Example: VMc = SV, C10 = 470f.LF, lsT6+ TEA7090 = 

\ I 
I 

I 

• t 

t 

t 

t 

450f.LA ~ To = t .67s by this way the TEA7090+ 
ST6 drive a long ground key duration. 

10/16 
-------------L..,, ~~~~m~m:O!~t: -------------
408 



TEA7090 

Figure 10: Timing Exchange Line Break with the Microcontroller 

Jline 

IIJl t 

UMRC -
1'\. 

" t 

PO~ER ON 

t 
RESET Td 

t t 
ln this c~se Td is Fixed by the microcontroller 
~hich sends code B1B1ii on the seriel bus 

1193TEfli'B9B-~3C 

Figure 11: Timing. 

PULSE MODE I OTHER MODES I FLASH MODE I OTHER MODES 

ll 

MSK 

Mask input (MSK) 
MSK input must be high by default (fig 11). 
In speech configuration forcing MSK input to low 
level will have same functionality than the MASK 
code. 
For Ring mode when it is necessary to send other 
frequencies than the 8 basic ones, this input al
lows to drive the buzzer output. 

Serial byte interface (Data and clock) 
This two wires bus is a 6 bit one. The TEA7090 is 
only using the 5 last bits. In other SGS-THOM
SON integrated circuits the 6 bits codes are used. 
The common codes are compatible between the 
different circuits. 
There are different kind of codes on the serial bus 
-The DTMF and ring frequency codes 

IIS3T£Ri'B!IB-33R 

-The mode codes: 
-Dialling 
-Speech 
-Mute 
-Ring 

-The configuration codes: 
- Mask/No Mask 
- Normal gain/Normal gain +6dB, on receive 

channel 
-The 4 ring levels codes 
- The Reset code 
6 bit codes (fig 12) 
tO, t1, t2, t3, t4, t5 must be greater than 1 J.lS. 

During interbyte, clock and data line have to be at 
a high level. The byte must be considered active 
on the last (seventh) positive edge on DCL (pin 
25). The data transition has to occur only when 
DCL = 1. 

11116 ------------""' ~~~~mgr::oo~~ ------------
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Figure 12: Timing. 

CLK DATA 

DATA t ee ai a2 e3 ad aS 

SVI'ICHRO _j OATAS ~ITH A CHANGE OURli'IG CLK•l 
11!1:1TER.-tl!lll· j:/ 

FUNCTIONALITY DESCRIPTION 
Each part of the serial interface can be separated 
in blocks of fu nctionalities. 
There are three kind of blocks. 
- The single code blocks (MASK, +6dB) are tog

gle codes. Their default configurations are 
NoMask and Normal on Receive Channel. 

- The Reset control can be sent only once. Only 
positive edge Pan, derived on opening and clos
ing the line, is forcing the default mode again. 

NOTE: This code is only active in speech configuration. 

Codes 
aS a4 a3 a2 a1 ao 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 1 0 
0 0 0 0 1 1 
0 0 0 1 0 0 
0 0 0 1 0 1 
0 0 0 1 1 0 
0 0 0 1 1 1 
0 0 1 0 0 0 
0 0 1 0 0 1 
0 0 1 0 1 0 
0 0 1 0 1 1 
0 0 1 1 0 0 
0 0 1 1 0 1 
0 0 1 1 1 0 
0 0 1 1 1 1 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 1 0 
0 0 0 0 1 1 
0 0 1 1 0 0 
0 0 1 1 0 1 
0 0 1 1 1 0 
0 0 1 1 1 1 
0 1 0 0 0 0 
0 1 0 0 0 1 
0 1 0 0 1 0 
0 1 0 0 1 1 
0 1 0 1 0 1 
0 1 0 1 1 0 
0 1 0 1 1 1 
0 1 1 1 0 0 
0 1 1 1 0 1 
0 1 1 1 1 0 
0 1 1 1 1 1 

-The multi-codes blocks (DTMF + Ring frequen
cies, Mode, Ring level) have exclusive codes. 
That means at one time inside a block, only 
one code is active. As one new code is sent, 
the previous code is cancelled. The default 
configuration for DTMF (or Ring) is 000000. For 
Mode block it is speech (010000) and for Ring 
level block it is the minimum level (0111 00). 

- Between two DTMF/RING frequencies, intro
ducing a Mute or speech code implies to wait 
1 ms to end the sinwave or square period. 

Note: For Ring it's allowed to send two frequency 
codes without a Mute one. 

Keyboard Remarks 

"2" 1336Hz+ 697Hz 
"1" 1209Hz+ 697Hz 
"A" 1633Hz+ 697Hz 
"3" 1477Hz+ 697Hz 
"8" 1336Hz+ 852Hz 
"7" 1209Hz+ 852Hz 
"C" 1633Hz+ 852Hz IN "9" 1477Hz+ 852Hz 
"5" 1336Hz+ 770Hz 

DTMF 

"4" 1209Hz+ 770Hz DIALLING 

"B" 1633Hz+ 770Hz 
"6" 1477Hz+ 770Hz 
"0" 1336Hz+ 941 Hz 
"*" 1209Hz+ 941 Hz 
"D" 1633Hz+ 941 Hz 
"#" 1477Hz+ 941 Hz 

822 Hz ring signal 
744Hz ring signal 
1005 Hz ring signal 

IN 909 Hz ring signal 
RING 1187 Hz ring signal 
MODE 1074Hz ring signal 

1451 Hz ring signal 
1312 Hz rina sianal 
Speech mode 
Dialling mode or ring start 
Earphone & Microphone mute 
Microohone mute 
Mask/No Mask 

"+6dB" Normal/+6dB on Receive channel 
Reset control 
Minimum ring level (level 1) 
Intermediate ring level (level 2) 
Intermediate ring level (level 3) 
Maximum rina level llevel 4) 

12116 ------------- s....,1 ~~~~m~::~~t: -------------
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Figure 13: Test1 Circuit (VL/IVRMC/VRMC/IVMC/ILS) 
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Figure 14: Test2 Circuit RL 
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Figure 15: Test 4 (Gtr/Zmic/Nt/Mmic/DVVImax/Eff) 
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Figure 17: Test6 Crcuit(Grec/Dr/Mear) 
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Figure 18: Test? Crcuit(Dr/Nr) 
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Figure 19: Test Sa Circuit Vthri 
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TELEPHONE ANALOG FRONT END 

FEATURES: 
SPEECH 
• DC LINE CURRENT RANGE FROM 6 TO 

110mA 
• Tx AND Rx GAIN EXTERNALLY ADJUST

ABLE 
• AGC IN Tx AND Rx EXTERNALLY PRO

GRAMMABLE 
• AGC DISABLEABLE THROUGH MICROCON

TROLLER BUS 
• SINGLE/DOUBLE SIDETONE NETWORK 

SOFTWARE PROGRAMMABLE 
• SOFTCLIPPING ON Tx CHANNEL 
• SQUELCH TO REDUCE Tx NOISE ENVI

ROMENT AND TO IMPROVE HOWLING IM
MUNITY IN LOUDHEARING MODE 

• RECEIVING AMPLIFIER FOR PIEZO OR 
ELECTRODYNAMIC TRANSDUCERS 

• +6dB MODE ON Rx CHANNEL (SELECTABLE 
THROUGH MICROCONTROLLER BUS) 

• -6dB MODE ON Tx CHANNEL (SELECTABLE 
THROUGH MICROCONTROLLER BUS) 

• FREQUENCY GENERATOR FOR WAITING 
MELODY 

• ERROR BEEP GENERATOR 
• HOLD LINE CURRENT DETECTOR FOR 

TRANSFER/ AUTO RELEASE 

GROUP LISTENING I ON-HOOK DIALING 
• ANTI HOWLING WITH ACOUSTIC FEED

BACK SYSTEM COUPLED WITH SQUELCH 
• DIGITAL VOLUME CONTROL (8 STEPS OF 

4dB EACH) THROUGH MICROCONTROL
LER BUS 

• ANTILARSEN ATTENUATION (4 DIFFERENT 
LEVELS) PROGRAMMABLE THROUGH MI
CROCONTROLLER BUS 

HANDSFREEINTERFACE 
• PIN AND SOFTWARE FACILITY FOR EASY 

INTERCONNECTION WITH HANDSFREE 
CONTROLLER IC. 

RING ON LOUDSPEAKER 
11 EMBEDDED SWITCH MODE POWER SUP-

September 1993 

PRODUCT PREVIEW 

PLCC44 

PQFP44 

PLY TO FEED THE LOUDSPEAKER AMPLI
FIER DURING RING MODE 

• DIGITAL VOLUME CONTROL (8 STEPS OF 
4dB EACH) THROUGH MICROCONTROL
LER BUS 

• RING FREQUENCY GENERATOR PRO
GRAMMED THROUGH MICROCONTROL
LER BUS 

DIALLING 
• DTMF GENERATOR (CONTROLLED BY 

MCU BUS) 
• DC MASK VALUE DURING MAKE PERIOD 

PROGRAMMABLE THROUGH MICROCON
TROLLER BUS 

MICBOCONTROLLEB INTERFACE 
a STABILIZED VOLTAGE FOB MICROCON-

TBOLLEB 
• 2 WIRE SERIAL BUS 
• RING INDICATOR 
• POWER-ON SIGNAL 
• RESET SIGNAL 
• LINE CURRENT VARIATION INDICATOR 

SELF BIASED LOUDSPEAKER AMPLIFIER FOB 
ANSWERING MACHINE 

114 

Th1s is advanced informa~on on a new product now 1n development or undergo1ng evaluation. Details are subject to change Without not1ce. 
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DESCRIPTION 
The TEA7091 is a Telephone set Analog Front 
End (TAFE) interface intended for use in conjunc
tion with a microcontroller. 
In this configuration the TEA7091 provides a 
worldwide mid-range telephone set with loud hear
ing on board and melody ringer on loudspeaker. 
Repertory dialer (memory on MCU) and various 
features (HOLD, Tone/Pulse, Flash, MUTE, ad
justable Ringer and Loudhearing levels .. ) are pro
grammable by MCU. 
Also high-range telephone set can be built around 
TEA7091 by adding Handsfree controller 
(TEA7540), Electronic Hook Switch and upgraded 

PINS CONNECTION (Top views) 

VLS 39 ILL 

VMe 3B GNDA 

VL 37 SLP 

VREFL 36 vs 

LSIN 35 I REF 

LSSOF 34 SOFTL 

DTMF 33 TSOFT 

VRMC 32 vee 

ose 31 VREF 

RWI 30 MIC2 

RESET 29 MIC1 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Top Operating Temperature 

Tsto Storage Temperature 

VLM Supply Voltage (pin 3) 

ILM Supply Current 

VREGM CMOS part supply (Pin 8) 

T Junction Temperature 

MCU (ST family) with LCD driver. 
The concept using TAFE + Microcontroller is 
called BICHIP approach. 
The benefits of this concept are: 
- Saving of external components. 
- Easy upgrade of the features (extra memories, 

LCD driver, Answering machine or Cordless in
terface .. ) through microcontroller. 

- Replacement of configuration switches (PABX 
/Public, Tone/Pulse ... ) by EEPROM settings. 

This also induces reliability and cost improve
ment. 

44 43 42 41 40 39 3B 37 36 35 34 

VLS ILL 

VMe GNDA 

VL SLP 

VREFL VS 

LSIN !REF 

LSSOF SOF7L 

DTMF 

VRMC 

ose 

RWI 10 MIC2 

RESET 11 MIC1 

Value Unit 

-25 to +70 oc 
-5510+150 oc 

12 v 
150 rnA 

6 v 
-25 to +150 oc 

214 
------------- L11. ~~~;UI~&)1:oo~lt -------------
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PIN DESCRIPTIONS 

PQFP44 PLCC44 
Names Functions 

N° Pihs N° Pins 

1 7 VLS Loudsp~akerpowersupply. 

2 8 VMC Unregulated microcontroller supply. 

3 9 VL Line voltage. 

4 10 VREFL Loudspeaker reference voltage. 

5 11 LSIN Loudspeaker input. 

6 12 LSSOF Loudspeaker softclipping time constatnt. 

7 13 DTMF DTMFfilter. 

8 14 VRMC Stabilized microcontroller sup_ply. 

9 15 osc Oscillator input. 

10 16 RINI Ring indicator I Line current variation indicator. 

11 17 RESET Microcontroller reset. 

12 18 PON Power on output. 

13 19 CLK Clock data input. 

14 20 DATA Data Input. 

15 21 SNSL Short line sidetone input. 

16 22 SNLL Lonq line sidetone input. 

17 23 ACFSL Anti-acoustic feedback and squelch peak voltage. 

18 24 ACFFI Anti-acoustic feedback and squelch filter. 

19 25 RECIN ReceivinQ Input. 

20 26 REOUT Receive output. 

21 27 GTR Transmit Qain adjustment. 

22 28 HFIN Handsfree microphone input. 

23 29 MIC1 Microphone input. 

24 30 MIC2 Microphone input. 

25 31 VREF Transmit and receive reference voltage {VCC/2). 

26 32 vee Transmit and rece1ve power supply. 

27 33 TSOFT Transmit soft-clipping time constant. 

28 34 SOFTL Maximum AC signal {Softclipping threshold). 

29 35 I REF Internal reference current. 

30 36 VS Shunt regulator capacitor. 

31 37 SLP DC mask slope. 

32 38 GNDA Analog Ground {signal). 

33 39 ILL Line current regulation start up. 

34 40 ISL Line current regulation stop. 

35 41 EAR+ Positive earphone output. 

36 42 EAR- Negative earphone output. 

37 43 GREG Receive gam adjustment. 

38 44 VZP Switch mode power supply internal zener. 

39 1 SWP Switch mode power supply output. 

40 2 RSU Rinq start up level. 

41 3 RCO Rinq capacitor optimization {output power). 

42 4 N.C. Not Connected. 

43 5 GNDP Power Ground. 

44 6 LSOUT Loudspeaker Output. 

3/4 
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,. LOW VOLT AGE 
,. POWER: 100mW AT 5V 
" ANTIDISTORTION SYSTEM FOR LOW CUR

RENT LINES 

DESCRIPTION 

This 8 pins IC is designed for monitor telephone 
set and provides: 
a) Signal amplification for monitoring 

b) Antidistortion by automatic gain adaptation. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Top Temperature Range 

VLs Supply Voltage 

ILs Supply Current forT> 300ms 
forT:;; 300ms 

BLOCK DIAGRAM 

June 1993 

TEA7530 

MONITOR AMPLIFIER 
PRELIMINARY DATA 

MINI DIP SO-B 

ORDERING NUMBERS: 

TEA7530DP TEA7530FP 

Value 

Minidip so 
-20 to +70 -20 to +70 

6 

90 
150 

228uF 

LS 
z:5ao 

6 

75 
120 

Unit 

oc 
v 

mA 
mA 

1/8 
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TEA7530 

PIN CONNECTION (top view) 

PIN FUNCTION 

No Symbol 

1 GND 

2 ADS 

3 VLs 

4 INP 

5 LS1 

Ground 

Antidistortion 

Supply 

Input Signal 

GND 
ADS 

ULS 
INP 

Output Loudspeaker 1 

n!I8TE117538·81 

ADJ 
LS2 
Uref 

LS1 

Description 

6 VREF Internal Reference Voltage 

7 LS2 Output Loudspeaker 2 

8 ADJ Adjust Internal Reference VLs 

FUNCTIONAL DESCRIPTION 
TEA7530 performs the following functions: 

+ The Antidistortion system is incorporated for 
low current available from line. 

The circuit amplifies the incoming signal and 
feeds it to the loudspeaker. 

+ The maximum power available on a 50Q im
pedance loudspeaker is 25mW at 3V and 1 OOmW 
at 5V. 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, ILs = 30mA unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VLS1 VLS1 Supply ILS = 2mA (fig. 5) 2.7 3 3.3 v 
ILs = 30mA (fig. 5) 3.15 3.4 v 

VLSM VLs Maximum lp,nB = 40j.lA (fig. 5; So= closed) 5.7 v 

VADJ Voltage Pin 8 ILs = 2 to 30mA (fig. 5 1.0 1.25 1.5 v 

G Loudspeaker Amplifier ILs = 30mA (fig. 6) 30 32 34 dB 

Gain = VrSJ - Va1 
Vr4) 

THD Distortion I =300Hz to 2KHz 2 % 
V(S)- V(7) = 0.8Vrms; (fig. 6) 

ZrNPIN Earphone Input (fig. 7) 2.1 2.8 3.5 KQ 

VoFFS Output Offset [Vrs) - V(7)] (fig. 6) -80 80 mV 

GATT Loudspeaker Attenuated v12) = o.7v; (fig. 8) -30 -20 dB 
Gain = [Vrsl - V(7)] I Vr4l V12l = 0.4V; (fig. 8) 20 30 dB 

2/8 
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Figure 1: Loudspeaker Gain vs. Voltage on Pin 2 
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Figure 3: Distortion vs. Output Power 
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Figure 2: Power Available on Loudspeaker vs. 
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Figure 4: Output Power vs. Supply Current 
(Current Mode Supply) 
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TEA7530 

TEST CIRCUITS 
Figure 5: Shuntvoltage Regulator I Reference 

Voltage at Pin 8. 

Note: SO open for ULS1 

SO close for ULSM 

Figure 7: Impedance, ZINP 

3 
2 

d7uF 6 

~ld 11 TEA?530 7 
<l;'l!nF ::r: ,I, 1. :IIJ B 

1 5 

1198TERi'S38·88 

Z1np • 
L11J 

l<l 

JLS 

51!0 

Figure 6: Loudspeaker Amplifier: 
Gain/Distortion/Output Offset 

6 

G • VI;'IU(-,IlUt5l • ~~~~ 

UOFFS ~1th Uln • B 

Jl!mA 

:C 11luF 

luaur 

Figure 8: Anti-loading Feedback System at 
G =GATT 

3BmA 

B 
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CIRCUIT DESCRIPTION 
TEA7530 is a 8 pin DIP integrated circuit provid
ing the following facilities: 

• Loudspeaker amplifier 
• Antidistortion feed-back system (limited line 
current compensation) 

1.1. LOUDSPEAKER AMPLIFIER 
The amplifier is divided into 2 main sections. 
-Automatic Gain Control (AGC) 
-Push-pull amplifier (bridge structure) 

Figure 9 

EARPHONE lNPUT 

TEA7530 

a) The AGC section is used for the antidistortion 
system. 

• When used in a telephone set to avoid larsen 
effect the AGC automatically decreases loud
speaker amplifier gain. 

• When the required output level exceeds the 
capabilities of the available current, the AGC 
decreases the loudspeaker amplifier gain to 
avoids distortion. 

b) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 

n98T£117538·18 

Figure 10 

IN 

5/8 --------------so..,, ~~~;m~::~~~ --------------
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TEA7530 

Amplifier DC Supply 
In transmission mode, the supply voltage is con
trolled by the internal shunt DC regulator. For this 
reason, the TEA7530 should be supplied from a 
current source (see: supply considerations). 
An antidistortion system is embodied which pro
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 

AGC Circuit action 
When the supply VLs is insufficient, the voltage at 
pin 8, falls below the reference voltage 1.2V, re
sulting in transistor (TR) being switched off, re
sulting zero current flow in resistor R. This state 
enables the gain control system. Under these 
conditions, the shunt DC supply will switch at a 
rate determined by the time constant of the RC 
network on pin 2. 
This switching action accomodates normal 
speech characteristic under low supply condi
tions. 
The AGC will be switched ON when the level on 
Pin 2 is greater than a reference voltage of 0.4V. 

Supply Considerations 
a) Current MODE - Pin 8 is open (VLs = VLs1) or 

Figure 11 

27K 

11981£117538-tt 

connected to ground with an external resistor 
(Rext) higher than 16KQ. The typical value of VLs 
is· 
VL~ = 1_2V 40.5Kn + ( 27KQ/ /REXT ) . 

Th AGe . ( 27KQ/ I.REXT ) d "b d . h e sect1on 1s workmg as escn e m t e 
previous paragraph. 
b) Voltage MODE - Pin 8 is shorted or connected 
to GND with a resistor (REXT) lower than 16KQ. In 
this condition the circuit must be supplied with a 
DC voltage of 3 to 5.5V. In this case the AGC 
section is permanently ON. Pin 2 must be shorted 
to GND (in voltage mode only) to avoid perma
nent attenuation of the signal at audio input 

PIN FUNCTIONS 
PIN 1: GND. 
PIN 2: 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 2 is greater than a reference voltage of 0.4V, 
the RC-network charges (current source ON) or 
discharges (current source OFF) according to 
supply voltage. 

SuA 

R 

6/8 -------------L.,, ~~~©IH~'::oo~~ -------------
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THEORETICAL VOLTAGE ON PIN 2 

Figure 12 

5J.lA • R 

04V 

Figure 13 

Vottaqe on 

Pin 2 

0.4 v 

TEA7530 

- The value of R affects the system time con
stant and the charge/discharge duty cycle. 

- The value of C only affects the system time 
constant. 

- R should be greater or equal to 150KQ for cor
rect AGC operation. 

PIN 3: CIRCUIT SUPPLY VOLTAGE 
With pin 8 open circuit, VLs is internally stabilized 
at 3V. 
When the TEA7530 is under AGC control, the 
voltage on this pin varies slightly (due to AGC ac
tion). 

PIN 4: EARPHONE INPUT 
Input for loudspeaker signal 

7/8 -------------L..,, ~~~;m?::~~n -------------
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TEA7530 

PIN 5-7: LOUDSPEAKER OUTPUTS 

Maximum outpt voltage: Vpp = 2VLs - 2.5V (with a 
gain of 32dB). 
Maximum output current: depending of the supply 
current. 
Figure 14 

5 oo------,Cb 

,____1 
N9111EIIl'S4B-12 

Two loudspeaker connection methods are possi
ble, using the amplifier in either symmetrical or 
asymmetrical mode. 
Note: 
It is advisable to connect a 47nF capacitor in par
allel with the loudspeaker (between pins 5 and 7). 

- "Symmetrical" mode 
This is for low voltage working, but at a higher 
supply current. The highest output power is avail
able in this mode, due to the 5.7V maximum sup
ply voltage restriction, imposed by the TEA7530 
Loudspeaker impedance recommended value: 
son. 
Nominal gain available between earphone input 

and loudspeaker outputs: 32dB. 

-"Asymmetrical" Mode 
This allows higher voltage operation, but at a 
lower supply current. 
Loudspeaker impedance recommended value: 
25Q. 
Nominal gain available between earphone input 
and loudspeaker output: 32 - 6 = 26dB. 

Pin 6: Vret: INTERNAL REFERENCE 
Output which provides an internally regulated ref
erence voltage. 
Vref = 1.2V typical 

MAXIMUM AVAILABLE CURRENT: 5f1A 

Pin 8: ADJUST VLs 
This pin is used to adjust the IC supply voltage. 

Figure 15 

soo----,Cb 

~ 
N9111EIIl'548·J::J 
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• PROGRAMMABLE GAIN IN STEPS OF 6dB 
OR LINEARLY 

• ON/OFF POSITION 
• LOW VOLT AGE 
• POWER: 100mW AT SV 

DESCRIPTION 

This 16 pins IC is designed for monitor (loud
speaker) telephone set and provides: 
a) Signal amplification for monitoring (loud

speaker) 
b) Antiacoustic feedback (antilarsen) 
c) Antidistortion by automatic gain adaption 

PIN CONNECTION (Top view) 

ADJ 

GND 

ADS 

lJLS 

MIC1 

MIC2 

FAL 
TC1 

TEA7531 

MONITOR AMPLIFIER 

REPLACED BY TEA7532 FOR NEW DESIGNS 

DIP16 5016 

ORDERING NUMBERS: TEA7531 DP (DIP16) 
TEA7531FP (5016) 

ON/OFF 

PG1 

PGB 

GND 

LS2 

lJref 

LS1 
INP 

t1B9T£!1?531 -81 

June 1993 1/1 
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• PROGRAMMABLE GAIN IN STEPS OF 6 dB 
• ON/OFF POSITION 
II LOW VOLT AGE 
• 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) 

BLOCK DIAGRAM 

EARPHONE 

July 1993 

TEA7532 

MONITOR AMPLIFIER 

DIP16 S016 

ORDERING NUMBERS: TEA7532DP (DIP16) 
TEA7532FP (S016) 

N88TEfl?532-r?2 

LEUEL CONTROL 

1/13 
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TEA7532 

PIN CONNECTION (Top view) 

ADJ ON/OFF 
ALA OJ PG1 

ADS PG0 
ULS GND 

MIC1 LS2 
MIC2 Uref 

FAL LS1 
TC1 INP 

fi88TER?532-B1 

PIN DESCRIPTION 

No Symbol Description 
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 1 

11 VREF Internal Resistance 
12 LS2 Output Loudspeaker 2 

13 GND Ground 

14 PGO 
15 PG1 Inputs Program Level to Loudspeaker 
16 ON/OFF 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Top Temperature Range -5to+45 oc 
VLs Supply Voltage 6 v 
ILs Supply Current forT> 300ms 90 mA 

forT~ 300ms 150 rnA 

VL Voltage Level (pins, PGO, PG1, on/off) 0.6 > to Vs + 0.6 v 

2/13 
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TEA7532 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, ILs = 30mA unless otherwise specified) 

Symbol Parameter 
VLS1 VLs Supply 

VLSM VLs Maximum 

VADJ Voltage Pin 1 

G Loudspeaker Amplifier Gain= V10; 9V12 

GOOO 
G001 
G010 
G011 
G100 
THO Distortion 

G2 [V(10)- V(12)]N2 

ZMICIN Microphone Input 

ZINPIN Earphone Input 

ZIN2 Antilarsen Adjustment Input 

VoFFs Ouput Offset 
[V1101- V1121l 

ION/OFF Input Current ON State 
IPGO 
IPG1 

iON/OFF Input Current OFF State 
iPGO 
IPG1 

VIL ON/OFF Input Voltage ON State 
VIL PGO 
VILPG1 

VIH ON/OFF Input Voltage OFF State 
V1H PGO 
VIH PG1 

GMIC Microphone Gain = V171/[V1s1- Vlsil 
Vg Voltage Pin 8 

GATT Loudspeaker Attenuated 
Gain = [V1101- V(12J]N(9) 

FUNCTIONAL DESCRIPTION 

TEA7532 performs the following functions : 

Test Conditions Min. Typ. Max. Unit 
ILs = 2mA {fig. 7) 2.6 3.0 3.4 v 
ILs = 30m A {fig. 7) 3.15 3.4 v 
lp,n 1 = 50J.!A (fig. 7 ; So = closed) 5.5 v 
ILs = 2m A to 30mA (fig. 7) 1.1 1.25 1.4 v 

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 X X -30 -20 dB 

f = 300Hz to 2kHz, 2 % 
V1o- V12 = 0.8VRMS, 
G = G011, (fig. 8) 

PGo = PG1 = VLs, Vs = 0.8V {fig. 8) 30 32 34 dB 

Symetrical at (pins 5-6) 4.5 kQ 
Asymetrical at (pin 6) fig. 9 

(fig. 9) 2.2 2.8 3.4 kQ 

1 1.2 1.45 kQ 

G011 ; (fig. 8) -50 50 mV 

VPG1 = OV ; {f1g. 8) -10 -5 J.lA 
-10 -5 J.lA 
-10 -5 J.lA 

VPG1 = VLs ; (fig. 8) 1 J.lA 
1 J.IA 
1 J.lA 

0.45 v 
0.45 v 
0.45 v 

1.5 v 
1.5 v 
1.5 v 

VMIC = 10mVRMS, f =2kHz {fig. 10) 
22.5 23.5 24.5 dB 

0.48 0.67 0.75 v 
G011 ; Vs = 0.6V ; (f1g. 1 0) -30 -20 dB 
G011 ; Vs = 0.4V ; (fig. 1 0) 20 30 dB 

- The antilarsen (antiacoustic feedback) system is 
incorporated. 

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 32dB to 
14dB in 6dB steps. 

- The maximum power available on a son imped
ance loudspeaker is 25mW at 3 volts and 1 OOmW 
at5V. 

Limit values for external components : 
The TEA7532 inputs (PGO, PG1, ON/OFF) permit 
the loudspeaker to be cut-off thus ensuring privacy 
of communication. 

R3 min= 5 kQ (R3 adjust VLS), R7 max= 390 kn, 
R6 min= R7/35 
R max between pin 5 and 6 = 1 OkQ + C min= 1 On F. 

3/13 
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TEA7532 

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 5 : Distortion Versus Output Power. 
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Figure 2 :Loudspeaker Gain Versus Voltage on 
Pin (3) - (8) and Versus R2. (*) 
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Figure 4 : Power Available on Loudspeaker 
Versus VLs Typical Curve. 
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TEST CIRCUITS 

Figure 7 : Shuntvoltage Regulator/ Reference 
Voltage at Pin 1. 

!189TEn?532-B9R 

Note: SO open for VLS 1 
SO close for VLSM. 

Figure 9 :Impedance ZMIC, ZINP and Zin2. 
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Figure 8 : Loudspeaker Amplifier : Gain/Distor 
lion/Output Offset. 
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Figure 10 : Antiacoustic Feedback System at 
G011. 

1uF 

B TEA7532 
11 

12 

13 18 

1188 TEA?532- 12 

d?uF 

1EIKo 

--I 18uF 

U? 

i U OUT 

5/13 

433 



TEA7532 

CIRCUIT DESCRIPTION 
TEA7532 is a 16 pin DIL integrated circuit providing 
the following facilities : 

_ Loudspeaker amplifier 

1.1. LOUDSPEAKER AMPLIFIER 

Figure 11. 

EARPHONE INPUT 

ANTI LARSEN 
ADJUSTMENT 

f188TER?532-!3 

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 ef

fect the AGC automatically decreases loud
speaker amplifier gain. 

• When the required output level exceeds the 
capabilities of the available current, the AGC 

Figure 12. 

6/13 
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IN 

- Antiacoustic feed-back system 
(antilarsen system) 

u 
PGB 

16 

ON/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 mi
croprocessor. The amplifier may be muted using the 
ON/OFF control signal (pin 16). 
c) The output amplifier uses a double push-pull con
figuration (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 current 
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. 

r----.------------~--------------~-----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, resulting 
in zero current flow in resistor R. This state enables 
the gain control system. Under these conditions, the 
shunt DC supply will switch at a rate determined by 
the time constant of the RC network on pin 3. 
This switching action accomodates normal speech 

Figure 14. 

A 

characteristics under low supply conditions. 

1.2. ANTIACOUSTIC FEED-BACK SYSTEM (AN
TILARSEN 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 

7/13 

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

Figure 15. 

MICRO 

FIL TEA 

max vo1c:e 
d!nllly 

To extract the larsen component, the microphone 
signal is first filtered by a second order filter (formed 

Figure 16. 

Zin: 4 kQ 
V7 

A= V5- V6 = 15 

dominant features of each exist in different fre
quency bands. 

FREQ 
larWf"'Aru 

FREQ 

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. 

8/13 
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TEA7532 

Figure 17 : Antilarsen System Filter Response. 

THEORETICAL 

RESULT 

Filter on pins 5 & 6 

!2 = 
C9 +C10 

2n Zin C9 C10 

Filter on pin 7 

!1 = 

!3 = 

2n (R5 + R6) C5 

1 

2nR5 C5 

Antilarsen system 

Filter response 

If f2 = f3 the Anti larsen system filter is equivalent 
to a second order filter. 

C9 + C10 

2n Zin C9 C10 

· ~ SGS·lHOMSON 
lt. ""'! l llllUIQ:rn©~~rn©llllil©li!lu©i!' 

2n R5 C5 
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TEA7532 

A complete telephone set has two antilarsen 
systems: 

_ one in the transmission circuit (for example : 
TEA7051) antisidetone network; 

Figure 18. 

,-
1 

TEA7051 

_ one in the loudspeaker amplifier 
(for example : TEA7532). 

Together these form a high efficiency antilarsen 
system. 

LINE 

I 
I 

ant•S•detom! system 
-20d8 

I 
I 
I 
I 
I TEA7532 

I 

-1 
I 
I 
I 
I 
I 
I 
I 

L-------------------------------------~ 

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 loud
speaker without AGC attenuation. 

10/13 
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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. 



THEORETICAL VOLTAGE ON PIN 3 

Figure 19: 

5"A • R 

0 4 v 

Figure 20. 

Voltagr on 

prn 3 

0.4 v 

PIN 4 : CIRCUIT SUPPLY VOLTAGE 
With pin 1 open circuit, VLS is internally stabilized at 
2.8V. 

TEA7532 

_ The value of R affects the system time constant 
and the charge/discharge duty cycle. 

_ The value of Conly affects the system time con
stant. 

_ R should be greater or equal than 1 50 kQ for cor
rect AGC operation. 

ltfnt! 

When the TEA7532 is under AGC control, the voltage 
on this pin varies slightly (due to AGC action). 

11/13 
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TEA7532 

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 RS should 
be fixed at 1 0 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 char
acteristics 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. 

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 supply 
current. The highest output power is available in this 
mode, due to the 5.5 V maximum supply voltage re
striction, imposed by the TEA7532. 
Loudspeaker impedance recommended value : 50 n. 
Maximum gain available between earphone input 
and loudspeaker output : 32 dB. 

§1----....,l 
c:!t 

~ 

12•--------JT'-

Figure 22. 

~f------., 

1 

~ 
~ 
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• "B" Mode 
This allows higher voltage operation, but at a lower 
supply current. 
Loudspeaker impedance recommended value: 25 n. 
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 : lou speaker enabled (see connection 
of pins 14 and 15). 

TEA7532 

PIN 11 : Vref: INTERNAL REFERENCE 
Output which provides an internally regulated refer
ence voltage. 

Vref = 1 .1 V typical 

MAXIMUM AVAILABLE CURRENT: 5 1JA 

PGO PG1 

1 1 Gmax 

1 0 Gmax - <0> 6 dB 

0 1 Gmax- 12 dB 

0 0 Gmax- 18 dB 

13/13 
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• 7 DIGITALLY PROGRAMMABLE GAINS IN 
STEPS OF 4.5dB 

• ON/OFF POSITION 
• LOW VOLTAGE (3.5V to 6.5V) 
• POWER: >140mW at 5V; >250mW at 6.5V 

DESCRIPTION 

This 20 pins IC is designed for monitoring and 
loudspeaker telephone set and provides: 
a) signal amplification for monitoring (loudspeaker). 
b) anti acoustic feedback (antilarsen). 
c) antidistortion by automatic level adaptation. 
d) antilarsen adjustment (full duplex). 
e) antidistortion by automatic gain adaptation in 

current supply mode. 
f) service audio inputs with internal dedicated 

switches. 

FUNCTIONAL DESCRIPTION 

TEA7533 performs the following functions: 
The circuit amplifies the incoming signal and 

BLOCK DIAGRAM 

EARPHONE __ IN.-1-o-2--1 

GB 
VREF 

RB 

September 1 993 

GGTRL2 

GGTRL1 

0 dB TO -15 

OdB T0-20 

ctrl 

TG1 

cg ~ G10 

R9 1 

10 

R10 

TEA7533 

MONITOR AMPLIFIER 

S0-20 

ORDERING NUMBER: TEA7533FP 

feeds it to the loudspeaker. PGO, PG1 and PG2 
inputs are used to set the loudspeaker gain in a 
range of 32dB to 5dB in 7 steps of 4.5dB. 
The TEA7533 inputs (PGO, PG1, PG2) allows 
also the loudspeaker to be cut-off, thus ensuring 
privacy of communication. 
+ The antilarsen (antiacoustic feedback) system 

is incorporated. 

+ The maximum power available on a 50Q im
pedance loudspeaker is 140mW at 5V and 
250mW at 6.5V. 

