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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED o L\'?_\

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 Microelectronics. As
used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness.

vided with the product, can be reasonably expected to
result in significant injury to the user.
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INTRODUCTION

According to market research company Dataquest, SGS-THOMSON Microelectronics is the
world’s leading supplier of dedicated integrated ciruits for Telecom applications. This leading
position is due in large measure to the company’s strength in network applications, such as
central office and PABX line cards, analog & digital trunks and ISDN.

Thanks to long experience and a global customer portfolio, today SGS-THOMSON can offer
solutions to suit a very wide variety of application needs, satisfying international and local
standards, plus the specific needs of telecom markets throughout the world. This broad port-
folio also includes solutions that provide alternative trade-offs between performance and
price, and choices in the approach to system partitioning.

Underlying these products is the solid base of leading edge technologies, fruit of years of in-
tensive investment in research and development. In CMOS technology SGS-THOMSON's
submicron 8" capability is comparable with the leading edge technology of the industry, while
in mixed bipolar-CMOS and bipolar-CMOS- DMOS the company is unmatched.

To simplify system design, SGS-THOMSON offers comprehensive application support, in-
cluding evaluation boards, software, on-line assistance, courses and detailed technical docu-
mentation.

All of this reflects the importance that SGS-THOMSON Microelectronics attaches to the
telecom market, a committment that guarantees continued support at the highest levels of-
fered in the industry, and continued leadership of this key market.

In addition to dedicated products, specially designed for telecom network application,
SGS-THOMSON Microelectronics manufactures many general purpose discrete semicon-
ductors, integrated circuits and modules which are useful in this field. Datasheets for these
products are included in this book.

Pair-Gain System Demo-Tool Developed by SGS-THOMSON

Kyy S5STHOMSON







ALPHANUMERICAL INDEX

NI‘r;'?:er Function Nll::amgl‘)eer
1.5KE Series Uni and Bidirectional Transils . . . . ... ... .. Pp = 1500W 467
BZWO04 Series Uni and Bidirectional Transils . . . .. ... .... Pp = 400W 475
BZWS50 Series Uni and Bidirectional Transils . . . . ... ... .. Pp = 5000W 483
DA108S1 DiodeArray . . . . . . . .. e 489
ETC5054/7(-X) Serial Interface Codec/Filter . . . . . . . ... ... .. .... 19
ETC5064/7(-X) Serial Interface Codec/Filter with Receive Power Amplifier 33
GS1T70-D540 DC-DC Converter For ISDN Applications . . . . . . ... .. .. 727
GS1T70-D540F DC-DC Converter For ISDN Applications . . . . . .. ... ... 731
GS2T48-D12 DC-DC Converter For Telecom Applications . . . . . ... ... 735
GS4T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 737
GS5T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 739
GS5T48-12 DC-DC Converter For Telecom Applications . . . . . ... ... 741
GS5T48-15 DC-DC Converter For Telecom Applications . . . . . . ... .. 743
GS15T48-5 DC-DC Converter For Telecom Applications . . . . . . ... .. 745
GS24T48-12 DC-DC Converter For Telecom Applications . . . . . ... ... 747
GS25T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 749
GS30T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 753
GS30T48-12 DC-DC Converter For Telecom Applications . . . . . ... ... 749
GS30T48-15 DC-DC Converter For Telecom Applications . . . . . ... ... 749
GS100T300-48 High Input Voltage DC-DC Converter For Industrial Applications 755
GS120T48-3.3 DC-DC Converter For Telecom Applications . . . . . ... ... 765
GS175T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 765
GS175T48-12 DC-DC Converter For Telecom Applications . . . . . ... ... 765
GS175T48-15 DC-DC Converter For Telecom Applications . . . . . ... ... 765
GS300T48-5 DC-DC Converter For Telecom Applications . . . . . ... ... 775
GS-R4840N 40 V/1 A Negative Output Switching Voltage Regulator . . . . . 781
GS-R4840NV -22 t0 -60 V/0.6 A Digitally Prog. Output Switch. Voltage Regulator 783
L3030/L3000N Subscriber Line Interface Circuit . . . . . ... ... ... ... 47
L3035/L.3036 Subscriber Line Interface Circuit . . . . . . .. ... ... ... 71
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ALPHANUMERICAL INDEX

NIm?er Function NEﬁ\g:er
L3037 Subscriber Line Interface Circuit . . . . . ... ...... ... 89
L3092/L3000N Slic Kit Optimized for Applications with Both First and Second

GeneratonCombos . . . . . ... ... ... . .. 109
L3234/L3235 Highly Integrated Slic Kit Targeted to Pabx and Key System

Applications . . . . . ... .. L 137
L3845 Trunkinterface . . . . ... ... ... ... ... .. 161
L3100B/B1 Unidirectional Programmable Suppressor . . . ... ... ... 495
L3121B Dual Asymmetrical Programmable Suppressor. . . . . .. ... 503
LCP150S Dual Asymmetrical Programmable Suppressor. . . . ... ... 509
LCP1511/12 Dual Asymmetrical Programmable Suppressor. . . . . .. ... 515
LS204 High Performance Dual Bipolar Op-Amps . . . ... ... ... 637
LS404 High Performance Quad Bipolar Op-Amps . . . . . . ... ... 649
LS5018B Bidirectional Trisil . . . . ... ... ... .. ..o 0L 523
LS5060B Bidirectional Trisil . . . . ... ... ... e 523
LS5120B Bidirectional Trisil . . . . . . ... ... ... ... ... ... 523
M3488 256 x 256 Digital SwitchingMatrix . . . . ... ... ...... 165
M3493 CMOS 12 x 8 Crosspoint with Control Memory . . . . . . . .. 181
M3494 CMOS 12 x 8 Crosspoint with Control Memory . . . . . .. .. 191
M5913 Combined Single Chip PCM Codec and Filter . . . . ... ... 203
M34116 PCM Conference Call and Tone Generation Circuit . . . . . . . 219
P6KE Series Uni and Bidirectional Transils . . . . ... ... ... Pp = 600W 529
SA100-230/300 Trisil Surge Arrestors . . . . . ... L. Ipp = 100A 537
SM4T Series Uni and Bidirectional Surface Mount Transils . Pp=400W 541
SMBT Series Uni and Bidirectional Surface Mount Transils . Pp=600W 547
SM15T Series Uni and Bidirectional Surface Mount Transils . Pp=1500W 553
SMA100 Series Surface Mount Surge Arrestors . . . . . .. ..o 559
SMTHBT200 Dual Symmetrical Surface Mount Trisil . . . . . .. Ipp = 75A 563
SMTPA Series SurfaceMount Trisils . . . . .. ... ... .. ... Ipp = 50A 571
SMTPB Series Surface Mount Trisils . . . . .. .. ... ... ... Ipp = 100A 577
ST5410 2B1QUInterface Device . . . . . . ... . ... ..., 239
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ALPHANUMERICAL INDEX