IN2 IN3 SW 

GL1 

VREF· 
0 BV. 1.2V 

VOLTAGE & 5V 
CURRENT Supply 

~R=E~FE~R=EN:G:E~=:~~~~13lfR,EF~VREF 
TEA7533 11 15 

LOUT GND 

G13 

D93TLOOB 
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TEA7533 

PIN DESCRIPTION 

No Symbol Description 

1 sw Switch control: IN2 or IN3 

2 IN1 Audio Input AVG Controlled 

3 IN2 2nd Audio input; No Anti-distortion Control 

4 CL1 Intermediate Receive Output (Decoupling capacitor) 

5 CL2 Intermediate Receive Input (Decoupling capacitor) 

6 Vee Supply Voltage 

7 MIC1 Microphone 1nput 1 

8 MIC2 Microphone input 2 

9 FAL Ant1larsen Filter 

10 TC1 Antilarsen Gain Set up 

11 LOUT Status Output, Digital Output. 

12 LS1 Loudspeaker Output1 

13 REF Reference Voltage; (Vee- 0.7V/2) 

14 LS2 Loudspeaker Output2 

15 GND Ground 

16 PG2 Digital Input; Loudspeaker Level Control 

17 PG1 Digital Input; Loudspeaker Level Control 

18 PGO Diqitallnput; Loudspeaker Level Control 

19 CAGC Gain Control Filter Capacitor 

20 IN3 3rd Audio Input 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Test Conditions Unit 

Vee Max. Supply Voltage 7 v 
Icc Max Supply Current at t > 300ms 100 mA 

at I~ 300ms 150 mA 

VLOGie Voltage Level (logic pins) -0.6Nce+0.6 v 
Too Operative Temperature Range -20 to +70 oc 
Tstg Storage Temperature Range -55 to +125 oc 

PIN CONNECTION (Top view) 

SW1 IN3 

IN1 CAGC 

IN2 PGO 

CL1 PG1 

CL2 PG2 

Vee GND 

MIC1 LS2 

MIC2 REF 

FAL LS1 

TC1 LOUT 

093TL033 

2/6 J::fi SliS·ntOMSON 
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TEA7533 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, RsrAs = 60KQ; VGo = VGt = VG2 = H; V;n = OVrms; 
VrGt = OV; unless otherwise specified) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

Vee Supply Voltage 3.5 5 6.5 v 
Icc Supply Current Vee = 5V; PGO = PG1 = PG2 = L - 0.75 1 rnA 

Vee= 5V; PGO = PG1 = PG2 = H - 1.6 2.1 rnA 

Vref Voltage Reference (Vee-
- 0.7)/2 - v 

Vee= 5V 1.72 2.15 2.6 

lref Current Available at Vret Source - 30 - J.!A 
Smk - 400 - J.IA 

IN2 & IN3 AMPLIFIER SECTIONS 

Go Final Stage Gain (VLS1 - VLs2)Nc12 19 20 21 dB 

G Loudspeaker Amplifier Gain Vrc1 = OV; VrN = 60mVrms 
(VLs1 - VLs2)/IN3 (or IN2) VcAGL = OV 

PG2, PG1, PGO 
G111 Gain max H H H 30 31.5 33 dB 
G110 Gain 1st step H H L 25.5 27 28.5 dB 
G101 Gain 2nd step H L H 21 22.5 24 dB 
G100 Gain 3rd step H L L 16.5 18 19.5 dB 
G011 Gain 4th step L H H 12.0 13.5 15 dB 
G010 Gain 5th step L H L 7.5 9 10.5 dB 
G001 Gain 6th step L L H 3 4.5 6 dB 
GOOD Off step L L L - -40 -30 dB 

VoFF Output Offset G = G111; RLOAD = 50Q -50 50 mV 

LS DIN Loudspeaker Dinamic (VLs1- VLs2) RLQAD = 50Q 
Vee= 3.5V; THO= 4% 4.5 5 - Vpp 
Vee= 5V; THO= 4% 6.5 6.7 - Vpp 

THO Output Distortion Vee = 5V G = G111 (32dB) 
SW = L; Vour = 2Vrms - 2 % 
SW = H; Vour = 2Vrms 2 % 

IN1 AMPLIFIER SECTION 

G1 Loudspeaker Amplifier Gain VcAG (19) = VREF; Vrc1 = OV 29.5 31.5 34.5 dB 
(VLs1 - VLS2l I IN1 VrN1 = 45mVrms 

THD1 Distortion VrN = 45mVrms - 1 2 % 

IN1 ANTI DISTORTION SECTION 

ALG1 Antilarsen Attenuation on IN1 VcAGC = VREF; Vrc1 = 0.8V -17 -15 -13 dB 
Chain 

ALTHO Drstortion wrth Antilarsen Active - 4.5 6.0 % 

CAGC THO Distortion with AGC Control VrN1 = 80mV - - 3 % 
Active VrN1 = 560mV - - 10 % 

PG Logic Interface PGO, PG1, PG2, 
SW= L, IN3 = ON 

PGH Logical Input High 0 - 0.4 X 

(Vee- v 
0.7) 

PGL Logical Input Low 0.6 X Vee v 
(Vee-
0.7) 

IPGL Input Current Low state VrN = OV -1 +1 J.!A 

IPGH Input Current High State VrN =Vee -1 +1 ~LA 

ANALOG INTERFACE 

lsrAs Biasing Current Analog Inputs IN1, IN2, IN3, MIC1 ,MIC2 - 17 100 rnA 

3/6 
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TEA7533 

ELECTRICAL CHARACTERISTICS (Continued) 

Symbol Parameter Test Condition Min. 
ANTI LARSEN SECTION 

GMIC Microphone Amplifier Gain V1N = 4.5mVrms; f =5KHz 19.5 
= VFAu'(VMIC1 - VMIC2) 

VTC1 TH TC1 Threshold for 0.55 
-3dB attenuation on IN1 chain 

VTC1 LOW TC1 Level with Vmrc = 0 Vrrns 0 

TC1 H High Thereshold of LOUT VLOuT< 0.4V 1.1 
Comparator 

TC1 L Low Thereshold of LOUT VLQUT> 4.1V -
Comparator 

ILQUTL Output Current of Comparator VTc1 = 1.5V; VLOuT = O.SV 5 

ILOUTH 
LOUT VTC1 = 0.6V; VLOUT = 3.5V -

VLOUTL Output Voltage of Comparator VTC1 = 1.5V -

VLQUTH 
LOUT VTC1 = 0.6V 4.1 

TEST CIRCUIT 

R20 
22nF 100KQ 22nF 

~ ~ ~ 
C1 22nF 

11 
,_..--____ ___,0 1 3 

C9 
33nF J: 
C10 

220nF 

D93TL039 

V10 

111 t 

15 

4 

5 

11 12 

C2 

2 

TEA7533 

14 16 

470pF 

V12-V14 

C20 

20 

19 

13 

C13 
22f!F J: 

8 

C8 
22nF J: 

7 

17 18 ,g;, ~ 
VMIC1 "-

Typ. 

21 

0.68 

0.07 

1.2 

0.8 

20 

-1 

0.08 

4.33 

V19 

C19 

R19 
1MQ 

R8 

R7 

Max. 

22.5 

0.75 

0.2 

-

0.9 

-
-0.5 

0.4 

-

100KQ 

Unit 

dB 

v 

v 
v 

v 

!!A 

f!A 

v 
v 
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Figure 1: IN1 Channel- AGC Gain (Typical) 

GAIN 
VLS1-VLS2 
-1-N1-30 

(dB) 28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

6 

\ 

I\ 
\ 

1\ 

D93TLD34A 

'\ 

" ' 1--... 
......... r-..... 

0 OS 0 15 0 25 0 35 0.45 0 55 0 65 0 75 0 85 0 95 
ViN1(VRMS) 

Figure 3: IN1 Channel- Distortion (Typical) 
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v 

~.-"" 1-
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v 
II 
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TEA7533 

Figure 2: IN1 Channel (VcAGC- VREF) 

VcAGC
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(mV) 

135 
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Figure 4: IN3 and IN2 Channels- Distortion 
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TEA7533 

Figure 5: Time Diagram for TC1 (Antilarsen) and LOUT. 

TX PATH 

ANTI LARSEN 
OUTPUT (TC1} 

1.2V 

o.av 
0.6V 

ANTILARSE:;.N.:...O.:.....FF--1~-------A_NT_I_LA_R_S_E_N_O_N ______ ; 

LOGIC 
OUTPUT 
(LOUT) 

ANTILARSEN 
THRESHOLD 

ANTI LARSEN OFF 

(') SQUEL_C_H_O_N--1~·-----'-('.:...} S_O_U_E_L_C_H_O_F_F ____ _.,_......:(c..:.'}_S_O_U_EL_C_H_ON 
D93TL038 

(')SQUELCH FUNCTION CAN BE ACTIVATED EXTERNALLY BASED ON LOUT COMMAND 
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• 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 2.1mA 
• 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 extensive 
research on speech signal. 

PIN CONNECTION (top view) 

June 1993 

GND 

cs 
OUTE 

ATTE 

HYST1 

HYST2 

TIM 

CCE 

CE3 

CE2 

CE1 

MICOUT 

INE 

VREF 

TEA7540 

HANDSFREE CONTROLLER 
PRELIMINARY DATA 

DIP28 5028 

ORDERING NUMBERS: 

TEA7540DP 

V+ 

I REF 

OUTR 

ATTR 

ATR 

VOL 

AMP SUP 

AMP IN 

CCR 

CR3 

CR2 

CR1 

RECOUT 

INR 

TEA7540FP 
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TEA7540 

PIN FUNCTION 

No Name Function 

1 GND Ground 

2 cs Chip Select 

3 OUTE Transmit Attenuator Output 

4 ATIE Transmit Attenuator l~t 

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 Background Noise Memorization Output 

10 CE2 Transmit Peak Detector Output 

11 CE1 Transmit Rectifier Input 

12 MICOUT Transmit Signal Compressor Output 

13 INE Transmit Signal Compressor Input 

14 Vref V+/2- Reference Voltage 

15 INR Receive Signal Compressor Input 

16 RECOUT Receive Signal Co~essor Output 

17 CR1 Receive Rectifier Input 

18 CR2 Receive Peak Detector Output 

19 CR3 Receive Bacl<g_round Noise Memorization Ou~t 

20 CCR Time Constant of the Receive Signal Compressor 

21 AMP IN Handset Pream_Eiifier Input 

22 AMP SUP Handset Preall1]Jiifier Power Supply 

23 VOL Volume Control 

24 ATR Attenuation Value 

25 ATIR Receive Attenuator lr1f>ut 

26 OUTR Receive Attenuator Output 

27 Ire! Reference Current Source 

28 V+ 

FUNCTIONAL DESCRIPTION 
SWITCHED ATTENUATORS 
Figure 1 represents a block diagram of a 
handsfree subset with attenuators in signal mode. 
To prevent the system from howling, the total loop 
gain, including acoustic feedback through the 
housing and side tone coupling, must be less than 
OdB. For this purpose, two switched attenuators 
are inserted in each mode (emission and recep
tion). The attenuation is shifted from one mode to 
the other, resulting from the speech level com
parison 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 com
parison, attenuation value. 

GAIN COMPRESSOR 
In TEA7540, two signal compressors are inserted 
in each mode before the signal comparison, so 

the signal coming from each end has the same 
level (1 OOmV peak), the losses in each way (for 
instance losses resulting from the line length in 
receiving mode) are compensated and the signal 
comparison is fully symetrical. The time con~tant 
of each signal compressor decreases 80 limes 
more quickly than it increases to prevent from 
noise increasing between words. The compress
ing 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 depend
ing on an external RC) and compares it with the 
incoming signal in order to distinguish a useful 
signal (speech) from the background noise. This 
background noise memorization is also us~d to 
compensate the noise in each mode before Signal 
comparison: the noise level in each mode is sub-

3/10 
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TEA7540 

stracted from the incoming signal before the com
parison. So very high noise level in one mode 
cannot trouble the comparison between the useful 
signals. 
The result of the comparison manages the attenu
ators in the following way: 

- The maximum attenuation is switched on 
the mode where the speech signal is the 
lowest. The maximum attenuation is fixed 
by two external resistor (maximum 52dB). 

Figure 1 

MlCROPHONE 

Figure 2 

Em Rec 

0 

The time constant of the switch is fixed by 
the timer via an external capacitor. 

- When neither party is talking both attenu
ators 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. 

LINE 

11S!JTEfli'5./S-6i' 

--+----------.-------------
SPEECH/NOISE 

0 ------L---------------------~==-=-=-==-~ 

OdB ---. ,----------~-

A max dB 
D93TL009A 

IDLE (A max/2) 
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TEA7540 OPERATION 
TEA7540 is powered through an external shunt 
regulator (for instance the shunt regulator of the 
monitor amplifier TEA7532) or an external zener 
diode. 
It can work at a very low voltage (2.5V) over the 
circuit and it has a low current consumption 
(2.1mA). 
It's also possible via the chip select pin (CS) to 

TEA7540 

put the handsfree function in standby to use the 
circuit in monitoring mode with the handset micro
phone. 
TEA7540 is designed to work with all kind of mi
crophone, including Electret. 
TEA7540 also handles the handset microphone 
signal (AMP IN) when the system is set to normal 
conversation mode. 

Figure 3: Application Diagram (Example of high range telephone set using TEA7540). 

LJNE 

TEA71i151i1 HAND-SET 
HAND-SET 

SPEECH EARPHONE MICROPHONE 

CIRCUIT R)( 

Tx 
TEA7548 TEA7532 

HANDS-FREE 
HANDSFREE LOUDSPEAKER 

CIRCUIT AMPLIFIER 
LOUDSPEAKER 

uP+DTMF cs HANDS-FREE 

KEYBOARD MICROPHONE 
N89TERi'S48-6!111 

ABSOLUTE MAXIMUM RATINGS 

Svmbol Parameter Value Unit 
v• Suoolv Voltaae 12 v 

Too Ooeratina Temoerature -20 to 70 oc 
Tstg Storage Temperature Range -65 to 125 oc 
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TEA7540 

ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tamb = 25°C; v+ = 3V; f =1KHz unless otherwise 
specified). 

I Symbol I Parameter 

SUPPLY SECTION 
v+ Supply Voltage 

lc Current Consumption 

TRANSMIT SECTION 
COMPRESSOR 

Rine Compressor input impedance 

CR Compressor Range 

G1max Maximum Gain 

G1mm Minimum Gain 

Vo Output Voltaqe 

Tdh Transmit Distortion 

lcce1 Compressor dacav time current 

lcce2 Compressor rise time current 

Vcce1 Voltage drop PINS 

Vcce2 Vcce = Vref- Vpin8 

Input impedance PIN11 

Rise time current 

V1 I Max voltage drop on pin 9 

ATTENUATOR 

Rma Input impedance PIN4 

ATE- Attenuation= 
201og(VouteNatte) 
Mode: Inactive Tx, Rx 
Comp. Max Gain 

ATE-active Mode: Active 

ATE-IDLE Mode: Noise Tx, Rx Comp. 
Max Gain 

RECEIVE SECTION 
COMPRESSOR 

R1nr Input impedance 

CR Compressor Range 

G2max Maximum Gain 

G2mm Minimum Gain 

Vm1cout Compressor output voltage 

Rdh Receive Distortion 

lccr1 Compressor decay time 
current 

lccr2 Compressor rise time current 

Vccr1 Voltage drop PIN20 

Vccr2 Veer= Vref- Vpin20 

Test Condition 

Vcs = 0 
Handsfree mode 
Vcs= N.C. 
Monitoring mode 

PIN13 

PIN12 compressinq range 

I ncreasinq qai n 

Decreasing gain 

G1max 

G1min 

Rpin24 = 11 KQ 
Rpin24 = 15KQ 

Rpin24 = 11 KQ 

Rpin24 = 11 KQ 

PIN15 

PIN16 compressing range 

Increasing gain 

Decreasing gain 

G2max 

G2min 

Min. Typ. Max. Unit Fig. 

2.5 7.0 v 1 

2.1 3.0 rnA 
1 

1.1 1.5 rnA 

7.5 10.0 14.5 KQ 1 

16.5 dB 

40.5 41.5 42.5 dB 2 

24.0 25.0 26.0 dB 3 

160 200 240 mVpp 4 

3.0 % 4 

1.0 1.25 1.5 uA 5 

65 85 105 !lA 6 

0 20 mV 2 

175 225 275 mV 3 

33 36 45 mV 8 

7.5 10 14.5 KQ 1 

46 dB 9 
58 dB 

0 1.5 3 dB 10 

23 dB 11 

7.5 10.0 14.5 KQ 1 

20.5 dB 

35.5 36.5 37.5 dB 2 

15.0 16.0 17.0 dB 3 

160 200 240 mVpp 4 

3.0 % 4 

1.0 1.25 1.5 !lA 5 

65 85 105 !lA 6 

0 20 mV 2 

175 225 275 mV 3 
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TEA7540 

ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter I -Test Condition I Min. Typ. Max. I Unit 

PEAK DETECTOR 

R,nod I Input impedance 

lcr2 I Rise time current 

NOISE MEMORIZATION 

V1 I Max voltage drop on PIN 19 

ATTENUATOR 

Rina Input impedance 

ATR- Attenuation; 201g(VoutrNatte) 
Mode: Inactive RX, TX 
Camp. Max Gain 

A TR-active Mode: Active 

ATR-IDLE Mode: Noise RX, TX Camp. 
Max Gain 

ATTENUATION CONTROL SECTION 

VTtME Tx Mode Att.Voltaqe 

I TIME TX Mode Att.Current 

VTtMR RX Mode Att.Voltaqe 

ITtMR RX Mode Att.Current 

ATRVOL Volume Control 

MICROPHONE PREAMPLIFIER 

Ramp lmput impedance 

Gm1c Vm,c; Voute-Vamp in 

G2off Compressor Gain 
Monitoring Mode 
G2 = VrecoutNmr 

Figure 1: Basic Configuration 

UREF 

U• 

u• 

I PIN17 I 7.5 I 10 I 14.5 I KQ 

I I 16 I 20 I 24 I f-lA 

I I 33 I 36 I 45 I mV 

PIN25 75 10 14.5 KQ 

Rpin24 ; 11 KQ 46 dB 
Rpin24; 15KQ 58 dB 

Rpin24 ; 11 KQ 0 1.5 3 dB 

Rpin24 ; 11 KQ 23 dB 

190 250 325 mV 

40 50 70 flA 

-325 -250 -190 mV 

40 50 70 flA 
29 32 35 dB 

PIN21 35 50 70 KQ 

Vcs open 19 20 21 dB 

Rex1 between PINs 2 - 28 
Rext =open 
Rex1; 40KQ 

UREF 

U• 

U• 

36.5 
16 

Figure 2: Test Configuration 

U~EF 

~2S8mU 

U• 

U• 

V'; 3V 
pin 7 is forced to transmit mode 
pin 11 is forced to max ga1n 
Input stgnal on ptn 13 VINE ; 1.5mVpp 
output voltage VMICOUT measured on p1n 12 

dB 
dB 

G1 max~ 201og (VMICOUT I VINE) 

Fig. 

I 1 

I 7 

I 8 

1 

9 

10 

11 

12 

12 

13 

13 

14 

UREF 

VINE 

VREF 
•SQmU 

IJREF 

U• 

U• 

7/10 
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TEA7540 

Figure 3: Test Configuration 

UREF 
+25GmU 

U• 

u• 

UREF 

V'=3V 
pin 7 is forced to transmit mode 
p1n 11 1s forced to m~nimum gain 
Input s1gnal on p1n 13 VINE= 1.5mVpp 
output voltage VMICOUT measured on pin 12 

G1 min = 201og (VMICOUT I VINE) 

Figure 5: Test Configuration 

V'=3V 
pin 7 is forced to transmit mode 
p1n 11 1s forced to max1mum ga1n 

UREF 

UINE 

UREF 
-15BmU 

UREF 

U• 

U• 

Figure 4: Test Configuration 

U~EF 
•25BmU 

U• 

U• 

V'= 3V 
p1n 7 is forced to transmit mode 
Input signal on pin 13 VINE 1n the compressing range (5mVpp for 
example) 
output voltage VMICOUT measured on pin 12 

Figure 6: Test Configuration 

V'= 3V 
p1n 7 IS forced to transmit mode 
p1n 11 is forced to m1n1mum gain 

8/10 -------------- L-,1 ~~~~~~!::~~©~ --------------
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Figure 7: Test Configuration 

UREF 

V'=3V 
p1n 7 1s forced to transmit mode 
p1n 11 IS forced to minimum ga1n 

Figure 9: Test Configuration 

V'=3V 
p1n 7 is forced to receive mode 
pin 11 and p1n 17 are forced to max1mum ga1n 
Input signal on pin 4 VA TIE= 2DOmVpp 

ATE2 = 201og (VOUTE IVATTE) with Rpin24 = 11Kn 

UREF 
•89mU 

UREF 

U• 

U• 

UREF 

Figure 8: Test Configuration 

V'= 3V 
pin 7 1s forced to transmit mode 
prn 11 IS forced to mrmmum garn 

Figure 10: Test Configuration 

VDUTE 

Uf:ITTE 

U~EF 

•2S9mU 

U• 

U• 

UREF 

V'= 3V 
pin 7 1s forced to transmit mode 
Input s1gnal on p1n 4 VATTE = 20DmVpp 

ATE= 2Diog(VOUTE I VA TIE) 

TEA7540 

UREF 

U• 

U• 

9/10 ------------- L-,1 ~~~~m~=:~~~~ -------------
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TEA7540 

Figure 11: Test Configuration 

21 22 29 

UOUTE 

UA1TE 

TEA7540 
U~EF 

UREF 
UREF 

U• 
U• 

U• U• 

UREF UREF 

V'=3V 
p1n 7 is forced to idle mode after that the two compressor have been 
forced at max1mum ga1n by V11 and V17 
Input s1gnal on pin 4 VATTE = 200mVpp 
Rpin24 = 11 KQ 

ATE6 = 201og(VOUTE I VATTE) 

Figure 12: Test Configuration 

U+ Ut 

UREF 

U• 

U> 

UREF 

UREI' 

V'=3V 
pin 11 IS forced to 1 OOmV to force the transmit mode 

VTIM_E voltage on pin 7 
ITIM_E current through the mA 

Figure 13: Test Configuration Figure 14: Test Configuration 

Ul 1BQmU 

TEA754!3 

UREF 

UREF 

U• U• 

U• U• 

UREI' UREF 

lt1J91EII~5~1J·65 

V'=3V 
pin 17 is forced to 100mV to force the receive mode 

VTIM_R voltage on pin 7 
ITIM_R current through the mA 

UREF 

V'= 3V 
pin 7 IS forced to receive mode 
Input signal p1n 25: VATTR = 200mVpp 
Rpin23 = 9KQ 

ATRVOL = 20iog(VOUTR I VATTR) 

10/10 -------------- Jt....,, ~~~;ID?~';1:~~lt --------------
458 



DESIGNED TO INTERFACE AN EQUIPMENT 
WITH THE TELEPHONE LINE, THIS 8 PINS IC 
PROVIDES: 

11 LINE ADAPTATION 
" RING DETECTION 

IT IS PARTICULARLY CONVENIENT FOR MO
DEM APPLICATIONS AND FULFILLS A WIDE 
RANGE OF INTERNATIONAL SPECIFICATIONS. 

LINE ADAPTATION: (DC CHARACTERISTIC) 
" ZENER CHARACTERISTIC WITH ADJUST

ABLE SLOPE 
" ADJUSTABLE DYNAMIC IMPEDANCE 
" ADJUSTABLE MAXIMUM AMPLITUDE OF THE 

SIGNAL 
11 USE ONLY A LOW COST DRY TRANS-

FORMER 
a NEED NO DIALLING RELAY 

RING DETECTION : 
" ADJUSTABLE DETECTION LEVEL 
" ADJUSTABLE AC IMPEDANCE 
" VERY LOW LINE DISTORTION 
11 LOGIC SIGNAL OUTPUT 

OTHER: 
" LOW WORKING VOLTAGE 
a WIDE OPERATING CURRENT RANGE 

BLOCK DIAGRAM 

March 1993 

TEA7868 

LINE INTERFARCE 

MINI DIP 

ORDERING NUMBER : TEA7868DP 

PIN CONNECTION (top view) 

1/8 
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TEA7868 

VOLTAGE STABILIZER 

Name No Description 

Vt 1 Voltage over the IC 

Vc 2 Cvsr decouples the voltage stabilizer and Rvsr fixes the impedance 

Rc 3 Rc fixes the voltage through Rvs T 

RM 4 Rc fixes the slope of 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 

RD 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 microcomputer via an 
optocoupling device. The detection level can be 
fixed by an external resistor. The dynamic imped
ance of the ring detector is also fixed by an external 
resistor. The line distortion of the ringing signal is 
very low compared to the distortion introduced by a 
zener detector. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vt, Vy Supply Voltage 

Ptot Power Dissrpation 

Taper Operating Temperature 

Tstg Storage Temperature 

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 RvsT so as to match with different line imped
ances. 
The maximum amplitude of the signal is fixed by two 
external resistors RvsT and Rc. 
This circuit has 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 di
alling this circuit is adapted to the application smart 
modems. Is also satisfies the FCC Rules Part 68. 

Value Unit 

16 v 
600 mW 

-25 to 65 oc 

-55 to 150 oc 

STATIC ELECTRICAL CHARACTERISTICS (T amb = 25°C) 

Symbol Parameter Min. Typ. Max. Unit 

IL Line Current (Pin 1) 10 120 mA 

Vt Voltage over the IC (Pin 1) (see Figure 1) v 
IL = 10mA 3.0 3.2 3.4 
IL = 100mA 4.3 4.5 4.7 

Vc Voltage Stabilizer (Pin 2) (see Figure 1) v 
IL = 10mA 1.9 2.1 2.3 
IL = 100mA 3.2 3.4 3.6 

2/8 
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TEA7868 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C) 

Symbol Parameter Min. Typ. Max. Unit 
R.L. Impedance of the Transmission Part. (see Figure 2) 15 dB 

Return loss compared to 600 : 300Hz < I < 5kHz, IL = 20mA 

VR Ring Detection Level (see Figure 3) Vrr 
for a Low Level on Pm 5 (< 0.3V) : no Detection 19 20 
for a High Level on Pin 5 (> 0.8V) : Ring Detection 20 24 

ZR Impedance of the Ring Detection Part : Typically Rs + Ro/1 3 (see Figure 3) 9.5 10.5 11.5 kQ 

Distortion in Ring Mode: IRING= 50Hz (see note 4) 

Figure 1 Static Electrical Characteristic 
Test Diagram. 

Figure 2 : Impedance Measurement. 

TEA 7866 

Ex1ernal components : 
Cvsr = 100MF 
Rc = 2.71ill 
Rvsr = 1.2kn 
RM = 12Q 

'L 

Ex1ernal components : 
Cvsr = 100MF 
Rc = 2.7kn 
RPL = 1200Q 
Rvsr = 1.2kn 
RM = 12Q 

Test cond rtrons : 
r, = 20mA 

Return loss defined by : 

( 
I Zour + 600 I ) 

R, = 20 log I Zour- 600 I 

Zour = _'::',_ ,, 

3/8 
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TEA7868 

Figure 3 : Ring Detection Level and Impedance. 

Test Conditions : 
R1ng detection level 

for: VR = 18Vee V(S) < 0 3V 
for : VA = 22Vpp V(S) > 0 SV 

10 k!l 

Impedance of the ring detection part 

ZR = '!B 
lA 

Figure 4 : Ring Detection Distortion. 

a) 

SPECTRUM 
ANAL YZEA 

10 kn 

56 k~! 

56 kn 

Test conditions : VA = 90VAMs, 3000 < R, < 14000 
No distortion peaks appear in the forbidden area of the following shape : 

b) 

-26dB 

-36dB 

'------+------1------------+--- FREOUENCY{Hz) 

150 300 600 

4/8 
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APPLICATIONS INFORMATION 

Rin Detection (see Figure 5) 

The ringing signal coming from the line is rectified by 
the diode bridge; the circuit compares the peak am
plitude of the signal to a predeterminated detection 
level fixed by Rs. On the output transistor of the op
tocoupling device a logic signal is generated which 
frequency is twice the frequency of the ringing sig
nal. 

"0" = the amplitude of the ringing signal is 
greater 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. 

Figure 5 

CPU 

TEA7868 

Three external components affect the characteristic 
of the ring detection circuit. The capacitor CR pro
vides the DC solation frorn the line. 

The AC impedance of the circuit at the ringing fre
quency is given by the formula : 

ZAG = ZcR(f) + Ro + Rs/13 

ZcR is the impedance of the capacitor CR at the ring
ing frequency. 

The ring detection level is fixed by the external re
sistor Rs with the following formula : 

R 011 volts R 
8 = VR- Vo- 3 volts 0 

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. 

5/8 
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TEA7868 

AC/DC Line Adaptation (see Figure 6) 

This part of the TEA7868 is used for line adaptation 
An Equivalent Diagram of the Circuit is given at Figure 7. 

Figure 6 

TEA 7!168 

Figure 7 

RVST 

+ 

RC 

6/8 
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The DC characteristic is a zener characteristic which 
slope is fixed by RM (see Figure 8). The voltage over 
the cirquit (pin 1) is fixed via a current source driven 
througti Rvsr. The value of this current source is 
fixed by the external resistor Rc with the formula : 

Rvsr 
V(Rsvsr) = v1 - v2 = Rc X 2.45 volts 

Note that the voltage through Rvsr also limits the 
amplitude of the emitted signal. 

FigureS 

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). 

Figures 

VE 

TEA7868 

Pulse Dialling 

Pulse dialling is easily done using a high voltage op
tocoupling device and a high voltage PNP transistor 
as shown on the typical application diagram. 

Hybrid System 
This system uses an operatic nal amplifier to prevent 
from injecting the emitted signal in the receiving path 
of the modem I C. A typical diagram is given at Fig
ure 9. 
RL represents the impedance of the telephone line 
ZL in parallel with Rvsr. Typically we take ZL = 600Q. 

The hybrid gain of the system is given by : 

Go = Vs = 1 _ R2 + R3 _R_1_ 
VE R2 R1 + RL 

Fora maximum efficiency you must have Go= 0 and 
this gives: 

R3= RL 
R2 R1 

The impedance seen from the line must be 600 
ohms, this impedance is given by : 

Zout = R1 I I Rvsr 
So, if Rvsr is fixed, R1 is also fixed by Zaut = 600Q. 

The gain between the online signal and the modem 
input is: 

RL 
GE= 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, R3 to 
adapt the hybrid system. 

RL =ZL RVST 

7/(J 

l.:ii ~~mg•~~~ ------------
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TEA7868 

Figure 10: Complete DAA Interface Circuit with TEA7868. 

8/8 
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ST6294 
8-BIT HCMOS MCU WITH 

AID CONVERTER, EEPROM & AUTO-RELOAD TIMER 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (10'94) 

a 3 to 6.0V Supply Operating Range 

• 8 MHz Maximum Clock Frequency 

• -25 to +85°C Operating Temperature Range 

• Run, Wait & Stop Modes 

• 5 different interrupt vectors 

• Look-up table capability in ROM 

• User ROM: 3868 bytes 

• Data ROM: User selectable size 
(in program ROM) 

a DataRAM: 

• EEPROM: 

128 bytes 

128 bytes 

a PDIP28, PS028 packages 

a 21 fully software programmable 1/0 as: 
-Input with pull-up resistor 
- Input without pull-up resistor 
- Input with interrupt generation 
-Open-drain or push-pull outputs 
-Analog Inputs 

• 8 1/0 lines can sink up to 20mA for direct LED or 
TRIAC driving 

a 8 bit counter with a 7 -bit programmable prescaler 
(Timer1) 

a 8 bit auto-reload timer with 7-bit programmable 
prescaler (AR Timer) 

a Digital Watchdog 

a 8 bit ND Converter with up to 13 analog inputs 

• 8 bit Synchronous Peripheral Interface (SPI) 

a On-chip clock oscillator (Quartz Crystal or Ce-
ramic) 

a Power-on Reset 

• Clock output 

a 9 powerful addressing modes 

a The development tool of the ST6294 microcon
trollers consists of the ST626x-EMU emulation 
and development system connected via a stand
ard RS232 serial line to an MS-DOS Personal 
Computer 

October 1993 

Th1s IS Prehm~nary Data from SGS-THOMSON Details are subject to change Without not1ce. 

1 

PDIP28 

PS028 

469 



ST6294 

Figure 1. ST6294 Pin Configuration 

PBO 

PB1 

TEST 

PB2 

PB3 

PB4 

PB5 

ARTIMin I PB6 

ARTIMout I PB7 

Ain I PAD 

VDD 

Vss 

Ain I PA1 

Ain I PA2 

Figure 2. ST6294 Block Diagram 

TEST 

CLKout 

I INTERRUPT 

USER PROGRAM 
ROM 

3884 Bytes 

PC 

STACK LEVEL1 

STACK LEVEL2 

STACK LEVEL 3 

STACK LEVEL 4 

STACK LEVEL 5 

STACK LEVEL 6 

DATA ROM 

USER 
SELECTABLE 

DATA RAM 
128 Bytes 

DATA EEPROM 
128 Bytes 

I. BIT CORE I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

OSC1r}. OSCout V00 V55 RESET 

\___/ 28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

PCO I Ain 

PC1 I TIM1 I Ain 

PC2 I Sm I Ain 

PC3 I Soul I Ain 

PC4 I SCK I Ain 

CLKout 

RESET 

OS Gout 

OSCin 

PA7 I Ain 

PA6 I Ain 

PA5 I Ain 

PA4 I Ain 

PA3 I Ain 

VAOA1822 

PAO .. PA3 
PA4 .PA7 I A1n 

PBO PB3 I 20mA SINK 
PB4 .PB5 I 20mA SINK 
PB6 I ARTIMm I 20mA SINK 
PB7 I ARTIMout I 20mA SINK 

PCO I Am 
PCt I TIM! I Am 
PC2 I Sm I Ain 
PC3 I Soul I Am 
PC4 I SCK I Am 

Am = Analog Input 

VROA1823 

~~~~~m~::9~~ ---------------
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ST62E94,T94 
8-BIT EPROM HCMOS MCUs WITH 

AID CONVERTER, EEPROM & AUTORELOAD TIMER 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (10'94) 

a 3.0 to 6.0V Supply Operating Range 
a 8 MHz Maximum Clock Frequency 
a -25 to +85°C Operating Temperature Range 
• Run, Wait & Stop Modes 

a 5 different interrupt vectors 
a Look-up table capability in ROM 
" User EPROM: 3868 bytes 

Data ROM: User selectable size 
(in program EPROM) 

Data RAM: 128 bytes 
EEPROM: 128 bytes 

a PDIP28, PS028 (ST62T94) packages 
a CDIP28W (ST62E94) packages 
" 21 fully software programmable 110 as: 

-Input with pull-up resistor 
-Input without Pull-up resistor 
-Input with interrupt generation 
-Open-drain or push-pull outputs 
-Analog Inputs 

a 8 1/0 lines can sink up to 20mA for direct LED or 
TRIAC driving 

a 8 bitcounterwith a ?-bit programmable prescaler 
(Timer1) 

a 8 bit Autoreload timer with 7-bit programmable 
prescaler (AR Timer) 

a Digital WaJchdog 
a 8 bit AID Converter with up to analog inputs 
" 8 bit Synchronous Peripheral Interface (SPI) 
a On-chip clock oscillator (Quartz or Ceramic) 
a Power-on Reset 
a Clock output 
" 9 powerful addressing modes 

October 1993 

PDIP28 

PS028 

EPROM PACKAGES 

CDIP28W 

The ST62E94 is the EPROM version; ST62T94 is the 
OTP version; both are fully compatible with ST6294 
ROM version. 

This IS prel1m1nary data from SGS·THOMSON Oeta1ls are subject to change w1thoul nol1ce. 
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ST62E94 - ST62T94 

Figure 1. ST62E94/T94 Pin Configuration 

PBO 

PB1 

TESTN, 

PB2 

PB3 

PB4 

PB5 

ARTIMin I PBS 

ARTIMout I PB? 

Ain I PAD 

Am I PA1 

Ain I PA2 

Figure 2. ST62E94 Block Diagram 

CLKout 

INTERRUPT I 

USER PROGRAM 
EPROM 

3884 Bytes 

STACK LEVEL 1 

STACK LEVEL 2 

STACK LEVEL 3 

STACK LEVEL 4 

STACK LEVEL 5 

STACK LEVEL 6 

DATA ROM 

USER 
SELECTABLE 

DATA RAM 
128 Bytes 

DATA EEPROM 
128 Bytes 

I' "TOO" I 

OSC1n OSCout V00 V55 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

\.J 28 

27 

26 

25 

24 

23 

22 

21 

20 I 

19 

18 

17 

16 

15 

PCO I Ain 

PC1 I TIM1 I Ain 

PC2 I Srn I Am 

PC3 I Soul I Ain 

PC4 I SCK I Ain 

CKout 

RESET 

OSCout 

OSCin 

PA7 I Ain 

PA61 Ain 

PA51 Ain 

PA41 Am 

PA3 I Ain 

VAOD1822 

PAD PA3 
PA4 PA7 I Am' 

PBO PB3 I 20mA SINK 
PB4 PB5 I 20mA SINK 
PB6 I ARTIM1n I 20mA SINK 
P87 I ARTIMout I 20mA SINK 

PCO I Am • 
PC1 ITIM1 lAm • 
PC2 I Sin I Am 
PC3 I Sout I Am 
PC4 I SCK I A1n 

Ain = Analog Input 

VROC1823 

~~~~~m~TI~:ll~'"~ ----------------
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ST7291 
8-BIT HCMOS MCUs WITH 16K ROM 

AND WAKE-UP FUNCTION 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (1Q'94) 

• 3 to 5.5V supply operating range 

• BMHz Maximum Clock Frequency 

a Fully static operation 

• 0 to +70°C Operating Temperature Range 

• Run, Wait, Stop and RAM Retention Modes 

• UserROM: 

• Data RAM: 

16K bytes 

256 bytes 

• 28 pin Dual In Line and SO plastic packages 

• 19 bidirectional I/O lines 

• 8 lines programmable as interrupt wake-up 
inputs 

• 16-bit timer with one output compare (without 
output pin). 

• Interrupt Wake-up function 

• Low voltage detector 

• Master Reset and power on reset 

• Full Hardware Emulator 

• 8-bit data manipulation 

• 7 4 basic instructions 

• 1 0 main addressing modes 

• 8x8 unsigned multiply instruction 

• True bit manipulation 

• Complete development support on real time 
emulator with PC/DOS 

• Full software package (Cross Assembler, 
debugger) 

November 1993 

PIN DESCRIPTION 

Voo 1 

RESET 2 

WKP 3 

PA7 4 

PAS s 
PAS s 
PA4 7 

PA3 8 

PA2 9 
PA1 10 

NC 11 

PAD 12 

PBO [ 13 

PB1 [ 14 

This is Preliminary 1nformat1on from SGS-THOMSON. Details are subject to change without nollce. 

PDIP28 

PS028 

28 p OSCtn 

27 p OSCout 

26 p PC1 

25 p PCS 

24 p PC? 

23 b Vss 
22 p TEST 

21 p NC 

20 p PB7 

19 p PBS 

18 p PBS 

17 p PB4 

16 p PB3 

1S p PB2 

VR001846 
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ST7291 

•INTRODUCTION 

The ST7291 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around 
an industry standard 8 bit core and offers an en
hanced instruction set. The processor runs with 
an external clock at 8 MHz with a 5V supply and 
4MHz with a 3.3V supply. Due to the fully static 
design of this device, operation down to DC is 
possible. Under software control the ST7291 can 
be placed in WAIT or HALT mode thus reducing 

Figure 1. ST7291 Block Diagram 

OSCOUT 

WKP 

RESET 

TEST--> 

OSCILLATOR 
& SLOW 

MODE DIVIDER 

CONTROL 

8 BIT CORE 
ALU 

power consumption. The enhanced instruction set 
and addressing modes afford real programming 
potential. In addition to standard 8 bit data man
agement the ST7291 features true bit manipula
tion, 8x8 unsigned multiplication and indirect 
addressing modes. The device includes an on-chip 
oscillator, CPU, ROM, RAM, 1/0, one timer with 
one output compare system, and a low voltage de
tector. 

PAO-PA7 (8 Bit) 

PBO-PB7 (8 Bit) 

PC1.PC6.PC7 (3 Bit) 

The TEST Input Pin Must Be Connected 
To V55 For User Application. 

VROC1735 

------------- LU ~~~~:~:O!~n 
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ST7293 

8-BIT HCMOS MCUs WITH EEPROM 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (10'94) 

• 2.5 to 5.5V supply operating range 

• 4MHz Maximum Clock Frequency 

• Fully static operation 

• -25 to +85°C Operating Temperature Range 

• Run, Wait, Stop and RAM Retention Modes 

• User ROM: 3328 bytes 
• Data RAM: 128 bytes 

• EEPROM: 128 bytes 

• 28 pin Dual In Line and SO plastic packages 

• 22 bidirectional I/O lines 

• 6 lines programmable as interrupt wake-up 
inputs 

• 16-bit timer with 1 input capture and 2 output 
compares 

• Master Reset and power on reset 

• Full Hardware Emulator 

• User mask options: 

- internal clock for timer (+ 2,+ 4,+ 8) 

-pinout for I CAP and OCMP1 signals 

- enable wake-up function on PORT C 

- open drain on PORT A 

- Watchdog enable/disable after Reset 

-Watchdog state during WAIT mode 

• 8-bit data manipulation 

• 74 basic instructions 

• 9 main addressing modes 

• 8x8 unsigned multiply instruction 

• true bit manipulation 

• Complete development support on real time 
emulator with PC/DOS 

• Full software package (Cross Assembler, 
debugger) 

November 1993 

PDJP28 

PS028 

PIN DESCRIPTION 

INT 111 [ 1 28 Vss 

RESET [ 2 27 Voo 

OSC1n [ 3 26 PAO 

OSCout [ 4 25 PA1 

PB7 [ s 24 PA2 

PB6 [ 6 23 PA3 

PBS [ 7 22 PA4 

PB4 [ 8 21 PAS 

PB3 [ 9 20 PA6 

PB2 [ 10 19 PA7 

PB1 [ 11 18 p PCO (ICAP) 

PBO [ 12 17 p PC1 (OCMP1) 

PCS [ 13 16 p PC2 

PC4 [ 14 15 p PC3 

VAOA1734 

Note 1. Th1s p1n 1s also the Vpp 1nput for EPROM based dev1ces 

ThiS IS Preliminary Information from SGS-THOMSON. Deta1ls are subject to change without notice. 
475 



ST7293 

INTRODUCTION 

The ST7293 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en
hanced instruction set. The processor runs with an 
external clock at 4 MHz with a 5V supply and 2M Hz 
with a 3V supply. Due to the fully static design of 
this device, operation down to DC is possible. Un
der software control the ST7293 can be placed in 
WAIT or HALT mode thus reducing power con-

Figure 1. ST7293 Block Diagram 

OSCILLATOR 
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8 BIT CORE 
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<=> <=> 
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sumption. The enhanced instruction set and ad
dressing modes afford real programming potential. 
In addition to standard 8 bit data management the 
ST7293 features true bit manipulation, 8x8 un
signed multiplication and indirect addressing 
modes. The device includes an on-chip oscillator, 
CPU, ROM, RAM, EEPROM, 1/0, and one timer 
with 1 input capture and 2 output compare sys
tems. 