N.l.ll-‘r,r?:er Function Nzamgbeer
ST5421 SID-GCI: S/T Interface DevicewithGCl . . . . ... ... ... 293
STLC3040/L3000N Third Generation Subscriber Line Interface . . . . . ... ... 319
STLC5048 Programmable Four Channel Codec and Filter . . . . . .. .. 325
STLC5411 2B1QU Interface Device . . . . . . ... . ... ... . ..., 329
STLC5432 2Mbit Cept & Primary Rate Controller Device . . . . ... ... 399
STLC5444 Quad Feeder PowerSupply . .. ... ... .......... 403
STLC5460 Line Card Interface Controller . . . . . ... ... ....... 413
STU2071 4B3T U Interface Circuit . . . . ... ... ... ... ..... 421
THBT200S Dual Symmetrical Trisil . . . . ... ... ..... Ipp = 75A 583
THDT51/65 Dual Symmetrical Trisils . . . .. ... ....... Ipp = 30A 591
THDT58S Dual Symmetrical Trisil . . . ... ... ...... Ipp = 75A 599
TPA Series Symmetrical Trisils . . .. . ... ... ....... Ipp = 50A 607
TPB Series Symmetrical Trisils . . . . . ... ... .. ..... Ipp = 100A 613
TPB200S/245S/265S | Trisil Surge Arrestors . . . . . . . ... ... ... Ipp = 100A 619
TPI80xxN/120xxN Trisil Tribalanced Protectors for ISDN . . . . . . .. Ipp = 30A 623
TS3V339 3V Micropower Quad Voltage Comparators . . . . . ... ... 677
TS3V393 3V Micropower Dual Voltage Comparators . . . . . . ... ... 681
TS3V555 3V Low PowerSingleTimers . . . .. ... ........... 685
TS3V556 3V Low PowerDual Timers . .. ................ 693
TS3V902 Input/Output Rail to Rail Dual Op-Amps . . . . ... ... ... 701
TS3V912 Input/Output Rail to Rail Dual Op-Amps . . . . ... ...... 709
TS3V3702 3V Micropower Dual Voltage Comparators . . . . . . ... ... 717
TS3V3704 3V Micropower Quad Voltage Comparators . . . . . ... ... 721
TS5070/5071 Programmable Codec/Filter Combo 2nd Generation. . . . . . . 437
TSH150 150MHz Bandwidth Bipolar Inputs Single Op-Amps . . . . . .. 661
TSH151 150MHz Bandwidth MOS Inputs Single Op-Amps . . . . .. .. 667
TSH321 300MHz Bandwidth MOS Inputs Single Op-Amps . . . . . . .. 673
TSIxxxB5 Telephone Set Interface Protectors . . . . .. ... ...... 631
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ALPHANUMERICAL INDEX

APPLICATION NOTES
Aﬁg;nigg}e Description Nﬂr%g:er

AN293 TS5070/TS5071 Combo |l Programming and Hybrid Balancing

with Solid-State SLICs . . . . . ... .. ... . ... ... 789
AN382 Pabx Big Cost Reduction and Performance improvement are

Obtained withanew SlicChipSet . . . . ... .. ... .... 799
AN384 L3845 for Pabx and Modem Line Interface Applications . . . . . 809
AN496 L3035 - L 3036 - L 3037 MonochipSLICs . . . . ........ 823
AN497 Slic L3000N/L3092 Maximum Loop Resistance Analysis 845
AN498 Slic L300N/L3092 Performance Analysis with -24V Battery . . . 847
AN501 SGS-THOMSON Slic Kit AC Models . . . . . . . ........ 849
AN502 SGS-THOMSON Slic Kits and Combo Il . . . . . . .. . : P 867
AN504 L3000N/L30XX SLICs Protection Circuits . . . . ... ... .. 873
AN505 M3488 Digital SwitchingMatrix . . . . . .. ... ........ 877
AN579 Protection Concepts in Telecommunications Equipment . . . . . 901
AN580 Voltage to Current Waveform Conversion . . . ... ...... 907
AN581 Protection Standards Applicable to Terminals . . . . ... ... 911
AN582 Protection Schematics for Telephone Sets . . . . .. ... ... 915
AN583 Protection Standards Applicable to Switching Equipment . . . . 921
AN584 Protection Schematics for Switching Systems . . . . . . .. .. 925
AN585 ISDN Interface Protection . . . . ... ... .......... 933
ANG43 SGS-THOMSON Systems for Rechargeable Batteries . . . . . 937
ANG81 L3235 with External Ringing . . . . .. ... .......... 945

Support Tools List
Description Nsagbeer
PRCD DemonstrationBoard . . . . . .. . . .. e 949
Pair-Gain Demonstration System . . . . ... .. ... .. . oo L. 951
Networks DemonstrationBoard . . . . . . . .. ... ... .. ... 953
Slic Evaluation Kit . . . . . . . . .. . e 955
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SELECTION GUIDE

DEDICATED ICs
COMBINED FILTER AND CODEC
Device Description Package N'L::rangbeer
ETC5054/7(-X) Serial Interface Codec/Filter DIP16 /8016 / PLCC20 19
ETC5064/7(-X) Serial Interface Codec/Filter with Receive Power DIP20 / PLCC20/ SO20 33
Amplifier
M5913 Combined Single Chip PCM Codec and Filter DIP20 203
STLC5048 Programmable Four Channel Codec and Filter PQFP44 325
TS5070/5071 Programmable Codec/Filter Combo 2nd Generation | DIP20/PLCC28 437
SLIC
Device Description Package NE?ngbeer
L3000N/L3030 Subscriber Line Interface Gircuit PLCC44 / FLEXIWATT15 47
PowerS0O20
L3000N/L3092 SLIC Kit Optimized for applications with both First DIP28 / PLCC28 109
and Second Generation COMBOS PowerS0O20 / FLEXIWATT15,
L3000N/STLC3040 | Third Generation Subscriber Line Interface PLCC44 / PowerSO20 319
L.3234/L.3235 Highly Integrated SLIC Kit Targeted to PABX and key | HEPTAWATT / PLCC28 137
System Applications
L3035/L3036 Subscriber Line Interface Circuit PLCC44 / PQFP44 71
L3037 Subscriber Line Interface Circuit PLCC44 / PQFP44 89
ISDN
. - Page
Device Description Package Number
ST5410 2B1Q U Interface Device CDIP28 239
ST5421 SID-GCI: S/T Interface Device with GCI DIP20 / PLCC28 293
STLC5411 2B1Q U Interface Device CDIP28 /PLCC44 329
STLC5432 2Mbit CEPT & Primary Rate Controller Device PQFP44 399
STLC5444 Quad Feeder Power Supply DIP24 / PLCC44 403
STLC5460 Line Card Interface Controller DIP40/ PLCC44 413
STU2071 4B3T U Interface Circuit DIP28 / PLCC28 421"
OTHER
i e Page
Device Description Package Number
L3845 Trunk Interface Minidip / SO8 161
M3493 CMOS 12 x 8 Crosspoint with Control Memory DIP40 181
M3494 CMOS 12 x 8 Crosspoint with Control Memory DIP40 191
M3488 256 x 256 Digital Switching Matrix DIP40 / PQFP44 165
M34116 PCM Conference Call and Tone Generation Circuit DIP24 / PLCC28 219
STLC5432 2Mbit CEPT & Primary Rate Controller Device PQFP44 399
STLC5460 Line Card Interface Controller DIP40 / PLCC44 413
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SELECTION GUIDE

SPECIAL OP-AMPs and COMPARATORS

. i Page
Device Description Package Number
LS204 High Performance Dual Bipolar Op-Amps DIP8 /SO8/T0O99 637
LS404 High Performance Quad Bipolar Op-Amps DIP14 /8014 649
TSH150 150MHz Bandwidth Bipolar Inputs Single Op-Amps | DIP8/S08 661
TSH151 150MHz Bandwidth MOS Inputs Single Op-Amps DIP8/S08 667
TSH321 300MHz Bandwidth MOS Inputs Single Op-Amps DIP8/S08 673
TS3V339 3V Micropower Quad Voltage Comparators DIP14 /8014 677
TS3V393 3V Micropower Dual Voltage Comparators DIP8/S08 681
TS3V3702 3V Micropower Dual Voltage Comparators DIP8/S08 717
TS3V3704 3V Micropower Quad Voltage Comparators DIP14/S014 721
TS3V555 3V Low Power Single Timers DIP8/S08 685
TS3V556 3V Low Power Dual Timers DIP14 /8014 693
TS3V902 Input/Output Rail to Rail Dual Op-Amps DIP14 /8014 701
TS3V9i2 Input/Output Rail to Rail Dual Op-Amps DIP8/S08 709
PROTECTION DEVICES
TRISIL
Ipp (A) Ver (V) Types Case Page
MONO FUNCTION
100/8-20 us 62 to 270 TPA Series F126 607
150/8-20 us 62 to 270 TPB Series CB429 613
250/8-20 us 17 t0 120 LS5018B/LS5060B/LS5120B,B1 MINIDIP 523
75/10-1000 pus 200 SMTHBT200 SOD15 563
DUAL FUNCTION
150/8-20 pus 200 THBT200S SIP3 583
150/8-20 us 58 THDT58S SIP3 599
30/10-1000 us 51t0 65 THDT51/65 SO8/DIL8 591
TRIGGERED FUNCTION UNIDIRECTIONAL
250/8-20 ps 255 rL31 00B1 MINIDIP 495
TRIGGERED FUNCTION BIDIRECTION
250/8-20 ps 100 L3121B SIP4 503
30/10-1000 ps Programmable | LCP1511/12 S08/DIL8 515
50/10-1000 pus Programmable | LCP150S sipa 509
PRIMARY PROTECTION*
100/10-1000 ps 200 to 265 SA100 Series Button Cell 537
100/10-1000 ps 200 to 265 SMA100 Series SOD15 559
100/10-1000 us 200 to 265 TPB200S/245S/265S CB429 619
TRISIL+BRIDGE RECTIFIER*
30/10-1000 us 62 to 270 | TSIxxxB5 8016 631
* New

byy 53 HomsON




SELECTION GUIDE

PROTECTION DEVICES (cont'd)

PROTECTION OF ISDN LINES*

Ipp (A) Ver (V) Vem (V) Type Case Page
30/10-1000 ps 80 to 120 TPI80xxN/TPI120xxN SO8/DIL8 623
12/8-20 ps 18 DA108S1 S08 489
SURFACE MOUNT TRANSIL
Type
Pp (W) Vem (V) — — Case Page
Unidirectional Bidirectional
400/1 ms 5.8to0 188 SM4T..., A - SOD6 541
5.810 188 - SMA4T..C, A SOD6 541
600/1 ms 5.81t0 188 SM6T..., A - SOD6 547
5.81t0 188 - SM6T...C,A SOD6 547
1500/1 ms 5.810 188 SM15T..., A - SOD15 553
5.81t0 188 - SM15T...C, A SOD15 553
SURFACE MOUNT TRISIL*
Ipp (A) Ver (V) Type Case Page
50/100-1000 ps 62 to 270 SMTPA Series SOD6 571
90/10-1000 ps 62 to 270 SMTPB Series SOD15 577
* New
TRANSIL
Type
Pp (W) Vam (V) Case Page
Unidirectional Bidirectional
400/1 ms 5.8 to 376 BZWO04../BZWO04P.. BZW04..B/BZW04P..B F126 475
600/1 ms 5.810376 P6KE.. PA P6KE..CP, CA CB417 529
1500/1 ms 5.8 t0 376 1.5KE...PA 1.5KE...CP, CA CB429 467
5000/1 ms 10 to 180 BZWS50... BZW50...B AG 483
Ly7 SGS-THOMSON
Y/ MICROELECTRONICS




SELECTION GUIDE

DC/DC CONVERTERS
TELECOM (48 Vpc INPUT)
Single Output | Output Power | Input Voltage Output Dimensions Page
Type (W) Range (Vbc) Volt/mA(A) | LeWeH(mm) | Number
GS4T48-5 4 3810 60 5/50 to 800 330330165 737
GS5T48-5 5 40 t0 60 5/50 to 1000 50.8 ¢ 50.8 ¢ 14.7 739
GS5T48-12 5 38 to 60 12/50 to 420 33033016.5 741
GS5T48-15 5 38 to 60 15/50 to 330 3333165 743
GS15T48-5 15 40 to 60 5/3000 50.8 ¢ 50.8 0 14.7 745
GS24T48-12 24 361072 12/2000 50.8050.8 12,5 747
GS25T48-5 25 36072 5/5000 116 065 e 21.1 749
GS30T48-5 30 36to 72 5/50 to 6000 50.8 ¢ 50.80 12,5 753
GS30T48-12 30 3610 72 12/2500 116 @ 65 @ 21.1 749
GS30T48-15 30 3610 72 15 /2000 116 ¢ 65 ¢ 21.1 749
GS120T48-3.3 120 3810 60 3.35/35A 1250 66.5¢ 19 765
GS175T48-5 175 38 to 60 5.075/35A 125 ¢ 66.5 ¢ 19 765
GS175T48-12 175 3810 60 12/15A 125066.5¢ 19 765
GS175T48-15 175 3810 60 15/12A 125 ¢ 66.5 ¢ 19 765
GS300T48-5 300 38 to 60 5.075/60 A 125 ¢ 66.5 ¢ 20 775
Double Output | Output Power | Input Voltage Output Dimensions Page
Type w) Range (Vpc) Volt / mA LeWeH(mm) | Number
GS2T48-D12 2 381060 +12/100 50038019 735
ISDN
Output Power | Input Voltage Output Dimensions Page
Type Number (W) Range (Vnc) Volt/mA | LeWeH (mm) | Number
GS1T70-D540 1 2510 99 5/21t090 50.8 ¢ 50.8 ¢ 18 727
40/10.5
GS1T70-D540F 1 2510 115 5/210 90 5605618 731
40/10.5
HIGH INPUT VOLTAGE (UL AND TUV APPROVED)
Type Number | Output Power | Input Voltage OutPut Dimensions Page
(W) Range (Vpc) Volt () / A LeWeH(mm) | Number
GS100T300-48 100 200 to 400 48.0/2.0 50.8 ¢ 101.6 © 20 755
(*) Output voltage can be adjusted from about 1/2 Vout to 1.1 Vout. See data sheet for more details
SWITCHING VOLTAGE REGULATORS
- Dimensions Page
Type Number Description LeWoH (mm) | Number
GS-R4840N 40V /1 ANegative Output Regulator 85.567.0021.3 781
GS-R4840NV Digital Adjust. 0.6 A/ -22 to -60V Negative Output Regulator 109 ¢ 65 ¢ 21 783
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ETCS5054/54-X
ETC5057/57-X

SERIAL INTERFACE CODEC/FILTER

= COMPLETE CODEC AND FILTERING SYS-

TEM (DEVICE) INCLUDING:

— Transmit high-pass and low-pass filtering.

— Receive low-pass filter with sin x/x correction.
— Active RC noise filters

— p-law or A-law compatible COder and DECoder.
— Internal precision voltage reference.

— Serial I/O interface.