POWER 
SUPPLY 

PAO-PA7 (8 BIT) 

PBO-PB7 (8 BIT) 

PCO-PC5 (6 BIT) 

RESET 

VR001735 

___________ Gi_ SGS·TIIOMSON 
'I I® lliJI©~@i!ILii!©rrlei©JillD(l;~ 
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ST7294 

8-BIT HCMOS MCUs WITH EEPROM 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (1Q'94) 

• 2.5 to 5.5V supply operating range 

• 4MHz Maximum Clock Frequency 

• Fully static operation 

• -25 to +85°C Operating Temperature Range 

• Run, Wait, Stop and RAM Retention Modes 

• User ROM: 6144 bytes 
Data RAM: 224 bytes 
EEPROM: 256 bytes 

• 28 pin Dual In Line and SO plastic packages 

• 22 bidirectional I/O lines 

• 6 lines programmable as interrupt wake-up 
inputs 

• 16-bit timer with 1 input capture and 2 output 
compares 

• 2V RAM retention mode 

• Master Reset and power on reset 

• Full Hardware Emulator 

• User mask options: 
- internal clock for timer (+ 2,+ 4,+ 8) 
-pinout for I CAP and OCMP1 signals 
- enable wake-up function on PORT C 
- open drain on PORT A 
- pull-up on PORT A and PORT 8 
-Watchdog enable/disable after Reset 
-Watchdog enable during WAIT mode 

• 8-bit data manipulation 

• 74 basic instructions 

• 10 main addressing modes 

• 8x8 unsigned multiply instruction 

• true bit manipulation 

• Complete development support on real time 
emulator with PC/DOS 

• Full software package (Cross Assembler, 
debugger) 

October 1993 

PDIP28 

PS028 

Pin Configuration 

INT 111 Vss· 
RESET 2 Voo 

OSCin 3 PAO 
OSCout 4 PA1 

PB7 5 PA2 

PB6 6 PA3 
PBS 7 PA4 
PB4 8 PAS 
PB3 9 PA6 
PB2 10 PA7 
PB1 11 PCO (ICAP) 

PBO 12 PC1 (OCMP1) 

PC5 13 PC2 
PC4 14 PC3 

VROA1734 

Note 1. This pin IS also the Vpp input for EPROM based dev1ces 

Th1s is Prel1mmary 1nformat1on from SGS-THOMSON Details are subject to change Without not1ce. 
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ST7294 

INTRODUCTION 

The ST7294 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en
hanced instruction set. The processor runs with an 
external clock at 4 M Hz with a 5V supply and 2M Hz 
with a 3V supply. Due to the fully static design of 
this device, operation down to DC is possible. Un
der software control the ST7294 can be placed in 
WAIT or HALT mode thus reducing power con-

Figure 1. ST7294 Block Diagram 
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sumption. The enhanced instruction set and ad
dressing modes afford real programming poten
tial. In addition to standard 8 bit data 
management the ST7294 features true bit ma
nipulation, 8x8 unsigned multiplication and indi
rect addressing modes. The device includes an 
on-chip oscillator, CPU, ROM, RAM, EEPROM, 
1/0, and one timer with 1 input capture and 2 out
put compare systems. 

PAO·PA7 (8 BIT) 

PBO-PB7 (8 BIT) 

PCO-PCS (6 BIT) 

RESET 

POWER 
SUPPLY 

VROD1735 

-------------------------- ~~~~~~~~~ --------------------------
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ST72E94 
ST72T94 

8-BIT EPROM HCMOS MCUs WITH EEPROM 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (10'94) 

• 3V to 5.5V supply operating range 

• 4MHz Maximum Clock Frequency 

• Fully static operation 

• -25 to +85°C Operating Temperature Range 

• Run, Wait, Stop and RAM Retention Modes 

• User EPROM: 
Data RAM: 
EEPROM: 

7168 bytes 
224 bytes 
256 bytes 

• 28-pin Plastic Dual In Line and SO package for 
ST72T94 OTP version 

• 28-pin Ceramic Dual In Line package for 
ST72E94 EPROM version 

• 22 bidirectional 1/0 lines 

• 6 lines programmable as interrupt wake-up 
inputs 

• 16-bit timer with 1 input capture and 2 output 
compares 

• 2V RAM retention mode 

• Master Reset and power on reset 

• Full Hardware Emulator 

• Compatible with ST7294 (6K) and ST7293 
(3.3K) ROM devices 

• 8-bit data manipulation 

• 74 basic instructions 

• 1 0 main addressing modes 

• 8x8 unsigned multiply instruction 

• true bit manipulation 

• Complete development support on real time 
emulator with PC/DOS 

• Full software package (Cross Assembler, 
debugger) 

October 1993 

This IS Prehm~nary 1nformat1on from SGS-THOMSON. Deta1ls are subject to change Without not1ce. 

PDIP28 

PS028 

CDIP28 
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ST72E94 - ST72T94 

INTRODUCTION 

The ST72E94 and ST72T94 (following mentioned 
as ST72E94) are EPROM members with 
EEPROM of the ST72 family of microcontrolters, in 
windowed ceramic (E) and plastic OTP (T) pack
ages respectively, completely developped and 
produced by SGS-THOMSON Microelectronics 
using a n-well proprietary HCMOS process.The 

Figure 1. ST72E94 Block Diagram 
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The EPROM ST72E94 may be used for the proto
typing and the pre-production phases of develop
ment, can be configured as either a standalone 
microcontroller with ?K bytes of on-chip ROM, 
either as a microcontroller able to manage external 
memory. 

The ST72E94 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en
hanced instruction set. The processor runs with an 
external clock at 4 MHz with a 5V supply and 2M Hz 
with a 3V supply. Due to the fully static design of 

480 

EPROM parts are fully compatible with their ROM 
versions and this datasheet will thus provide only 
information specific to the EPROM based devices. 
THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST7294 ROM-BASED DE
VICE FOR FURTHER DETAILS. 

POWER 
SUPPLY 

PAO-PA7 (8 BIT) 

PBO-PB7 (8 BIT) 

PCO-PC5 (6 BIT) 

RESET 

VR01735E 

this device, operation down to DC is possible. Un
der software control the ST72E94 can be placed in 
WAIT or HALT mode thus reducing power con
sumption. The enhanced instruction set and ad
dressing modes afford real programming 
potential. In addition to standard 8 bit data man
agement the ST72E94 features true bit manipu
lation, 8x8 unsigned multiplication and indirect 
addressing modes. The device includes an on
chip oscillator, CPU, EPROM, RAM, EEPROM, 
1/0, and one timer with 1 input capture and 2 out
put compare systems. 



ST18XSTAR 

STATIC ANSWERING AND RECORDING CHIP 
For complete specifications refer to "DEDICATED MCU FAMILY for Telephone Set App." (10'94) 

The ST18XSTAR is a high quality low bit rate 
speech synthesis and recording system. Using 
ACELP type algorithms for voice compression at 
4800bps, it offers the most competitive compro
mise between speech quality and memory size. It 
also includes voice synthesis capability, generated 
from a non volatile memory to produce predefined 
messages. Including tone and DTMF detectors for 
remote control operation, it is suitable for use in an
swering machines, answering telephone sets, 
cordless answering telephone sets, voice mail sys
tems and memo recorders. 
" Low bit rate (4.8kbps) speech coding and decod

ing system . 
.. Ultra low bit variable rate (<1.5kbps) speech syn

thesis message capability. 
" Voice storage memory capability up to 32M bits. 
" Integrated implementation on o.ne Digital Signal 

Processor (DSP) chip. 
• Low power design: 

- Single 5V power supply, 

_ Maximum active power consumption 500mW, 

- Sleep power Mode 1.5mA for ARAM refresh. 
• Reduced size and power consumption suitable 

for standard voice answering and recording ma
chines, cordless phones with voice recording 
capability, memo recorders. 

• Maximum flexibility provided with emulation 
ROMiess version ST18RXSTAR. 

., Extended modes of operations and features : 

_ Fast and slow read/skip modes. Messages 
monitoring. 

_ Voice messages for remote operation through 
telephone line. 

Possible use of SRAMs, DRAMs, ROMs or 
EPROMs. 

Advanced error correction algorithms allowing 
use of ARAMs. 

September 1993 

PQFP100 

_ Programmable call progress and call waiting 
tone generators/detectors including DTMF,com
ply with PAA/TP N AGH/1764 specifications. 

- Programmable voice activity detection for si
lence compression. 

_ Programmable output attenuation level (for re
mote call screening). 

_ Wide dynamic range (48dB) . 

_ PCM 64Kbps coding mode for high-quality in
coming/outgoing messages. 

• Versatile Interfaces 

3 to 1 muxed single-ended AID input. 

_ 2 D/A independently programmable output 
drivers. 

_ On-chip converters. 

- Host processor parallel interface. 

Thrs rs prelrmrnary data from SGS·THOMSON. Detar Is are subject to change wrthout notrce 
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ST18XSTAR 

Microcontroller Interface typical application example. 

482 

I 
AUDIO RAM 
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LM833 

LOW NOISE DUAL OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• LOW VOLTAGE NOISE : 4.5nV/~ 
• HIGH GAIN BANDWIDTH PRODUCT : 15MHz 
• HIGH SLEW RATE: 7V/!J.S 
• LOW DISTORTION : 0.002% 
• EXCELLENT FREQUENCY STABILITY 
• ESD PROTECTION 2kV 

DESCRIPTION 

The LM833 is a monolithic dual operational ampli
fier dedicated to audio applications. The LM833 
offers low voltage noise ( 4.5nV/Ii'RZ) and high 
frequency performances (i5MHz gain bandwidth 
product, 7V/Ils slew rate). 
In addition the LM833 has also a very low distortion 
(0.002%) and excellent phase/gain margins. 

PIN CONNECTIONS (top view) 

Output 1 1 

Inverting input 1 2 

Non-inverting mput 1 3 

March 1993 

N 
DIPS 

(Plastic Package) 

D 
SOB 

(Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

LM833 -40, + 1 05°C 

7 Output 2 

6 lnvertmg input 2 

5 Non-inverting input 2 

Package 

N I D . I . 

833-01.EPS 

1/5 
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LS204 

HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIERS 
For complete specifications refertto "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

DESCRIPTION 

H 
T099 

(Metal Can) 

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. 

ORDER CODES 

Part Num-
ber 

The circuit presents very stable electrical charac
teristics over the entire supply voltage range, and is 
particularly intended for professional and telecom 
applications (active filters, etc). 

LS204C 

LS2041 

LS204M 

PIN CONNECTIONS (top views) 

T099 DIPS/SOB 

1~8 2 - 7 

3 + • 6 

4 + 5 

204-01.EPS 204-02.EPS 

June 1993 

Temperature Package 
Range H 

0°C, +70°C . 
-40°C, + 1 05°C . 
-55°C, + 125°C . 

1- Output 1 
2 - Inverting input 1 
3 - Non-invertmg input 1 
4- Vcc-
5 - Non-inverting input 2 ' 
6- Inverting input 2 
7- Output 
8- Vee+ 

N . . . 
D . . . 

1/11 
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LS404 

HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• SINGLE OR SPLIT SUPPLY OPERATION 
• 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 products. 

The circuit presents very stable electrical charac
teristics over the entire supply voltage range, and it 
particularly intended 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 inputs is over 
driver. 

PIN CONNECTIONS (top view) 

December 1992 

Output 1 

Inverting Input 1 2 

Non-inverting Input 1 3 

Vee+ 4 

Non-inverting Input 2 5 

Inverting Input 2 6 

Output2 7 

N 
DIP14 

(Plastic Package) 

D 
S014 

(Plastic Micropackage) 

ORDER CODES 

Part Num- Temperature 
ber Range 

LS404C 0°C, +70°C 

LS4041 ·40°C, + 1 05°C 

LS404M ·55°C, +125°C 

14 Output4 

13 Inverting Input 4 

12 Non-inverting Input 4 

11 Vee· 

10 Non-inverting Input 3 

g Inverting Input 3 

8 Output3 

Package 

N D . . . . . . 

404·01.EPS 

1/12 
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MC33078 

LOW NOISE DUAL OPERATIONAL AMPLIFIERS 
For complete specifications refertto "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• LOW VOLTAGE NOISE: 4.5nV/'-'HZ 
• HIGH GAIN BANDWIDTH PRODUCT: 15MHz 
II HIGH SLEW RATE : 7V/IJS 
• LOW DISTORTION : 0.002% 
• LARGE OUTPUT VOLTAGE SWING 

+14.3V/-14.6V 
• LOW INPUT OFFSET VOLTAGE 
• EXCELLENT FREQUENCY STABILITY 
• ESD PROTECTION 2kV 

DESCRIPTION 

The MC33078 is a monolithic dual operational 
amplifier dedicated to audio applications. The 
MC33078 offers low voltage noise (4.5nV/-v'RZ) 
and high frequency performances (15MHz gain 
bandwidth product, 7V/JlS slew rate). 
In addition the MC33078 has a very low distortion 
(0.002%) and excellent phase/gain margins. 
The output stage allows a large output voltage 
swing and symmetrical source and sink currents. 

PIN CONNECTIONS (top view) 

Output 1 1 

Inverting input 1 2 

Non-inverting input 1 3 

March 1993 

N 
DIPS 

(Plastic Package) 

D 
SOB 

(Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

MC33078 -40, +105°C 

7 Output2 

6 lnverlng input 2 

5 Non-inverting input 2 

Package 

N I D . I . 

33078-01.EPS 

1/5 
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MC33171- MC35171 
LOW POWER 

SINGLE BIPOLAR OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• GOOD CONSUMPTION/SPEED RATIO : 
ONLY 200flA FOR 2.1 MHz, 2V/f1S 

• SINGLE (OR DUAL) SUPPLY OPERATION 
FROM +4V TO +44V (±2V TO ±22V) 

• WIDE INPUT COMMON MODE VOLTAGE 
RANGE INCLUDING Vee· 

• LOW LEVEL OUTPUT VOLTAGE CLOSE TO 
Vee-: 1 OOmV TYPICAL 

• PIN TO PIN COMPATIBLE WITH STANDARD 
SINGLE OP AMPs 

DESCRIPTION 

N 
DIPS 

(Plastic Package) 

D 
SOB 

(Plastic Micropackage) 

The MC33171 series are single bipolar ORDER CODES 
operational amplifiers offering both low 
consumption (200f.lA) and good speed (2.1 MHz, 
2V/f.lS). 
Moreover the Input Common Mode Range 
extends down to the lower supply rail, allowing 
single supply operation from +4V to +44V. 

PIN CONNECTIONS (top view) 

Offset Null 1 

Inverting Input 2 

Non-inverting Input 3 

Vee- 4 

July 1993 

Part Number Temperature 
Range 

MC33171 -40°C, + 1 05°C 

MC35171 -55°C, + 125°C 

Example: MC33171N 

8 N.C. 

7 Vee+ 

6 Output 

5 Offset Null 2 

Package 

N D . . . . 

33171-01.EPS 

1/5 
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MC33172 - MC35172 
LOW POWER 

DUAL BIPOLAR OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• GOOD CONSUMPTION/SPEED RATIO : 
ONLY 200JlNAmp FOR 2.1 MHz, 2V!JlS 

• SINGLE (OR DUAL) SUPPLY OPERATION 
FROM +4V TO +44V (±2V TO ±22V) 

a WIDE INPUT COMMON MODE VOLTAGE 
RANGE INCLUDING Vee· 

• LOW LEVEL OUTPUT VOLTAGE CLOSE TO 
Vee· : 1 OOmV TYPICAL 

• PIN TO PIN COMPATIBLE WITH STANDARD 
DUALOPAMPs 

DESCRIPTION 

The MC33172 series are dual bipolar operational 
amplifiers offering both low consumption 
(200JlNAmp) and good speed (2.1 MHz, 2V/Jls). 

Moreover the Input Common Mode Range 
extends down to the lower supply rail, allowing 
single supply operation from +4V to +44V. 

PIN CONNECTIONS (top view) 

Output 1 

Inverting Input 1 2 

Non-mvert1ng Input 1 3 

Vee- 4 

July 1993 

N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 
Package 
N D 

MC33172 -40°C, + 1 05°C . . 
MC35172 -55°C, +125°C . . 
Example: MC33172N 

7 Ouptut 

6 Inverting Input 2 

5 Non-inverting Input 2 

33172-01.EPS 

1/5 
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MC33174- MC35174 
LOW POWER 

QUAD BIPOLAR OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• GOOD CONSUMPTION/SPEED RATIO : 
ONLY 200JlA/Amp FOR 2.1 MHz, 2V/JlS 

• SINGLE (OR DUAL) SUPPLY OPERATION 
FROM +4V TO +44V (±2V TO ±22V) 

• WIDE INPUT COMMON MODE VOLTAGE 
RANGE INCLUDING Vee· 

• LOW LEVEL OUTPUT VOLTAGE CLOSE TO 
Vee·: 1 OOmV TYPICAL 

• PIN TO PIN COMPATIBLE WITH STANDARD 
QUAD OP AMPs 

• ESD PROTECTION 

DESCRIPTION 

The MC33174 series are quad bipolar operational 
amplifiers offering both low consumption 
(200JlA/Amp) and good speed (2.1 MHz, 2V/Jls). 
Moreover the Input Common Mode Range 
extends down to the lower supply rail, allowing 
single supply operation from +4V to +44V. 

PIN CONNECTIONS (top view) 

July 1993 

Output! 1 

lnvertmg Input 1 2 

Non-1nvertmg Input 1 3 

Vee+ 4 

Non-mvertmg Input 2 5 

Inverting Input 2 6 

Output2 7 

N 0 
S014 DIP14 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

MC33174 -40°C, +105°C 

MC35174 ·55°C, + 125°C 

Example: MC33174N 

14 Output 4 

13 Inverting Input 4 

12 Non-mvertmg Input 4 

11 Vee· 

10 Non-mvert1ng Input 3 

9 Inverting Input 3 

8 Output3 

Package 

N D . . 
• . 

33174-0t.EPS 

1/5 

497 





TEB1 033 
TEF1 033-TEC1 033 

DUAL BIPOLAR OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

a 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 N D 

SOB 
a GAIN-BANDWIDTH PRODUCT: 2.5MHz 
" TEMPERATURE DRIFT: 211VfC 

DIPS 
(Plastic Package) 

J 
CERDIP8 

(Cerdip Package) 

(Plastic Micropaekage) 

" LONG TERM STABILITY: 811VNEAR 
(forT amb s; 50°C) 

DESCRIPTION ORDER CODES 

~ 
~ 

H 
T099 

(Metal Can) 

The TEB1 033, TEF1 033 and TEC1 033 are high 
performance dual-operational amplifiers intended 
for active filter applications. The internal phase com
pensation allows stable operation as voltage fol
lower in spite of their high gain-bandwidth products. 

The circuits present very stable electrical charac
teristics over the entire supply voltage range. 

Part Temperature Package 

PIN CONNECTIONS (top views) 

T099 

1 033-01.EPS 

October 1993 

Number Range H 

TEB1033 0°C, +70°C . 
TEF1033 -40°C, + 1 05°C . 
TEC1033 -55°C, + 125°C . 
Example: TEB1033N 

DIP8/S08 
CERDIP8 

'88 2 '- 7 

3 + 6 

4 5 

1 033-02.EPS 

1 -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• 

N J . . . • . . 

D . . . 

1/8 
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TEB4033 
TEF4033-TEC4033 

QUAD BIPOLAR OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Data book". (Order Code: DBSTANDANAST/2) 

• LOW DISTORTION RATIO 
• LOW NOISE 
• 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 : 2.5MHz 
• TEMPERATURE DRIFT: 2f!Vf'C 
• LONG TERM STABILITY : 8f!V/YEAR 

(for T amb :::; 50°C) 

DESCRIPTION 

The TEB4033, TEF4033 and TEC4033 are high 
performance quad-operational amplifiers intended 
for active filter applications. The internal phase com
pensation allows stable operation as voltage fol
lower in spite of their high gain-bandwidth products. 

The circuits present very stable electrical charac
teristics over the entire supply voltage range. 

PIN CONNECTIONS (top view) 

Output 1 

Inverting Input 1 2 

Non-inverting Input 1 3 

Vee+ 4 

Non-inverting Input 2 5 

Inverting Input 2 6 

Output 2 7 

October 1993 

N D 
5014 DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerd1p Package) 

{Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 
Number Range N J D 

TEB4033 0°C, +70°C • • . 
TEF4033 -40°C, + 1 05°C . 0 . 
TEC4033 -55°C, + 125°C . 0 . 
Example : TEB4033N 

14 Output 4 

13 Inverting Input 4 

12 Non-inverting Input 4 

11 Vee-

10 Non-inverting Input 3 

9 Inverting Input 3 

8 Output3 

4033·01 EPS 

1/7 
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lS27l2C,~,M 

VERY LOW POWER DUAL 
CMOS OPERATIONAL AMPLIFIERS 

For complete specifications refer! to "Industrial Standard Analog ICs Data book". (Order Code: DBSTANDANAST/2) 

" EXCELLENT PHASE MARGIN ON 
• CAPACITIVE LOADS 
" SYMETRICAL OUTPUT CURRENTS 
" LOW OUTPUT DYNAMIC IMPEDANCE 
" THE TRANSFER FUNCTION IS LINEAR 
" PIN TO PIN COMPATIBLE WITH STANDARD 

DUAL OP-AMPs (TL082 -LM358) 
a STABLE AND LOW OFFSET VOLTAGE 
" INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
a THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS272 series are low cost, low power dual 
operational amplifiers designed to operate with 
single or dual supplies. These operational amplifi
ers use the SGS-THOMSON 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 : 
11 Icc= 1011Aiamp.: TS27L2 (very low power) 
o Icc= 150!!Aiamp.: TS27M2 

• Icc= 1 mA/amp. : TS272 
(low power) 
(high speed) 

These CMOS amplifiers offer very high input im
pedance and extremely low input currents. The 
major advantage versus JFET devices is the very 
low input currents drift with temperature 
(see figure 2). 

July 1993 

N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

TS27L2C/ AC/BC 0°C, +70°C 

TS27L21/AI/BI -40°C, + 1 05°C 

TS27L2M/ AM/B M -55°C, + 125°C 

Example : TS27L2ACN 

PIN CONNECTIONS (top view) 

4 

1 -Output 1 
2 - tnver11ng Input 1 
3 • Non-mvenmg Input 1 
4- v cc-
5 - Non-mver1mg Input 2 
6- lnver1mg Input 2 
7- Output 2 
8- v cc + 

8 

7 

6 

Package 

N D 

0 II 

0 • 
II • 

27L2-01 EPS 

1/8 
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~ SGS·lHOMSON .._ 'Y L ~o©rru@rnlbrn©'D'lffi@~D©~ TS27L4C,I,M 
VERY LOW POWER QUAD 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

a EXCELLENT PHASE MARGIN ON 
CAPACITIVE LOADS 

a SYMETRICAL OUTPUT CURRENTS 
" LOW OUTPUT DYNAMIC IMPEDANCE 
• THE TRANSFER FUNCTION IS LINEAR 
a PIN TO PIN COMPATIBLE WITH STANDARD 

QUAD OP-AMPs (TL084 -LM324) 
,. STABLE AND LOW OFFSET VOLTAGE 
a INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS274 series are low cost, low power quad 
operational amplifiers designed to operate with 
single or dual supplies. These operational amplifi
ers use the SGS-THOMSON 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 : 
elcc= 10J.JAfamp.: TS27L4 (very low power) 

• Icc= 1501!Namp. : TS27M4 (low power) 
elcc= 1mNamp.: TS274 (high speed) 

These CMOS amplifiers offer very high input im
pedance and extremely low input currents. The 
major advantage versus JFET devices is the very 
low input currents drift with temperature 
(see figure 2). 

July 1993 

N 
DIP14 

(Plastic Package) 

ORDER CODES 

D 
5014 

(Plastic Micropackage) 

Part Number Temperature Range 
Package 

N D 

TS27L4C/AC/BC 0°C, +70°C • • 
TS27L41/ Al/8 I -40°C, +105°C • • 
TS27L4M/AM/BM -55°C, + 125°C • • 
Example : TS27L4ACN 

PIN CONNECTIONS (top view) 

Output 1 1 

lnvertmg Input 1 2 

Non-mvertmg Input 1 3 

Vee+ 4 

Non-1nvert1ng Input 2 5 

lnvertmg Input 2 6 

Output 2 7 

14 Output4 

13 lnvert1ng Input 4 

12 Non-mvert1ng Input 4 

11 Vee· 

10 Non-mvertmg Input 3 

9 lnvertmg Input 3 

8 Output 3 

27L4-01.EPS 

1/8 
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TS27M2C,I,M 
LOW POWER DUAL 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• EXCELLENT PHASE MARGIN ON 
CAPACITIVE LOADS 

• SYMETRICAL OUTPUT CURRENTS 
• LOW OUTPUT DYNAMIC IMPEDANCE 
• THE TRANSFER FUNCTION IS LINEAR 
• PIN TO PIN COMPATIBLE WITH STANDARD 

DUAL OP-AMPs (TL082 -LM358) 
• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS272 series are low cost, low power dual 
operational amplifiers designed to operate with 
single or dual supplies. These operational amplifi
ers use the SGS-THOMSON 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= 10J.1Namp.: TS27L2 (very low power) 
• Icc= 150J.1Namp.: TS27M2 (low power) 
• Icc= 1mNamp.: TS272 (high speed) 

These CMOS amplifiers offer very high input im
pedance and extremely low input currents. The 
major advantage versus JFET devices is the very 
low input currents drift with temperature 
(see figure 2). 

December 1992 

N D 
S08 DIP8 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 
Package 

N D 

TS27M2C/AC/BC 0°C, +70°C 

TS27M21/AI/BI -40°C, + 1 05°C 

TS27M2M/AM/BM -55°C, + 125°C 

Example : TS27M2ACN 

PIN CONNECTIONS (top view) 

2 

3 

4 

1 -Output 1 
2 - lnvert1ng Input 1 
3 - Non-mvert1ng Input 1 

4- v cc-
5 - Non-mverttng Input 2 
6- Inverting Input 2 
7 · Output2 
8- v cc + 

• • 
• • 
• • 

8 

5 

27M2-01.EPS 

1/8 
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TS27M4C,I,M 
LOW POWER QUAD 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Data book". (Order Code: DBSTANDANAST/2) 

• EXCELLENT PHASE MARGIN ON 
CAPACITIVE LOADS 

• SVMETRICAL OUTPUT CURRENTS 
• LOW OUTPUT DYNAMIC IMPEDANCE 
• THE TRANSFER FUNCTION IS LINEAR 
• PIN TO PIN COMPATIBLE WITH STANDARD 

QUAD OP-AMPs (TL084 -LM324) ' 
• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS274 series are low cost, low power quad 
operational amplifiers designed to operate with 
single or dual supplies. These operational amplifi
ers use the SGS-THOMSON 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= 1 OJ.LA/amp. : TS27L4 (very low_ power) 
elcc= 150J.LA/amp.: TS27M4 (low power) 
elcc= 1mA/amp.: TS274 (high speed) 

These CMOS amplifiers offer very high input im
pedance and extremely low input currents. The 
major advantage versus JFET devices is the very 
low input currents drift with temperature 
(see figure 2). 

December 1992 

N 
DIP14 

(Plastic Package) 

ORDER CODES 

D 
5014 

(Plastic Micropackage) 

Part Number Temperature Range 
Package 

N D 

TS27M4C/AC/BC 0°C, +70°C • • 
TS27M41/AI/BI -40°C, +105°C • • 
TS27M4M/AM/BM -55°C, + 125°C • • 
Example : TS27M4ACN 

PIN CONNECTIONS (top view) 

Output 1 1 

Inverting Input 1 2 

Non-mvertmg Input 1 3 

Vee+ 4 

Non-Inverting lnput2 5 

Inverting Input 2 6 

Output 2 7 

14 Output4 

13 Inverting Input 4 

12 Non·mvertmg Input 4 

1 o Non-1nvert1ng Input 3 

9 lnvertmg Input 3 

8 Output3 

27M4-01.EPS 

1/8 
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TS271C,I,M 
PROGRAMMABLE SINGLE 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• OFFSET NULL CAPABILITY (by external 
compensation) 

• SYMMETRICAL OUTPUT CURRENTS 
• HIGH GAIN BANDWIDTH PRODUCT 
• THE TRANSFER FUNCTION IS LINEAR 
• CONSUMPTION CURRENT AND DYNAMIC 

PARAMETERS ARE STABLE REGARDING 
THE VOLTAGE POWER SUPPLY 
VARIATIONS 

• DYNAMIC CHARACTERISTICS 
ADJUSTABLE BY lsET 

• VERY LARGE lsET RANGE 
• PIN TO PIN COMPATIBLE WITH SINGLE OP

ERATIONAL AMPLIFIER UA776 
• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS271 is a low cost, low power single opera
tional amplifier designed to operate with single or 
dual supplies. This operational amplifier uses the 
SGS-THOMSON silicon gate LIN MOS process 
giving it an excellent consumption-speed ratio. This 
amplifier is ideally suited for low consumption ap
plications. 

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 
supply current can be minimized according to the 
required speed. This device is specified for the 
following I sET current values: 1.5f.LA, 25f.LA, 130f.LA. 

This CMOS amplifier offers very high input imped
ance and extremely low input currents. The major 
advantage versus JFET devices is the very low 
input currents drift with temperature (see figure 3). 

December 1992 

N D 
508 DIP8 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

TS271C/AC/BC 0°C, +70°C 

TS2711/AI/BI -40°C, + 1 05°C 

TS271 M/AM/BM -55°C, + 125°C 

Example : TS271 ACN 

PIN CONNECTIONS (top view) 

1 • Offset Null 1 
2 - Inverting Input 
3 - Non-inverting Input 
4- v cc-
5 - Offset Null 2 
6- Output 

7-V cc+ 
8 -I 

SET 

Package 

N D 

• • 
• • 
• • 

271-01.EPS 

1/15 
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TS272C,I,M 
HIGH SPEED DUAL 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• EXCELLENT PHASE MARGIN ON 
CAPACITIVE LOADS 

• SYMETRICAL OUTPUT CURRENTS 
• HIGH GAIN BANDWIDTH PRODUCT 
• LOW OUTPUT DYNAMIC IMPEDANCE 
• THE TRANSFER FUNCTION IS LINEAR 
• PIN TO PIN COMPATIBLE WITH STANDARD 

DUAL OP-AMPs (TL082 -LM358) 
• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS272 series are low cost, low power dual 
operational amplifiers designed to operate with sin
gle or dual supplies. These operational amplifiers 
use the SGS-THOMSON silicon gate LIN MOS proc
ess giving them an excellent consumption-speed 
ratio. These series are ideally suited for low con
sumption applications. 

Three power consumptions are available allowing to 
have always the best consumption-speed ratio: 
• Icc= 1D11Aiamp. : TS27L2 (very low power) 
• Icc= 150J.lA!amp. : TS27M2 (low power) 
• Icc= 1mA!amp.: TS272 (high speed) 

These CMOS amplifiers offer very high input imped
ance and extremely low input currents. The major 
advantage versus JFET devices is the very low input 
currents drift with temperature (see figure 2). 

December 1992 

N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 

TS272C/AC/BC 0°C, +70°C 

TS2721/AI/BI -40°C, + 1 05°C 

TS272M/ AM/B M -55°C, + 125°C 

Example : TS272ACN 

PIN CONNECTIONS (top view) 

1 -Output 1 
2- tnvert1ng Input 1 
3 - Non-mvert1ng Input 1 
4· v cc. 
5 - Non-1nvert1ng Input 2 
6 - lnvertmg Input 2 
7- Output2 
8- v cc + 

Package 

N D 

• • 
• • 
• • 

272-01.EPS 

1/8 
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TS274C,I,M 
HIGH SPEED QUAD 

CMOS OPERATIONAL AMPLIFIERS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• EXCELLENT PHASE MARGIN ON 
CAPACITIVE LOADS 

• SYMETRICAL OUTPUT CURRENTS 
• HIGH GAIN BANDWIDTH PRODUCT 
• LOW OUTPUT DYNAMIC IMPEDANCE 
• THE TRANSFER FUNCTION IS LINEAR 
• PIN TO PIN COMPATIBLE WITH STANDARD 

QUAD OP-AMPs (TL084 -LM324) 
• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 
• THREE INPUT OFFSET VOLTAGE 

SELECTIONS 

DESCRIPTION 

The TS274 series are low cost, low power quad 
operational amplifiers designed to operate with 
single or dual supplies. These operational amplifi
ers use the SGS-THOMSON 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= 10J.1Aiamp. : TS27L4 (very low power) 

• Icc= 150J.1Aiamp. : TS27M4 (low power) 
• Icc= 1mA!amp.: TS274 (high speed) 

These CMOS amplifiers offer very high input im
pedance and extremely low input currents. 
The major advantage versus JFET devices is the 
very low input currents drift with temperature 
(see figure 2). 

December 1992 

N 
DIP14 

(Plastic Package) 

ORDER CODES 

D 
5014 

(Plastic Micropackage) 

Part Number Temperature Range 
Package 

N D 

TS27 4C/AC/BC 0°C, +70°C • • 
TS2741/AI/BI -40°C, +105°C • • 
TS274M/AM/BM -55°C, + 125°C • • 
Examole : TS274ACN 

PIN CONNECTIONS (top view) 

Output 1 1 

lnven1ng Input 1 2 

Non-mvert1ng Input 1 3 

Vee+ 4 

Non-mvertmg Input 2 5 

lnvertmg Input 2 6 

Output 2 7 

14 Output 4 

13 lnven1ng Input 4 

12 Non-mvertmg Input 4 

11 Vee· 

10 Non-mvert1ng Input 3 

9 Inverting Input 3 

8 Output 3 

274·01.EPS 

1/8 
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TS339C,I,M 

MICROPOWER QUAD CMOS VOLTAGE COMPARATORS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• EXTREMELY LOW SUPPLY CURRENT: 
9J.!A TYP I COMPARATOR 

• WIDE SINGLE SUPPLY RANGE (3V TO 16V) 
OR DUAL SUPPLIES (±1.5V TO ±8V) 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1pATYP 

• EXTREMELY LOW INPUT OFFSET 
CURRENT: 1pA TYP 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• BUILT-IN ESD PROTECTION 
• HIGH INPUT IMPEDANCE: 1012n TYP 
• FAST RESPONSE TIME : 1.5J.!S TYP FOR 

5mV OVERDRIVE 
• PIN-TO-PIN AND FUNCTIONALLY 

COMPATIBLE WITH BIPOLAR LM339 

DESCRIPTION 

The TS339 is a micropower CMOS quad voltage 
comparator with extremely low consumption of 
9J.!A typ I comparator (20 times less than bipolar 
LM339). Similar performances are offered by the 
quad micropower comparator TS3704 with a push
pull CMOS output. 
Thus response times remain similar to the LM339. 

PIN CONNECTIONS (top view) 

Output2 1 

Output 1 2 

Inverting Input 1 4 

Non-1nvert1ng Input 1 5 

lnvertmg Input 2 6 

Non-mvertrng Input 2 7 

December 1992 

N D 
S014 DIP14 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 
Package 

N D 

TS393C 0°C, +70°C • • 
TS3931 -40°C, + 1 05°C • • 
TS393M ·55°C, + 125°C • • 
Example : TS393CN 

14 Output3 

13 Output4 

12 Vee· 

11 Non-1nvert1ng Input 4 

10 lnvertmg Input 4 

9 Non-1nvert1ng Input 3 

8 lnvertrng Input 3 

339-01.EPS 

1/5 
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TS393C,I,M 

MICROPOWER DUAL CMOS VOLTAGE COMPARATORS 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• EXT REM ELY LOW SUPPLY CURRENT : 
91lA TYP/COMPARATOR 

• WIDE SINGLE SUPPLY RANGE (3V to 16V) 
OR DUAL SUPPLIES {±1.5V to ±BV) 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1pATYP 

• EXTREMELY LOW INPUT OFFSET 
CURRENT: 1pA TYP 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• BUILT-IN ESD PROTECTION 
• HIGH INPUT IMPEDANCE 1012n TYP 
• FAST RESPONSE TIME : 2.51ls TYP FOR 

5mV OVERDRIVE 
• PIN-TO-PIN AND FUNCTIONALLY 

COMPATIBLE WITH BIPOLAR LM393 

DESCRIPTION 

The TS393 is a micropower CMOS dual voltage 
comparator with extremely low consumption of 
91lA typ I comparator {20 times less than bipolar 
LM393). Similar performances are offered by the 
dual micropower comparator TS3702 with a push
pull CMOS output. 
Thus response times remain similar to the LM393. 

PIN CONNECTIONS (top view) 

Output 1 1 

Inverting Input 1 2 

Non-inverting Input 1 3 

Vee- 4 

December 1992 

N D 
508 DIPS 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 
Package 

N D 

TS393C 0°C, +70°C • • 
TS3931 -40°C, + 1 05°C • • 
TS393M -55°C, + 125°C • • 
Example : TS393CN 

8 Vee+ 

7 Output2 

6 Inverting Input 2 

5 Non-inverting Input 2 

393-0I.EPS 

1/5 
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TS902 
INPUT/OUTPUT RAIL TO RAIL DUAL CMOS 

OPERATIONAL AMPLIFIER (WITH STANDBY POSITION) 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

" RAIL TO RAIL INPUT AND OUTPUT 
VOLTAGE RANGES 

" STANDBY POSITION : REDUCED CON
SUMPTION (1J..lA) AND HIGH IMPEDANCE 
OUTPUTS 

" SINGLE (OR DUAL) SUPPLY OPERATION 
FROM 2.7V TO 16V (±1.35V to ±SV) 

" EXTREMELY LOW INPUT BIAS CURRENT: 
1pA TYP 

" LOW INPUT OFFSET VOLTAGE: 
5mV max. 