- Internal auto-zero circuitry.

n A-LAW 16 PINS (ETC5057FN, 20 PINS)
pu-LAW  WITHOUT SIGNALING, 16 PINS
(ETC5054FN, 20 PINS)

= MEETS OR EXCEEDS ALL D3/D4 AND
CCITT SPECIFICATIONS

+5V OPERATION

= LOW OPERATING POWER - TYPICALLY 60
mw

= POWER-DOWN STANDBY MODE - TYPI-
CALLY 3 mW

s AUTOMATIC POWER-DOWN

= TTL OR CMOS COMPATIBLE DIGITAL IN-
TERFACES

» MAXIMIZES LINE INTERFACE CARD CIR-
CUIT DENSITY

= 0to 70°C OPERATION: ETC5057/54
» —40 to +85°C OPERATION: ETC5057-X/54-X

DESCRIPTION

The ETC5057/ETC5054 family consists of A-law
and p~law monolithic PCM CODECHfilters utilizing
the A/D and D/A conversion architecture shown in
the block diagram below, and a serial PCM inter-
face. The devices are fabricated using double-
poly CMOS process. The encode portion of each
device consists of an input gain adjust amplifier,
an active RC pre-filter which eliminates very high
frequency noise prior to entering a switched-ca-
pacitor band-pass filter that rejects signals below
200 Hz and above 3400 Hz. Also included are
auto-zero circuitry and a companding coder which
samples the filtered signal and encodes it in the
companded A-law or p—law PCM format. The de-
code portion of each device consists of an ex-
panding decoder, which'reconstructs the analog
signal from the companded A-law or p—~law code,
a low-pass filter which corrects for the sin x/x re-
sponse of the decoder output and rejects signals
above 3400 Hz and is followed by a single-ended
power amplifier capable of driving low impedance

November 1994

DIP16 (Plastic)
ORDERING NUMBERS:
ETC5057N
ETC5054N
ETC5057N-X
ETC5054N-X

S016 (Wide)
ORDERING NUMBERS:
ETC5057D
ETC5054D
ETC5057D-X
ETC5054D-X

PLCC20
ORDERING NUMBERS:
ETCS5057FN
ETC5054FN
ETCS5057FN-X
ETC5054FN-X

loads. The devices require 1.536 MHz, 1.544
MHz, or 2.048 MHz transmit and receive master
clocks, which may be asynchronous, transmit and
receive bit clocks which may vary from 64 kHz to
2.048 MHz, and transmit and receive frame sync
pulses. The timing of the frame sync pulses and
PCM data is compatible with both industry stand-
ard formats.

114
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

PIN CONNECTIONS (Top view)
PEPRIE -
58L& &
3
VBB [ UFXI+ .
GNDA [ UFXI- e
UFRD [ GSX vee
uce O TSX FeR
FSR O FSX DR
DR O DX BCLKR/CLKSEL
BCLKR/CLKSEL [ BCLKX
MCLKR/PDN [ MCLKX e
MSI1ETL56854-81 g ; ;1 ;‘ ;
g =
g
DIP d so IMEGE TCSE54FN-81
an PLCC
BLOCK DIAGRAM
| Gsx
AUTO-ZERD
UFRIL-) RC SUITCHED
> ) DX
UFRI1+) ACT TUE |—»{CAPACITOR y
ANALOG IN s BAND-PASS
FILTER FILTER i
UOLTAGE L
 CONTROL
REFEREN
EFERENCE Looic
COMPARATOR
RC ACTIVE | [SWITCHED RCU
R3 S/H
UFRO & FILTER aND e “oPRETTORY | oot REG |loDR
na POUER AMP ‘_W FILTER CLK
TIMING =
AND
+5U -5U CONTROL -0 TSR
UCC UBB GNDA MCLKX MCLKR/ BCLKX BCLKR/ FSR  FSX
NYIETLS854FN-82 PDN CLKSEL
214 SGS-THOMSON
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

PIN DESCRIPTICN
Pin | N° | N°
Name Ty*pe grli'; PLCC Function Description
SO { (*)
Ves S 1 1 Negative Vee=—5V+5%.
Power Supply
GNDA GND| 2 2 Analog Ground All signals are referenced to this pin.
VFrO (0] 3 3 Receive Filter Analog Output of the Receive Filter
Output
Vee S 4 5 Positive Power Vec=+5V+5%.
Supply
FSr | 5 6 Receive Frame Enables BCLKR to shift PCM data into Dr. FSRr is an
Sync Pulse 8kHz pulse train. See figures 1, 2 and 3 for timing
details.
Dr [ 6 7 Receive Data PCM data is shifted into Dr following the FSRr leading
Input edge.
BCLKR/CLKSEL| | 7 8 Shift-in Clock Shifts data into Dr after the FSgr leading edge. May
vary from 64 kHz to 2.048 MHz. Alternatively, may be
a logic input which selects either 1.536 MHz/1.544
MHz or 2.048 MHz for master clock in synchronous
mode and BCLKYy is used for both transmit and receive
directions (see table 1). This input has an internal pull-
up.

MCLKr/PDN I 8 9 | Receive Master Clock | Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous  with  MCLKx, but should be
synchronous with MCLKx for best performance. When
MCLKR is connected continuously low, MCLKx is
selected for all internal timing. When MCLKR is
connected continuously high, the device is powered
down.

MCLKx | 9 12 | Transmit Master Clock | Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKg.
BCLKx | 10 | 14 Shift-out Clock Shifts out the PCM data on DX. May vary from 64 kHz
to 2.048 MHz, but must be synchronous with MCLKx.
Dx o 11 15 Transmit The TRI-STATE® PCM data output which is enabled
Data Output by FSx.
FSx | 12 | 16 Transmit Frame Enables BCLKx to shift out the PCM data on Dx. FSx is
Sync Pulse an 8 kHz pulse train. See figures 1, 2 and 3 for timing
details.
TSx e} 13 | 17 Transmit Time Slot | Open drain output which pulses low during the encoder
time slot. Recommended to be grounded if not used.
GSx (@] 14 | 18 Gain Set Analog output of the transmit input amplifier. Used to
set gain externally.
VFxI™ | 15 | 19 Inverting Amplifier Inverting Input of the Transmit Input Amplifier.
Input
VFxI* | 16 | 20 | Non-inverting Amplifier | Non-inverting Input of the Transmit Input Amplifier.
Input

(*) I: Input, O: Output, S: Power Supply
(**) Pins 4,10,11 and 13 are not connected
TRI-STATE® is a trademark of National Semiconductor Corp.

‘.'737’ SGS-THOMSON
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

FUNCTIONAL DESCRIPTION
POWER-UP

When power is first applied, power-on reset cir-
cuitry initializes the device and places it into
the power-down mode. All non-essential circuits
are deactivated and the Dx and VFRO outputs are
put in high impedance states. To power-up the
device, a logical low level or clock must be ap-
plied to the MCLKRr/PDN pin and FSx and/or FSr
pulses must be present. Thus, 2 power-down
control modes are available. The first is to pull the
MCLKg/PDN pin high ; the alternative is to hold
both FSx and FSr inputs continuously low. The
device will power-down approximately 2 ms after
the last FSx or FSg pulse. Power-up will occur on
the first FSx or FSR pulse. The TRI-STATE PCM
data output, Dx, will remain in the high impedance
state until the second FSx pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master
clock and bit clock should be used for both the
transmit and receive directions. In this mode, a
clock must be applied to MCLKx and the
MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKr/PDN powers up
the device and a high level powers down the de-
vice. In either case, MCLKx will be selected as
the master clock for both the transmit and receive
circuits. A bit clock must also be applied to BCLKx
and the BCLKr/CKSEL can be used to select the
proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz
operation, the device automatically compensates
for the 193rd clock pulse each frame. With a fixed
level on the BCLKr/CLKSEL pin, BCLKx will be
selected as the bit clock for both the transmit and
receive directions. Table 1 indicates the frequen-
cies of operation which can be selected, depend-
ing on the state of BCLKr/CLKSEL. In this syn-
chronous mode, the bit clock, BCLKx, may be
from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKXx.