" SPECIFIED FOR GOOn AND 100n LOADS 
" LOW SUPPLY CURRENT: 400J..lA/Ampli 
" SPEED : 1.3MHz- 1.3V/J..lS 

" SPICE MACROMODEL INCLUDED IN THIS 
SPECIFICATION 

DESCRIPTION 

The TS902 is a RAIL TO RAIL dual CMOS opera
tional amplifier designed to operate with single or 
dual supply voltage. 
The input voltage range V,cm includes the two 
supply rails Vee+ and Vee·. 
The output reaches : 

o Vee· +50mV Vee+ -50mV with RL = 10kn 
o Vee· +650mV Vee+ -650mV with RL= SOOn 

This product offers a broad supply voltage operat
ing range from 2.7V to 16V and a supply current of 
only 400J..lA/amp. (Vee = 1 OV). 
Source and sink output current capability is typi
cally 50mA (at Vee = 1 OV), fixed by an internal 
limitation circuit. 
The TS902 can be put on STANDBY position by 
connecting the pin 1 to Vee· (only 1J.lA and high 
impedance outputs). 

September 1993 

N 
DIP14 

(Plastic Package) 

D 
5014 

(Plastic Micropackage) 

ORDER CODES 

Part Number Temperature Range 
Package 

N I D 

TS9021/AI -40, +105°C • I . 
PIN CONNECTIONS (top view) 

Standby 1 [ 
'--../ J 14 Vee+ 

Output1 2 [ -.1-J ~B Output2 

NC 3 [ J 12 NC 

Inverting lnput1 4 [ 

1>~ 
p 11 Inverting Input 2 

Non-mvertmg 1nput 1 5 [ 
-· ¥-

p 10 Non-1nvert1ng Input 2 

NC 6 [ J 9 NC 

NC 7 [ J B Vee· 

1/9 

This 1s a spec1flcat1on on a new product Details are subject to change w1thout not1ce. 52 





TS912 
INPUT/OUTPUT RAIL TO RAIL 

DUAL CMOS OPERATIONAL AMPLIFIER 
For complete specifications refert to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• RAIL TO RAIL INPUT AND OUTPUT 
VOLTAGE RANGES 

• SINGLE (OR DUAL) SUPPLY OPERATION 
FROM 2.7V TO 16V (±1.35V to ±8V) 

" EXTREMELY LOW INPUT BIAS CURRENT: 
1pA TYP 

" LOW INPUT OFFSET VOLTAGE: 
5mV max. 

" SPECIFIED FOR 600Q AND 100Q LOADS 
• LOW SUPPLY CURRENT: 400(.lA/Ampli 
a SPEED : 1.3MHz- 1.3V/(.ls 

" SPICE MACROMODEL INCLUDED IN THIS 
SPECIFICATION 

DESCRIPTION 

The TS912 is a RAIL TO RAIL dual CMOS opera
tional amplifier designed to operate with single or 
dual supply voltage. 
The input voltage range V,cm includes the two 
supply rails Vee+ and Vee-. 
The output reaches : 

• Vee· +50mV Vee+ -50mV with RL = 10k.Q 
_ • Vee· +650mV Vee+ -650mV with RL= 600Q 

This product offers a broad supply voltage operat
ing range from 2.7V to 16V and a supply current of 
only 400(.lA!amp. (Vee = 1 OV). 
Source and sink output current capability is typi
cally SOmA (at Vee = 1 OV), fixed by an internal 
limitation circuit. 

September 1993 

ORDER CODES 

N 
DIPS 

(Plastic Package) 

Part Number Temperature Range 
Package 

N 

TS9121/AI -40, +105°C . 
PIN CONNECTIONS (top view) 

output11~8 Vee• 

lnvertmg Input 1 2 - 7 Output 2 

Non-mvertmg 1nput1 3 + - 6 Inverting Input 2 

Vee- 4 + 5 Non-mvert1ng Input 2 

1/8 

Th1s is a specrf1catton on a new product. Detarls are subject to change without notice 523 





· TS3702C,I,M 

MICROPOWER DUAL CMOS VOLTAGE COMPARATORS 
For complete specifications refert to "Industrial Standard Analog ICs Data book". (Order Code: DBSTANDANAST/2) 

• PUSH-PULL CMOS OUTPUT (NO EXTER
NAL PULL-UP RESISTOR REQUIRED) 

• EXTREMELY LOW SUPPLY CURRENT : 
9J.LA TYP I COMPARATOR 

• WIDE SINGLE SUPPLY RANGE (3V TO 16V) 
OR DUAL SUPPLIES (± 1.5V TO± 8V) 

a EXTREMELY LOW INPUT BIAS CURRENT : 
1pATYP 

• EXTREMELY LOW INPUT OFFSET 
CURRENT: 1pATYP 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

" BUILT-IN ESD PROTECTION 
a HIGH INPUT IMPEDANCE: 1012Q TYP 
• FAST RESPONSE TIME : 2J.Ls TYP FOR 5mV 

OVERDRIVE 
• PIN-TO-PIN AND FUNCTIONALLY COMPAT

IBLE WITH BIPOLAR LM393 

DESCRIPTION 

The TS3702 is a micropower CMOS dual voltage 
comparator with extremely low consumption of 
9J.LA typ I comparator (20 times less than bipolar 
LM393). The push-pull CMOS output stage allows 
power and space saving by eliminating the external 
pull-up resistor required by usual open-collector 
output comparators. 

Thus response times remain similar to the LM393. 

June 1993 

N 
DIPS 

(Plastic Package) 

ORDER CODES 

D 
508 

(Plastic Micropackage) 

Part Number Temperature Range 
Package 

N D 

TS3702C 0°C, +70°C 0 • 
TS37021 -40°C, + 105°C 0 • 
TS3702M ·55°C, +125°C • 0 

Example : TS3702CN 

PIN CONNECTIONS (top view) 

Output 1 1 

Inverting Input 1 2 7 Output 2 

Non-1nvert1ng Input 1 3 6 Inverting Input 2 

Vee- 4 5 Non·tnvert1ng Input 2 

3702-01.EPS 

1/5 
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TS3704C,I,M 

MICROPOWER QUAD CMOS VOLTAGE COMPARATORS 
For complete specifications refer! to "Industrial Standard Analog ICs Databook". (Order Code: DBSTANDANAST/2) 

• PUSH-PULL CMOS OUTPUT (NO EXTER
NAL PULL-UP RESISTOR REQUIRED) 

• EXTREMELY LOW SUPPLY CURRENT: 
9J.tA TYP I COMPARATOR 

• WIDE SINGLE SUPPLY RANGE (3V TO 16V) 
OR DUAL SUPPLIES (± 1.5V TO± 8V) 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1pATYP 

• EXTREMELY LOW INPUT OFFSET 
CURRENT : 1 pA TYP 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• BUILT-IN ESD PROTECTION 
• HIGH INPUT IMPEDANCE: 1012n TYP 
• FAST RESPONSE TIME: 2J.tS TYP FOR 

5mV OVERDRIVE 
• PIN-TO-PIN AND FUNCTIONALLY 

COMPATIBLE WITH BIPOLAR LM339 

DESCRIPTION 

The TS3704 is a micropower CMOS quad voltage 
comparator with extremely low consumption 
of 9J.lA typ I comparator (20 times less than bipolar 
LM339). The push-pull CMOS output stage allows 
power and space saving by eliminating the external 
pull-up resistor required by usual open-collector 
output comparators. 
Thus response times remain similar to the LM339. 

June 1993 

N 
DIP14 

(Plastic Package) 

ORDER CODES 

D 
5014 

(Plastic Micropackage) 

Part Number Temperature Range 
Package 

N D 

TS3704C 0°C, +70°C • • 
TS37041 -40°C, + 1 05°C • • 
TS3704M -55°C, + 125°C • • 
Example : TS3704CN 

PIN CONNECTIONS (top view) 

Output2 1 14 Output3 

Output 1 2 13 Output4 

12 Vee-

lnvertmg Input 1 4 11 Non-mvertlng Input 4 

Non-mvert1ng Input I 5 10 lnvertrng Input 4 

lnvert1ng Input 2 6 Non-mvertmg Input 3 

Non-mvertrng Input 2 7 8 lnvertmg Input 3 

3704-01 EPS 

1/5 
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ST1305 
HIGH ENDURANCE CMOS 192 bit EEPROM 
WITH SECURE LOGIC ACCESS CONTROL 

c SINGLE 5V SUPPLY VOLTAGE 
" PROGRAMMING TIME: 5 ms 
c MEMORY DIVIDED INTO: 

- 24 bits of Chip Data 
- 40 bits of Application Data 
- 48 bits of Count Data 
- 12 extra-bits of Transport Code 
- 64 bits of Issuer Data 

" COUNTING CAPABILITY up to 262,144 UNITS 
" CIRCUIT PROTECTED by TRANSPORT CODE 

for DELIVERY from SGS-THOMSON to the 
CUSTOMER 

"5 EXTERNAL CONTACTS ONLY (ISO 7816 
COMPATIBLE) 

" ANSWER to RESET FULLY COMPATIBLE with 
ISO 7816-3 

" E.S.D. GREATER THAN 4000V 
" POWER-ON and LOW Vee RESET 

DESCRIPTION 

The ST1305 is a 192 bits EEPROM memory with 
ass'bciated security logic to control memory ac
cess. The circuit includes counting capabilities and 
thus is very well adapted to prepaid card applica
tions. 

The ST1305 is protected by hardwired security 
logic and special fuses. The memory is a matrix of 
24 x 8 cells accessed bit by bit for reading and 
programming, and by byte for internal erasing in 
final application. 

Table 1. Signal Names 

CLK Clock 

RST Reset 

1/0 Data Input I Output 

Vee Supply Voltage 

GND Ground 

August 1993 

ADVANCE DATA 

• 
Mieromodule Wafer 

Figure 1. Logic Diagram 

Vee 

I 

RST-

ST1305 1- 1/0 

CLK -

GND 
VA01032 

1/2 

Th1s 1s advance tnformatton on a new product now 1n development or undergolngevaluallon Delatls are subject to change wtthout nottce 
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ST1305 

INTERNAL ADDRESS MAPPING 

The internal address space of the ST1305 is di
vided into five zones as shown in Figure 2. These 
zones are the actual EEPROM memory array. The 
Transport Code or Counter area is used in two 

Figure 2. Memory Map 

OOOd 

configurations: In the ISSUER configuration it is 
used to store the Transport Code loaded by SGS
THOMSON for security during delivery to the card 
issuer; in the USER configuration it is used as a 
serie of counters. 

IN FINAL 
APPLICATION 

CIRCUIT IDENTIFICATION 16 Bits 
016d 

024d 

064d 

112d 

128d 

192d 

--------------------
AREA 

APPLICATION 
IDENTIFICATION 

AREA 

COUNTERS & 
TRANSPORT CODE 

AREA 

TRANSPORT CODE AREA --------------------
ISSUER DEFINED 

AREA 

B Bits 

40 Bits 

64 Bits 

EEPROM 
CELLS 
MATRIX 

READ 
ONLY 

READ, 
WRITE, 
ERASE 

READ 
ONLY 

VAOI 0378 

2/2 
=------------~ ~~~©IH~~~~~~ --------------
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ST24C01 , ST25C01 
ST24x01C,ST25x01C 

SERIAL ACCESS CMOS 1 K (128 x 8) EEPROMs 

" MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 1 0 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24C01 version 

- 3V to 5.5V for ST24x01 C versions 
- 2.5V to 5.5V for ST25C01, ST25x01 C ver-

sions 

a HARDWARE WRITE CONTROL VERSIONS: 
ST24W01 C and ST25W01 C 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

a BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

" PAGE WRITE (up to 8 BYTES) 
" BYTE, RANDOM and SEQUENTIAL READ 

MODES 

" SELF TIMED PROGRAMMING CYCLE 
a AUTOMATIC ADDRESS INCREMENTING 

., ENHANCED ESD/LATCH UP 
PERFORMANCES FOR "C" VERSIONS 

"' PREFERRED DEVICES for NEW DESIGN: 
ST24/25C01 C and ST24/25W01 C 

DESCRIPTION 

This specification covers a range of 1 K bits 12C bus 
EEPROM products, the ST24/25C01, the 
ST24/25C01 C and the ST24/25W01 C. In the text, 
products are referred to as ST24/25x01 C, where 

Table 1. Signal Names 

EO· E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE 
Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

ABBREVIATED DATA 

PSDIPB (B) 
0.25mm Frame 

8~ 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 ~ ST24C01 1----- SDA 

ST25C01 
SeL- ST24x01e 

* 
ST25x01e 

MODEjWC -

I 
Vss 

VA00839B 

Note: we srgnal IS only avarlable for ST24/25W01 c products. 

1/2 
Th1s 1s an abbreviated vers1on of the complete document The full document IS available separately 
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ST24/25C01, ST24/25x01 C 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24/25e01 
ST24/25e01 e 

ST24/25C01 
ST24/25e01 e Eoos Vee 

E1 2 7 MODEjWC 
E2 3 6 SeL 

Vss 4 5 SDA 

EO[]B Vee 
E1 2 7 MODEjWC 
E2 3 6 SCL 

Vss 4 5 SDA 

VA00840B VA00841B 

Table 2. Absolute Maximum Ratings (1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40to 85 

Tsm Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (S08 package) 40sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vo Output Voltage ST24/25C01 -0.3 to Vee +0.6 
ST24/25x01C -0.3to6.5 v 

V1 Input Voltage -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage {Human Body model) (21 ST24/25C01 2000 v 
VESD 

ST24/25x01C 4000 

Electrostatic Discharge Voltage {Machine model) (a) ST24/25C01 500 v 
ST24/25x01 C 500 

Notes: 1 Except for the rating "Operallng Temperature Range··, stresses above those listed 1n the Table ""Absolute Max1mum Ratmgs·· 
may cause permanent damage to the dev1ce. These are stress ratings only and operat1on of the dev1ce at these or any other 
cond1t10ns above those 1nd1cated 1n the Operating sec~ons of this spec1flcat1on IS not 1mphed Exposure to Absolute Maximum 
Rat1ng cond1t10ns for extended penods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015 7 (IOOpF, 1500 !l) 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 !l) 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x01 C are 1 K bit electrically erasable 
programmable memories (EEPROM), organized 
as 128 x 8 bits. They are manufactured in SGS-

THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. The memories operate 
with a power supply value as low as 2.5V. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

=2/.=2 ____________ Efi ~~©W.~~:~~~ --------------
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ST24C02A,ST25C02A 
ST24x02C,ST25x02C 

SERIAL ACCESS CMOS 2K (256.x 8) EEPROMs 

a MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 1 0 YEARS DATA 
RETENTION 

a SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24C02A version 
- 3V to 5.5V for ST24x02C versions 
- 2.5V to 5.5V for ST25C02A, ST25x02C ver-

sions 
a HARDWARE WRITE CONTROL VERSIONS: 

ST24W02C and ST25W02C 

a TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

a BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

a PAGE WRITE (up to 8 BYTES) 
a BYTE, RANDOM and SEQUENTIAL READ 

MODES 
a SELF TIMED PROGRAMMING CYCLE 
a AUTOMATIC ADDRESS INCREMENTING 

a ENHANCED ESD/LATCH-UP 
PERFORMANCES for "C" VERSIONS 

" PREFERRED DEVICES for NEW DESIGNS: 
ST24/25C02C and ST24/25W02C 

DESCRIPTION 

This specification covers a range of 2K bits 12C bus 
EEPROM products, the ST24/25C02A, the 
ST24/25C02C and the ST24/25W02C. In the text, 
products are referred to as ST24/25x02C, where 

Table 1. Signal Names 

EO-E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE 
Multibyte/Page Write Mode 
(C version) 

-we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

ABBREVIATED DATA 

·~ 
PSDIPB (B) 

0.25mm Frame 

(,.~j:.S-\ 

8 \c~ 
''tttt 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 
1-

3 
E 0- E 2 ::::;z':::) ST24e02A 1- SDA 

ST25C02A 
SeL- ST24x02e 

MODE/WC*-
ST25x02C 

I 
Vss 

VA00788B 

Note: WC s1gnal is only available for ST24/25W02C products 

1/2 

Thts ts an abbreVIated verston of the complete document The full document tS avatlable separately 
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ST24/25C02A, ST24/25x02C 

Figure 2A. DIP Pin Connections 

ST24/25C02A 
ST24/25e02C 

E1 2 7 MODE/WC 
Eoli]s Vee 

E2 3 6 SeL 
Vss 4 5 SDA 

VA007898 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST24/25C02A 
ST24/25C02C 

E1 2 7 MODE/WC 
EO[]S Vee 

E2 3 6 SCL 
Vss 4 5 SDA 

VA00790B 

Value Unit 

grade 1 0 to 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

-65 to 150 oc 
TLEAD Lead Temperature, Soldering (808 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

Vo Output Voltage ST24/25C02A -0.3 to Vee +0.6 v 
ST24/25x02C -0.3 to 6.5 

VI Input Voltage -0.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) (21 ST24/25C02A 2000 v 
VESD 

ST24/25x02C 4000 

Electrostatic Discharge Voltage (Machine model) (31 ST24/25C02A 500 v ST24/25x02C 500 

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those l1sted in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those mdicated in the Operating sections of th1s specification is not implied. Exposure to Absolute Max1mum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015 7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 n). 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x02C are 2K bit electrically erasable 
programmable memories (EEPROM), organized 
as 256 x 8 bits. They are manufactured in SGS-

THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. The memories operate 
with a power supply value as low as 2.5V. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

~2/=2 __________________________ ~~~~@~~~~~~©~ -----------------------------
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ST24C04,ST25C04 
ST24x04C,ST25x04C 

SERIAL ACCESS CMOS 4K (512 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 1 0 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for ST24C04 version 
- 3V to 5.5V for ST24x04C versions 

- 2.5V to 5.5V for ST25C04, ST25x04C ver-
sions 

" HARDWARE WRITE CONTROL VERSIONS: 
ST24W04C and ST25W04C 

" TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

a BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

., PAGE WRITE (up to 8 BYTES) 

" BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMMING CYCLE 

" AUTOMATIC ADDRESS INCREMENTING 

" ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSIONS 

" PREFERRED DEVICES for NEW DESIGNS: 
ST24/25C04C and ST24/25W04C 

DESCRIPTION 

This specification covers a range of 4K bits 12C bus 
EEPROM products, the ST24/25C04, the 
ST24/25C04C and the ST24/25W04C. In the text, 
products are referred to as ST24/25x04C, where 

Table 1. Signal Names 

PRE Write Protect Enable 

E1- E2 Chip Enable Inputs 

SDA Senal Data Address Input/Output 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

ABBREVIATED DATA 

0 
a 1'~1 

1 

PSDIPB (B) 
0.25mm Frame 

sO 
l,\o----- .j 

''(\\\\® 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
2 

E1-E2 ~ ST24C04 -SDA 
ST25e04 

PRE- ST24x04e 
SeL- ST25x04e 

* MODEjWC ._ 

I 
Vss 

VAOOB51B 

Note: we Signal IS only available for ST24/25W04C products. 

1/2 

Th1s IS an abbreviated vers1on of the complt!te document The full document IS ava1lable separately 
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ST24/25C04, ST24/25x04C 

Figure 2A. DIP Pin Connections 

ST24/25e04 
ST24/25x04C 

E1 2 7 MODE/WE 
PRE[]8 Vee 

E2 3 6 SeL 

Vss 4 5 SDA 

VA008528 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

ST24/25e04 
ST24/25x04e 

E1 2 7 MODE/WE 
PREDs Vee 

E2 3 6 SCL 

Vss 4 5 SDA 

VA01107 

Value Unit 

grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

-65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

Vo Output Voltage ST24/25C04 -0.3 to Vee +0.6 v ST24/25x04C -0.3to 6.5 

v, Input Voltage -0.3 to 6.5 v 
Vee Supply Voltage -0.3to6.5 v 

Electrostatic Discharge Voltage (Human Body model) (2) ST24/25C04 2000 v 
VEso 

- ST24/25x04C 4000 

Electrostatic Discharge Voltage (Machine model) (J) ST24/25C04 500 v 
ST24/25x04C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
cond1t1ons above those indiCated 1n the Operating sec~ons of thiS specification IS not Implied. Exposure to Absolute Max1mum 
Rat1ng cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant qual1ty documents. 

2. MIL-STD-883C, 3015.7 (1 OOpF, 1500 Q). 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 !l). 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x04C are 4K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x 8 bits. They are manufactured 

in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 1 0 years. The memo
ries operate with a power supply value as low as 
2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 

=2'=2------------IIfff ~~~;;;mg~~~~J» _____________ _ 
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ST24C08,ST25C08 
ST24x08C,ST25x08C 

SERIAL ACCESS CMOS 8K (1 024 x 8) EEPROMs 

a MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

"SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24COB version 
- 3V to 5.5V for ST24xOBC versions 
- 2.5V to 5.5V for ST25C08, ST25x08C ver-

sions 

11 HARDWARE WRITE CONTROL VERSIONS: 
ST24WOBC and ST25WOBC 

" TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

11 BYTE and MULTIBYTE WRITE (up to 8 
BYTES) 

11 PAGE WRITE (up to 16 BYTES) 
11 BYTE, RANDOM and SEQUENTIAL READ 

MODES 

11 SELF TIMED PROGRAMMING CYCLE 
11 AUTOMATIC ADDRESS INCREMENTING 

" ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSIONS 

" PREFERRED DEVICES for NEW DESIGN: 
ST24/25COBC and ST24/25WOBC 

DESCRIPTION 
This specification covers a range of BK bits 12C bus 
EEPROM products, the ST24/25COB, the 
ST24/25COBC and the ST24/25WOBC. In the text, 

Table 1. Signal Names 

PRE Write Protect Enable 

E Chrp Enable Input 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

MODE Multrbyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

ABBREVIATED DATA 

·~ 
1 

PSDIPB (B) 
0.25mm Frame 

sQ 
'%ttL 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
E-

ST24C08 1-- SDA 
PRE- ST25C08 
SCL- ST24x08C 

MODE/WC*-
ST25x08C 

I 
Vss 

VA008608 

Note: WC signal is only avarlable for ST24/25W08C products. 

1/2 
Th1s 1s an abbreviated vers1on of the complete document The full document IS available separately 
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ST24/25C08, ST24/25x08C 

Figure 2A. DIP Pin Connections 

ST24/25C08 
ST24/25x08C 

NC 2 7 MODEjWC 
PREli]8 Vee 

E 3 6 SCL 
Vss 4 5 SDA 

VA008618 

Warning: NC = No Connection 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST24/25C08 
ST24/25x08C 

NC 2 7 MODEjWC 
PRE[]8 Vee 

E 3 6 SCL 
Vss 4 5 SDA 

VA01073 

Warning: NC =No Connection 

Value Unit 

grade 1 0 to 70 
grade 3 --40 to 125 oc 
grade 6 --40 to 85 

-65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vo Output Voltage ST24/25C08 -0.3 to Vee +0.6 
ST24/25x08C -0.3 to 6.5 v 

v, Input Voltage -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 
Electrostatic Discharge Voltage (Human Body model) 121 ST24/25COB 2000 v 

VESD 
ST24/25x08C 4000 

Electrostatic Discharge Voltage (Machine model) 131 ST24/25C08 500 v ST24/25x08C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed m the Table "Absolute Max1mum Rat1ngs" 
may cause permanent damage to the dev1ce. These are stress rat1ngs only and operat1on of the dev1ce at these or any other 
conditions above those 1nd1cated 1n the Operatmg sections of this spec1flcatron is not implied. Exposure to Absolute Maximum 
Ratmg cond1t1ons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual1ty documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 n) 
3 EIAJ IC-121 (Condition C) (200pF, 0 n) 

DESCRIPTION (cont'd) 

products are referred to as ST24/25x08C, where 
"x" is: "C" for Standard version and "W" for Hard
ware Write Control version. 

The ST24/25x08C are 8K bit electrically erasable 
programmable memories (EEPROM), organized 
as 4 blocks of 256 x 8 bits. 

They are manufactured in SGS-THOMSON's Hi
Endurance Advanced CMOS technology which 
guarantees an endurance of more than one million 
erase/write cycles with a data retention of over 1 0 
years. 

The memories operate with a power supply value 
as low as 2.5V. Both Plastic Dual-in-Line and Plas
tic Small Outline packages are available. 

:::.212::...._ __________ ru SGS·lHOMSON __________ _ 
• J II il:Q©Iiii@F<~~©'ITOO@I'!JQ©i@J 
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ST24C16, ST25C16 
ST24W16, ST25W16 

SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE CY
CLES, with OVER 10 YEARS DATA RETEN
TION 

• SINGLE SUPPLY VOLTAGE: 

- 3V to 5.5V for ST24x16 versions 

- 2.5V to 5.5V for ST25x16 versions 

,. HARDWARE WRITE CONTROL VERSIONS: 
ST24W16 and ST25W16 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTIBYTE WRITE (up to 8 
BYTES) 

11 PAGE WRITE (up to 16 BYTES) 

" BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

11 AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP PERFOR

MANCES 

DESCRIPTION 

This specification covers a range of 16K bits 12C 
bus EEPROM products, the ST24/25C16 and the 
ST24/25W16. In the text, products are referred to 
as ST24/25x16 where "x" is: "C" for Standard ver
sion and "W" for hardware Write Control version. 

The ST24/25x16 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. These are manufactured 

Table 1. Signal Names 

PRE Wnte Protect Enable 

PBO, PB1 Protect Block Select 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multybyte/Page Write Mode 
(C version) 

w Wnte Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

ABBREVIATED DATA 

~---\ 
" \ 

'""~' 

.r{\iWI 
1 

PSDIPB (B) 
0.25mm Frame 

8~t~\ 
'iu'®'ll 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
2 

PBO-PB1 ~ 
ST24x16 

PRE~ ST25x16 
SCL ~ 

MODEfWC*~ 

I 
Vss 

"-"""'""'\ 
14 '; -----::<'! 

'ttDit\i\: 
1 

S014 (ML) 

-- SDA 

VA008668 

Note: we srgnalrs only avarlable for ST24125W16 products 

1/2 
This IS an abbreviated vers1on of the complete document The full document 1s available separately 
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ST24/25C16, ST24/25W16 

Figure 2A. DIP Pin Connections 

ST24x16 
ST25x16 

PRcovcc 
PBO 2 7 MODE/WC 
PB1 3 6 SCL 

Vss 4 5 SDA 

VA00867B 

Figure 2C. SOB Pin Connections 

ST24x16 
ST25x16 

PRE[]8 Vee 
PBO 2 7 MODE/WC 
PB1 3 6 SeL 

Vss 4 5 SDA 

VA00500 

DESCRIPTION (cont'd) 

in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. 

Figure 28. 5014 Pin Connections 

ST24x16 
ST25x16 

NC NC 
PRE Vee 
PBO MODE/We 

NC Ne 
PB1 SCL 

Vss SDA 

NC NC 

VA00868B 

Warning: NC = No Connection 

The ST25x16 operates with a power supply value 
as low as 2.5V. Both Plastic Dual-in-Line and Plas
tic Small Outline packages are available. 

The memories are compatible with the 12C stan
dard, two wire serial interface which uses a bi-di
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. The memories behave as slave devices in the 
12C protocol with all memory operations synchro
nized by the serial clock. Read and write operations 
are initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 101 0), 3 block 
select bits, plus one read/write bit and terminated 
by an acknowledge bit. When writing data to the 
memory it responds to the 8 bits received by as
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it acknowl
edges the receipt of the data bytes in the same way. 
Data transfers are terminated with a STOP condi
tion. 

Data in the 4 upper blocks of t~1e memory may be 
write protected. The protected area is programma
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the input 
pins PBO, PB1. Protection is enabled by setting a 
Protect Flag bit when the PRE input pin is driven 
High. 

=21.::.2------------ Eii ~i~©m~~~Cll?©~ --------------
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ST24E16D 
ST25E16D 

SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH 12C BUS 

c COMPATIBLE with 12C EXTENDED 
ADDRESSING 

" TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

c MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 

c SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24E1 6D version 
- 2V to 5.5V for ST25E1 6D version 

c WRITE CONTROL FEATURE 
c BYTE and PAGE WRITE (up to 16 BYTES) 
" BYTE, RANDOM and SEQUENTIAL READ 

MODES 
" SELF TIMED PROGRAMING CYCLE . 
c AUTOMATIC ADDRESS INCREMENTING 
c ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 

The ST24/25E1 60 are 1 6K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. It is manufactured in 
SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The 
ST25E16D operates with a power supply value as 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Senal Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

October 1993 

'~ 
1[1~~~ 
~nD. 'r)l'. 

8 l {fl 

PSDIP8 (B) 
0.25mm Frame 

ABBREVIATED DATA 

c.t>s.---\ 
8 \--~' 

\Lt'l 
1 

PS08 (M) 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 ~ -SDA 
ST24E16D 
ST25E16D 

SCL-
we --c 

I 
Vss 

VA01102 

1/2 

Th1s 1s an abbrev1ated vers1on of the complete document The fu!l document IS ava1lable separately 
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ST24/25E16D 

Figure 2A. DIP Pin Connections 

ST24E160 
ST25E160 

EO[]B Vee 
E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 
VA01103 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

TLEAD Lead Temperature, Soldering (SOB) 
(PSDIPB) 

v,o Input or Output Voltages 

Vee Supply Voltage 

Figure 28. SO Pin Connections 

ST24E160 
ST25E16D 

EO[]S Vee 
E1 2 7 we 

E2 3 6 SeL 

Vss 4 5 SDA 
VA01104 

Value 

grade 1 Oto 70 
grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

40 sec 215 
10 sec 260 

-0.3 to 6.5 

-0.3 to 6.5 

Unit 

oc 

oc 

oc 

v 
v 

VESD 
ElectrostatiC Discharge Voltage (Human Body model) 121 4000 v 
Electrostatic Discharge Voltage (Machine model) 131 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the dev1ce. These are stress ratmgs only and operation of the device at these or any other 
cond1t1ons above those indicated 1n the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Rating cond1t1ons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2 100pFthrough 1500!1; MIL-STD-883C. 3015.7 
3 200pF through on; EIAJ IC-121 (condition C) 

DESCRIPTION (cont'd) 

low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 

Each memory is compatible with the 12C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E16D carry a built-in 4 bit, 
unique device identification code (1 01 0) corre
sponding to the 12C bus definition. The 
ST24/25E16D behave as slave devices in the 12C 
protocol with all memory operations synchronized 

by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. 

The START condition is followed by a stream of 4 
bits (identification code 101 0), 3 bit Chip Enable 
input to form a 7 bit Device Select, plus one 
read/write bit and terminated by an acknowledge 
bit. When writing data to the memory it responds to 
the 8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 

~2/.:::.2 ____________ ~ ~~~©m~'Yl:~Y~ --------------
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FEATURES 

a PEAK PULSE POWER= 1500 W @ 1 ms. 
a BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 440 V. 
• UNI AND BIDIRECTIONAL TYPES. 
a LOW CLAMPING FACTOR. 
a FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 
a UL RECOGNIZED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power diSSipation 
See note 1 and deratmg curve F1g 1 . 

p Power diSSipation on 1nf1mte heatsmk 
See note 1 and derat1ng curve F1g 1. 

IFSM Non repet1t1ve surge peak forward current 
For Umd1rect1onal types. 

Tstg Storage and JUnction temperature range 
Tj 

TL Max1mum lead temperature for soldering 
dJring 10 s 

November 1992 

1.5KE6V8P,A/440P,A 
1.5KE6V8CP,CA/440CP,CA 

TRANSIL 

•• 
CB429 
(Plastic) 

MECHANICAL CHARACTERISTICS 

" Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

a Tinned copper leads. 
" High temperature soldenng. 

I 
Value Unit 

Tamb =25ac 1500 w 

Tlead = 75°C 5 w 

Tamb =25ac 250 A 
t=10 ms 

I 
I 

-65 to+ 175 oc 

I 
I 
I 175 ac 

I 

I 
230 ac 

I 

1/7 
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1.5KExx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinite heatsink 20 °C/W 

Rth U-a) Junction to ambient. on pnnted circuit. Llead = 10 mm 75 °C/W 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 
I 

VRM Stand-off voltage. 
If --/ 

r 
VBR Breakdown voltage. I; 

VeL VeR 
VeL Clamping voltage. \ I VRM I))F / 
IRM Leakage current @ VRM. 

1RM 
v c------lpp Surge current. 

a.T Voltage temperature coefficient. 

VF Forward Voltage drop -------- lpp 
VF < 3.5V @ IF = 1 00 A. 

TYPES IRM@VRM VeR @ IR VeL@ lpp VeL@ lpp a.T c 

max min nom max max max max typ 

note2 10/1000f!S 8/20f!S note3 note4 

Unidirectional Bidirectional f!A v v v v mA v A v A 10-4toc (pF) 

P 1.5KE6V8P P 1 .5KE6V8CP 1000 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 9500 
P 1.5KE6V8A P 1.5KE6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
P 1.5KE7V5P 1.5KE7V5CP 500 6.4 7.13 7.5 8.25 10 11.3 132 14.5 690 6.1 8500 

1.5KE7V5A P 1.5KE7V5CA 500 6.4 7.13 7.5 7.88 10 11.3 132 14.5 690 6.1 8500 
1.5KE8V2P 1.5KE8V2CP 200 7.02 7.79 8.2 9.02 10 12.1 124 15.5 645 6.5 8000 

P 1.5KE8V2A P 1.5KE8V2CA 200 7.02 7.79 8.2 8.61 10 12.1 124 15.5 645 6.5 8000 
1.5KE9V1P 1.5KE9V1CP 50 7.78 8.65 9.1 10 1 13.4 112 17.1 585 6.8 7500 
1.5KE9V1A 1.5KE9V1CA 50 7.78 8.65 9.1 9.55 1 13.4 112 17.1 585 6.8 7500 
1.5KE10P 1.5KE10CP 10 8.55 9.5 10 11 1 14.5 103 18.6 538 7.3 7000 

P 1.5KE10A P 1.5KE10CA 10 8.55 9.5 10 10.5 1 14.5 103 18.6 538 7.3 7000 
1.5KE11P 1.5KE11CP 5 9.4 10.5 11 12.1 1 15.6 96 20.3 493 7.5 6400 
1.5KE11A 1.5KE11CA 5 9.4 10.5 11 11.6 1 15.6 96 20.3 493 7.5 6400 
1.5KE12P P 1.5KE12CP 5 10.2 11.4 12 13.2 1 16.7 90 21.7 461 7.8 6000 

P 1.5KE12A P 1.5KE12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 461 7.8 6000 
1.5KE13P 1.5KE13CP 5 11.1 12.4 13 14.3 1 18.2 82 23.6 423 8.1 5500 

P 1.5KE13A P 1.5KE13CA 5 11.1 12.4 13 13.7 1 18.2 82 23.6 423 8.1 5500 
P 1.5KE15P P 1.5KE15CP 5 12.8 14.3 15 16.5 1 21.2 71 27.2 368 8.4 5000 
P 1.5KE15A P 1.5KE15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 368 8.4 5000 

1.5KE16P 1.5KE16CP 5 13.6 15.2 16 17.6 1 22.5 67 28.9 346 8.6 4700 
1.5KE16A 1.5KE16CA 5 13.6 15.2 16 16.8 1 22.5 67 28.9 346 8.6 4700 

P 1.5KE18P P 1.5KE18CP 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 308 8.8 4300 
P 1.5KE18A P 1.5KE18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 308 8.8 4300 
P 1.5KE20P P 1.5KE20CP 5 17.1 19 20 22 1 27.7 54 36.1 277 9.0 4000 
P 1.5KE20A 1.5KE20CA 5 17.1 19 20 21 1 27.7 54 36.1 277 9.0 4000 

1.5KE22P 1.5KE22CP 5 18.8 20.9 22 24.2 1 30.6 49 39.3 254 9.2 3700 

P = Prefered device 
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1.5KExx 

TYPES IRM@VRM VBR @ IR VcL@Ipp VcL@Ipp aT c 

max min nom max max max max typ 

note2 10/1000~5 8/20~5 note3 note4 

Unidirectional Bidirectional ~A v v v v rnA v A v A 10·4toc (pF} 

1.5KE22A 1.5KE22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 254 9.2 3700 
1.5KE24P 1.5KE24CP 5 20.5 22.8 24 26.4 1 33.2 45 42.8 234 9.4 3500 

P 1.5KE24A 1.5KE24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 234 9.4 3500 
P 1.5KE27P 1.5KE27CP 5 23.1 25.7 27 29.7 1 37.5 40 48.3 207 9.6 3200 

1.5KE27A 1.5KE27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 207 9.6 3200 
1.5KE30P P 1.5KE30CP 5 25.6 28.5 30 33 1 41.5 36 53.5 187 9.7 2900 

P 1.5KE30A P 1.5KE30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 187 9.7 2900 
P 1.5KE33P P 1.5KE33CP 5 28.2 31.4 33 36.3 1 45.7 33 59.0 169 9.8 2700 
P 1.5KE33A 1.5KE33CA 5 28.2 31.4 33 34.7 1 45.7 33 59.0 169 9.8 2700 
P 1.5KE36P P 1.5KE36CP 5 30.8 34.2 36 39.6 1 49.9 30 64.3 156 9.9 2500 
P 1.5KE36A P 1.5KE36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 156 9.9 2500 
P 1.5KE39P P 1.5KE39CP 5 33.3 37.1 39 42.9 1 53.9 28 69.7 143 10.0 2400 
P 1.5KE39A P 1.5KE39CA 5 33.3 37.1 39 41.0 1 53.9 28 69.7 143 10.0 2400 

1.5KE43P 1.5KE43CP 5 36.8 40.9 43 47.3 1 59.3 25.3 76.8 130 10.1 2200 
P 1.5KE43A p 1.5KE43CA 5 36.8 40.9 43 45.2 1 59.3 25.3 76.8 130 10.1 2200 

1.5KE47P 1.5KE47CP 5 40.2 44.7 47 51.7 1 64.8 23.2 84 119 10.1 2050 
P 1.5KE47A P 1.5KE47CA 5 40.2 44.7 47 49.4 1 64.8 23.2 84 119 10.1 2050 

1.5KE51P 1.5KE51CP 5 43.6 48.5 51 56.1 1 70.1 21.4 91 110 10.2 1950 
P 1.5KE51A 1.5KE51CA 5 43.6 48.5 51 53.6 1 70.1 21.4 91 110 10.2 1950 

1.5KE56P 1.5KE56CP 5 47.8 53.2 56 61.6 1 77 19.5 100 100 10.3 1800 
P 1.5KE56A 1.5KE56CA 5 47.8 53.2 56 58.8 1 77 19.5 100 100 10.3 1800 

1.5KE62P 1.5KE62CP 5 53.0 58.9 62 68.2 1 85 17.7 111 90 10.4 1700 
P 1.5KE62A P 1.5KE62CA 5 53.0 58.9 62 65.1 1 85 17.7 111 90 10.4 1700 
P 1.5KE68P P 1.5KE68CP 5 58.1 64.6 68 74.8 1 92 16.3 121 83 10.4 1550 
P 1.5KE68A P 1.5KE68CA 5 58.1 64.6 68 71.4 1 92 16.3 121 83 10.4 1550 

1.5KE75P 1.5KE75CP 5 64.1 71.3 75 82.5 1 103 14.6 134 75 10.5 1450 
P 1.5KE75A P 1.5KE75CA 5 64.1 71.3 75 78.8 1 103 14.6 134 75 10.5 1450 
P 1.5KE82P P 1.5KE82CP 5 70.1 77.9 82 90.2 1 113 13.3 146 69 10.5 1350 
P 1.5KE82A P 1.5KE82CA 5 70.1 77.9 82 86.1 1 113 13.3 146 69 10.5 1350 

1.5KE91P 1.5KE91CP 5 77.8 86.5 91 100 1 125 12 162 62 10.6 1250 
p 1.5KE91A P 1.5KE91CA 5 77.8 86.5 91 95.5 1 125 12 162 62 10.6 1250 

1.5KE100P 1.5KE100CP 5 85.5 95.0 100 110 1 137 11 178 56 10.6 1150 
p 1.5KE100A 1.5KE100CA 5 85.5 95.0 100 105 1 137 11 178 56 10.6 1150 

1.5KE110P P 1.5KE11 OCP 5 94.0 105 110 121 1 152 9.9 195 51 10.7 1050 
1.5KE110A 1.5KE110CA 5 94.0 105 110 116 1 152 9.9 195 51 10.7 1050 
1.5KE120P 1.5KE120CP 5 102 114 120 132 1 165 9.1 212 47 10.7 1000 

P 1.5KE120A P 1.5KE120CA 5 102 114 120 126 1 165 9.1 212 47 10.7 1000 
1.5KE130P P 1.5KE130CP 5 111 124 130 143 1 179 8.4 230 43 10.7 950 

P 1.5KE130A P 1.5KE130CA 5 111 124 130 137 1 179 8.4 230 43 10.7 950 
1.5KE150P 1.5KE150CP 5 128 143 150 165 1 207 7.2 265 38 10.8 850 

P 1.5KE150A P 1.5KE150CA 5 128 143 150 158 1 207 7.2 265 38 10.8 850 
P 1.5KE160P P 1.5KE160CP 5 136 152 160 176 1 219 6.8 282 35 10.8 BOO 
P 1.5KE160A P 1.5KE160CA 5 136 152 160 168 1 219 6.8 282 35 10.8 800 

1.5KE170P 1.5KE170CP 5 145 161 170 187 1 234 6.4 301 33 10.8 750 
P 1.5KE170A 1.5KE170CA 5 145 161 170 179 1 234 6.4 301 33 10.8 750 

1.5KE180P P 1.5KE180CP 5 154 171 180 198 1 246 6.1 317 31.5 10.8 725 
P 1.5KE180A P 1.5KE180CA 5 154 171 180 189 1 246 6.1 317 31.5 10.8 725 
P 1.5KE200P P 1.5KE200CP 5 171 190 200 220 1 274 5.5 353 28 10.8 675 
P 1.5KE200A P 1 .5KE200CA 5 171 190 200 210 1 274 5.5 353 28 10.8 675 

1.5KE220P P 1 .5KE220CP 5 188 209 220 242 1 328 4.6 388 26 10.8 625 
P 1.5KE220A P 1.5KE220CA 5 188 209 220 231 1 328 4.6 388 26 10.8 625 
P 1.5KE250P P 1.5KE250CP 5 213 237 250 275 1 344 5.0 442 23 11 560 
P 1.5KE250A P 1.5KE250CA 5 213 237 250 263 1 344 5.0 442 23 11 560 

1.5KE280P 1.5KE280CP 5 239 266 280 308 1 384 5.0 494 20 11 520 
1.5KE280A 1.5KE280CA 5 239 266 280 294 1 384 5.0 494 20 11 520 

P = Prefered device 

------------------------~~~ ~i~©~2~~~~~----------------------~3~/7 
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1.5KExx 

TYPES IRM @VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max m1n 

Unidirectional Bidirectional ~A v v 
1.5KE300P p 1.5KE300CP 5 256 285 

P 1.5KE300A 1.5KE300CA 5 256 285 
1.5KE320P 1.5KE320CP 5 273 304 

P 1.5KE320A 1.5KE320CA 5 273 304 
P 1.5KE350P P 1.5KE350CP 5 299 332 

1.5KE350A 1.5KE350CA 5 299 332 
P 1.5KE400P P 1.5KE400CP 5 342 380 

1.5KE400A 1.5KE400CA 5 342 380 
P 1.5KE440P P 1.5KE440CP 5 376 418 

1.5KE440A 1.5KE440CA 5 376 418 

All parameters tested at 25 oc, except where indicated. 