Each FSx pulse begins the encoding cycle and
the PCM data from the previous encode cycle is
shifted out of the enabled Dx output on the posi-
tive edge of BCLKx. After 8 bit clock periods, the

Table 1: Selection of Master Clock Frequencies.

TRI-STATE Dx output is returned to a high im-
pedance state. With and FSg pulse, PCM data is
latched via the Dr input on the negative edge of
BCLKx (or BCLKR if running). FSx and FSr must
be synchronous with MCLKx/R.

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit
and receive clocks may be applied, MCLKx and
MCLKR must be 2.048 MHz for the ETC5057, or
1.536 MHz, 1.544 MHz for the ETC5054, and
need not be synchronous. For best transmission
performance, however, MCLKR should be syn-
chronous with MCLKx, which is easily achieved
by applying only static logic levels to the
MCLKg/PDN pin. This will automatically connect
MCLKx to all internal MCLKR functions (see pin
description). For 1.544 MHz operation, the device
automatically compensates for the 193rd clock
pulse each frame. FSx starts each encoding cycle
and must be synchronous with MCLKx and
BCLKx. FSr starts each decoding cycle and must
be synchronous with BCLKgr. BCLKR must be a
clock, the logic levels shown in table 1 are not
valid in asynchronous mode. BCLKx and BCLKRr
may operate from 64 kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The device can utilize either a short frame sync
pulse or a long frame sync pulse. Upon power in-
itialization, the device assumes a short frame
mode. In this mode, both frame sync pulses, FSx
and FSg, must be one bit clock period long, with
timing relationships specified in figure 2. With FSx
high during a falling edge of BCLKx the next ris-
ing edge of BCLKx enables the Dx TRI-STATE
output buffer, which will output the sign bit. The
following seven rising edges clock out the remain-
ing seven bits, and the next falling edge disables
the Dx output. With FSRg high during a falling edge
of BCLKR (BCLKx in synchronous mode), the
next falling edge of BCLKR latches in the sign bit.
The following seven falling edges latch in the
seven remaining bits. Both devices may utilize the
short frame sync pulse in synchronous or asyn-
chronous operating mode.

LONG FRAME SYNC OPERATION
To use the long frame mode, both the frame sync

pulses, FSx and FSg, must be three or more bit
BOLK/CLKSEL Master %I:Icélé:::quency clock periods long, with timing relationships speci-
R fied in figure 3. Based on the transmit frame sync,
ETC5057/57-X | ETC5054/54-X FSx, the device will sense whether short or long
Clocked 2.048 MHz 1.536 MHz or frame sync pulses are being used. For 64 kHz op-
1.544 MHz eration, the frame sync pulse must be kept low for
0 1.536 MHzor | 2.048 MHz a minimum of 160 ns (see fig. 1). The Dx TRI-
1.544 MHz STATE output buffer is enabled with the rising
1 (or open circuit) 2,048 MHz 1,536 MHz or edge of FSx or the rising edge of BCLKx, which-
’ 1,544 MHz ever comes later, and the first bit clocked out is
the sign bit. The following seven BCLKx rising
a4 L5F S5S-THOMSON
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

edges clock out the remaining seven bits. The Dx
output is disabled by the falling BCLKx edge fol-
lowing the eighth rising edge, or by FSx going
low, which-ever comes later. A rising edge on the
receive frame sync pulse, FSg, will cause the
PCM data at DR to be latched in on the next eight
falling edges of BCLKR (BCLKx in synchronous
mode). Both devices may utilize the long frame
syné: pulse in synchronous or asynchronous
mode.

TRANSMIT SECTION

The transmit section input is an operational ampli-
fier with provision for gain adjustment using two
external resistors, see figure 6. The low noise and
wide bandwidth allow gains in excess of 20 dB
across the audio passband to be realized. The op
amp drives a unitygain filter consisting of RD ac-
tive pre-filter, followed by an eighth order
switched-capacitor bandpass filter clocked at 256
kHz. The output of this filter directly drives the en-
coder sample-and-hold circuit. The A/D is of com-
panding type according to A-law (ETC5057) or p—
law (ETC5054) coding conventions. A precision
voltage reference is trimmed in manufacturing to
provide an input overload (tmax) of nominally 2.5V
peak (see table of transmission characteristics).
The FSx frame sync pulse controls the sampling
of the filter output, and then the successive-ap-

proximation encoding cycle begins. The 8-bit
code is then loaded into a buffer and shifted out
through Dx at the next FSx pulse. The total en-
coding delay will be approximately 165 ps (due to
the transmit filter) plus 125us (due to encoding
delay), which totals 290us. Any offset vol-tage
due to the filters or comparator is cancelled by
sign bit integration.

RECEIVE SECTION

The receive section consists of an expanding
DAC which drives a fifth order switched-capacitor
low pass filter clocked at 256 kHz. The decoder is
A-law (ETC5057) or p—law (ETC5054) and the
5th order low pass filter corrects for the sin x/x at-
tenuation due to the 8 kHz sample and hold.
The filter is then followed by a 2nd order RC ac-
tive post-filter and power amplifier capable of driv-
ing a 600Q load to a level of 7.2 dBm. The re-
ceive section is unity-gain. Upon the occurence of
FSRg, the data at the Dr input is clocked in on the
falling edge of the next eight BCLKr (BCLKXx) pe-
riods. At the end of the decoder time slot, the de-
coding cycle begins, and 10us later the decoder
DAC output is updated. The total decoder delay
is ~ 10us (decoder update) plus 110us (filter
delay) plus 62.5us (1/2 frame), which gives ap-
proximately 180us. A mute circuitry is a active
during 10ms when power up.

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vce Vce to GNDA 7 \Y
Ves Vge to GNDA -7 Vv

Vin, Vout | Voltage at any Analog Input or Output

Vce +0.3t0 Ves —0.3 \

Voltage at Any Digital Input or Output

Vce + 0.3 to GNDA - 0.3 \

Toper Operating Temperature Range: for ETC5054/57 —25to+ 125 °C
for ETC5054-X/57-X —40to + 125 °C

Tstg Storage Temperature Range —65to + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

ELECTRICAL OPERATING CHARACTERISTICS Vcc =5.0 V+ 5%, Ve =-5.0 V+5%GNDA =0V,
Ta=0°C to 70 °C (ETC5054-X/57-X Ta = -40°C to +85°C); Typical Characteristics Specified at Vcc =5.0 V,
VBe=-5.0V, TA=25°C; all signals are referenced to GNDA.