P = Prete red device 

% lpp 

1 00 -+--,...---'-1-=-0 cl'-.::._5-

50 

0 

Note 1 : 

Note 2: 

Note 3: 

Note 4: 

PULSE WAVEFORM 10/1000JLS 

1000 p.s 

For surges greater than the maxrmum values, 
the drode wrll present a shor1-crrcurt Anode- Cathode. 

Pulse test T P < 50 ms 

L'>VsR =aT· (Ta- 25) • VsR(25"C) 

VR = 0 V. F = 1 MHz For b1d1reCt1onal types. 
capacitance value is drvrded by 2 

nom max max max max 

note2 10/1000~5 8/20~5 note3 

v v mA v A v A 10·4;oe 

300 330 1 414 5.0 529 19 11 
300 315 1 414 5.0 529 19 11 
320 352 1 438 4.5 564 18 11 
320 336 1 438 4.5 564 18 11 
350 385 1 482 4.0 618 16 11 
350 368 1 482 4.0 618 16 11 
400 440 1 548 4.0 706 14 11 
400 420 1 548 4.0 706 14 11 
440 484 1 603 3.5 776 13 11 
440 462 1 603 3.5 776 13 11 

Figure 1: Power dissipation derating versus 
ambient temperature 

I 
........ 

1'---- I I I 
............... \_ Peak Power 

100% 

typ 

note4 

(pF) 

500 
500 
460 
460 
430 
430 
390 
390 
360 
360 

80% ......., 

~ 
(on printed circuit) . 

............... 
......... 

0 
Average Power 

"" (on infinite heatsink). 

I I 1\ 

60% 

40% 

20% 
Tamb ("c) 1\ 0% 

0 20 40 60 80 100 120 140 160 180 200 

_417-------------------b~'/l SGS·rnOMSOru __________________ __ 
• J, , l\lJD~I1J@IlW,r;;~iJOO@l\'QG;[j) 

550 



1.5KExx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 J..lS 
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Note : The curves of the frgure 3 are specrfred for a Junctron temperature of 25 oc before surge. 
The grven results may be extrapolated for other Junctron temperatures by usrng the followrng formula : 
!1V (BR) = uT (V(BR)) • [Ta -25]· V (BR) 
For rntermedrate voltages. extrapolate the given results 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
Note : For un1ts w1th VsR > 200 V 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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ORDER CODE 

1.5 KE 100 C A RL 

~ Ammopack 
1500 w ._! I L-. PACKAGING· 

BREAKDOWN VOLTAGE • RL ~Tape and reel 

.. TOLERANCE 
BIDIRECTIONAL •---' A~ +1- 5% 

p ~ -5%, +10%. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
CB429 

L G (J PP L11 'note 1 ~ ~~~-~ 
I 

J I r:; ·--~ 

LOb2 
I J ~ 

0b2~ 

~--~,.---~---- ------ -- ----~-1 
Ref. , Millimeters Inches 1 

I 
I 

I 

mrn max 

1.06 

51 

98 

I 0D 
~~----------

min 

L I 26 1 024 I 

max 

0.042 

0 20 

0.386 

I L 1 I - 1.27 - 0.050 

~~:T~;t;,Gb,i~ n~~oll~d~ ;;,n~l 
Werght ~ 0 85 g. 

Packaging : standard packagrng rs rn tape and reel 
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FEATURES 

• PEAK PULSE POWER= 400 W @ 1 ms. 
• STAND-OFF VOLTAGE RANGE: 

From 5V8 to 376 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 
• UL RECOGNIZED 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied.IC's. · 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power diSSipation 
See note 1 and derating curve F1g 1. 

p Power diss1pat1on on inf1n1te heats~nk 
See note 1 and derating curve F1g 1. 

IFSM Non repet1t1ve surge peak forward current 
For Unidirectional types 

Tstg Storage and JUnCtion temperature range 

TJ 

TL Max1mum lead temperature for soldenng 
dunng 10 s. 

November 1992 

BZW04-5V8, B/376, 8 
BZW04P5V8,8/376,B 

TRANSIL 

~· 
F126 

(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb = 25°C 400 w 

Tlead = 75°C 1.7 w 

Tamb = 25°C 50 A 
t =10 ms 

-65 to+ 175 oc 
175 oc 

230 oc 

1/7 
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BZW04-xx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinJte heatsink 60 oc/W 

Rth U-a) Junction to ambiant. on printed circuit. Llead = 10 mm 100 oc/W 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 25 A. 

------------------- lpp 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 

max min nom max max max max typ 

note2 10/1000~5 8/20~s note3 note4 

Unidirectional Bidirectional !lA v v v v rnA v A v A 10-4;oe (pF) 

P BZW04P5V8 P BZW04P5V8B 1000 5.8 6.45 68 7.48 10 10.5 38 13.4 174 5.7 3500 
BZW04-5V8 BZW04-5V8B 1000 5.8 6.45 6.8 7.14 10 10.5 38 13.4 174 5.7 3500 
BZW04P6V4 p BZW04P6V4B 500 6.4 7.13 7.5 8.25 10 11.3 35.4 14.5 160 6.1 3100 
BZW04-6V4 BZW04-6V4B 500 6.4 7.13 7.5 7.88 10 11.3 35.4 14.5 160 6.1 3100 
BZW04P7VO BZW04P7VOB 200 7.02 7.79 8.2 9.02 10 12.1 33 15.5 148 6.5 2700 
BZW04-7VO BZW04-7VOB 200 7.02 7.79 8.2 8.61 10 12.1 33 15.5 148 6.5 2700 
BZW04P7V8 BZW04P7V8B 50 7.78 8.65 9.1 10 1 13.4 30 17.1 134 6.8 2300 
BZW04-7V8 BZW04-7V8B 50 7.78 8.65 9.1 9.55 1 13.4 30 17.1 134 6.8 2300 
BZW04P8V5 BZW04P8V5B 10 8.55 9.5 10 11 1 14.5 27.6 18.6 124 7.3 2000 
BZW04-8V5 BZW04-8V5B 10 8.55 9.5 10 10.5 1 14.5 27.6 18.6 124 7.3 2000 

p BZW04P9V4 BZW04P9V4B 5 9.4 10.5 11 12.1 1 15.6 25.7 20.3 113 7.5 1750 
BZW04-9V4 BZW04-9V4B 5 9.4 10.5 11 11.6 1 15.6 25.7 20.3 113 7.5 1750 

p BZW04P10 P BZW04P10B 5 10.2 11.4 12 13.2 1 16.7 24 21.7 106 7.8 1550 
BZW04-10 BZW04-10B 5 10.2 1 1.4 12 12.6 1 16.7 24 21.7 106 7.8 1550 

p BZW04P11 p BZW04P1 1 B 5 11.1 12.4 13 14.3 1 18.2 22 23.6 97 8.1 1450 
BZW04-11 BZW04-11B 5 11.1 12.4 13 13.7 1 18.2 22 23.6 97 8.1 1450 

p BZW04P13 P BZW04P13B 5 12.8 14.3 15 16.5 1 21.2 19 27.2 85 8.4 1200 
p BZW04-13 P BZW04-13B 5 12.8 14.3 15 15.8 1 21.2 19 27.2 85 8.4 1200 
p BZW04P14 BZW04P14B 5 13.6 15.2 16 17.6 1 22.5 17.8 28.9 80 8.6 1100 

BZW04-14 BZW04-14B 5 13.6 15.2 16 16.8 1 22.5 17.8 28.9 80 8.6 1100 
p BZW04P15 P BZW04P15B 5 15.3 17.1 18 19.8 1 25.2 16 32.5 71 8.8 975 
p BZW04-15 P BZW04-15B 5 15.3 17.1 18 18.9 1 25.2 16 32.5 71 8.8 975 

BZW04P17 BZW04P17B 5 17.1 19 20 22 1 27.7 14.5 36.1 64 9.0 850 
BZW04-17 BZW04-17B 5 17.1 19 20 21 1 27.7 14.5 36.1 64 9.0 850 
BZW04P19 P BZW04P19B 5 18.8 20.9 22 24.2 1 30.6 13 39.3 59 9.2 800 

P = Prevered device 

_21_7 ________________________ lyg ~i~~~~~~~©~--------------------------
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BZW04-xx 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max min nom max max max max typ 

) note2 10/1000.us 8/20/lS note3 note4 

Unidirectional Bidirectional !lA v v v V I mA v A I v I A 10·4;oe (pF) 

BZW04-19 BZW04-19B 5 18.8 20.9 22,23.1 1 30.6 13 39.3 59 9.2 800 
BZW04P20 P BZW04P20B 5 20.5 22.8 24 26.4 1 33.2 12 42.8 54 9.4 725 
BZW04-20 BZW04-20B 5 20.5 22.8 24 

r~:; 
1 33.2 12 42.8 54 9.4 725 

BZW04P23 P BZW04P23B 5 23.1 25.7 27 1 37.5 10.7 48.3 48 9.6 625 
BZW04-23 BZW04-23B 5 23.1 25.7 27 28.4 1 37.5 10.7 48.3 48 9.6 625 

P BZW04P26 BZW04P26B 5 25.6 28.5 30 33 1 41.5 9.6 53.5 43 9.7 575 
BZW04-26 BZW04-26B 5 25.6 28.5 30 31.5 1 41.5 9.6 53.5 43 9.7 575 

P BZW04P28 P BZW04P28B 5 28.2 31.4 33 36.3 1 45 7 8.8 59.0 39 9.8 510 
BZW04-28 BZW04-28B 5 28.2 31.4 33 34 7 1 45.7 8.8 59.0 39 9.8 510 
BZW04P31 BZW04P31B 5 30.8 34.2 36 39.6 1 49.9 8 64.3 36 9.9 480 

P BZW04-31 BZW04-31B 5 30.8 34.2 36 37.8 1 49.9 8 64.3 36 9.9 480 
P BZW04P33 P BZW04P33B 5 33.3 37.1 39 42.9 1 53.9 7.4 69 7 33 10.0 450 
P BZW04-33 BZW04-33B 5 33.3 37.1 39 41.0 1 53.9 7.4 69.7 33 10.0 450 

BZW04P37 BZW04P37B 5 36.8 40.9 43 47.3 1 59.3 6.7 76.8 30 10.1 400 
BZW04-37 P BZW04-37B 5 36.8 40.9 43 45.2 1 59.3 6.7 76 8 30 10.1 400 
BZW04P40 BZW04P40B 5 40.2 44.7 47 51.7 1 64.8 6.2 84 27 10.1 370 
BZW04-40 BZW04-40B 5 40.2 44.7 47 49.4 1 64.8 6.2 84 27 10.1 370 
BZW04P44 BZW04P44B 5 43.6 48.5 51 56.1 1 70.1 5.7 91 25 10.2 350 
BZW04-44 BZW04-44B 5 43.6 48.5 51 53 6 1 70.1 5.7 91 25 10.2 350 
BZW04P48 P BZW04P48B 5 47.8 53.2 56 61.6 1 77 5.2 100 23 10.3 320 

P BZW04-48 P BZW04-48B 5 47.8 53.2 56 58.8 1 77 5.2 100 23 10.3 320 
BZW04P53 BZW04P53B 5 53.0 58.9 62 68.2 1 85 4.7 111 21 10.4 290 
BZW04-53 BZW04-53B 5 53.0 58.9 62 65.1 1 85 4.7 111 21 10.4 290 

P BZW04P58 P BZW04P58B 5 58.1 64.6 68 74.8 1 92 4.3 121 19 10.4 270 
BZW04-58 BZW04-58B 5 58.1 64.6 68 71.4 1 92 4.3 121 19 10.4. 270 
BZW04P64 BZW04P64B 5 64.1 71.3 75 82.5 1 103 3.9 134 17 10.5 250 

P BZW04-64 BZW04-64B 5 64.1 71.3 75 78.8 1 103 3.9 134 17 10.5 250 
BZW04P70 BZW04P70B 5 70.1 77.9 82 90 2 1 113 3.5 146 16 10.5 230 
BZW04-70 P BZW04-70B 5 70.1 77.9 82 86.1 1 113 3.5 146 16 10.5 230 
BZW04P78 BZW04P78B 5 77.8 86.5 91 100 1 125 3.2 162 14 10.6 210 
BZW04-78 BZW04-78B 5 77.8 86.5 91 95.5 1 125 3.2 162 14 10.6 210 

P BZW04P85 P BZW04P85B 5 85.5 95.0 100 110 1 137 2.9 178 13 10.6 200 
BZW04-85 BZW04-85B 5 85.5 95.0 100 105 1 137 2.9 178 13 10 6 200 
BZW04P94 BZW04P94B 5 94.0 105 110 121 1 152 2.6 195 12 10.7 185 
BZW04-94 BZW04-94B 5 94.0 105 110 116 1 152 2.6 195 12 10.7 185 
BZW04P102 BZW04P102B 5 102 114 120 132 1 165 2.4 212 11 10.7 170 
BZW04-102 BZW04-102B 5 102 114 120 126 1 165 2.4 212 11 10.7 170 
BZW04P111 P BZW04P111B 5 111 124 130 143 1 179 22 230 10 10.7 165 
BZW04-111 BZW04-111B 5 111 124 130 137 1 179 22 230 10 10.7 165 

P BZW04P128 P BZW04P128B 5 128 143 150 165 1 207 20 265 9 10.8 145 
BZW04-128 BZW04-128B 5 128 143 150 158 1 207 2.0 265 9 10.8 145 

P BZW04P136 P BZW04P136B 5 136 152 160 176 1 219 1.8 282 8 10.8 140 
P BZW04-136 P BZW04-136B 5 136 152 160 168 1 219 1.8 282 8 10.8 140 
P BZW04P145 P BZW04P145B 5 145 161 170 187 1 234 1.7 301 7.5 10.8 135 

BZW04-145 BZW04-145B 5 145 161 170 179 1 234 1.7 301 75 10.8 135 
BZW04P154 BZW04P154B 5 154 171 180 198 1 246 1.6 317 7 10.8 125 
BZW04-154 BZW04-154B 5 154 171 180 189 1 246 1.6 317 7 10 8 125 
BZW04P171 BZW04P171B 5 171 190 200 220 1 274 1.5 353 6.5 10.8 120 
BZW04-171 BZW04-171 B 5 171 190 200 210 1 274 1.5 353 6.5 10.8 120 
BZW04P188 P BZW04P188B 5 188 209 220 242 1 328 1.4 388 6 10.8 110 
BZW04-188 BZW04-188B 5 188 209 220 231 1 328 1.4 388 6 10.8 110 
BZW04P213 P BZW04P213B 5 213 237 250 275 1 344 1.5 442 5.2 11 100 
BZW04-213 BZW04-213B 5 213 237 250 263 1 344 1.5 442 5.2 11 100 

P BZW04P239 P BZW04P239B 5 239 266 280 308 1 384 1.5 494 4.6 11 95 
BZW04-239 BZW04-239B 5 239 266 280 294 1 384 1.5 494 4.6 11 95 

P = Prevered dev1ce 
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BZW04-xx 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max min 

Unidirectional Bidirectional llA v v 
BZW04P256 BZW04P256B 5 256 285 
BZW04-256 BZW04-256B 5 256 285 
BZW04P273 BZW04P273B 5 273 304 
BZW04-273 BZW04-273B 5 273 304 
BZW04P299 P BZW04P2998 5 299 332 

P BZW04-299 P BZW04-299B 5 299 332 
BZW04P342 P BZW04P342B 5 342 380 
BZW04-342 P BZW04-342B 5 342 380 

P BZW04P376 P BZW04P376B 5 376 418 
BZW04-376 P BZW04-376B 5 376 418 

All parameters tested at 25 "C, except where indicated. 

P = Prefered device 

% lpp 

100 +-~-1_0 ~/L_S_ 

50 

0 

Note 1 : 

Note 2: 

Note 3: 

Note 4: 

PULSE WAVEFORM 10/10001's 

For surges greater than the max1mum values, 
the diode Will present a short·CifCUit Anode· Cathode 

Pulse test. T e < 50 ms 

l>VsR =aT· (Ta ·25) ·VsR[25'Ci 

VR = 0 V, F = 1 MHz. For bidirectional types, 
capacitance value IS d1v1ded by 2 

nom max max max max typ 

note2 10/1000!15 8/20!15 note3 note4 

v v mA v A v A 10-4/oc (pF) 

300 330 1 414 1.2 529 4.3 11 90 
300 315 1 414 1.2 529 4.3 11 90 
320 352 1 438 1.2 564 4 11 85 
320 336 1 438 1.2 564 4 11 85 
350 385 1 482 0.9 618 3.7 11 80 
350 368 1 482 0.9 618 3.7 11 80 
400 440 1 548 0.9 706 3.2 11 75 
400 420 1 548 0.9 706 3.2 11 75 
440 484 1 603 0.8 776 3 11 70 
440 462 1 603 0.8 776 3 11 70 

Figure 1: Power dissipation derating versus 
ambient temperature 

80% 

J -..... 
r----- I I I 

i"--.. ~ Peak Power 
~ 

~ 
(on printed circuit). 

........... 

"' 
......... 

1'---
Average Power 

(on infinite heatsink). 

100% 

60% 

40% 

20% I I "' Tamb ('c) l'\ 0 I I I oo;. 
0 20 40 60 80 100 120 140 160 180 200 

_41_7 ______________________ ~~~ ~~~~~~~~~~~~------------------------
558 



BZW04-xx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponent:al waveform t = 20 !JS 

t = 1 ms -------------
1 =10 ms ............. .. 

VeL (V) 

I I I II I I i I 1: 

: ! I ill i llpp (A) I' 
1~----~~liL--~~~~L-~~~LU~--~~·_LILI~I 
0.1 1000 

Note :The curves of the figure 3 are spec1f1ed for a JUnction temperature of 25 "C before surge. 
The g1ven results may be extrapolated for other JUnction temperatures by usmg the followmg formula : 
t. V (BR) = aT (V(BR)) • [T a -25] • V (BR). 
For intermediate voltages. extrapolate the given results 
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BZW04-xx 

Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For un1ts w1th VsR > 200 V 
VF 1s tw1ce than shown 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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ORDER CODE 

BZW 04 

400W --------'1 
TOLERANCE :~'----' 

- = +1- 5% 
p = -5%, +10%. 

10 8 RL 

PACKAGING: 
= Ammopack 

RL =Tape and reel. 

BIDIRECTIONAL 

STAND-OFF VOLTAGE 

BZW04-xx 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
F 126 (Plastic). 

L 

I note 1 G L1 note 1 I l1 
I 

J J 

Lob 2 0b2~ 

L (Z)D 
r---

If\ 
0 

Packaging · standard packag1ng IS 1n tape and reel. 

Ref Millimeters Inches 

mm max mm max 

0b2 0.76 0.86 0.029 0.034 

0D I 2.95 3.05 0.116 I 0.120 

G 6.05 6.35 0.238 0.250 

L 26 1.024 

L1 1.27 I 0.050 

note1 :The diameter 0 b2 is not controlled over zone L, 

Weight= 0.4 g. 
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FEATURES 

• PEAK PULSE POWER= 5000 W@ 1 ms. 
• STAND-OFF VOLTAGE RANGE: 

From 10Vto 180V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dlss1pa110n 
See note 1 and deratmg curve F1g 1. 

p I Power dissipation on 1nfmite heatsmk 
See note 1 and deratmg curve F1g 1. 

IFSM Non repet1t1ve surge peak forward current 
For UnldlreciiOnal types. 

Tstg Storage and JUnction temperature range 
TJ 

TL Max1mum lead temperature for soldering 
dunng 10 s. 

November 1992 

BZWS0-1 0,8/180,8 

TRANSIL 

AG 
(Piastre) 

MECHANICAL CHARACTERISTICS 

• Body marked with: Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
" High temperature soldering. 

Value I Unit 

Tamb = 25°C 5000 w 

Tlead = 75°C 6.5 w 

Tamb = 25°C 500 A 
t =10 ms 

-65 to+ 175 oc 
175 oc 

230 oc 

1/6 
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BZWS0-1 0 B/180 B 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth 0-1) Junction-leads on infinite heatsink 15 oc!W 

Rth O-a) Junction to ambient. on printed circuit. Llead = 10 mm 65 oc!W 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ IPP aT e 

max min nom max max max max typ 

note2 10/1000[.15 8/20[lS note3 note4 

Unidirectional Bidirectional JlA v v v v mA v A v A 10-4;oe (pF) 

BZW50-10 BZW50-10B 5 10 11.1 12.4 13.6 1 18.8 266 23.4 2564 7.8 24000 
BZW50-12 BZW50-12B 5 12 13.3 14.8 16.3 1 22 227 28 2143 8.4 18500 
BZW50-15 BZW50-15B 5 15 16.6 18.5 20.4 1 26.9 186 35 1714 8.8 13500 
BZW50-18 BZW50-18B 5 18 20 22.2 24.4 1 32.2 155 41.5 1446 9.2 11500 
BZW50-22 BZW50-22B 5 22 24.4 27.1 29.8 1 39.4 127 51 1177 9.6 8500 
BZW50-27 8ZW50-278 5 27 30 33.3 36.6 1 48.3 103 62 968 9.8 7000 
BZW50-33 BZW50-33B 5 33 36.6 40.7 44.7 1 59 85 76 789 1.0 5750 
BZW50-39 BZW50-39B 5 39 43.3 48.1 53 1 69.4 72 90 667 10.1 4800 
BZW50-47 BZW50-47B 5 47 52 57.8 63.6 1 83.2 60.1 108 556 10.3 4100 
BZW50-56 BZW50-56B 5 56 62.2 69.1 76 1 99.6 50 129 465 10.4 3400 
BZW50-68 BZW50-68B 5 68 75.6 84 92.4 1 121 41 157 382 10.5 3000 
BZW50-82 BZW50-828 5 82 91 101.2 111 1 145 34 189 317 10.6 2600 
BZW50-100 BZW50-100B 5 100 111 123.5 136 1 179 28 228 263 10.7 2300 
BZW50-120 BZW50-120B 5 120 133 148.1 163 1 215 23 274 219 10.8 1900 
BZW50-150 BZW50-150B 5 150 166 185.2 204 1 269 19 343 175 10.8 1700 
BZW50-180 BZW50-180B 5 180 200 222 244 1 322 16 410 146 10.8 1500 

All parameters tested at 25 oc, except where indicated. 

Note 2: Pulse test: T P < 50 ms. 

Note 3: i'>Vse ~aT • (Ta- 25) • VBRI25"CJ. 

Note 4: VA~ 0 V, F ~ 1 MHz. For bidtreclional types, capacitance value is divided by 2. 

=2/=6-----------------------~~~ ~~~@~~~:~?©~-------------------------
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% lpp 

1 00 -l-----..-----'1_::_0r:f'_::_S_ 

PULSE WAVEFORM 10/1000f<S 

50 

0 

1000 f'S 

Note 1 : For surges greater than the max1mum values, 
the diode w11i present a short-CirCUit Anode- Cathode. 

BZW50-10 8/180 B 

Figure 1: Power dissipation derating versus 
ambient temperature 
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BZWS0-10 B/180 8 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 f.!S 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
!:N (BR) =aT (V(BR)) • [T a -25] • V (BR). 
For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 

10 100 

Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For umts w1th Vse > 200 V 
VF 1s tw1ce than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 1 Omm. 
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BZWS0-1 0 B/180 B 

ORDER CODE 

BZW 50 -10 8 

5000W _j I 

STAND-OFF VOLTAGE~ ._____..BIDIRECTIONAL. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
AG plastic. 

Ref Millimeters Inches 

... l1~ 

_IL' 
1-r--~-r-- -----

11 : 

' :~ 
note 2 

Packaging : standard packaging IS in bulk. 

min max min max 

0b2 1.35 1.45 0.053 0.057 

0D - 8 - 0.315 

G - 9.8 - 0.354 

L 20 0.787 -
L1 - 1.27 0.050 

note 1 : The lead diameter 0 b2 is not Controlled over 
zone L, 
note 2 : 20mm minimum between bendings 

Weight = 1.6 g. 

_616 ___________________ r.==scs-~OMSON--------------------
A. "!I li:llU©Ill@ilii!,§©1J001ii~O©iil 
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L3100B 
L310081 

PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR 
AND CURRENT LIMITER 

FEATURES 

• UNIDIRECTIONAL FUNCTION 
• PROGRAMMABLE BREAKDOWN VOLTAGE 

UP TO 265 V 
• PROGRAMMABLE CURRENT LIMITATION 

FROM 50 rnA TO 550 rnA 
• HIGH SURGE CURRENT CAPABILITY 

lpp = 1 OOA 10/1000 JlS 

DESCRIPTION 

Dedicated to sensitive telecom equipment 
protection, this device can provide both voltage 
protection and current limitation with a very tight 
tolerance. 
Its high surge current capability makes the 
L31 OOB a reliable protection device for very 
exposed equipment, or when series resistors are 
very low. 
The breakdown voltage can be easily 
programmed by using an external zener diode. 
A multiple protection mode can also be 
performed when using several zener diodes, 
providing each line interface with an optimized 
protection level. 
The current limiting function is achieved with the 
use of q resistor between the gate and the 
cathode. The value of the resistor will determine 
the level of the desired current. 

CONNECTION DIAGRAM 

Gate-N Anode 

NC Anode 

Gate-P Anode 

Cathode Anode 

OIL 8 
{Plastic) 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17- K20 { 10/700 J.!S 1.5 kV 

5/310 J.!S 38A 

VDE 0433 { 10/700 J.!S 2 kV 

5/200 J.!S 50 A 

CNET { 0.5/700 J.!S 1.5 kV 

0.2/310 J.!S 38A 

SCHEMATIC DIAGRAM 

Anode 

Gate-P 

Cathode 

1/7 
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L31008/L310081 

ABSOLUTE RATINGS (limiting values)(- 40°C :s; Tamb :s; +85°C) 

Symbol Parameter Value Unit 

lpp Peak pulse current 10/1000 J.IS 100 A 
8/20 J.IS 250 

ITSM Non repetitive surge peak on-state current tp= 10 ms 50 A 

di/dt Critical rate of rise of on-state current Non repetitive 100 AIJ.!S 

dv/dt Critical rate of rise of off-state voltage 67%VBR 5 KV/J.!S 

Tstg Storage and operating junction temperature range -40t0+150 oc 
Tj + 150 oc 

Pulse waveform 1 0/1 OOOJ.!S 

THERMAL RESISTANCE 

Symbol Parameter Value Unit 

Rth 0-a) Junction-to-ambient 80 °CIW 

_2!_? ___________ "'-.,l ~~tmg~~~©~------------
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ELECTRICAL CHARACTERISTICS. 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakover voltage 

IH Holding current 

VT On-state voltage @ IT 

lpp I lr 

rso 

IH 

I so Breakover current 

lpp Peak pulse current 
1m A 
IRM -VG Gate voltage Vr VRM 

IG Firing gate current 

OPERATION WITHOUT GATE. 

Type IRM@ VRM VsR@ IR Vso @ leo IH 

max min max min max min 

note 1 note 1 

~A v v rnA v rnA rnA rnA 

L3100B 6 60 265 1 350 200 500 280 
40 250 

L3100B1 6 60 255 1 350 200 500 210 
40 250 

OPERATION WITH GATES. 

Type VGN @ IGN = 200 rnA IGN@ VAC = 100V VRGN @ IG = 1mA 

min max min 

v v rnA 

L3100B/B1 0.6 1.8 30 

All parameters tested at 25'C. except where indicated otherwtse. 

Note 1: 
Note 2: 
Note 3: 

See the reference test ctreutt for IH. lsoand Vso parameters 
Square pulse T e= 500~s- 1r ~ 1 A. 
VR ~ 5 V, f ~ 1MHz. 

max min 

rnA v 

200 0.7 

L3100B/L310081 

VsR Vso 
v 

VT c· 
max max 

note 2 note 3 

v pF 

2 100 

2 100 

IGP @ VAC = 100V -
max 

rnA 

150 

------------------------~~~ ~~i©~g~~~~~~-----------------------3_17 
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L31 008/L31 0081 

REFERENCE TEST CIRCUIT FOR IH, lao and Vso parameters : 

Transformer 
220V/BOOV 

SA 

TEST PROCEDURE : 

_fL Tp = 20ms 

• Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VouTSelection 
- Device with VsR :;; 150 Volt 

- VouT = 250 VRMs, R1 = 140 n. 
- Device with VsR ~ 150 Volt 

- VouT = 480 VRMs, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT= GO - NOGO TEST. 

Vp: 
1KV 

Surge Generator 
10/700 p,sec 

Vp :1KV /lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test circuit. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A, 10/700 J.!S. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 

-~-7---------------------~~l ~~~~~~~~~~-----------------------
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Figure 1 : Non-repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
pulse: F = 50 Hz). 
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Figure 3 : Relative variation of breakdown 
voltage versus ambient temperature. 
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L31 OOB/L31 0081 

Figure 2 : Relative variation of holding current 
versus junction temperature. 
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Figure 4 : Junction capacitance versus reverse 
applied voltage. 
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L3100B/L310081 

APPLICATION CIRCUIT 

Overvolta e Protection and Current limitation 

HOOK 

.--------------
1 
I 

I 

+ ""-----------~ A 

L3100B\B1 GN 
~::...._-~ 

c 

SPEECH 

DIALING 

RINGER 

Table below gives the tolerance of the limited current lr for each standardized resistor value. 
The formula (1) has been used with VGN values specified at the typical gate current level IGN. 

CURRENT TOLERANCE 
R IT IT 
n mA mA 

( ±5%) min max 

3.00 268 533 A 
3.30 246 503 
3.60 228 478 
3.90 213 456 
4.30 196 433 L3100B 
4.70 181 413 
5.10 170 396 
5.60 158 379 c 
6.20 145 361 
6.80 135 347 
7.50 152 333 
8.20 117 322 
9.10 108 310 
10.10 101 299 
11.00 95 291 
12.00 90 283 
13.00 85 277 

I v GN +I 
T = -- GN 

I'Ja 
15.00 78 266 
16.00 75 263 
18.00 70 256 
20.00 66 250 VGN @ IGN 
22.00 62 245 
24.00 60 242 
27.00 56 237 
30.00 54 233 

Min Max Typ. 

v I v I mA 

0.75 I 0.95 I 100 

-6'-7-----------"'-.,L ~~~~m2~~~~14------------
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L31 OOB/L31 0081 

Ground key telephone set Protection 

~--------1 

DIALING 

CIRCUIT 

t_------- J 

PROTECTION MODES : 

OFF HOOK = Ringer circuit protection is ensured with breakdown voltage at 265 V. 

ON HOOK = In dialing mode and in conversation mode, the breakdown voltage of L31 008 can be 
adapted to different levels with two zener diodes. 

ORDER CODE 

L3100 8 ·1 

VERSION. •-1 
= VBR = 265 V 
= VBR = 255 V 

MARKING : Logo, Date Code,part Number. 

PACKAGING : Products supplied in antistatic tubes. 

PACKAGE MECHANICAL DATA (m mtlhmeters). 

OIL 8 Plastic 

POOl FW1 

----------- ?='= SCS·THOMSON ___________ 717 .. ""!I li!:iJOIQ;!Rl@r>OOJEC~1TL':lliil:\ID©I\l 
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FEATURES 

• BIDIRECTIONAL CROWBAR PROTECTION. 
• BREAKDOWN VOLTAGE RANGE: 

FROM 18 V To 120 V. 
• HOLDING CURRENT= 200 mA min. 
• HIGH SURGE CURRENT CAPABILITY 

lpp = 1 OOA 1 0/1 000 !lS 

DESCijWTION 

The LS50xxB series has been designed to 
protect telecommunication equipment against 
lightning and transients induced by AC power 
lines. 
Its high surge current capability makes the 
LS50xx8 a reliable protection device for very 
exposed equipment, or when series resistors are 
very low. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17 - K20 { 10/700 J.IS 1.5 kV 
5/310 J.!S 38 A 

VDE 0433 { 10/700 J.!S 2 kV 

5/200 J.!S 50 A 

CNET { 0.5/700 J.IS 1.5 kV 

0.2/310 J.IS 38 A 

LS50188 
LS5060B/LS51208 

OIL 8 
(PlaStiC) 

SCHEMATIC DIAGRAM 

TRISIL 

ABSOLUTE RATINGS (limiting values) (- 40°C ~ Tamb ~ +85°C) 

Symbol Parameter Value Unit 

lpp Peak pulse current 10/1000 J.!S 100 A 
8/20 J.!S 250 

ITSM Non repetitive surge peak on-state current tp = 20 ms 50 A 

dildt Critical rate of rise of on-state current Non repetitive 100 AIJ.!S 

dv/dt Critical rate of rise of off-state voltage 67%VBR 5 KV/J.IS 

Tstg Storage and operating JUnction temperature range -40 to+ 150 o(; 
Tj 150 oc 

1/5 
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LS50188/LS50608/LS51208 

THERMAL RESISTANCE 

Symbol Parameter 

Rth U-a) Junction-to-ambient 

ELECTRICAL CHARACTERISTICS. 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

VBo Breakovervoltage 

IH Holding current 

VT On-state voltage @ IT 

lBO Breakover current 

lpp Peak pulse current 

Type IRM @VRM VBR@ IR Vso 

max min max 

~- v v rnA v 

LS5018B 5 16 17 1 22 

LS5060B 10 50 60 1 85 

LS5120B 20 100 120 1 180 

All parameters tested at 25°C, except where 1nd1cated. 

Note 1 : 
Note 2: 

See the reference test circuit for IH, lao and Vao parameters. 
Square pulse lp= 500~s -lr= 1A. 

Note 3: VA= 5 V, F =1M Hz. 

578 

@ lBO 

min max 

note 1 

rnA rnA 
1300 

1000 

500 1250 

Value 

80 

IT -
lpp "l 

lso_ r------

IH - 1: 

) 
IH 

min 

note 1 

rnA 
200 

200 

250 

I 

I I v 
VRM /Vso 

VaR 

DBBTRISIU 

vT 

max 

note 2 

v 

3 

3 

3 

Unit 

oc/W 

c 
max 

note 3 

pF 

150 

150 

150 



LS5018B/LS5060B/LS51208 

REFERENCE TEST CIRCUIT FOR IH, lso and Vso parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

JL Tp = 20ms 

• Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices= Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VouTSelection 
- Device with VsR :o; 150 Volt 

- VouT = 250 VRMS, R1 = 140 Q. 

Device with VsR ~ 150 Volt 
- VoUT = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
10/700 J.tSeC 

Vp :1KV I lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (I H) level in a functional test circuit. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 flS. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 

-------------~"'!1 ~~~~m~~:~~~~------------3_/5 
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LS5018B/LS50608/LS51208 

Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinuso"idal 
pluse: F = 50 Hz). 
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Figure 3 : Relative variation of breakdown 
voltage versus ambient temperature. 
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Figure 2 : Relative variation of holding current 
versus ambient temperature. 
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Figure 4 : Junction capacitance versus reverse 
applied voltage. 

c (pF) 
1000 

--100 

10 
1 

VA (V) 

LS5018-

10 

F 1 MHz 
Tamb 25'C 
I I IIIII 

~J5UJ 11 :-
I. 

. LSSOSo-: 

100 200 

_41_5 ________________________ ~~~ ~~~~~~~~~~©~--------------------------
580 



PACKAGE MECHANICAL DATA (in millimeters). 

OIL 8 Plastic 

~ 
~ 

MARKING : Logo, Date Code,part Number. 

PACKAGING : Products supplied in antistatic tubes. 

LS5018B/LS5060B/LS5120B 

P001-FW1 

--------------------------~~~ ~~~~~~~~,~~~-------------------------5-/5 
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FEATURES 

• PEAK PULSE POWER; 600 W@ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 440 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

Tclamping : 1 ps (0 V to VBR). 
• UL RECOGNIZED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by ' clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power drssipation 
See note 1 and derating curve Fig 1. 

p Power dissipation on infinrte heats ink 
See note 1 and deratrng curve Fig 1. 

IFSM Non repetrtive surge peak forward current 
For Unidirectional types. 

Tstg Storage and junction temperature range 

TJ 

TL Maxrmum lead temperature for solderrng 
during 10 s. 

November 1992 

P6KE6V8P ,A/440P ,A 
P6KE6V8CP ,A/440CP ,CA 

TRANSIL 

~· 
CB417 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

• Tinned copper leads. 
• High temperature soldering. 

Value Unit 

Tamb =25°C 600 w 

Tlead = 75°C 5 w 

Tamb=25°C 100 A 
t=10 ms 

-65 to+ 175 oc 
175 oc 

230 oc 

1/7 
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P6KExx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinite heatsink 20 ocrw 

Rth U-a) Junction to ambient. on printed circuit. Llead = 10 mm 85 ocrw 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 50 A. 

------------------ lpp 

TYPES IRM @VRM VsR @ IR VeL@ lpp VeL@ lpp aT c 
max m1n nom max max max max typ 

note2 10/1000us 8/20us note3 note4 

Unidirectional Bidirectional JlA v v v v rnA v A v A 1o-4;oc (pF) 

P6KE6V8P P P6KE6V8CP 1000 5.8 6.45 6.8 7.48 10 10.5 57 13.4 298 5.7 4000 
p P6KE6V8A P P6KE6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 57 13.4 298 5.7 4000 

P6KE7V5P P6KE7V5CP 500 6.4 7.13 7.5 8.25 10 11.3 53 14.5 276 6.1 3700 
P6KE7V5A P P6KE7V5CA 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 276 6.1 3700 
P6KE8V2P P P6KE8V2CP 200 7.02 7.79 8.2 9.02 10 12.1 50 15.5 258 6.5 3400 

P P6KE8V2A P6KE8V2CA 200 7.02 7.79 8.2 8.61 10 12.1 50 15.5 258 6.5 3400 
P6KE9V1P P6KE9V1CP 50 7.78 8.65 9.1 10 1 13.4 45 17.1 234 6.8 3100 
P6KE9V1A P6KE9V1CA 50 7.78 8.65 9.1 9.55 1 13.4 45 17.1 234 6.8 3100 

P P6KE10P P6KE10CP 10 8.55 9.5 10 11 1 14.5 41 18.6 215 7.3 2800 
P6KE10A P6KE10CA 10 8.55 9.5 10 10.5 1 14.5 41 18.6 215 7.3 2800 
P6KE11P P6KE11CP 5 9.4 10.5 11 12.1 1 15.6 38 20.3 197 7.5 2500 
P6KE11A P6KE11CA 5 9.4 10.5 11 11.6 1 15.6 38 20.3 197 7.5 2500 

P P6KE12P P P6KE12CP 5 10.2 11.4 12 13.2 1 16.7 36 21.7 184 7.8 2300 
P6KE12A P6KE12CA 5 10.2 11.4 12 12.6 1 16.7 36 21.7 184 7.8 2300 
P6KE13P P6KE13CP 5 11.1 12.4 13 14.3 1 18.2 33 23.6 169 8.1 2150 

p P6KE13A P P6KE13CA 5 11.1 12.4 13 13.7 1 18.2 33 23.6 169 8.1 2150 
p P6KE15P P P6KE15CP 5 12.8 14.3 15 16.5 1 21.2 28 27.2 147 8.4 1900 

P6KE15A P6KE15CA 5 12.8 14.3 15 15.8 1 21.2 28 27.2 147 8.4 1900 
P6KE16P P6KE16CP 5 13.6 15.2 16 17.6 1 22.5 27 28.9 138 8.6 1800 
P6KE16A P6KE16CA 5 13.6 15.2 16 16.8 1 22.5 27 28.9 138 8.6 1800 

p P6KE18P P P6KE18CP 5 15.3 17.1 18 19.8 1 25.2 24 32.5 123 8.8 1600 
p P6KE18A P P6KE18CA 5 15.3 17.1 18 18.9 1 25.2 24 32.5 123 8.8 1600 

P6KE20P P P6KE20CP 5 17.1 19 20 22 1 27.7 22 36.1 111 9.0 1500 
p .P6KE20A P P6KE20CA 5 17.1 19 20 21 1 27.7 22 36.1 111 9.0 1500 

P6KE22P P P6KE22CP 5 18.8 20.9 22 24.2 1 30.6 20 39.3 102 9.2 1350 

P = Prefered devrce 

_217 __________ JI..,.'L SGS·THOMSON~---------
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P6KExx 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 

max min nom max max max max typ 

note2 t 0/1 000J1S 8/20J1S note3 note4 
Unidirectional Bidirectional llA v v v v mA v A v A 10-4/'e (pF) 

P6KE22A P6KE22CA 5 18.8 20.9 22 23.1 1 30.6 20 39.3 102 9.2 1350 
P6KE24P P6KE24CP 5 20.5 22.8 24 26.4 1 33.2 18 42.8 93 9.4 1250 

P P6KE24A P6KE24CA 5 20.5 22.8 24 25.2 1 33.2 18 42.8 93 9.4 1250 
P P6KE27P P P6KE27CP 5 23.1 25.7 27 29.7 1 37.5 16 48.3 83 9.6 1150 

P6KE27A P6KE27CA 5 23.1 25.7 27 28.4 1 37.5 16 48.3 83 96 1150 
P P6KE30P P P6KE30CP 5 25.6 28.5 30 33 1 41.5 14.5 53.5 75 9.7 1075 
P P6KE30A P P6KE30CA 5 25.6 28.5 30 31.5 1 41.5 14.5 53.5 75 9.7 1075 

P6KE33P P6KE33CP 5 28.2 31.4 33 36.3 1 45.7 13.1 59.0 68 9.8 1000 
P P6KE33A P P6KE33CA 5 28.2 31.4 33 34.7 1 -45.7 13.1 59.0 68 9.8 1000 
P P6KE36P P P6KE36CP 5 30.8 34.2 36 39.6 1 49.9 12 64.3 62 9.9 950 
P P6KE36A P6KE36CA 5 30.8 34.2 36 37.8 1 49.9 12 64.3 62 9.9 950 
P P6KE39P P P6KE39CP 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 57 10.0 900 
P P6KE39A P P6KE39CA 5 33.3 37.1 39 41.0 1 53.9 11.1 69.7 57 10.0 900 

P6KE43P P6KE43CP 5 36.8 40.9 43 47.3 1 59.3 10.1 76.8 52 10.1 850 
P6KE43A P6KE43CA 5 36.8 40.9 43 45.2 1 59.3 10.1 76.8 52 10.1 850 
P6KE47P P P6KE47CP 5 40.2 44.7 47 51.7 1 64.8 9.3 84 48 10.1 800 
P6KE47A P P6KE47CA 5 40.2 44.7 47 49.4 1 64.8 9.3 84 48 10.1 800 
P6KE51P P P6KE51CP 5 43.6 48.5 51 56.1 1 70.1 8.6 91 44 10.2 750 
P6KE51A P P6KE51CA 5 43.6 48.5 51 53.6 1 70.1 8.6 91 44 10.2 750 
P6KE56P P P6KE56CP 5 47.8 53.2 56 61.6 1 77 7.8 100 40 10.3 700 
P6KE56A P6KE56CA 5 47.8 53.2 56 58.8 1 77 7.8 100 40 10.3 700 
P6KE62P P6KE62CP 5 53.0 58.9 62 68.2 1 85 7.1 111 36 10.4 650 
P6KE62A P6KE62CA 5 53.0 58.9 62 65.1 1 85 7.1 111 36 10.4 650 
P6KE68P P P6KE68CP 5 58.1 64.6 68 74.8 1 92 6.5 121 33 10.4 625 
P6KE68A P6KE68CA 5 58.1 64.6 68 71.4 1 92 6.5 121 33 10.4 625 
P6KE75P P6KE75CP 5 64.1 71.3 75 82.5 1 103 5.8 134 30 10.5 575 
P6KE75A P6KE75CA 5 64.1 71.3 75 78.8 1 103 5.8 134 30 10.5 575 
P6KE82P P P6KE82CP 5 70.1 77.9 82 90.2 1 113 5.3 146 27 10.5 550 
P6KE82A P6KE82CA 5 70.1 77.9 82 86.1 1 113 5.3 146 27 10 5 550 
P6KE91P P6KE91CP 5 77.8 86.5 91 100 1 125 4.8 162 25 10.6 525 
P6KE91A P6KE91CA 5 77.8 86.5 91 95.5 1 125 4.8 162 25 10.6 525 
P6KE100P P6KE100CP 5 85.5 95.0 100 110 1 137 4.4 178 22.5 10.6 500 
P6KE100A P6KE100CA 5 85.5 95.0 100 105 1 137 4.4 178 22.5 10.6 500 
P6KE110P P6KE110CP 5 94.0 105 110 121 1 152 3.9 195 20.5 10.7 470 
P6KE110A P6KE110CA 5 94.0 105 110 116 1 152 3.9 195 20.5 10.7 470 
P6KE120P P6KE120CP 5 102 114 120 132 1 165 3.6 212 19 10.7 450 
P6KE120A P6KE120CA 5 102 114 120 126 1 165 3.6 212 19 10.7 450 
P6KE130P P P6KE130CP 5 111 124 130 143 1 179 3.4 230 17.5 10.7 420 
P6KE130A P6KE130CA 5 111 124 130 137 1 179 3.4 230 17.5 10.7 420 
P6KE150P P P6KE150CP 5 128 143 150 165 1 207 2.9 265 15 10.8 400 

P P6KE150A P P6KE150CA 5 128 143 150 158 1 207 2.9 265 15 10.8 400 
P6KE160P P P6KE160CP 5 136 152 160 176 1 219 2.7 282 14 10.8 380 
P6KE160A P6KE160CA 5 136 152 160 168 1 219 2.7 282 14 108 380 
P6KE170P P6KE170CP 5 145 161 170 187 1 234 2.6 301 13 10.8 370 
P6KE170A P6KE170CA 5 145 161 170 179 1 234 2.6 301 13 10.8 370 
P6KE180P P P6KE180CP 5 154 171 180 198 1 246 2.4 317 12.6 10.8 360 
P6KE180A P6KE180CA 5 154 171 180 189 1 246 2.4 317 12.6 10.8 360 
P6KE200P P P6KE200CP 5 171 190 200 220 1 274 2.2 353 11.3 10.8 350 

P P6KE200A P P6KE200CA 5 171 190 200 210 1 274 2.2 353 11.3 10.8 350 
P6KE220P P6KE220CP 5 188 209 220 242 1 328 2 388 10.3 10.8 330 
P6KE220A P6KE220CA 5 188 209 220 231 1 328 2 388 10.3 10.8 330 
P6KE250P P P6KE250CP 5 213 237 250 275 1 344 2 442 9 11 310 
P6KE250A P6KE250CA 5 213 237 250 263 1 344 2 442 9 11 310 
P6KE280P P6KE280CP 5 239 266 280 308 1 384 2 494 8 11 300 
P6KE280A P6KE280CA 5 239 266 280 294 1 384 2 494 8 11 300 

P = Prefered device 
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P6KExx 

TYPES IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 

max min 

Unidirectional Bidirectional flA v v 
P6KE300P P6KE300CP 5 256 285 
P6KE300A P6KE300CA 5 256 285 
P6KE320P P6KE320CP 5 273 304 
P6KE320A P6KE320CA 5 273 304 
P6KE350P P6KE350CP 5 299 332 

P P6KE350A P6KE350CA 5 299 332 
P P6KE400P P P6KE400CP 5 342 380 

P6KE400A P6KE400CA 5 342 380 
P P6KE440P P P6KE440CP 5 376 418 

P6KE440A P6KE440CA 5 376 418 

All parameters tested at 25 oc, except where indicated. 

P = Prete red device 

% lpp 

1 00 +--n----'-1 O=...c.J.I.::.S-

50 

0 

Note 1 : 

Note 2: 

Note 3: 

Note 4: 

PULSE WAVEFORM 10/1000!'S 

1000 JLS 

For surges greater than the max1mum values, 
the diode Will present a short-c~rcu1t Anode- Cathode. 

Pulse test: T e <50 ms. 

/1VsR =aT· (Ta- 25) • VsRI25'CJ. 

VR = 0 V, F = 1 MHz. For bidireCtional types, 
capacitance value IS d1v1ded by 2. 

nom max max max max 

note2 10/1000f!S 8/20f!S note3 

v v rnA v A v A 1o-4;oe 

300 330 1 414 1.6 529 7.6 11 
300 315 1 414 1.6 529 7.6 11 
320 352 1 438 1.6 564 7.1 11 
320 336 1 438 1.6 564 7.1 11 
350 385 1 482 1.6 618 6.5 11 
350 368 1 482 1.6 618 6.5 11 
400 440 1 548 1.3 706 5.7 11 
400 420 1 548 1.3 706 5.7 11 
440 484 1 603 1.3 776 5.2 11 
440 462 1 603 1.3 776 5.2 11 

Figure 1: Power dissipation derating versus 
ambient temperature 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 J.IS 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 

P6KExx 

The gtven results may be extrapolated for other junction temperatures by using the following formula : 
IN (BR) =aT (V(BR)) • [T a -25] • V (BR). 
For intermedtate voltages, extrapolate the given results. 
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P6KExx 

Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

Note : For un1ts w1th VsR > 200 V 
VF is tw1ce than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 

C (pF) 
10000 

P6KE6V8CP 

1000 Ff.6K1E J5t;f, 

~KE6BCP 
~E200CP 

100 

10 
1 

Tj = 25'C 
I= 1 MHz 

VR(V) 

10 100 

Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L re~d = 1 Omm. 
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P6KExx 

ORDER CODE 

P6 KE 100 c A RL 

600W_I :LJ 
BREAKDOWN VOLTAGE 

BIDIRECTIONAL 

L PACKAGING: 
= Ammopack 

RL =Tape and reel 

-TOLERANCE : 
A = +1- 5% 
p = -5%, +10%. 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
CB417 (Plastic). 

L G 

L1 note 1 note 1 L1 

,', j j 

L0b2 0bJ 

L ~ 

I~ 
0 

: 

Ref Millimeters Inches 

min max m1n max 

0b2 - 1.092 - 0.043 

IZ!D - 3.683 - 0.145 

G 8.89 - 0.350 

L 25.4 - 1.000 -
L1 - 1.25 - 0.049 

note1 :The diameter 0 b2 is not controlled over zone L, 

Weight = 0.65 g. 

Packaging : standard packaging is in tape and reel. 

-------------i...,l ~~~-~It!~~~~~~-----------___:_7:..:._17 
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FEATURES 

• PEAK PULSE POWER= 400 W @ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 
• JEDEC REGISTRED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
praticularly suited to protect voltage sensitive 
devices such as MOS Techrfology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power d1ss1pation 
See note 1 and deratmg curve F1g 1. 

p Power dissipation on infinite heatsink 
See note 1 and derating curve Fig 1 . 

IFSM Non repet1t1ve surge peak forward current. 
For unidirectional types. 

Tstg 
TJ 

Storage and junction temperature range 

TL Maximum lead temperature for soldering 
during 10 s. 

November 1992 

SM4T6V8,A/220,A 
SM4T6V8C,CA/220C,CA 

TRANSIL 

SOD 6 
(PlaStiC) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Full compatibility with both gluing and paste 
soldering technologies. 

• Excellent on board stability. 
• Tinned copper leads. 
• High temperature resistant resin. 

Value UJ;Jil 

Tamb=25°C 400 w 

Tlead = so•c 5 w 

Tamb =25°C 50 A 
t=10ms 

-65 to+ 175 oc 
150 oc 
260 oc 

1/6 
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SM4Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth G-1) Junction-leads on infinite heatsink 20 oc;w 

Rth (J-a) Junction to ambiant. on printed circUit. 100 oc;w 
W1th standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 
I 

VRM Stand-off voltage. IF --

VBR Breakdown voltage. 

VeL Clamping voltage. 
VeL VBR 

I ~ • 

\ I VRM 
I))F 

IRM Leakage current @ VRM. ./ 

1RM 
v 

r---~ lpp Surge current. 

en Voltage temperature coefficient. 

VF Forward Voltage drop ------- lpp 
VF < 3.5V @ IF = 25 A. 

IRM@VRM VsR @ IR VeL@ lpp VeL@ lpp uT c 
TYPES 

max min nom max max max max typ 

note2 10/1 OOOJ.tS 8/20J.tS note3 note4 

Uni Bi ~A v v v v rnA v A v A 1o-4rc (pF) 
directional * directional * 

SM4T6V8 QD SM4T6V8C VD 1000 5.8 6.45 6.8 7.48 10 10.5 38 13.4 174 5.7 3500 
SM4T6V8A QE SM4T6V8CA VE 1000 5.8 6.45 6.8 7.14 10 10.5 38 13.4 174 5.7 3500 
SM4T7V5 QF SM4T7V5C VF 500 6.4 7.13 7.5 8.25 10 11.3 35.4 14.5 160 6.1 3100 
SM4T7V5A QG SM4T7V5CA VG 500 6.4 7.13 7.5 7.88 10 11.3 35.4 14.5 160 6.1 3100 
SM4T10 QN SM4T10C VN 10 8.55 9.5 10 11 1 14.5 27.6 18.6 124 7.3 2000 
SM4T10A QP SM4T10CA VP 10 8.55 9.5 10 10.5 1 14.5 27.6 18.6 124 7.3 2000 
SM4T12 QS SM4T12C vs 5 10.2 11.4 12 13.2 1 16.7 24 21.7 106 7.8 1550 
SM4T12A QT SM4T12CA VT 5 10.2 11.4 12 12.6 1 16.7 24 21.7 106 7.8 1550 
SM4T15 QW SM4T15C vw 5 12.8 14.3 15 16.5 1 21.2 19 27.2 85 8.4 1200 
SM4T15A QX SM4T15CA vx 5 12.8 14.3 15 15.8 1 21.2 19 27.2 85 8.4 1200 
SM4T18 RD SM4T18C UD 5 15.3 17.1 18 19.8 1 25.2 16 32.5 71 8.8 975 
SM4T18A RE SM4T18CA UE 5 15.3 17.1 18 18.9 1 25.2 16 32.5 71 8.8 975 
SM4T22 RH SM4T22C UH 5 18.8 20.9 22 24.2 1 30.6 13 39.3 59 9.2 BOO 
SM4T22A RK SM4T22CA UK 5 18.8 20.9 22 23.1 1 30.6 13 39.3 59 9.2 800 
SM4T24 RL SM4T24C UL 5 20.5 22.8 24 26.4 1 33.2 12 42.8 54 9.4 725 
SM4T24A RM SM4T24CA UM 5 20.5 22.8 24 25.2 1 33.2 12 42.8 54 9.4 725 
SM4T27 RN SM4T27C UN 5 23.1 25.7 27 29.7 1 37.5 10.7 48.3 48 9.6 625 
SM4T27A RP SM4T27CA UP 5 23.1 25.7 27 28.4 1 37.5 10.7 48.3 48 9.6 625 
SM4T30 RQ SM4T30C UQ 5 25.6 28.5 30 33 1 41.5 9.6 53.5 43 9.7 575 
SM4T30A RR SM4T30C4 UR 5 25.6 28.5 30 31.5 1 41.5 9.6 53.5 43 9.7 575 
SM4T33 RS SM4T33C us 5 28.2 31.4 33 36.3 1 45.7 8.8 59.0 39 9.8 510 
SM4T33A RT SM4T33CA UT 5 28.2 31.4 33 34.7 1 45.7 8.8 59.0 39 9.8 510 
SM4T36 RU SM4T36C uu 5 30.8 34.2 36 39.6 1 49.9 8 64.3 36 9.9 480 
SM4T36A RV SM4T36CA uv 5 30.8 34.2 36 37.8 1 49.9 8 64.3 36 9.9 480 
SM4T39 RW SM4T39C uw 5 33.3 37.1 39 42.9 1 53.9 7.4 69.7 33 10.0 450 
SM4T39 RX SM4T3g ux 5 33.3 37.1 39 41.0 1 53.9 7.4 69.7 33 10.0 450 

_216 __________ !..,.'1 SGS·lHOMSON----------
• l, . li:1!U!l;li\l@l'ill,§(i;i'ii'lii'@li!JU@~ 
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SM4Txx 

TYPES IRM@VRM VBR @ IR VcL@Ipp VCL@ lpp aT c 

max min 

Uni Bi ~A v v 
directional . directional . 
SM4T68 SN SM4T68C WN 5 58.1 64.6 
SM4T68A SP SM4T68CA WP 5 58.1 64.6 
SM4T100 sw SM4T100C ww 5 85.5 95.0 
SM4T100A SX SM4T100CA wx 5 85.5 95.0 
SM4T150 TH SM4T150C XH 5 128 143 
SM4T150A TK SM4T150CA XK 5 128 143 
SM4T200 TS SM4T200C xs 5 171 190 
SM4T200A TT SM4T200CA XT 5 171 190 
SM4T220 TU SM4T220C xu 5 188 209 
SM4T220A TV SM4T220CA XV 5 188 209 

All parameters tested at 25 'C, except where indicated. 

• = Marking 

%lpp 

PULSE WAVEFORM 10/1000/Ls 

50 

0 

Note 1 : For surges greater than the max1mum values, 
the d1ode Will present a short·c~rcu1t Anode- Cathode. 

Note 2 : Pulse test. T p <50 ms. 

Note 3 : AVeR~ aT· (Ta- 25) • VsR(25'C) 

Note 4 : VR ~ 0 V, F ~ 1 MHz For bidirectional types. 
capacitance value IS d1v1ded by 2 

nom max max max max typ 

note2 10/1000~5 8/20~5 note3 note4 

v v mA v A v A 10-4/"C (pF) 

68 74.8 1 92 4.3 121 19 10.4 270 
68 71.4 1 92 4.3 121 19 10.4 270 
100 110 1 137 2.9 178 13 10.6 200 
100 105 1 137 2.9 178 13 10.6 200 
150 165 1 207 2.0 265 9 10.8 145 
150 158 1 207 2.0 265 9 10.8 145 
200 220 1 274 1.5 353 6.5 10.8 120 
200 210 1 274 1.5 353 6.5 10.8 120 
220 242 1 328 1.4 388 6 10.8 110 
220 231 1 328 1.4 388 6 10.8 110 

Figure 1 : Power dissipation derating versus 
ambient temperature 

........ 
!'--- I I I 

........... [\ Peak Power 
~ 

\' 
(on printed circuit). 

........... 
.......... 

.......... 
Average Power \. 

(on Infinite heatsink). I 

100% 

80% 

60% 

40% 

20% I l r\ 
Tamb ("c) \ Oo/o 

0 20 40 60 80 100 120 140 160 180 200 

----------~ SGS·ntOMSON----------3_16 
A ""1 I ~c©OO@:li[l,rn©Voo@J:JD©'" 

593 



SM4Txx 

Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 j.tS 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 oc before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
!:N (BR) = aT (V(BR)) • [T a -25] • V (BR)· 
For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 

IFM {A} 
100 

Tj Initial 
25"C 
150"C-- -· 

10 

1 
I 

-
•/ ~ 

~ 

l~ 

I VFM M 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

SM4Txx 

Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM4Txx 

ORDER CODE 

SM 4 T 100 

SURFACE MOUNT .J 
400WATT-

C A 

I_ TOLERANCE : 
A= +1- 5% 

= +1- 10% 

'----+ BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 

Ref Millimeters Inches 

8 I I I 
T 

c 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 

II 
0~ 

a 

Packaging : standard packaging is in film. 

596 

min 

A 2.48 

a1 0.10 

B 1.96 

c 3.65 

D 5.39 

E 4.15 

F 1.00 

Weight= 0.12 g. 

Ref 

a 

b 

c 

max m1n max 

2.61 0.096 0.103 

0.20 0.004 0.008 

2.11 0.077 0.083 

3.93 0.143 0.155 

5.59 0.212 0.220 

4.30 0.163 0.170 

1.27 0.039 0.050 

Millimeters 

2.75 

1.52 

2.30 



FEATURES 

• PEAK PULSE POWER= 600 W@ 1 ms. 
• BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
• UNI AND BIDIRECTIONAL TYPES. 
• LOW CLAMPING FACTOR. 
• FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 
• JEDEC REGISTRED. 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly suited to protect ·voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power diss1pat1on 
See note 1 and derating curve F1g 1. 

p Power dissipat1on on infinite heatsink 
See note 1 and derating curve F1g 1. 

IFSM Non repet1t1ve surge peak forward current. 
For un1d1rect1onal types. 

Tstg Storage and JUnction temperature range 

TJ 

TL Maximum lead temperature for soldenng 
dunng 10 s. 

November 1992 

SM6T6V8,A/220,A 
SM6T6V8C,CA/220C,CA 

TRANSIL 

SOD 6 
(Plastic) 

MECHANICAL CHARACTERISTICS 

• Body marked with : Logo, Date Code, Type 
Code and Cathode Band (for unidirectional 
types only). 

• Full compatibility with both gluing and paste 
soldering technologies. 

• Excellent on board stability. 
• Tinned copper leads. 
• High temperature resistant resin. 

I Value Unit 

Tamb =25'C I 600 w 
! 

Tlead = 50'C 5 w 

Tamb = 25°C 100 A 
t=10 ms 

-65 to+ 175 'C 
150 oc 

260 oc 

1/6 
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SM6Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-1) Junction-leads on infinite heatsink 20 oc!W 

Rth U-a) Junction to ambient. on pnnted crrcuit. 100 oc!W 

With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VsR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

CXT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V@ IF= 50 A. 

------------------ I pp 

IRM @VRM VsR @ IR VeL@ lpp VeL@ lpp aT e 
TYPES 

max min nom max max max max typ 

note2 10/1000f!S 8/20f!S note3 note4 

Uni Bi f!A v v v v rnA v A v A 1o-4;oe (pF) 
directional * directional * 

SM6T6V8 DD SM6T6V8C LD 1000 5.8 645 6.8 7.48 10 10.5 57 13.4 298 5.7 4000 
SM6T6V8A DE SM6T6V8CA LE 1000 5.8 6.45 6.8 7.14 10 10.5 57 13.4 298 5.7 4000 
SM6T7V5 DF SM6T7V5C LF 500 6.4 7.13 7.5 8.25 10 11.3 53 14.5 276 6.1 3700 
SM6T7V5A DG SM6T7V5CA LG 500 6.4 7.13 7.5 7.88 10 11.3 53 14.5 276 6.1 3700 
SM6T10 DN SM6T10C LN 10 8.55 9.5 10 11 1 14.5 41 18.6 215 7.3 2800 
SM6T10A DP SM6T10CA LP 10 8.55 9.5 10 10.5 1 14.5 41 18.6 215 7.3 2800 
SM6T12 DS SM6T12C LS 5 10.2 11.4 12 13.2 1 16.7 36 21.7 184 7.8 2300 
SM6T12A DT SM6T12CA LT 5 10.2 11.4 12 12.6 1 16.7 36 21.7 184 7.8 2300 
SM6T15 DW SM6T15C LW 5 12.8 14.3 15 16.5 1 21.2 28 27.2 147 8.4 1900 
SM6T15A DX SM6T15CA LX 5 12.8 14.3 15 15.8 1 21.2 28 27.2 147 8.4 1900 
SM6T18 ED SM6T18C MD 5 15.3 17.1 18 19.8 1 25.2 24 32.5 123 8.8 1600 
SM6T18A EE SM6T18CA ME 5 15.3 17.1 18 18.9 1 25.2 24 32.5 123 8.8 1600 
SM6T22 EH SM6T22C MH 5 18.8 20.9 22 24.2 1 30.6 20 39.3 102 9.2 1350 
SM6T22A EK SM6T22CA MK 5 18.8 20.9 22 23.1 1 30.6 20 39.3 102 9.2 1350 
SM6T24 EL SM6T24C ML 5 20.5 22.8 24 26.4 1 33.2 18 42.8 93 9.4 1250 
SM6T24A EM SM6T24CA MM 5 20.5 22.8 24 25.2 1 33.2 18 42.8 93 9.4 1250 
SM6T27 EN SM6T27C MN 5 23.1 25.7 27 29.7 1 37.5 16 48.3 83 9.6 1150 
SM6T27A EP SM6T27CA MP 5 23.1 25.7 27 28.4 1 37.5 16 48.3 83 9.6 1150 
SM6T30 EO SM6T30C MQ 5 25.6 28.5 30 33 1 41.5 14.5 53.5 75 9.7 1075 
SM6T30A ER SM6T30CA MR 5 25.6 28.5 30 31.5 1 41.5 14.5 53.5 75 9.7 1075 
SM6T33 ES SM6T33C MS 5 28.2 31.4 33 36.3 1 45.7 13.1 59.0 68 9.8 1000 
SM6T33A ET SM6T33CA MT 5 28.2 31.4 33 34.7 1 45.7 13.1 59.0 68 9.8 1000 
SM6T36 EU SM6T36C MU 5 30.8 34.2 36 39.6 1 49.9 12 64.3 62 9.9 950 
SM6T36A EV SM6T36CA MV 5 30.8 34.2 36 37.8 1 49.9 12 64.3 62 9.9 950 
SM6T39 EW SM6T39C MW 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 57 10.0 900 
SM6T39 EX SM6T39 MX 5 33.3 37.1 39 41.0 1 53.9 11.1 69.7 57 10.0 900 
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SM6Txx 

TYPES IRM@VRM VBR @ IR VeL@ VeL@ aT e 

max min 

Uni Bi I-lA v v 
directional * directional * 

SM6T68 FP SM6T68e NP 5 58.1 64.6 
SM6T68A FQ SM6T68CA NO 5 58.1 64.6 
SM6T100 FX SM6T100C NX 5 85.5 95.0 
SM6T100A FY SM6T100CA NY 5 85.5 95.0 
SM6T150 GK SM6T150C OK 5 128 143 
SM6T150A GL SM6T150CA OL 5 128 143 
SM6T200 GT SM6T200C OT 5 171 190 
SM6T200A GU SM6T200CA ou 5 171 190 
SM6T220 GV SM6T220C ov 5 188 209 
SM6T220A GW SM6T220CA ow 5 188 209 

All parameters tested at 25 oc, except where indicated. 

* = Marking 

% lpp 

PULSE WAVEFORM 1011000f'S 

50 

0 

1000 f'S 

Note 1 : For surges greater than the max1mum values, 
the d1ode w1ll present a short-c1rcu1t Anode- Cathode 

Note 2 : Pulse test· Te <50 ms 

Note 3 : 6Vse ~ e<T • (Ta- 25) • Vse125 c1 

Note 4 : VR ~ 0 V, F ~ 1 MHz. For bid~rect<onal ty~es, 
capacitance value 1s divided by 2 

lpp lpp 

nom max max max max typ 

note2 10/10001-lS 8/201-lS note3 note4 

v v mA v A v A 1o-4re (pF) 

68 74.8 1 92 6.5 121 33 10.4 625 
68 71.4 1 92 6.5 121 33 10.4 625 
100 110 1 137 4.4 178 22.5 10.6 500 
100 105 1 137 4.4 178 22.5 10.6 500 
150 165 1 207 2.9 265 15 10.8 400 
150 158 1 207 2.9 265 15 10.8 400 
200 220 1 274 2.2 353 11.3 10.8 350 
200 210 1 274 2.2 353 11.3 10.8 350 
220 242 1 328 2 388 10.3 10.8 330 
220 231 1 328 2 388 10.3 10.8 330 

Figure 1: Power dissipation derating versus 
ambient temperature 
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SM6Txx 

Figure 2 : Peak pulse power versus exponential pulse duration. 

Pp(W) 

100000 

10000 

1000 

100 

10 
0.001 0.01 0.1 

Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 !lS 
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Note : The curves of the figure 3 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 : 
!:N (BR) = aT (V(BR)) • [T a -25] • V (BR). 
For 1ntermed1ate voltages, extrapolate the g1ven results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board w1th standard footprint 
dimensions. 
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SM6Txx 

ORDER CODE 

SM 6 T 100 

SURFACE MOUNT~ 
600WATT-

C A 

I_ TOLERANCE : 
A= +1- 5% 

= +1- 10% 

'--- BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 

E 
Ref Millimeters Inches 

B I I I c 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 

6/6 

602 

li 
·. ~ 

a 

min max min max 

A 2.48 2.61 0.096 0.103 

a1 0.10 0.20 0004 0.008 

B 1.96 2.11 0.077 0.083 

c 3.65 3.93 0.143 0.155 

D 5.39 5.59 0.212 0.220 

E 4.15 4.30 0.163 0.170 

F 1.00 1.27 0.039 0.050 

We1ght = 0.12 g. 

Ref Millimeters 

a 2.75 

b 1.52 

c 2.30 

Packaging : standard packaging is in film. 



FEATURES 

., PEAK PULSE POWER= 1500 W@ 1 ms. 
m BREAKDOWN VOLTAGE RANGE: 

From 6V8 to 220 V. 
" UNI AND BIDIRECTIONAL TYPES. 
" LOW CLAMPING FACTOR. 
" FAST RESPONSE TIME: 

T clamping : 1 ps (0 V to VBR). 

DESCRIPTION 

Transil diodes provide high overvoltage 
protection by clamping action. Their 
instantaneous reponse to transients makes them 
particularly su1ted to protect voltage sensitive 
devices such as MOS Technology and low 
voltage supplied IC's. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak pulse power dissipation 
See note 1 and deratmg curve F1g 1. 

p Power diss1pat1on on mf1mte heatsmk 
See note 1 and derating curve Fig 1 

IFSM Non repetitive surge peak forward current. 
For unidirectional types. 

Tstg Storage and JUnction temperature range 
Tj 

TL Maximum lead temperature for soldering 
dunng 10 s 

November 1992 

SM15T6V8,A/220,A 
SM15T6V8C,CA/220C,CA 

TRANSIL 

SOD15 
(Piast1c) 

MECHANICAL CHARACTERISTICS 

a Body marked with : Logo, Date Code, Type 
Code, and Cathode Band (for unidirectional 
types only). 

" Full compatibility with both gluing and paste 
soldering technologies. 

" Excellent on board stability. 
a Tinned copper leads. 
" High temperature resistant resin. 

Value 

Tamb = 25°C 1500 

Tlead = 50'C 10 

Tamb = 25'C 250 
t =10 ms 

I 
-65 to+ 175 

150 

I 260 

I 
I 

I 
Unit 

I 

w 
I 

I w 

A 

I 

'C 
oc 

I 'C I 
I 

I 
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SM15Txx 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth (J-1) Junction-leads on mfm1te heatsmk 10 oc!W 

Rth (J-a) Junction to ambient. on printed circuit. 75 oc/W 
With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage. 

VBR Breakdown voltage. 

VeL Clamping voltage. 

IRM Leakage current @ VRM. 

lpp Surge current. 

aT Voltage temperature coefficient. 

VF Forward Voltage drop 
VF < 3.5V @ IF = 100 A. 

IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 
TYPES 

max min nom max max max max typ 

note2 10/1000f!S 8/20f!S note3 note4 

Uni Bi ~1A v v v v mA v A v A 1a-4;oe (pF) 
directional directional 

SM15T6V8 SM15T6V8C 1000 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 9500 
SM15T6V8A SM15T6V8CA 1000 5.8 6.45 6.8 7.14 10 10.5 143 13.4 746 5.7 9500 
SM15T7V5 SM15T7V5C 500 6.4 7.13 75 8 25 10 11.3 132 14.5 690 6.1 8500 
SM15T7V5A SM15T7V5CA 500 6.4 713 7.5 7.88 10 11.3 132 14.5 690 61 8500 
SM15T10 SM15T10C 10 8 55 9.5 10 11.0 1 14.5 103 18.6 538 7.3 7000 
SM15T10A SM15T10CA 10 8 55 9.5 10 10.5 1 14.5 103 18.6 538 7.3 7000 
SM15T12 SM15T12C 5 10.2 11.4 12 13.2 1 16.7 90 21.7 461 7.8 6000 
SM15T12A SM15T12CA 5 10.2 11.4 12 12.6 1 16 7 90 21.7 461 7.8 6000 
SM15T15 SM15T15C 5 12.8 14.3 15 16 5 1 21.2 71 27.2 368 8.4 5000 
SM15T15A SM15T15CA 5 12.8 14.3 15 15 8 1 21.2 71 27.2 368 8.4 5000 
SM15T18 SM15T18C 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 308 8.8 4300 
SM15T18A SM15T18CA 5 15.3 171 18 18.9 1 25 2 59.5 32.5 308 8.8 4300 
SM15T22 SM15T22C 5 18.8 20.9 22 24.2 1 30.6 49 39.3 254 9.2 3700 
SM15T22A SM15T22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 254 92 3700 
SM15T24 SM15T24C 5 20.5 22.8 24 26.4 1 33.2 45 42.8 234 9.4 3500 
SM15T24A SM15T24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 234 9.4 3500 
SM15T27 SM15T27C 5 23.1 25.7 27 29 7 1 37.5 40 48.3 207 9.6 3200 
SM15T27A SM15T27CA 5 23.1 25.7 27 28.4 1 37 5 40 48.3 207 96 3200 
SM15T30 SM15T30C 5 25.6 28.5 30 33.0 1 41.5 36 53.5 187 9.7 2900 
SM15T30A SM15T30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 187 9.7 2900 
SM15T33 SM15T33C 5 28.2 31.4 33 36.3 1 45.7 33 59.0 169 9.8 2700 
SM15T33A SM15T33CA 5 28.2 31.4 33 34.7 1 45.7 33 59.0 169 9.8 2700 
SM15T36 SM15T36C 5 30.8 34.2 36 39.6 1 49.9 30 64.3 156 99 2500 
SM15T36A SM15T36CA 5 30.8 34.2 36 37 8 1 49.9 30 64.3 156 99 2500 
SM15T39 SM15T39C 5 33 3 37.1 39 42 9 1 53.9 28 69.7 143 10.0 2400 
SM15T39 SM15T39 5 33.3 37.1 39 41.0 1 53.9 28 69.7 143 10.0 2400 

:::.21.::...6 -----------~.,~ ~~!~mq~~"'«;l~------------
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SM15Txx 

TYPES IRM@VRM VBR @ IR VeL@ lpp VeL@ lpp aT e 

max mm nom max max max max typ 

note2 10/1000JlS 8/20JlS note3 note4 

Uni Bi JlA v v v 
directional directional 

SM15T68 SM15T68C 5 58.1 64.6 68 
SM15T68A SM15T68CA 5 58.1 64.6 68 
SM15T100 SM15T100C 5 85.5 95.0 ·100 
SM15T100A SM15T100CA 5 85 5 95.0 100 
SM15T150 SM15T150C 5 128 143 150 
SM15T150A SM15T150CA 5 128 143 150 
SM15T200 SM15T200C 5 171 190 200 
SM15T200A SM15T200CA 5 171 190 200 
SM15T220 SM15T220C 5 188 209 220 
SM15T220A SM15T220CA 5 188 209 220 

All parameters tested at 25 oc, except where indicated. 