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage 0.6 \'
ViH Input High Voltage 2.2 \
VoL Output Low Voltage

IL=3.2mA Dx 0.4 \Y
I = 3.2mA, Open Drain TSx 04 \
Vou Output High Voltage
Iy =38.2mA Dx 24 \'
I Input Low Current (GNDA < Vin < Vy, all digital inputs) -10 10 pA
liH Input High Current (Vin £ Vin € Vee) except BCLKr/BCLKSEL —10 10 A
loz Output Current in HIGH Impedance State (TRI-STATE)
(GNDA < Vo < Vco) Dx =10 10 pA
L3 $Gs:THOMSON S/
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ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
XA Input Leakage Current VFxI* or VFxI® -200 200 nA
(—2.5V <V <4+2.5V)
RIXA | Input Resistance VFxI* or VFxI” 10 MQ
(—2.5V<V<+2.5V)
RoXA | Output Resistance (closed loop, unity gain) 1 3 Q
R.XA | Load Resistance GSx 10 kQ
CLXA | Load Capacitance GSx 50 pF
VoXA | Output Dynamic Range (RL > 10KQ) GSx | +2.8 Vv
AVxA | Voltage Gain (VFxI* to GSx) 5000 VNV
FuXA | Unity Gain Bandwidth 1 2 MHz
VosXA | Offset Voltage -20 20 mV

VemXA | Common-mode Voltage -25 2.5 \Y

CMRRXA| Common-mode Rejection Ratio 60 dB

PSRRXA| Power Supply Rejection Ratio 60 dB

ANALOG INTERFACE WITH RECEIVE FILTER (all devices)

Symbol Parameter Min. Typ. Max. Unit
RoRF | Output Resistance VFrO 1 3 Q
RLRF | Load Resistance (VFRO = +2.5V) 600 Q
CLRF | Load Capacitance 500 pF

VOSRO | Output DC Offset Voltage - 200 200 mV

POWER DISSIPATION (all devices)
Symbol Parameter Min. Typ. Max. Unit
lecO Power-down Current for ETC5054/57 0.5 1.5 mA
ETC5054-X/57-X 0.5 mA
1880 Power-down Current for ETC5054/57 0.05 0.3 mA
ETC5054-X/57-X 0.05 0.4 mA
lec1 Active Current for ETC5054/57 6.0 9.0 mA
ETC5054-X/57-X 6.0 11 mA
Igs1 Active Current for ETC5054/57 6.0 9.0 mA
ETC5054-X/57-X 6.0 11 mA

6/14
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TIMING SPECIFICATIONS
Symbol Parameter Min. Typ. | Max. Unit
1/tem Frequency of master clocks 1.536 MHz
Depends on the device used and the BCLKr/CLKSEL Pin 1.544 MHz
MCLKx and MCLKgr 2.048 MHz
twmH Width of Master Clock High MCLKx and MCLKgr | 160 ns
twmL Width of Master Clock Low MCLKx and MCLKr| 160 ns
tRM Rise Time of Master Clock MCLKx and MCLKRr 50 ns
tem Fall Time of Master Clock MCLKx and MCLKg 50 ns
tps Period of Bit Clock 485 488 | 15.725 ns
tweH Width of Bit Clock High (ViH = 2.2V) 160 ns
twaL Width of Bit Clock Low (Vi = 0.6V) 160 ns
trB Rise Time of Bit Clock (trs = 488ns) 50 ns
trB Fall Time of Bit Clock (trs = 488ns) 50 ns
tsBrm Set-up time from BCLKx high to MCLKx falling edge. 100 ns
(first bit clock after the leading edge of FSx)
tHBF Holding Time from Bit Clock Low to the Frame Sync 0 ns
(long frame only)
tsFB Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns
tHBRI Hold Time from 3rd Period of Bit Clock FSx or FSRr 100 ns
Low to Frame Sync (long frame only)
tozr Delay time to valid data from FSx or BCLKy, whichever comes later 20 165 ns
and delay time from FSx to data output disabled.
(CL = OpF to 150pF)
tosp Delay time from BCLKx high to data valid. 0 180 ns
(load = 150pF plus 2 LSTTL loads)
tozc Delay time from BCLKx low to data output disabled. 50 165 ns
tsps Set-up time from Dg valid to BCLKg/x low. 50 ns
tHBD Hold time from BCLKR/x low to Dg invalid. 50 ns
tHoLD Holding Time from Bit Clock High to Frame Sync 0 ns
(short frame only)
tsF Set-up Time from FSx/r to BCLKyRr Low 80 ns
(short frame sync pulse) - Note 1
thr Hold Time from BCLKx/r Low to FSxr Low 100 ns
(short frame sync pulse) - Note 1
xpp Delay Time to TSxlow (load = 150pF plus 2 LSTTL loads) 140 ns
twrL Minimum Width of the Frame Sync Pulse (low level) 160 ns
64kbit/s operating mode)
Note 1: For short frame sync timing FSx and FSr must go high while their respective bit clocks are high.
Figure 1: 64kbits/s TIMING DIAGRAM (see next page for complete timing).
BCLKx ] 1 2 3 1 m
BCLKR I
FSx \ -
FSR = o \....____._____._____l
twrL - e
0 G G G GHE SRR G G
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

TRANSMISSION CHARACTERISTICS

Ta = 0to 70°C (ETC5054-X/57-X Ta = -40°C to +85°C), Vcc = +5V +5%, VBB = -5V 5%, GNDA = 0V,

f= 1._?Ké—l)z, Vin = 0dBmO transmit input amplifier connected for unity-gain non-inverting (unless otherwise
specified).

AMPLITUDE RESPONSE

Symbol Parameter Min. Typ. Max. Unit
Absolute levels - nominal 0 dBmO level is 4 dBm (600 Q) 1.2276 Vrms
0 dBmo0
tmax Max Overload Level
3.14dBm0 (A LAW) 2.492 Vek
3.17.dBm0 (U LAW) 2.501 Vpk
Gxa Transmit Gain, Absolute (TA=25°C, Vcc=5V, Ver=-5V)
Input at GSx = 0 dBm0 at 1020 Hz -0.15 0.15 dB
Gxr | Transmit Gain, Relative to GXA
=16 Hz . -40
f=50Hz -30
f=60Hz -26
f=180 Hz -28 -0.2
f=200Hz -1.8 -0.1 dB
f =300 Hz - 3000 Hz -0.15 0.15
f = 3200Hz (ETC5054-X/57-X) -0.35 0.20
f=3300 Hz -0.35 0.05
f = 3400 Hz -0.7 0
f=4000 Hz —-14
f = 4600 Hz and up, Measure Response from 0 Hz to 4000 Hz -32
GxaT Absolute Transmit Gain Variation with Temperature
TA =0to +70°C -0.1 0.1 dB
Ta =—40 to +85°C (ETC5054-X/57-X) -0.15 0.15 dB
Gxav | Absolute Transmit Gain Variation with Supply Voltage
(Vcc=5V+5%, Veg=—5V +5%) -0.05 0.05 dB

GxrL | Transmit Gain Variations with Level
Sinusoidal Test Method Reference Level = — 10 dBm0

VFXl+ = - 40 dBm0 to + 3 dBm0 -0.2 0.2 dB

VFxl+ = —50 dBmO0 to — 40 dBm0 -04 0.4 dB

VFxl+ = —55 dBmO to — 50 dBm0 -1.2 1.2 dB
GRra Receive Gain, Absolute (Ta = 25°C, Vcc =5V, Ve =-5V)

Input = Digital Code Sequence for 0dBmO Signal at 1020Hz —-0.15 0.15 dB
GrR Receive Gain, Relative to GRA

f = OHz to 3000Hz -0.15 0.15 dB

f = 3200Hz (ETC5054-X/57-X) -0.35 0.20 dB

f = 3300Hz -0.35 0.05 dB

f = 3400Hz -0.7 0 dB

f = 4000Hz -14 dB
Gprat | Absolute Transmit Gain Variation with Temperature

Ta =010 +70°C -0.1 0.1 dB

Ta =—40 to +85°C (ETC5054-X/57-X) -0.15 0.15 dB
Grav | Absolute Receive Gain Variation with Supply Voltage

(Vecc=5V+5%, Vee=—5V £5 %) -0.05 0.05 dB
GrrL | Receive Gain Variations with Level