% lpp 

PULSE WAVEFORM 10/1000/'s 
50 

0 

1000 ILS 

Note 1 : - For surges greater than the max1mum values, 

Note 2: 
the diode Wlli present a short-c~rcu1t Anode -Cathode 
- Pulse test· T P <50 ms 

Note 3: - tNBR =aT· (Ta- 25) · VaRJ25 CJ 
Note 4: - VR = 0 V, F = 1 MHz For bidJrectJonal types, 

capacitance value 1s diVided by 2 

TYPES TYPES 

Unidirectional Markin a Bidirectional Markin_g 

SM15T6V8 MOD SM15T6V8C BDD 
SM15T6V8A MDE SM15T6V8CA BDE 
SM15T7V5 MDF SM15T7V5C BDF 
SM15T7V5A MDG SM15T7V5CA BDG 
SM15T10 MDN SM15T10C BDN 
SM15T10A MOP SM15T10CA BOP 
SM15T12 MDS SM15T12C BDS 
SM15T12A MDT SM15T12CA BOT 
SM15T15 MOW SM15T15C BOW 
SM15T15A MDX SM15T15CA BOX 
SM15T18 MED SM15T18C BED 
SM15T18A MEE SM15T18CA BEE 
SM15T22 MEH SM15T22C BEH 
SM15T22A MEK I SM15T22CA BEK 
SM15T24 MEL SM15T24C BEL 
SM15T24A MEM SM15T24CA BEM 
SM15T27 !MEN SM15T27C BEN 
SM15T27A MEP SM15T27CA BEP 

v mA v A v A 1o-4re (pF) 

74.8 1 92 16.3 121 83 ' 
I 104 1550 

71.4 1 92 16.3 121 83 

I 
10.4 1550 

110 1 137 11 178 56 10.6 1150 
105 1 137 11 178 56 10.6 1150 
165 1 207 7.2 265 38 10.8 850 
158 1 207 7.2 265 38 10.8 850 
220 1 274 5.5 353 28 10.8 675 
210 1 274 5.5 353 28 10.8 675 
242 1 328 4.6 388 26 10.8 625 
231 1 328 4.6 388 26 10.8 625 

Figure 1: Power dissipation derating versus 
ambient temperature 
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TYPES I TYPES 
I 

Unidirectional Marking ' Bidirectional Marking 

SM15T30 MEQ 'SM15T30C BEQ 
SM15T30A MER SM15T30CA BER 
SM15T33 MES SM15T33C BES 
SM15T33A MET SM15T33CA BET 
SM15T36 MEU SM15T36C BEU 
SM15T36A MEV SM15T36CA BEV 
SM15T39 MEW SM15T39C BEW 
SM15T39A MEX SM15T39CA BEX 
SM15T68 MFN SM15T68C BFN 
SM15T68A MFP SM15T68CA BFP 
SM15T100 MFW SM15T100C BFW 
SM15T100A MFX SM15T100CA BFX 
SM15T150 MGH SM15T150C BGH 
SM15T150A MGK SM15T150CA BGK 
SM15T200 MGU SM15T200C BGU 
SM15T200A MGV SM15T200CA BGV 
SM15T220 MGW SM15T220C BGW 
SM15T220A MGVX SM15T220CA BGX 
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Figure 2 : Peak pulse power versus exponential pulse duration. 

Pp(W) 

10E+06 

100000 

""" 
10000 

1000 

100 

10 
0.001 

""" 
--- ......... 

0.01 0.1 

Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 f.!S 
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Note : The curves of the f1gure 3 are specified for a junct1on temperature of 25 oc before surge. 
The given results may be extrapolated for other JUnction temperatures by usmg the following formula : 
tN (BR) =aT (V(BR)) • [T a -25]• V (BR). 
For intermediate voltages, extrapolate the given results 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board w1th standard footprint 
dimensions. 
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SM15Txx 

ORDER CODE 

SM 15 T 100 C A 

SURFACE MOUNT .J I_ TOLERANCE . 

1500WATT,.__ 

A= +1- 5% 
= +1- 10% 

'--- BIDIRECTIONAL 

BREAKDOWN VOLTAGE 

MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 

PACKAGE MECHANICAL DATA 
SOD 15 (Plastic). 

E 

I 
Ref Millimeters Inches 

I : 

s] 
I I 

__l_ 

c 
'T 

~ ,.£._ 

-AFflB----------
I Ta1o I 

FOOTPRINT DIMENSIONS (Millimeter). 
SOD 15 Plastic. 

II 
a 

0: ~ 

Packaging : standard packaging is in 111m. 

min max min max 

A 2.5 3.1' 0.098 0.122 

a1 0.2 0 008 

B 2.9 3.1 0114 0.122 

c 4.8 5.2 0.190 0.200 

D 7.6 8.0 0.300 0.315 

E 6.3 6.6 0 248 0 259 

F 1.3 1.7 0.051 0.067 

Weight = 0.25 g. 

Ref Millimeters 

a 4.2 

b 2 

c 33 

_616 __________ "'="= SCS·ntOMSON-----------
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SMTPA SERIES 

FEATURES 

• BIDIRECTIONAL CROWBAR PROTECTION. 
• BREAKDOWN VOLTAGE RANGE: 

From 62 V To 270 V. 
• HOLDING CURRENT= 150 mA min 
• PEAK PULSE CURRENT: 

lpp = 50 A, 1 0/1000 JlS. 

DESCRIPTION SOD 6 
(Piast1c) 

The SMTPAxx series has been designed to 
protect telecommunication equipments against 
lightning and transient induced by AC power 
lines. SCHEMATIC DIAGRAM 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

• 
I 

CCITT K17 - K20 { 10/700 J.IS 1.5 kV 

5/310 !lS 38 A 

VDE 0433 { 10/700 !lS 2 kV 

5/200 !lS 50 A 

CNET { 0.5/700 !lS 1.5 kV 

0.2/310 !lS 38 A 
f 

ABSOLUTE RATINGS (limiting values) (-40°C :s; Tamb :s; + 85°C) 

Symbol Parameter Value 

p Power d1SS1pat1on on inf1mte heatsink Tlead =50 oc 5 

lpp Peak pulse current 10/1000 !lS 50 
8/20 !lS 100 

ITSM Non repetitive surge peak on-state current tp=20ms 30 

dildt Critical rate of rise of on-state current Non repetitive 100 

dv/dt Critical rate of nse of off-state voltage 67% VBR 5 

Tstg Storage and operating junct1on temperature range -40 to+ 150 

Tj 150 

TL Max1mum lead temperature for soldering during 10 s. 260 

TRISIL 

Unit 

w 

A 

A 

N11s 

KV/J.!S 

oc 
'C 

'C 

1/5 
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SMTPAxxx 

THERMAL RESISTANCES 

Symbol Parameter 

Rth G-1) Junction to leads. on infinite heatsink. 

Rth G-a) Junction to ambient. on printed circuit 
with standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakovervoltage 

IH Holding current 

VT On-state voltage 

!so Breakover current 

lpp Peak pulse current 

Type Marking IRM@ VRM VBR @ IR 

max min 

Laser !lA v v 
SMTPA62 U01 2 56 62 
SMTPA68 U05 2 61 68 
SMTPA100 U13 2 90 100 
SMTPA120 U17 2 108 120 
SMTPA130 U19 2 117 130 
SMTPA180 U25 2 162 180 
SMTPA200 U27 2 180 200 
SMTPA220 U31 2 198 220 
SMTPA240 U35 2 216 240 
SMTPA270 U39 2 243 270 

All parameters tested at 25'C. except where indicated 

Note 1 : See the reference test circuit for IH, leo and Veo parameters. 
Note 2 : Square pulse Tp = 1 ms- lr = 3A. 
Note 3: VR=1V,F=1MHz. 

mA 

"1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Value Unit 

20 'C/W 

100 'C/W 

'~;{_· ' 

lso_ '-------

Vso@ lBO 

max max 
note1 

v mA 

82 800 
90 800 
133 800 
160 800 
173 800 
240 800 
267 800 
293 800 
320 800 
360 800 

IH ,: ~ 

) 
' vr 

IH 

min 
note1 

mA 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

I 

'I V 
VRM /Vso 

VBR 

VT 

max 
note2 

v 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

c 
max 

note3 

pF 

150 
150 
100 
100 
100 
100 
100 
100 
100 
100 

_v_s _____________________ ~~l ~~~@~~~~~~©~-----------------------
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SMTPAxxx 

REFERENCE TEST CIRCUIT FOR IH, leo and Veo parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

_1L Tp = 20ms 

• Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VourSelection 
- Device with VeR ~ 150 Volt 

- Vour = 250 VRMS, R1 = 140 Q. 
Device with VeR 2150 Volt 

- Vour = 480 VRMs, R2 = 240 n. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
10/700 p,sec 

Vp :1KV /lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (I H) level in a functional test circuit. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 f1S. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 

----------- '="= SCS-ntOMSQN __________ 3_;s 
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SMTPAxxx 

Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
pulse: F= 50 Hz). 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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ORDER CODE 

SM 

SURFACE MOUNT •-~ r 
TRISIL 50 A ..__ ____ _ 

MARKING : Logo, date code, type code. 

PACKAGE MECHANICAL DATA. 

SOD 6 Plastic. 

I 
E 

I 
_j_ 

T 
sj J I 

L 
~ ,.£.. 

. 
c 

FOOTPRINT DIMENSIONS (Millimeters) 

SOD 6 Plastic. 

II 
F~ 

a 

Packaging : Standard packaging is in film. 

Ref 

A 

a1 

B 

c 
D 

E 

F 

Ref 

a 

b 

c 

SMTPAxxx 

100 

L BREAKDOWN VOLTAGE 

Millimeters Inches 

min max min max 

2.48 2.61 0.096 0.103 

0.10 0.20 0.004 0.008 

1.96 2.11 0.077 0.083 

3.65 3.93 0.143 0.155 

5.39 5.59 0.212 0.220 

4.15- 4.30 0.163 0.170 

1.00 1.27 I 0.039 0.050 

Millimeters 

2.75 

1.52 

2.30 

-----------------------!~1 ~~~;~g~~~~-----------------------5_15 
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SMTPB SERIES 

FEATURES 

• BIDIRECTIONAL CROWBAR PROTECTION. 
• BREAKDOWN VOLTAGE RANGE: 

From 62 V To 270 V. 
• HOLDING CURRENT= 150 mA min 
• PEAK PULSE CURRENT: 

lpp = 90 A, 1 0/1000 !J.S. 

DESCRIPTION SOD15 
(Plastic) 

The SMTPBxx series has been designed to 
protect telecommunication equipment against 
lightning and transient induced by AC power 
lines. SCHEMATIC DIAGRAM 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

• 
I 

CCITT K17 - K20 { 10/700 !lS 1.5 kV 

5/310 !lS 38 A 

VDE 0433 { 10/700 !lS 2 kV 

5/200 !lS 50 A 

CNET { 0.5/700 !lS 1.5 kV 

0.2/310 !lS 38 A 
f 

ABSOLUTE RATINGS (limiting values) (-40°C ~ Tamb ~ + 85°C) 

Symbol Parameter Value 

p Power dissrpation on rnfrnrte heatsrnk Tlead =50 oc 10 

lpp Peak pulse current 10/1000 !lS 90 
8/20 !lS 150 

ITSM Non repetitive surge peak on-state current tp=20ms 50 

di!dt Critical rate of rise of on-state current Non repetitive 100 

dv/dt Crrtrcal rate of rise of off-state voltage 67% VBR 5 

Tstg Storage and operating junction temperature range -40 to+ 150 
Tj + 150 

TL Maximum lead temperature for soldering during 10 s. + 260 

TRISIL 

Unit 

w 

A 

A 

Ai!lS 

KV/11s 

oc 
oc 
oc 

1/5 
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SMTPBxxx 

THERMAL RESISTANCES 

Symbol Parameter 

Rth 0-1) Junction to leads. On infinite heatsink. 

Rth O-a) Junction to ambient. On printed circuit 
with standard footpnnt dimensions. 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakovervoltage 

IH Holding current 

VT On-state voltage 

I so Breakover current 

lpp Peak pulse current 

Type Marcking IRM @ VRM VBR @ IR 

max min 

Laser J.IA v v 
SMTPB62 W07 2 56 62 
SMTPB68 W11 2 61 68 
SMTPB100 W17 2 90 100 
SMTPB120 W21 2 108 120 
SMTPB130 W23 2 117 130 
SMTPB180 W29 2 162 180 
SMTPB200 W31 2 180 200 
SMTPB220 W35 2 198 220 
SMTPB240 W39 2 216 240 
SMTPB270 W43 2 243 270 

All parameters tested at 25°C, except where indicated. 

Note 1 : See the reference test CirCUit for IH, lso and Vso parameters. 
Note 2 : Square pulse Tp = 1 ms- lr = 5A. 
Note 3: VA= 1V, F = 1MHz. 

rnA 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Value 

10 

75 

'~~! IH -~: 

" 

) 
Vso @ I so IH 

max max min 
note1 note1 

v rnA rnA 

82 800 150 
90 800 150 
133 800 150 
160 800 150 
173 800 150 
240 800 150 
267 800 150 
293 800 150 
320 800 150 
360 800 150 

Unit 

oc/W 

oc!W 

' 
'' v 

VRM /Vso 
VsR 

vr c 
max max 

note2 note3 

v pF 

3.5 350 
3.5 350 
3.5 200 
3.5 200 
3.5 200 
3.5 200 
3.5 200 
3.5 200 
3.5 200 
3.5 200 

_21_5 _______________________ ~~~ ~~~~~~~~~~~~-------------------------
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SMTPBxxx 

REFERENCE TEST CIRCUIT FOR IH, lso and Vso parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

_n_ Tp = 20ms 

" Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices= Switch K is closed 
- For Unidirectional devices= Switch K is open. 

• Vour Selection 
-Device with VsR :s; 150 Volt 

- Vour = 250 VRMS, R1 = 140 n. 
Device with VsR :2: 150 Volt 

- Vour = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
10/700 11-sec 

Vp =1KV /lpp = 25A 

This is a GO-NOGO Test wh1ch allows to conf1rm the holding current (I H) level in a functional test c1rcuit. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 11s. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 

----------------------------JC"J ~~~~~~~s9©~ __________________________ 3 __ 15 
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SMTPBxxx 

Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinuso"idal 
pluse: F= 50 Hz). 

TJ Initial ~ 25°C 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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Figure 2 On - state characteristics (typical 
values). 
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ORDER CODE 

SM 

SURFACE MOUNT .J-
TRISIL 90 A ._ ____ __J 

MARKING : Logo, date code, type code. 

PACKAGE MECHANICAL DATA. 
SOD I 5 Plastic 

E 

FOOTPRINT DIMENSIONS. 
SOD I 5 Plastic. 

a 

Packaging : Standard packaging is in film. 

Ref 

A 

31 
B 

c 
D 

E 
F 

Ref 

a 

b 

c 

SMTPBxxx 

100 

L BREAKDOWN VOLTAGE 

Millimeters Inches 

min max min max 

2.5 3.1 0.098 0.122 

0.2 0.008 

2.9 3.1 0.114 0.122 

4.8 5.2 0.190 0.200 

7.6 8.0 0.300 0.315 

6.3 6.6 0.248 0.259 

1.3 1.7 0.051 0.067 

Millimeters 

4.2 

2 

3.3 

--------------------------~~~ ~~~;~~~~~q~~-------------------------5_15 
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FEATURES 

• BIDIRECTIONAL TRIPLE PROTECTION 
• CROWBAR PROTECTION 
• PEAK PULSE CURRENT : 

(pp = 30 A , 1 0/1000 J..lS 
• HOLDING CURRENT= 150 mA min 
• AVAILABLE IN DIP 8 AND SO 8 PACKAGES 

DESCRIPTION 

Dedicated to telecommunication equipment 
protection, these devices provide a triple 
bidirectional protection function. 
They ensure the same protection capability with 
the same breakdown voltage both in common 
mode and in differential mode. 

Particular attention has been given to the 
internal wire bonding . A 4-point configuration 
ensures reliable protection, eliminating the 
overvoltage introduced by the parasitic 
inductances of the wiring (Ldi/dt) especially for 
very fast transients. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17- K20 { 10/700 J.lS 1.5 kV 

5/310 J.lS 38 A 

VDE 0433 { 10/700 J.lS 2 kV 

5/200 J.lS 50 A 

CNET { 0.5/700 J.lS 1.5 kV 

0.2/310 J.lS 38 A 

THBT150 
THBT200 I THBT270 

so 8 
(Plastic) 

SCHEMATIC DIAGRAM 

Tip 

GND 

GND 

Ring 

TRISIL 

OIL 8 
(Plastic) 

Tip 

GND 

GND 

Ring 

1/8 
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THBT150 I THBT200 I THBT270 

ABSOLUTE RATINGS (limiting values) (-40°C s:; Tamb s:; +85°C) 

Symbol Parameter Value Unit 

lpp Peak pulse current 10/1000 !lS 30 A 
5/320 !lS 40 
2/10 !lS 75 

ITSM Non repetitive surge peak on-state current tp = 10 ms 5 A 
tp = 1 s 3.5 

dildt Critical rate of rise of on-state current Non repetitive 100 Af!lS 

dv/dt Critical rate of rise.of off'.state voltage 67% VBR 5 KV/11s 

Tstg Storage and operating junction temperature range -40 to+ 150 oc 
Tj + 150 oc 

% lpp 

1 00-*'---.<1-10-'p.-s 

50 
Pulse waveform 10/1 00011s 

0 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-a) Junction-to-ambient 

I 
OILS 125 oc;w 
SOB 171 oc;w 

.-21_B ____________ i.""!l ~~~;;;mg~:~~~~-------------
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ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakover voltage 

IH Holding current 

VT On-state voltage 

I so Breakover current 

lpp Peak pulse current 

STATIC PARAMETERS 

Types IR @ VRM VBR @ IR 

max min 

!lA v v rnA 

THBT150 5 135 150 1 

THBT200 5 180 200 1 

THBT270 5 240 270 1 

DYNAMIC PARAMETERS 

Vso dyn 
Types Typical Value 

note 4 

(V) 

THBT150 290 

THBT200 380 

THBT270 420 

All parameters tested at 25°C, except where 1nd1cated 

Note 1 
Note 2 
Note 3 
Note 4 

See the reference test c1rcu1t for IH, lso and Vao parameters 
Square pulse Tp = 500 ~s- lr = 5A 
VR=1V,F=1MHz 
The dynamic breakover voltage IS meassured 
Wllh follow1ng surge lest · CCITT- 1 5 KV 1 0/700 ~s 

THBT150 I THBT200 I THBT270 

lpp -r 
IT -

I I 

80;;~ -I;----- -JI 
" I II I 
I I I v 
\ VRM /Vso 
VT VsR 

Vso @ I so IH VT c 

max min max min max max 

note1 note1 note2 note3 

v rnA mA rnA v pF 

210 50 400 150 8 200 

290 50 400 150 8 200 

380 50 400 150 8 200 

-------------------------!~1 ~~~@~2~:~~@~------------------------3_18 
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THBT150 I THBT200 I THBT270 

REFERENCE TEST CIRCUIT FOR IH, lso and Vso parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

___n_ Tp = 20ms 

" Pulse Test duration {Tp = 20ms): 
- For Bidirectional devices= Switch K is closed 
- For Unidirectional devices= Switch K is open. 

a VourSelection 
- Device with VsR ~ 150 Volt 

- Vour = 250 VRMS, R1 = 140 Q. 

- Device with VsR;::: 150 Volt 
- VouT = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST 

Vp = 
1KV 

Surge Generator 
10/700 11sec 

Vp :1KV /lpp = 25A 

This is a GO·NOGO Test which allows to confirm the holding current (I H) level in a functional test circuit. 
This test can be performed tf the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 (lS. 

3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 

_41_8 __________ r== S(iS·THOMSON-----------
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Figure 1 : Non repetitive surge peak on-state 
current. (with sinusoidal pulse : F =50Hz) 

ITSM (A) 
10 

10 

t(ms) 

I I II 

APPLICATION NOTE 

Tip IN 

GND 

Ring IN 

' 
Tj = 25°C 

I 

100 

OUT 

OUT 

4- po1nts structure lay-out. 

+ I 

1000 

Tip 

GND 

Ring 

THBT150 I THBT200 I THBT270 

1) Connect pins 2, 3, 6 and 7 to ground in 
order to guarantee a good surge current 
capability for long duration disturbances. 

2) In order to take advantage of the "4-points 
structure" of the THBTxxx, the tip and Ring 
lines have to cross through the device. In this 
case, the device will eliminate the 
overvoltages generated by the parasitic 
inductances of the wiring (Ldi/dt), especially 
for very fast Transients. 

5/8 
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THBT150 I THBT200 I THBT270 

APPLICATION CIRCUIT 

Line card protection 

Ground key telephone set protection 

A THBT xx 

1 r~-~ 

J : '1 ~ 
I 

:'1 ~ l "I I 
I 1_'=-r-J 

I GR~:: KEY E 
CJ 

R1ng generato~ 

HOOK 
+ I-- ;::o (d-

SPEECH 

* 
DIALING 

RINGER I 
I 
I 
I -

I 
I 

I 
I 

Q ~~ 
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THBT150 I THBT200 I THBT270 

ORDER CODE 

TH 8 T 150 11 

BIDIRECTIONAL ~-

TRISIL +---__j 

I PACKAGE L 1 =50 8 PLASTIC 
2=DIL 8 PLASTIC 

L__ __ VERSION 

BREAKDOWN VOLTAGE ~, _____ __j 

MARKING 

Packaae Type Marking 
THBT15011 BT1511 

SOB THBT20011 BT2011 
THBT27011 BT2711 

Packaging : Products supplied in antistatic tubes. 

PACKAGE MECHANICAL DATA (in millimeters) 
OIL 8 Plastic 

~ w 
P001-fW1 

Package Type Markinq 
THBT15012 BT1512 

DILB THBT20012 BT2012 
THBT27012 BT2712 

SO 8 Plastic 

c 1.27 I . I • I . I 
*-+---"'-'"'-

1 75 mao; 

-----------------------~~~ ~~~~~g~:~~~-----------------------7_18 
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THBT150 I THBT200 I THBT270 

CONNECTION DIAGRAM 
OIL 8 Plastic 

Tip 

GND 2 

GND 3 

Ring 4 

8 

7 

6 

·5 

SO 8 Plastic 

Tip Tip 8 Tip 

GND GND 7 GND 

GND GND 6 GND 

Ring Ring 5 Ring 

_81_8 ___________ ;....,, ~~~©!H~~~,~~~------------
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FEATURES 

• BIDIRECTIONAL CROWBAR PROTECTION. 
• BREAKDOWN VOLTAGE RANGE: 

From 62 V To 270 V. 
• HOLDING CURRENT= IH 

Suffix 12 = 120mA min. 
Suffix 18 = 180mA min. 

• PEAK PULSE CURRENT : 
lpp =50 A, 1 0/1000 J.lS. 

DESCRIPTION 

TPA SERIES 

/ 
F 126 
(Plastic) 

TRISIL 

The TPAxx series has been designed to protect 
telecommunication equipments against lightning 
and transient induced by AC power lines. SCHEMATIC DIAGRAM 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

0 

I 
CCITT K17 - K20 { 1onoo ~s 1.5 kV 

5/310 f.!S 38 A 

VDE 0433 { 10noo f.!S 2 kV 

5/200 ~s 50 A 

CNET { 0.5/700 ~s 1.5 kV 

0.2/310 f.!S 38 A 

B: 
1 

ABSOLUTE RATINGS (limiting values) (-40°C ~ Tamb ~ + 85°C) 

Symbol Parameter Value Unit 

p Power d1ss1pation on 1nfmite heats1nk Tamb =50 oc 1.7 w 

lpp Peak pulse current 10/1000 ~s 50 A 
See note1 8/20 f.!S 100 

ITSM Non repet1t1ve surge peak on-state current tp = 20 ms 30 A 

dl/dt Critical rate of rise of on-state current Non repetitive 100 A/f.lS 

dv!dt Crit1cal rate of rise of off-state voltage 67% VBR 5 KV/~s 

Tstg Storage and operating junction temperature range -40 to+ 150 oc 
TJ + 150 oc 

TL Maximum lead temperature for soldenng dunng 10 s. 230 oc 

1/6 
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TPAxxx 

THERMAL RESISTANCES 

Symbol Parameter 

Rth 0-1) Junction to leads on infinite heatsink. 

Rth 0-a) Junction to ambient. on pnnted circUit. 

Note 1: 1 0/1000 ~s wave form 

50 

0 
1000 jLS 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakover voltage 

IH Holding current 

VT On-state voltage 

I so Breakover current 

lpp Peak pulse current 

Llead = 10 mm 

Value 

60 

100 

IT -

lpp-, 
lao_ ~-------

IH - 1 ~ 

) 
" II 
I 

' 

I 

I 
I 

'I V 
VRM /VBQ 

VBR 

Unit 

oc/W 

octw 

_21_6 _____________________ ~~~ ~i~©~2~~~~~~-----------------------
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ELECTRICAL CHARACTERISTICS 

Type IRM@ VRM VBR@ IR 

max min 

!lA v v mA 
p TPA62A - 12 or 18 2 56 62 1 

TPA62B -12 or 18 2 56 62 1 
p TPA68A -12 or 18 2 61 68 1 

TPA68B -12 or 18 2 61 68 1 
(1) TPA75A -12 or 18 2 67 75 1 
(1) TPA75B -12 or 18 2 67 75 1 
(1) TPA82A -12 or 18 2 74 82 1 
(1) TPA82B -12 or 18 2 74 82 1 
(1) TPA91A -12 or 18 2 82 91 1 
(1) TPA91B - 12 or 18 2 82 91 1 
P TPA100A - 12 or 18 2 90 100 1 

TPA100B -12 or 18 2 90 100 1 
p TPA110A - 12 or 18 2 99 110 1 

TPA110B - 12 or 18 2 99 110 1 
p TPA120A - 12 or 18 2 108 120 1 

TPA120B - 12 or 18 2 108 120 1 
p TPA130A - 12 or 18 2 117 130 1 

TPA130B - 12 or 18 2 117 130 1 
(1) TPA150A - 12 or 18 2 135 150 1 
(1) TPA150B - 12 or 18 2 135 150 1 
(1) TPA160A - 12 or 18 2 144 160 1 
(1) TPA160B - 12 or 18 2 144 160 1 
P TPA180A - 12 or 18 2 162 180 1 

TPA180B - 12 or 18 2 162 180 1 
p TPA200A - 12 or 18 2 180 200 1 

TPA200B - 12 or 18 2 180 200 1 
p TPA220A - 12 or 18 2 198 220 1 

TPA220B - 12 or 18 2 198 220 1 
p TPA240A - 12 or 18 2 216 240 1 

TPA240B - 12 or 18 2 216 240 1 
p TPA270A - 12 or 18 2 243 270 1 

TPA270B - 12 or 18 2 243 270 1 

All parameters tested at 25"C, except where 1nd1cated 

P : Preferred dev1ce. 
(1): These voltages are on request 
Note 2 : See the reference test c1rcu1t for IH, leo and Vso parameters. 
Note 3 : Square pulse Tp = 1 ms- lr = 3A 
Note 4 : VR = 1V, F = 1MHz 

TPAxxx 

VBQ@ lBO vr c IH 

max max max max min 
note2 note3 note4 note2 

v mA v pF mA 
82 300 2 150 
75 300 2 150 
90 300 2 150 
82 300 2 150 
100 300 2 150 
91 300 2 150 
109 300 2 150 
99 300 2 150 Suffix 12 

121 300 2 150 for 120 mA. 
110 300 2 150 
133 300 2 100 
121 300 2 100 
147 300 2 100 
133 300 2 100 
160 300 2 100 Suffix 18 
145 300 2 100 for 180 mA. 
173 300 2 100 
157 300 2 100 
200 300 4 75 
181 300 4 75 
213 300 4 75 
193 300 4 75 
240 300 4 75 
217 300 4 75 
267 300 4 75 
241 300 4 75 
293 300 4 75 
265 300 4 75 
320 300 4 75 
289 300 4 75 
360 300 4 75 
325 300 4 75 

-------------------------~YL ~~~@~g~~~~©~------------------------3_/6 
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TPAxxx 

REFERENCE TEST CIRCUIT FOR IH, leo and Veo parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

___f1_ Tp = 20ms 

• Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VouTSelection 
- Device with VeR 5 150 Volt 

- VouT = 250 VRMS, R1 = 140 Q. 

- Device with VeR ~ 150 Volt 
- VouT = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
1 0/700 p,sec 

Vp :1KV /lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test circuit. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A, 10/700 JlS. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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TPAxxx 

Figure 2 : On - state characteristics (typical 
values). 
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Note : For dev1ce With VsR > 150 Volt 

The Vr value 1s tw1ce that shown 
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TPAxxx 

ORDER CODE 

TRISIL 50 A.-

BREAKDOWN VOLTAGE-------' 

Vso TOLERANCE.---------' 

MARKING : Logo, Date Code, Part Number. 

PACKAGE MECHANICAL DATA. 
F 126 Plastic 

L G L 

L1 note 1 note 1 L1 

jl 1 
•,' 

~ 

.. I~ 
~ . - ---<;J----

Ref 

0b2 

0D 

G 

L 

L1 

'->-PACKAGING: 
- RL = tape and reel. 

= Ammopack. 

'---+HOLDING CURRENT: 
- 12 = 120 rnA. 
- 18 = 180 rnA. 

Millimeters Inches 

min max min max 

0.76 0.86 0.03 0.034 

3.05 0.12 

6.35 0.25 

26 1.02 

1.27 0.05 

Lalb2 
¢b2~ •,' note 1 :The diameter 0 b2 is not controlled over zone L 1. 

Packaging : Standard packaging is in tape and reel. 
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FEATURES 

• BIDIRECTIONAL CROWBAR PROTECTION. 
• BREAKDOWN VOLTAGE RANGE: 

From 62 V To 270 V. 
• HOLDING CURRENT= IH 

Suffix 12 = 120mA min. 
Suffix 18 = 180mA min. 

• PEAK PULSE CURRENT : 
I pp = 90 A, 1 0/1 000 flS. 

DESCRIPTION 

TPB SERIES 

/ 
CB 429 
(Piast1c) 

TRISIL 

The TPBxx series has been designed to protect 
telecommunication equipments against lightning 
and transient induced by AC power lines. SCHEMATIC DIAGRAM 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17 · K20 { 10/700 f1S 1.5 kV 

5/310 f1S 38 A 

VDE 0433 { 10/700 f1S 2 kV 

5/200 f1S 50 A 

CNET { 0.5/700 f1S 1.5 kV 

0.2/310f1S 38 A 

ABSOLUTE RATINGS (limiting values) (-40°C s: Tamb s: + 85°C) 

Symbol Parameter 

p Power dissipation on infimte heatsink Tamb= 50 oc 

lpp Peak pulse current 10/1000 flS 
See note1 8/20 f1S 

ITSM Non repet1t1ve surge peak on-state current tp = 20 ms 

dl/dt Critical rate of nse of on-state current Non repetitive 

dv/dt Cntical rate of rise of off-state voltage 67%VBR 

Tstg Storage and operatmg JUnction temperature range 

TJ 

TL Max1mum lead temperature for soldenng dunng 10 s. 

fl) 
I 

lf.t 
I e 

Value 

5 

90 
150 

50 

100 

5 

· 40 to+ 150 
+ 150 

230 

Unit 

w 

A 

A 

A/f1S 

KV/f1S 

oc 
oc 
oc 

1/6 
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TPBxxx 

THERMAL RESISTANCES 

Symbol Parameter 

Rth (J-1) Junct1on to leads. On infinite heatsink. 

Rth G-a) Junction to ambient. On printed circuit. 

Note 1: 10/1000 ~s wave form. 

o/o lpp 

1 00 ...... _1-----=--

50 

0 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

VBo Breakover voltage 

IH Holding current 

vr On-state voltage 

lBO Breakover current 

lpp Peak pulse current 

Llead = 10 mm 

Value 

20 

75 

lpp -~ 
lso1~ 1 ~ _____ _ 

IH -.: 

) 

II 

' vr 

I 
I 
I 

I I V 
VRM /VBO 

VBR 

Unit 

°CIW 

°CIW 
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ELECTRICAL CHARACTERISTICS 

Type IRM@ VRM VeR@ IR 

max min 

l!A v v mA 
p TPB62A -12 or 18 2 56 62 1 

TPB62B -12 or 18 2 56 62 1 
p TPe68A -12 or 18 2 61 68 1 

TPe688 -12 or 18 2 61 68 1 
(1) TPB75A -12 or 18 2 67 75 1 
(1} TPB758 -12 or 18 2 67 75 1 
(1) TPB82A -12 or 18 2 74 82 1 
(1) TPe82e - 12 or 18 2 74 82 1 
(1) TPe91A -12 or 18 2 82 91 1 
(1) TPB91B -12 or 18 2 82 91 1 
P TPB100A - 12 or 18 2 90 100 1 

TPB100B - 12 or 18 2 90 100 1 
p TPB110A -12 or 18 2 99 110 1 

TPB110B - 12 or 18 2 gg 110 1 
p TPB120A - 12 or 18 2 108 120 1 

TPB120B - 12 or 18 2 108 120 1 
p TPB130A - 12 or 18 2 117 130 1 

TPB130B - 12 or 18 2 117 130 1 
(1) TPB150A - 12 or 18 2 135 150 1 
(1} TPB1508 - 12 or 18 2 135 150 1 
(1) TPB160A - 12 or 18 2 144 160 1 
(1) TPB160B - 12 or 18 2 144 160 1 
P TPB180A - 12 or 18 2 162 180 1 

TPB1808 - 12 or 18 2 162 180 1 
p TPB200A - 12 or 18 2 180 200 1 

TPB200B - 12 or 18 2 180 200 1 
p TPB220A - 12 or 18 2 198 220 1 

TPB220B - 12 or 18 2 198 220 1 
p TPB240A - 12 or 18 2 216 240 1 

TPB2408 - 12 or 18 2 216 240 1 
p TPB270A - 12 or 18 2 243 270 1 

TPB270B - 12 or 18 2 243 270 1 

All parameters tested at 25'C. except where 1nd1cated 

P : Preferred dev1ce 
(1): These voltages are on request 

Note 2 : See the reference test c1rcurt for IH, loo and Voo parameters 
Note 3 : Square pulse Tp = 1 ms- lr =SA 
Note 4 : VR = 1V, F = 1 MHz 

TPBxxx 

Vee@ leo vr c IH 

max max max max min 
note2 note3 note4 note2 

v mA v pF rnA 
82 300 3.5 300 
75 300 3.5 300 
90 300 3.5 300 
82 300 3.5 300 
100 300 3.5 300 
91 300 3.5 300 
109 300 3.5 300 
99 300 3.5 300 Suff1x 12 

121 300 3.5 300 for 120 mA. 
110 300 3.5 300 
133 300 3.5 200 
121 300 3.5 200 
147 300 3.5 200 
133 300 3.5 200 
160 300 3.5 200 SuffiX 18 
145 300 3.5 200 for 180 mA. 
173 300 3.5 200 
157 300 3.5 200 
200 300 7 150 
181 300 7 150 
213 300 7 150 
193 300 7 150 
240 300 7 150 
217 300 7 150 
267 300 7 150 
241 300 7 150 
293 300 7 150 
265 300 7 150 
320 300 7 150 
289 300 7 150 
360 300 7 150 
325 300 7 150 

-------------------------~~~ ~~~@~g~~~~@~----------------------~3~/6 
637 



TPBxxx 

REFERENCE TEST CIRCUIT FOR IH, lso and Vso parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

__n_ Tp = 20ms 

" Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

" Vour Selection 
- Device with VsR :o; 150 Volt 

- VouT = 250 VRMS, R1 = 140 Q. 

- Device with VsR 2 150 Volt 
- Vour = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
10/700 fJ-SeC 

Vp :1KV I lpp = 25A 

Thrs rs a GO-NOGO Test which allows to confrrm the holdrng current (I H) level in a functional test circurt. 
This test can be performed if the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 1-LS. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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Figure 2 : On - state characteristics (typical 
values). 
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Note : For dev1ces w1th VBR > 150 V 
The Vr value IS tw1ce that shown 
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TPBxxx 

ORDER CODE 

TRISIL90A-

BREAKDOWN VOLTAGE •--------' 

_.PACKAGING: 
· RL = tape and reel. 

= Ammopack. 

Vso TOLERANCE. _______ __j 
'----+HOLDING CURRENT: 

·12=120mA. 

MARKING : Logo, Date Code, Part Number. 

PACKAGE MECHANICAL DATA. 
CB 429 Plastic. 

L G L 

L1 note 1 note 1 L1 

••. J J ___ _; _____ 
---- ---------

Ll'b2 0b2~ 

~ 

~ 
---.. 

Packaging : Standard packaging is in tape and reel. 

· 18 = 180 mA. 

Ref Millimeters Inches 

mm max min max 

0b2 1.06 0.042 

0D 5.1 . 0.20 

G 9.8 . 0.386 

L 26 1.024 

L1 1.27 0.050 

note 1 :The diameter 0 b2 is not controlled over zone L 1. 
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640 



TPI80xxP/TPI120xxP 

TRIBALANCED PROTECTION FOR ISDN INTERFACES 

FEATURES 

• BIDIRECTIONAL TRIPOLE PROTECTION. 
• CROWBAR PROTECTION. 
• PEAK PULSE CURRENT : 

lpp = 30 A , 1 0/1000 J.IS. 
• BREAKDOWN VOLTAGE: 

TPIBO = BOV 
TPI120 = 120V. 