Sinusoidal Test Method; Reference input PCM code

corresponds to an ideally encoded — 10 dBmo0 signal

PCM level = - 40 dBm0 to + 3 dBm0 -0.2 0.2 dB

PCM level = - 50 dBmO to — 40 dBm0 -04 0.4 dB

PCM level = — 55 dBm0 to — 50 dBm0 —-1.2 1.2 dB
Vro Receive Output Drive Level (RL = 600Q) -25 2.5 \4

tona 57 SGS-THOMSON
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TRANSMISSION (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

Symbol Parameter Min. Typ. Max. Unit
Dxa Transmit Delay, Absolute (f = 1600Hz) 290 315 us
Dxr Transmit Delay, Relative to Dxa
f = 500Hz - 600Hz 195 220
f = 600Hz - 800Hz 120 145
\ f = 800Hz - 1000Hz 50 75 us

f=1000Hz - 1600Hz 20 40
f = 1600Hz - 2600Hz 55 75
f = 2600Hz - 2800Hz 80 105

: f = 2800Hz - 3000Hz 130 155

Dra | Receive Delay, Absolute (f = 1600Hz) 180 200 us

DRrr Receive Delay, Relative to Dra
f=500Hz - 1000Hz —-40 -25
f = 1000Hz - 1600Hz -30 -20 ps
f=1600Hz - 2600Hz 70 90
f = 2600Hz - 2800Hz 100 125
f = 2800Hz - 3000Hz 145 175

NOISE

Symbol Parameter Min. Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted (A LAW, VFXI*=0V) 1)

ETC5057 —-74 —-69 | dBmOp

ETC5057-X —74 | —67 |dBmOp
Nrp Receive Noise, P Message Weighted

(A LAW, PCM code equals positive zero) -82 —-79 {dBmOp
Nxc | Transmit Noise, C Message Weighted u LAW (VFXI* =0 V)

ETC5054 12 15 [dBmCO

ETC5054-X 12 16 |dBmCO
Nrc Receive Noise, C Message Weighted

(1 LAW, PCM Code Equals Alternating Positive and Negative Zero) 8 11 |dBmCO0

Nprs Noise, Single Frequency
f=0kHzto 100 kHz, Loop around Measurement,

VFxl* =0 Vims —53 | dBmoO
PPSRx | Positive Power Supply Rejection, Transmit (note 2)
Vee = 5.0 Vpc + 100 mVrms, f = 0 kHz-50 kHz 40 dB,

NPSRx | Negative Power Supply Rejection, Transmit (note 2)
Veg =—5.0 Vpc + 100 mVrms,
f = 0 kHz-50 kHz 40 dBp

PPSRg | Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Vcc = 5.0 VD¢ + 100mVrms)

f = OHz to 4000Hz 40 dBp
f = 4KHz to 25KHz 40 dB
f = 25KHz to 50KHz 36 dB

NPSRRg | Negative Power Supply Rejection, Receive
(PCM code equals positive zero, VBB = 5.0 VD¢ + 100mVrms)

f = OHz to 4000Hz 40 dBp
f = 4KHz to 25KHz 40 dB
f = 25KHz to 50KHz 36 dB
L7 SGS-THOMSON 1174
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

TRANSMISSION CHARACTERISTICS (continued)

NOISE (continued)
Symbol Parameter Min. Typ. Max. Unit
SOS | Spurius out-of-band Signals at the Channel Output
Loop around measurement, 0dBm0, 300Hz - 3400Hz input applied
to DR, measure individual image signals at DX
4600Hz - 7600Hz -32 dB
7600Hz - 8400Hz - 40 dB
8400Hz - 100,000Hz -32 dB
DISTORTION
Symbol Parameter Min. Typ. Max. Unit
STDx | Signal to Total Distortion (sinusoidal test method)
or
STDR | Transmit or Receive Half-channel
Level = 3.0dBm0 33
Level = 0dBm0 to —30dBm0 36
Level = —40dBm0 XMT 29 dBp
RCV 30
Level = -55dBm0 XMT 14
RCV 15
SFDx | Single Frequency Distortion, Transmit (Ta = 25°C) —46 dB
SFDr | Single Frequency Distortion, Receive (Ta = 25°C) —46 dB
IMD Intermodulation Distortion
Loop Around Measurement, VFXI+ = -4dBm0 to —21dBm0, two —41 dB
Frequencies in the Range 300Hz - 3400Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTx.r | Transmit to Receive Crosstalk, 0 dBm0 Transmit Level
f = 300Hz to 3400Hz, Dr = Steady PCM Mode for ETC5054/57 -90 -75 dB
ETC5054-X/57-X -65 dB
CTrx | Receive to Transmit Crosstalk, 0 dBm0 Receive Level
f = 300Hz to 3400Hz, (note 2) for ETC5054/57 -90 -70 dB
ETC5054-X/57-X -65 dB
Notes:
1) Measured by extrapolation from distortion test results.
2) PPSRx, NPSRx, CTrx is measured with a -50dBm0 activating signal applied at VFxI*.
ENCODING FORMAT AT Dx OUTPUT
A-Law (including even bit inversion) plaw
Vin (at GSx) = +Full-scale i o 1+ 0 1 o0 t O0f1 0 O O O O O O
_ i 1+ 0 1t o 1+ o 1{1+ 1 1 1 1 1 1 1
Vin (at GSx) = OV 001 0 1 0 1 0 1[0 1 1 1 1 1 1 4
VN (at GSx) = — Full-scale o o 1 o0 1 0o 1 0|0 O O O O O O O
124 LS5 SGS-THOMSON
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APPLICATION INFORMATION
POWER SUPPLIES

While the pins at the ETC505X family are well
protected against electrical misuse, it is recom-
mended that the standard CMOS practice be fol-
lowed, ensuring that ground is connected to the
device before any-other connections are made. In
applications where the printed circuit board may
be plugged into a "hot" socket with power and
clocks already present, an extra long ground pin
in the connector should be used.

All ground connections to each device should
meet at a common point as close as possible to
the GNDA pin. This minimizes the interaction of
ground return currents flowing through a common
bus impedance. 0.1puF supply decoupling capaci-
tors should be connected from this common
ground point to Vcc and Ves as close to the de-
vice as possible.

For best performance, the ground point of each
CODEC/FILTER on a card should be connected
to a common card ground in star formation, rather
than via a ground bus. This common ground point
should be decoupled to Vcc and Ves with 10pF
capacitors.

Figure 4: T-PAD Attenuator
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RECEIVE GAIN ADJUSTMENT

For applications where a ETC505X family
CODECfilter receive output must drive a 6002
load, but a peak swing lower then + 2.5V is re-
quired, the receive gain can be easily adjusted by
inserting a matched T-pad or & —pad at the out-
put. Table Il lists the required resistor values for
600Q terminations. As these are generally non-
standard values, the equations can be used to
compute the attenuation of the closest pratical set
of resistors. It may be necessary to use unequal
values for the R1 or R4 arms of the attenuators to
achieve a precise attenuation. Generally it is tol-
erable to allow a small deviation of the input im-
pedance from nominal while still maintaining a
good return loss. For example a 30dB return loss
against 600Q is obtained if the output impedance
of the attenuator is in the range 282Q to 319Q
(assuming a perfect transformer).