• AVAILABLE IN DILB AND SOB PACKAGES. 

DESCRIPTION: TRIBALANCED PROTECTION 

Dedicated devices for ISDN interface and high 
speed data telecom lines protection. 

It's a tripole TRISIL with low capacitance providin\j: 

Low capacitances from lines to ground : 
allowing high speed transmission without signal 
attenuation. 

- Good capacitance balance (Line Nline B) in 
order to insure the longitudinal balance of the 
line. 

- Fixed breakdown voltage in both common and 
differential modes. 
The same surge current capability in both 
common and differential modes. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17 - K20 { 10/700 JlS 1.5 kV 

5/310 J.IS 38 A 

VDE 0433 { 10/700 J.IS 2 kV 

5/200 J.IS 50 A 

CNET { 0.5/700 J.IS 1.5 kV 

0.2/310 J.IS 38 A 

so 8 
(Plastic) 

SCHEMATIC DIAGRAM 

Tip 

GND 

GND 

Ring 

DIL 8 
(Plastic) 

Tip 

GND 

GND 

Ring 

1/8 
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TPI80xxP/TPI120xxP 

ABSOLUTE RATINGS (limiting values) (-40°C::; Tamb::; +85°C) 

Symbol 

lpp 

ITSM 

dildt 

dv/dt 

Tstg 
Tj 

Parameter 

Peak pulse current 10/1000 11S 
5/320 11S 
2110 11S 

Non repetitive surge peak on-state current tp=10ms 
tp = 1 s 

Critical rate of rise of on-state current Non repetitive 

Critical rate of rise of off-state voltage 

Storage and operating junction temperature range 

% lpp 

100--*--;...:...:.-

67%VBR 

Value 

30 
40 
90 

5 
3.5 

100 

5 

-40 to+ 150 
+ 150 

50 
Pulse waveform 10/1 OOOflS 

0 
1000p.s 

THERMAL RESISTANCES 

Symbol Parameter Value 

Rth (J-a} Junction-to-ambient 

I 
OILS 125 
SOB 171 

Unit 

A 

A 

A/11s 

KV/11s 

oc 
oc 

Unit 

oc/W 
oc/W 

~2/~8------------------------~~/ ~i~~~~~~~~@~--------------------------
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ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VBR Breakdown voltage 

Vso Breakover voltage 

IH Holding current 

vr On-state voltage 

I so Breakover current 

lpp Peak pulse current 

Types IR @ VRM 

max 

11A v 
TPI80xxP 10 70 

TPI120xxP 10 105 

Note 1 : See the reference test c1rcu1t for IH, leo and Voo parameters 
Note 2 : Square pulse Tp = 500 MS- lr =SA 

CAPACITANCES CHARACTERISTICS 

LINE A 1 

TPixx ~ 
LINE B 1 

CONFIGURATION CA (pf) 
max 

VA=1V 70 
VR =56V 

VA= 56V 50 
Vs-1V 

All parameters tested at 25°C, except where 1nd1cated 

TPI80xxP/TPI120xxP 

/ 
VBR @ IR Vso lBO IH VT 

min max max m1n max 

note1 note1 note1 note2 

v mA v I mA mA v 
80 1 120 I 800 150 8 

120 1 180 I 800 150 8 

• 
cAl 

• 

1----' 
cs I 

• • 

cs (pf) CA- Cs (pf) 
max max 

50 30 

70 30 

-------------!..,1 ~~~~JUg1;1~~ce~-------------3_!8 
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TPI80xxP/TPI120xxP 

REFERENCE TEST CIRCUIT FOR IH, leo and Veo parameters : 

Transformer 
220V/BOOV 

SA 

TEST PROCEDURE : 

_fl_ Tp = 20ms 

• Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VouTSelection 
- Device with VeR ::; 150 Volt 

- VouT = 250 VRMS, R1 = 140 Q. 
- Device with VeR ;:: 150 Volt 

- VouT = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO • NOGO TEST. 

Vp = 
1KV 

Surge Generator 
1 0/700 JLSec 

Vp =1KV /lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test c1rcu1t. 
This test can be performed 1f the reference test circuit can't be implemented. 

TEST PROCEDURE : 

1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A, 10/700 I!S. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 

-~-8----------------------~~~ ~~~@~~~:~~~------------------------
644 



Figure 1 : Non repetitive surge peak on-state 
current. (with sinusoidal pulse : F =50Hz) 

ITSM (A) 
10 

10 

t(ms) 

I I Ill 

APPLICATION NOTE. 

Tip IN 

GND 

Ring IN 

I 
100 

Q± Ti = 2s 0c 
I I I II 
I Ill 

I i I I! I! 
I ! I 

I I II 

!Tit 
I ' 

1

111 I 
I 
I 
I 
I 

1000 

OUT Tip 

GND 

OUT Ring 

4- points structure lay-out 

TPI80xxP/TPI120xxP 

1) Connect pins 2, 3, 6 and 7 to ground in 
order to guarantee a good surge current 
capability for long duration disturbances. 

2) In order to take advantage of the "4-points 
structure" of the TPixxxP, the tip and Ring 
lines have to cross through the dev1ce. in this 
case, the device will eliminate the 
overvoltages generated by the parasitic 
inductances of the wiring (Ldi/dt), especially 
for very fast Transients. 

------------l-yl! ~~-~~~~~~g~------------5_/8 
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TPI80xxP/TPI120xxP 

APPLICATION NOTE 

U Interface Protection 

A R or PTC 

TPixx ----t GND 

8 R or PTC 

S Interface Protection 

R or PTC 

R or PTC 

This component use an internal diagram which allows to have symetrical characteristics with a good balanced beha
viour. 
This topology insures the same breakdown voltage level in positive and negative for differential or common mode 
surge. 

=6/=8-----------------------~~~ ~~~@~~~~~~~~-------------------------
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ORDER CODE 

TPI {J)l_ 

BIDIRECTIONAL r 
BREAKDOWN VOLTAGE,.__ ___ -' 

MARKING 

Package Type Marking 
SOB TPI8011 TPI80 

TPI12011 TPI120 

Packaging : Products supplied in antistatic tubes. 

PACKAGE MECHANICAL DATA (in millimeters) 
OIL 8 Plastic 

~ w 

fa 
I 84max I 

POOl fW1 

1 

TPI80xxP/TPI120xxP 

2 E 
T -PACKAGE L 1=S0 8 PLASTIC 

2=DIL 8 PLASTIC 

'-----------+VERSION 

Package Type Marking 
DIL8 TPI8012 TPI80 

TPI12012 TPI120 

SO 8 Plastic 

175JTIQK 

-----------~ SCS·THOMSON __________ 7_ta 
.._""'!I o:~m:oo@~r.ffi©ii'OO@l'!!Q~ 
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TPI80xxP/TPI120xxP 

CONNECTION DIAGRAM 
OIL 8 Plastic 

Tip 1 

GND 2 

GND 3 

Ring 4 

8 Tip 

7 GND 

6 GND 

5 Ring 

SO 8 Plastic 

Tip 8 Tip 

GND 7 GND 

GND 6 GND 

Ring 5 Ring 

-81-8 -----------J.:...,I ~~~~mgm:~~G;~------------
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TPP25011 
TPP25012 

PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR 
AND CURRENT REGULATION 

FEATURES 

• UNIDIRECTIONAL FUNCTION 
• PROGRAMMABLE BREAKDOWN VOLTAGE 

UP TO 250 V 
• PROGRAMMABLE CURRENT LIMITATION 

FROM 40 mA TO 500 mA 
• HIGH SURGE CURRENT CAPABILITY 

lpp = 30A 1 0/1 000 !lS 
• AVAILABLE IN OIL 8 AND SO 8 PACKAGES. 

DESCRIPTION 

Dedicated to sensitive telecom equipment 
protection, this device can provide both voltage 
protection and current limitation with a very tight 
tolerance. 
The breakdown voltage can be easily 
programmed by using an external zener diode. 
A multiple protection mode can be ' also 
performed when using several zener diodes, 
providing to each line interface an optimized 
protection level. 
The current limiting function is achieved with the 
use of a resistor between the gate and the 
cathode. The value of the resistor will determine 
the level of the desired current. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17- K20 { 10/700 (lS 1.5 kV 
5/310 (lS 38 A 

VDE 0433 { 10/700 (lS 2 kV 

5/200 (lS 50 A 

CNET { 0.5/700 (lS 1.5 kV 
0.2/310 JlS 38 A 

so 8 
(Plastic) 

SCHEMATIC DIAGRAM 

Gate 

NC 

NC 

Cathode 

OIL 8 
(Plastic) 

Anode 

Anode 

Anode 

Anode 

1/7 
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TPP25011 I TPP25012 

ABSOLUTE RATINGS (limiting values)(- 40°C :o; Tamb :o; +85°C} 

Symbol Parameter Value Unit 

lpp Peak pulse current 10/1000 f.!S 30 A 
5/320 f.!S 40 
2/10 f.!S 75 

ITSM Non repetitive surge peak on-state current tp = 10 ms 5 A 
tp = 1 s 3.5 

dildt Critical rate of rise of on-state current Non repetitive 100 A/f.!S 

dv/dt Critical rate of rise of off-state voltage 67%VBR 5 KV/f.!S 

Tstg Storage and operating junction temperature range -40to+150 oc 
Tj + 150 oc 

% lpp 

1 oo.....--.....--10--'~-5 Pulse waveform 10/1 OOOflS 

50 

THERMAL RESISTANCES 

Symbol Parameter Value Unit 

Rth U-a) Junction-to-ambient 

I 
DIL8 125 oc;w 
808 171 oc;w 

-2~-7-----------ih..,l ~~~©IH21l~~~~------------
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TPP25011 I TPP25012 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off voltage 

VsR Breakdown voltage lpp 

Vso Breakover voltage IT 

IH Holding current I so 

VT On-state voltage @ IT I H. 

I so Breakover current 
1m A 

lpp Peak pulse current 

VG Gate voltage 

IRM 

VT 
v 

IG Firing gate current 

OPERATION WITHOUT GATE ( ooc :o; Tamb :o; 70°C) 

TYPE IRM@VRM VsR@ IR Vso @ leo IH VT c 
max mm max min max min max m'ax 

note 1 note 1 note 2 note 3 

llA I v v I rnA v I rnA I rnA rnA v pF 

TPP250 6 I 60 250 I 1 340 I 15 1 200 180 5 100 

OPERATION WITH GATE ( Tamb = 25°C) 

Types VGN @ IGN =30 mA IG 

min max min max 

note 4 VA-C=100V 

v v rnA rnA 

TPP250 1.05 1.35 5 40 

Nate 1 See the reference test circuit for IH. I so and Vao parameters 
Note 2 Square pulse TP= SOOJ.!S- IT= 1A. 
Note 3 VR = 5 V, F = 1 MHz. 
Note 4 VGN limits are given at the typical IGN value 

----------- t== SGS·THOMSON----------3_17 .. "'!I ~o©oo©I':I1Ji!©'ii'wm:llllo©i0 
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TPP25011 I TPP25012 

REFERENCE TEST CIRCUIT FOR IH, leo and Veo parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

_n_ Tp = 20ms 

a Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

• VouTSelection 
- Device with VeR ::; 150 Volt 

- VouT = 250 VRMS, R1 = 140 n. 
- Device with VeR ~ 150 Volt 

- VouT = 480 VRMS, R2 = 240 0. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
1 0/700 p,sec 

Vp =1KV /lpp = 25A 

This is a GO·NOGO Test which allows to confirm the holding current (I H) level in a functional test c1rcuit. 
This test can be performed if the reference test circUit can't be Implemented. 

TEST PROCEDURE : 

' 1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 iJ.S. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 

-~-7-----------------------~~l ~~~~~~~l~~©~-------------------------
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TPP25011 I TPP25012 

APPLICATION CIRCUIT 
Overvoltage protection and current limitation 

PTC 

A 

TPP250 

HOOK 

g--

'----c----.----' G Ra l_ 
r---_,__-c=:::J 

SPEECH 

DIALING 

RINGER 

Q~~ 

Table below gives the tolerance of the limited current lr for each standardized resistor value. 

CURRENT TOLERANCE 
R IT IT 
Q rnA rnA· 

( ±5%) min max 

3.00 338 514 
3.30 308 471 
3.60 283 435 
3.90 261 404 
4.30 238 370 
4.70 218 342 
5.10 201 319 
5.60 184 294 
6.20 166 269 
6.80 152 249 
7.50 138 229 c 
8.20 127 213 
9.10 115 196 

10.10 104 181 
11.00 96 169 
12.00 88 158 
13.00 82 149 
15.00 72 135 + I 

G 
16.00 68 129 Ra 
18.00 61 119 
20.00 55 111 
22.00 50 105 
24.00 47 99 
27.00 42 93 
30.00 38 87 
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TPP25011 I TPP25012 

Ground key telephone set protection 

PTC 

DIALING VZ2 

CIRCUIT 

_l_ 

T 

PROTECTION MODES : 

OFF HOOK= ·Ringer circuit protection is insured with breakdown voltage at 250 V. 

ON HOOK = In dialing mode and in conversation mode, the breakdown voltage of TPP250 can be 
adapted at different levels with two zener diodes. 

ORDER CODE 

TPP 250 

BREAKDOWNVOLTAGE J PACKAGE 
1 =SO 8 PLASTIC 
2=DIL 8 PLASTIC 

VERSION 

-'61_7 ___________ A....,l ~~~©Itl~~:~~©~------------
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MARKING 

Package Type 

SOB TPP2501 1 
DILB TPP25012 

PACKAGE MECHANICAL DATA (in millimeters) 

DIL 8 Plastic 

~ w 
CONNECTION DIAGRAM 

DIL 8 'Plastic 

Gate 

NC 2 

NC 3 

Cathode 4 

Fa_ 
I 8 4ma. ~ 

POOI·FWI 

8 Anode 

7 Anode 

6 Anode 

5 Anode 

Packaging : Products supplied in antistatic tubes. 

TPP25011 I TPP25012 

Marking 

TPP250 
TPP250 

SO 8 Plastic 

• '·'' ·1 • I • I , 1· 
*-+-,....,.."--

I 75 me~. 

SO 8 Plastic 

Gate 8 Anode 

NC 7 Anode 

NC 6 Anode 

Cathode 5 Anode 

-------------------------~,1 ~~~@~~~~~~~~------------------------?_!? 
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FEATURES 

" SINGLE DEVICE PROVIDING : 
DIODE BRIDGE 
BIDIRECTIONAL PROTECTION 

" CROWBAR PROTECTION 
,. PEAK PULSE CURRENT : 

lpp = 30A, 1 0/1 000 !-IS 
" VOLTAGE RANGE FROM 120V to 270V 
" Maximum current : lo = 0.5 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17 - K20 { 10/700 J.lS 1.5 kV 

5/310 J.lS 38 A 

VDE 0433 { 10/700 J.lS 2 kV 

5/200 J.lS 50 A 

CNET { 0.5/700 J.lS 1.5 kV 

0.2/310 J.lS 38 A 

TSixxx85 

TELEPHONE SET INTERFACE 

S016 
(Plastic) 

FUNCTIONAL DIAGRAM 

LINE A 

(+) 

LINE 8 '--------- (-) 

ABSOLUTE RATINGS (limiting values) (-40°C ~ Tamb ~ +85°C) 

Symbol Parameter Value Unit 

lpp Peak pulse current 10/1000 J.lS 30 A 
5/310 J.lS 40 
2/10 J.lS 75 

Ia Maximum current 0.5 A 

ITSM Non repetitive surge peak on-state current tp = 10 ms 5 A 
tp = 1 s 3.5 

dv/dt Critical rate of rise of off-state voltage 67%VBR 5 KV/J.IS 

Tstg Storage and operating junction temperature range -40 to+ 150 oc 
Tj 150 oc 

October 1993 1/4 
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TSixxx85 

THERMAL RESISTANCES 

Symbol Parameter 

Rth O-a) Junction-ambient thermal resistance - mounting on FR4 

ELECTRICAL CHARACTERISTICS 
Tamb = 25'C 

Symbol Parameter 

VRM Stand-off voltage 

VsR Breakdown voltage 

Vso Breakovervoltage 

IH Holdmg current 

VT On-state voltage 

VF Forward Voltage Drop 

Jso Breakover current 

lpp Peak pulse current 

PARAMETERS RELATED TO THE PROTECTION DEVICE 

Types IR @ VRM veo @ IH 

'eo 
max max min 

note1 note1 

llA v v mA 
TSI120B5 1 50 180 150 

5 120 
TSI150B5 1 50 230 150 

5 150 
TSI180B5 1 50 250 150 

5 180 
TSI200B5 1 50 290 150 

5 200 
TSI270B5 1 50 380 150 

5 270 

PARAMETERS RELATED TO THE DIODE BRIDGE 

Symbol Test conditions 

VF IF= 20mA note 3 
iF= 100mA note 3 

c note 4 

All parameters are tested at 25"C,except where tndicated 
Note 1 : See test condtdtons for Vso, lso, IH parameters 
Note 2 : Square pulse tp = 500 ~s- lr =SA. 
Note 3 : VF ts gtven for one dtode 
Note 4: VR = OV, F = 1MHz. 

Value Unit 

80 oc!W 

lpp -r 
IT -

tso_ ' ______ 1 IH -~: I 

" ' " ' I r I V 
\ VRM /VBO 
VT VBR 

leo vr 

min max max 
note1 note2 

mA mA v 
50 400 8 

50 400 8 

50 400 8 

50 400 8 

50 400 8 

Value Unit 

0.9 v 
1.0 

200 pF 

_21_4 ______________________ l~l ~~~~~~~~~~©~------------------------
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TSixxxB5 

REFERENCE TEST CIRCUIT FOR IH, leo and Vso parameters : 

Transformer 
220V/800V 

SA 

TEST PROCEDURE : 

_n_ Tp = 20ms 

a Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 

" VouT Selection 
- Device with VsR :o; 150 Volt 

- VouT = 250 VRMS, R1 = 140 Q. 
Device with VsR ~ 150 Volt 

- VouT = 480 VRMS, R2 = 240 Q. 

FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 

Vp = 
1KV 

Surge Generator 
10/700 J1SeC 

Vp =1KV /lpp = 25A 

This is a GO-NOGO Test which allows to confirm the holding current (I H) level in a functional test circuit. 
This test can be performed if the reference test circuit can"! be implemented. 

" TEST PROCEDURE : 

I) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 

2) Fire the D.U.T with a surge Current: lpp = 25A. I 0/700 f.!S. 

3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 

------------------------b~l ~i~~~&~~~~~-----------------------3-14 
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TSixxxB5 

PINOUT CONFIGURATION AND LAYOUT RECOMMENDATIONS: 

PINOUT LAYOUT 

NC NC D D 
LINE A LINE B 

LINEA--Q D- LINEB 

(+) (+) D D- (+) 

NC NC D D 
LINE A LINE B D D 

(-) (-) D D-(-) 
NC NC D D 
NC NC D D 

PACKAGE MECHANICAL DATA 

DIM. mm inch 

MIN. TYP. MAX. MIN. TYP. MAX. 

A 1.75 0.069 
a1 0.1 0.2 0.004 0.008 

~ 
a2 1.6 0.063 
b 035 0.46 0.014 0.018 

~~ 
b1 0.19 0.25 0.007 0.010 
c 0.5 0.020 
c1 45" max 

I E I 
D 9.8 10 0.386 0.394 
E 5.8 6.2 0.228 0.244 
e 1.27 0.050 

0 M e3 8.89 0.350 

In n n n n n nrlit"' I F 3.8 4.0 0.150 0.157 
G 4.6 5.3 0.181 0.209 

[o I • L 0.5 1.27 0.020 0.050 
M 0.62 0.024 
s a· max 

uuuuuuuu 

MARKING: LOGO, DATE CODE, DEVICE CODE. 

DEVICE TSI12085 TSI15085 TSI18085 TSI20085 TSI27085 

MARKING TSI120 TSI150 TSI180 TSI200 TSI270 

_41_4 ______________________ £yg ~~~@~~i~~~~------------------------
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PACKAGES 
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mm 
DIM. 

MIN. TYP. MAX. 

A 3.32 

a1 0.51 

B 1.15 1.65 

b 0.356 0.55 

b1 0.204 0.304 

D 10.92 

E 7.95 9.75 

'e 2.54 

e3 7.62 

e4 7.62 

F 6.6 

I 5.08 

L 3.18 3.81 

z 1.52 

z 

inch 

MIN. TYP. 

0.131 

0.020 

0.045 

0.014 

0.008 

0.313 

0.100 

0.300 

0.300 

0.125 

e3 

MAX. 

0.065 

0.022 

0.012 

0.430 

0.384 

0.260 

0.200 

0.150 

0.060 

I· 
z 

OUTLINE AND 
MECHANICAL DATA 

Minidip (0.25) 

E 

·I 

P001W 
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mm 
DIM. 

MIN. TYP. 

a1 0.51 

B 1.39 

b 0.5 

b1 0.25 

D 

E 8.5 

e 2.54 

e3 15.24 

F 

I 

L 3.3 

z 1.27 

b z 

664 

inch 

MAX. MIN. TYP. 

0.020 

1.65 0.055 

0.020 

0.010 

20 

0.335 

0.100 

0.600 

7.1 

5.1 

0.130 

2.54 0.050 

B 

e3 

D 

MAX. 

0.065 

0.787 

0.280 

0.201 

0.100 

e 
z 

.I 

3 

OUTLINE AND 
MECHANICAL DATA 

DIP14 

_. b1 

I· 
E 

·I 

P001A 



mm 
DIM. 

MIN. TYP. MAX. 

a1 0.51 

B 0.77 1.65 

b 0.5 

b1 0.25 

D 20 

E 8.5 

e 2.54 

e3 17.78 

F 7.1 

I 5.1 

L 3.3 

z 1.27 

z 

inch 

MIN. TYP. 

0.020 

0.030 

0.020 

0.010 

0.335 

0.100 

0.700 

0.130 

e3 

D.-

MAX. 

0.065 

0.787 

0.280 

0.201 

0.050 

OUTLINE AND 
MECHANICAL DATA 

DIP16 (0.25) 

I· E 

·I 

P001C 
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mm 
DIM. 

MIN. TYP. MAX. 

a1 0.254 

B 1.39 1.65 

b 0.46 

b1 0.25 

D 23.24 

E 8.5 

e 2.54 

e3 20.32 

F 7.1 

I 3.93 

L 3.3 

z 1.27 1.59 

b z 

666 

inch 

MIN. TYP. MAX. 

0.010 

0.055 0.064 

0.018 

0.010 

0.914 

0.335 

0.100 

0.800 

0.280 

0.155 

0.130 

0.050 0.062 

B 

e3 

D 

e 

z 

.I 

OUTLINE AND 
MECHANICAL DATA 

DIP18 (0.25) 

I· 
E 

] 

·I 

POOH 



mm 
DIM. 

MIN. TYP. MAX. 

a1 0.254 

B 1.39 1.65 

b 0.45 

b1 0.25 

D 25.4 

E 8.5 

e 2.54 

e3 22.86 

F 7.1 

I 3.93 

L 3.3 

z 1.34 

z 

inch 

MIN. TYP. 

·0.010 

0.055 

0.018 

0.010 

0.335 

0.100 

0.900 

0.130 

e3 

MAX. 

0.065 

1.000 

0.280 

0.155 

0.053 

z 

OUTLINE AND 
MECHANICAL DATA 

DIP20 (0.25) 

I· 
E 

P001J 
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mm 
DIM. 

MIN. TYP. 

a1 0.63 

b 0.45 

b1 0.23 

b2 1.27 

D 

E 15.2 

e 2.54 

e3 27.94 

F 

I 4.445 

L 3.3 

~ 

668 

inch 

MAX. MIN. TYP. 

0.025 

0.018 

0.31 0.009 

0.050 

32.2 

16.68 0.598 

0.100 

1.100 

14.1 

0.175 

0.130 

e3 

D 

MAX. 

0.012 

1.268 

0.657 

0.555 

~ 
e 

.I 

u... 

OUTLINE AND 
MECHANICAL DATA 

DIP24 (0.25) 

I· 
E 

·I 

P043A 



mm 
DIM. 

MIN. TYP. MAX. 

a1 0.63 

b 0.45 

b1 0.23 0.31 

b2 1.27 

D 37.34 

E 15.2 16.68 

e 2.54 

e3 33.02 

F 14.1 

I 4.445 

L 3.3 

inch 

MIN. TYP. 

0.025 

0.018 

0.009 

0.050 

0.598 

0.100 

1.300 

0.175 

0.130 

e3 

MAX. 

0.012 

1.470 

0.657 

0.555 

u.. 

OUTLINE AND 
MECHANICAL DATA 

DIP28 

I· 
E 

P043D 
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DIM. 

MIN. 

A 12.32 

B 11.43 

0 4.2 

01 2.29 

02 0.51 

E 9.91 

e 

e3 

F 

F1 

G 

M 

M1 

M1 

670 

mm inch 

TYP. MAX. MIN. TYP. MAX. 

12.57 0.485 0.495 

11.58 0.450 0.456 

4.57 0.165 0.180 

3.04 0.090 0.120 

0.020 

10.92 0.390 0.430 

1.27 0.050 

7.62 0.300 

0.46 0.018 

0.71 0.028 

0.101 0.004 

1.24 0.049 

1.143 0.045 

B 

cp 
---- -~---

1 18

19

u.J 000000 

A 

12 

w 

OUTLINE AND 
MECHANICAL DATA 

PLCC28 

02 
01 

I 0 I G (Seating Plane Coplanarity) 0 

M 

P027E 



DIM. 

MIN. 

A 17.4 

B 16.51 

c 3.65 

D 4.2 

d1 2.59 

d2 

E 14.99 

.e 

e3 

F 

F1 

G 

M 

M1 

M1 

~ 

mm inch 

TYP. MAX. MIN. TYP. MAX. 

17.65 0.685 0.695 

16.65 0.650 0.656 

3.7 0.144 0.146 

4.57 0.165 0.180 

2.74 0.102 0.108 

0.68 0.027 

16 0.590 0.630 

1.27 0.050 

12.7 0.500 

0.46 0.018 

0.71 0.028 

0.101 0.004 

1.16 0.046 

1.14 0.045 

8 

cb 38 

................................. +--·---.. ·--------·----·-.. ··-.. ·--

! 

I 
' 
1 

29 

28 Ill 
DDDDDA DODD~ 
18 

OUTLINE AND 
MECHANICAL DATA 

PLCC44 

c 

d1 

[QJ G (Seating Plane Coplanarity) D 

M 

P027B 
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mm 
DIM. 

MIN. TYP. 

A 

A1 0.25 

A2 2.55 2.80 

B 0.35 

c 0.13 

0 16.95 17.20 

01 13.90 14.00 

02 10.00 

e 1.00 

E 16.95 17.20 

E1 13.90 14.00 

E2 10.00 

F 1.60 

K 

L 0.65 0.80 

MAX. MIN. 

3.40 

0.01 

3.05 0.10 

0.50 0.014 

0.23 0.005 

17.45 0.667 

14.10 0.547 

17.45 0.667 

14.10 0.547 

0°(min.), 7°(max.) 

0.95 0.025 

inch 

TYP. 

0.11 

0.677 

0.551 

0.394 

0.039 

0.677 

0.551 

0.394 

0.063 

0.031 

MAX. 

0.134 

0.12 

0.020 

0.009 

0.687 

0.555 

0.687 

0.555 

0.037 

OUTLINE AND 
MECHANICAL DATA 

PQFP44 (*) 
(')Advanced information on a new package now in development or undergoing evaluation. Details are subject to change Without not1ce. 

A 

E2 

E1 

E 
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DIM. 
mm 

MIN. TYP. 

A 

A1 0.25 

A2 2.55 2.80 

B 0.30 

c 0.13 

D 16.95 17.20 

D1 13.90 14.00 

D2 12.00 

e 0.80 

E 16.95 17.20 

E1 13.90 14.00 

E2 12.00 

F 1.60 

K 

L 0.65 0.80 

MAX. MIN. 

3.40 

0.01 

3.05 0.10 

0.45 0.012 

0.23 0.005 

17.45 0.667 

14.10 0.547 

17.45 0.667 

14.10 0.547 

0°(min.), 7°(max.) 

0.95 0.025 

inch 

TYP. 

0.11 

0.677 

0.551 

0.472 

0.031 

0.677 

0.551 

0.472 

0.063 

0.031 

MAX. 

0.134 

0.12 

O.D18 

0.009 

0.687 

0.555 

0.687 

0.555 

0.037 

r== SGS·1HOMSON .,_., l ~O©rnl@~[!,~©ll'rnl@~O©® 

OUTLINE AND 
MECHANICAL DATA 

PQFP64 (*) 
(•) Advanced information on a new package now in development or undergoing evaluation. Details are subject to change without notice. 

A 

I 
I ---·--·-·!-·---·-·-···· 

I 
E c 

I 
I 

E2 

E1 u. 

E 
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DIM. 
mm 

MIN. TYP. 

A 

a1 0.1 

a2 

a3 0.65 

b 0.35 

b1 0.19 

c 0.25 

c1 

D 4.8 

E 5.8 

e 1.27 

e3 3.81 

F 3.8 

L 0.4 

M 

s 

8 

674 

MAX. MIN. 

1.75 

0.25 0.004 

1.65 

0.85 0.026 

0.48 0.014 

0.25 0.007 

0.5 0.010 

45° (typ.) 

5.0 0.189 

6.2 0.228 

4.0 0.15 

1.27 0.016 

0.6 

so (max.) 

inch 

TYP. MAX. 

0.069 

0.010 

0.065 

0.033 

0.019 

0.010 

0.020 

0.197 

0.244 

0.050 

0.150 

0.157 

0.050 

0.024 

5 

LL 

OUTLINE AND 
MECHANICAL DATA 

508 

P013M 



DIM. 
mm 

MIN. TYP. 

A 

a1 0.1 

a2 

b 0.35 

b1 0.19 

c 0.5 

c1 

D 8.55 

E 5.8 

e 1.27 

e3 7.62 

F 3.8 

G 4.6 

L 0.5 

M 

s 

14 

MAX. MIN. 

1.75 

0.2 0.004 

1.6 

0.46 0.014 

0.25 0.007 

45° (typ.) 

8.75 0.336 

6.2 0.228 

4.0 0.15 

5.3 0.181 

1.27 0.020 

0.68 

so (max.) 

D 

inch 

TYP. MAX. 

0.069 

0.008 

0.063 

0.018 

0.010 

0.020 

0.344 

0.244 

0.050 

0.300 

0.157 

0.208 

0.050 

0.027 

8 

7 

M 

LL 

OUTLINE AND 
MECHANICAL DATA 

5014 

P013G 
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DIM. 
mm 

MIN. TYP. 

A 

a1 0.1 

a2 

b 0.35 

b1 0.23 

c 0.5 

c1 

D 10.1 

E 10.0 

e 1.27 

e3 8.89 

F 7.4 

G 8.8 

L 0.5 

M 

s 

676 

MAX. MIN. 

2.65 

0.2 0.004 

2.45 

0.49 0.014 

0.32 0.009 

45° (typ.} 

10.5 0.397 

10.65 0.393 

7.6 0.291 

9.15 0.346 

1.27 0.020 

0.75 

so (max.} 

inch 

TYP. MAX. 

0.104 

0.008 

0.096 

0.019 

0.012 

0.020 

0.413 

0.419 

0.050 

0.350 

0.300 

0.360 

0.050 

0.029 

8 

M 

u.. 

r::::-= SGS·THOMSON A., L lNiilO©ffil@~[L~©'iJ'ffil@[KIJO©® 

OUTLINE AND 
MECHANICAL DATA 

S016L 

P013I 



mm 
DIM. 

MIN. TYP. 

A 

a1 0.1 

a2 

b 0.35 

b1 0.23 

c 0.5 

c1 

D 12.6 

E 10 

e 1.27 

e3 11.43 

F 7.4 

L 0.5 

M 

s 

MAX. MIN. 

2.65 

0.2 0.004 

2.45 

0.49 0.014 

0.32 0.009 

45° (typ.) 

13.0 0.496 

10.65 0.394 

7.6 0.291 

1.27 0.020 

0.75 

so (max.) 

D 

inch 

TYP. MAX. 

0.104 

0.008 

0.096 

0.019 

0.013 

0.020 -

0.510 

0.419 

0.050 

0.450 

0.300 

0.050 

0.030 

u.. 

OUTLINE AND 
MECHANICAL DATA 

S020 

P013L 

677 



mm inch 
DIM. 

A 

a1 

b 

b1 

c 

c1 

D 

E 

e 

e3 

F 

L 

s 

678 

MIN. TYP. MAX. MIN. TYP. MAX. 

2.65 0.104 

0.1 0.3 0.004 0.012 

0.35 0.49 0.014 0.019 

0.23 0.32 0.009 0.013 

0.5 0.020 

45° (typ.) 

17.7 18.1 0.697 0.713 

10 10.65 0.394 0.419 

1.27 0.050 

16.51 0.65 

7.4 7.6 0.291 0.299 

0.4 1.27 0.016 0.050 

so (max.) 

I' D 'I 

OUTLINE AND 
MECHANICAL DATA 

S028 

L 

~··.I~ 

[~ :]]~ 
P013N 









SALES OFFICES 

EUROPE 
DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel (45-44) 94.85 33 
Telex 35411 
Telefax (45-44) 948694 

FINLAND 

LOHJA SF-08150 
Ratakatu, 26 
Tel (358-12) 15511 
Telefax (358-12) 155 66 

FRANCE 
94253 GENTILLY Cedex 
7- avenue Gall1en1- BP 93 
Tel (33-1) 47 40 75 75 
Telex. 632570 STMHQ 
Telefax (33-1) 47 40 7910 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax (33-88) 22 29 32 

GERMANY 

85630 GRASBRUNN 
Breton1scher Ring 4 
Postfach 1122 
Tel (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 

60327 FRANKFURT 
Gutleutstrasse 322 
Tel (49-69) 237492-3 
Telefax. (49-69) 231957 
Teletex 6997689=STVBF 

30695 HANNOVER 51 
Roten burger Strasse 28A 
Tel (49-511) 615960-3 
Teletex 5118418 CSFBEH 
Telefax (49-511) 6151243 

90441 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax· (49-911) 5980701 

70499 STUTTGART 31 
Mittlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telefax (49-711) 8661427 

ITALY 

20090 ASSAGO (MI) 
V le M1lanof1on- Strada 4- Palazzo N4/A 
Tel (39-2) 57546 1 (10 l1nee) 
Telex 330131 -330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (80' 
V1a R Fuc1n1, 12 
Tel (39-51) 593029 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1a A Torlonia, 15 
Tel (39-6) 8443341 
Telex 620653 SGSATE I 
Telefax (39-6) 8444474 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SPAIN 

~~?1~1P~~o~~~~~~l~or, 5~ Door 
Tel (34-3) 4143300-4143361 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex. 46033 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarfpdsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chem1n Francois-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel .. (44-628) 890800 
Telex 847458 
Telefax· (44-628) 890391 



AMERICAS 
BRAZIL 
05413 SAO PAULO 
R Henrique Schau mann 286-CJ33 
Tel (55-11) 883-5455 
Telex (391 )11-37988 "UMBR BR" 
Telefax . (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Moodie Dnve Su1te 307 
Tel (613) 829-9944 
Telefax (613) 829-8998 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 
L1ncoln, MA 01773 
Tel (617) 259-0300 
Telefax (617) 259-4421 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville· Tel (205) 533-5995 

Fax (205) 533·9320 

ARIZONA 
Phoenix. Tel (602) 867·6217 

Fax (602) 867·6200 

CALIFORNIA 
Santa Ana- Tel. (714) 957-6018 

Fax (714) 957-3281 
San Jose- Tel (408) 452-8585 

Fax ( 452) 1549 

COLORADO 
Boulder- Tel (303) 449-9000 

Fax (303) 449-9505 

FLORIDA 
Boca Raton- Tel .. (407) 997-7233 

Fax (407) 997-7554 

GEORGIA 
Norcross- Tel. (404) 242-7444 

Fax ( 404) 368-9439 

ILLINOIS 
Schaumburg- Tel (708) 517-1890 

Fax (708) 517-1899 

INDIANA 
Kokomo- Tel. (317) 455-3500 

Fax (317) 455-3400 
Indianapolis- Tel. (317) 575-5520 

Fax· (317) 575-8211 

MICHIGAN 
Livonia- Tel.: (313) 953·1700 

Fax (313) 462-4071 • 

MINNESOTA 
Bloomington- Tel (612) 944-0098 

Fax (612) 944-0133 

NORTH CAROLINA 
Cary - Tel (919) 469-1311 

Fax (919) 469-4515 

NEW JERSEY 
Voorhees- Tel (609) 772-6222 

Fax (609) 772-6037 

NEW YORK 
Poughkeepsie- Tel.: (914) 454-8613 

Fax: (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxville- Tel (615) 524-6239 

TEXAS 
Austin - Tel · (512) 502-3020 

Fax (512) 346-6260 
Carrollton- Tel (214) 466·8844 

Fax (214) 466-8130 
Houston- Tel. (713) 376-9936 

Fax (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S A 

PENNSYLVANIA 
Montgomeryville- Tel (215)361-6400 

Fax· (215) 361-1293 

ASIA I PACIFIC 
AUSTRALIA 
NSW 2220 HURTSVILLE 
Su1te 3, Level 7, Ot1s House 
43 Bndge Street 
Tel (61-2) 5803811 
Telefax (61-2) 5806440 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852) 8615788 
Telex 60955 ESGIES HX 
Telefax (852) 8656589 

INDIA 

NEW DELHI110019 
L1a1son Offtce 
3rd Floor, F-Biock 
lnternat1ona1 Trade Tower 
Nehru Place 
Tel (91-11)644-5928/647-9415 
Telex 031-70193 STMIIN 
Telefax (91-11) 6424615 

MALAYSIA 

SELANGOR, PETALING JAYA46200 
Un1t BM-10 
PJ lndustnal Park 
Jalan Kemajuan 12/18 
Tel (03) 758 1189 
Telefax· (03) 758 1179 

PULAU PINANG 10400 
4th Floor- Suite 4-03 
Bangunan FOP-1230 Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Shtnwon Bu1ld1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex· SGSKOR K29998 
Telefax (82-2) 552-1051 

SALES OFFICES 

SINGAPORE 
SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4~20240 

TAIWAN 

TAIPEI 
12th Floor 
325, Sect1on 1 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

THAILAND 

BANGKOK 10110 
54 Asoke Road 
Sukhumvtt 21 
Tel (662) 260 7870 
Telelax (662) 260 7871 

JAPAN 
TOKYO 108 
N1ssekt- Takanawa Bid. 4F 
2-18-10 Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 
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