Table 2 : Attenuator Tables For
Z1 =22 =300 Q (all values in Q).

dB R1 R2 R3 R4

0.1 1.7 26k 35 52k

N+ 1 N 0.2 35 13k 6.9 26k
Ri=71|""|2+Z1.Z22 0.3 5.2 8.7k 10.4 17.4k
N2 =1 N2 -1 0.4 6.9 6.5k 13.8 13k
0.5 8.5 5.2k 17.3 10.5k

N 0.6 10.4 4.4k 213 8.7k

—oNFIT D 0.7 12.1 3.7k 242 7.5k
R2=2VZ1.22 [Nz 3 J 0.8 138 3.3k 277 6.5k
0.9 155 2.9k 31.1 5.8k

FOWERTN 1.0 17.3 2.6k 346 5.2k

N 2 34.4 1.3k 70 2.6k
Where:N =N 55WEROUT 3 513 | 850 107 1.8k
4 68 650 144 1.3k

. Z1 5 84 494 183 1.1k
and: S = b2 6 100 402 224 900
7 115 382 2?3 785

. 8 129 28 3 698

Also : Z =VZsc . Zoc 9 143 244 370 630
Where Zsc = impedance with short circuit termi- 10 1% i s o
nation and Zoc = impedance with open circuit ter- 12 180 161 550 500
mination. 13 190 142 635 473
Figure 5: IT-PAD Attenuator 14 200 125 720 450
9 15 210 110 816 430
i 16 218 08 924 413

--T--T— 18 233 77 147k 386

20 248 61 1.5k 366

dg oy e
l_k ______
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X

Figure 6: Typical Synchronous Application.

-5V

< Vgs VFyl+ f@=———————— from SLIC
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INTERFACE
to SLIC @ VFRO
T T T T =, T T T Exfe—— -
e D¢
Da - DIGITAL
g INTERFACE
5V 0r GNDA = BC LK/ CLKSEL BCLKx b
poN > MCLKr/PDN MCLKx BCLKx (2.048 MHz / 1.544 MHz)
Note 1 : XMIT gain = 20 X log( il R+2R2 (R1 + R2) >10kQ
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ETC5064/64-X
ETC5067/67-X

SERIAL INTERFACE CODEC/FILTER WITH RECEIVE

POWER AMPLIFIER

= COMPLETE CODEC AND FILTERING SYS-

TEM INCLUDING :

- Transmit high-pass and low-pass filtering.

- Receive low-pass filter with sin x/x correction.

_ Active RC noise filter.

- p-law or A-law compatible CODER and DE-

CODER.
- Internal precision voltage reference. DIP20
- Serial I/O interface. (Plastic) N

- Internal auto-zero circuitry.

- Receive push-pull power amplifiers.

p-LAW ETC5064

A-LAW ETC5067

= MEETS OR EXCEEDS ALL D3/D4 AND CCITT

SPECIFICATIONS.

+5 V OPERATION.

LOW OPERATING POWER-TYPICALLY 70 mW

POWER-DOWN STANDBY MODE-TYPICALLY

3mwW

AUTOMATIC POWER DOWN

= TTL OR CMOS COMPATIBLE DIGITAL INTER-
FACES

= MAXIMIZES LINE INTERFACE CARD CIR-
CUIT DENSITY

m 0°C TO 70°C OPERATION: ETC5064/67

= —40°C TO 85°C OPERATION: ETC5064-X/67-X

DESCRIPTION

The ETC5064 (u-law), ETC5067 (A-law) are mono-
lithic PCM CODEC/FILTERS utilizing the A/D and
D/A conversion architecture shown in the Block Dia-
grams and a serial PCM interface. The devices are
fabricated using double-poly CMOS process.

Similar to the ETC505X family, these devices fea-
ture an additional Receive Power Amplifier to pro-
vide push-pull balanced output drive capability. The
receive gain can be adjusted by means of two ex-
ternal resistors for an output level of up to £ 6.6 V
across a balanced 600Q load.

Also included is an Analog Loopback switch and
TSx output.

November 1994

ORDERING NUMBERS:

ETC5064N
ETC5064N-X
ETC5067N
ETC5067N-X

PLCC20
FN

ORDERING NUMBERS:
ETC5064FN
ETC5064FN-X
ETC5067FN
ETC5067FN-X

S020
D

ORDERING NUMBERS:

ETC5064D
ETC5064D-X
ETC5067D
ETC5067D-X

114
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

PIN CONNECTIONS (Top views)

DIP20 &
S020

UPQ+ [

GNDA [

UPQ- [

UPI O

UFRQ []

Ucc [

FSR [

DR [
BCLKR/CLKSEL []
MCLKR/PDN [

\J 28

18
18
17
16
15
14
13
12
11

[0 3« L VN o T 4+ BN - 7 S N I

[xe
[\ 9

] uBB
] UFRI+
) UFXI-
] GSX
) ANLB
] TSX
] FSX
] DX

] BCLKX
[ MCLKX

MSBETLS58A67-81

PLCC20

u[ upPa-

UP1
UFRO

FSR
DR

s[] enoa
=[] vrae

&[] vee
[ vesre

-
-

18 [|
17 [
16 [
15 []
14 ]

crwset [Je
MCLKR/ ]3

BCLKR/

PON
ticLks [
el [5

ox ]

UFR1-
GSX
ANLB
TSR
FSX

NOIETLSBAEY - DE

BLOCK DIAGRAM (ETC5064 - ETC5064-X - ETC5067 - ETC5067-X)

—
= GSX ] ANLB
71 1
R1 | urx1t-) ! 5
X AUTO-ZERD
anaLoG 1y VPRI €
RC SUITCHED
CAPACITOR
ALTIVE ~950ND-PASS
FILTER FILTER
] R
. A/D
UDLTAGE L:::;>-¢
CONTROL
REFERENC
EFERENCE LOGIC
R3 COMPARATOR
R4 SUITCHED . RCU
RC ACT1V H
E |,_lcapaciToR|, | S/ REG | 184 o
UFRO [ 5 FILTER LOU-PASS DAC
. FILTER CLK
TIMING -
AND 15
15y -5y CONTROL 50 TSR
6l 28] 2 1:1 191 :2147 91 7! 14!
UCC UBB GNDA MCLKX MCLKR/ BCLKX BCLKR/ FSR  FSX
M9IETLSBAG?~82A PDN CLKSEL
214 SGS-THOMSON
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

PIN DESCRIPTION

Name Ty'l:;n(,) N Description
VPO* (o] 1 The Non-inverting Output of the Receive Power Amplifier
GNDA GND 2 Analog Ground. All signals are referenced to this pin.
VPO (0] 3 [The Inverting Output of the Receive Power Amplifier
VPI | 4 Inverting Input to the Receive Power Amplifier. Also powers down both
amplifiers when connected to Vgg.
VFRO (0] 5 Analog Output of the Receive Filter.
Vee S 6 Positive Power Supply Pin. Vcc = +5V #5%
FSr | 7 Receive Frame Sync Pulse which enable BCLKR to shift PCM data into
Dr. FSRr is an 8KHz pulse train. See figures 1 and 2 for timing details.
Dr | 8 Receive Data Input. PCM data is shifted into Dr following the FSRg leading
edge
BCLKR/CLKSEL | 9 The bit Clock which shifts data into Dr after the FSg leading edge. May

vary from 64KHz to 2.048MHz.

Alternatively, may be a logic input which selects either 1.536MHz/1.544MHz
or 2.048MHz for master clock in synchronous mode and BCLKx is used
for both transmit and receive directions (see table 1). This input has an
internal pull-up.

MCKLr/PDN | 10 |Receive Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May
be asynchronous with MCLKY, but should be synchronous with MCLKx for
best performance. When MCLKR is connected continuously low, MCLKx is
selected for all internal timing. When MCLKR is connected continuously
high, the device is powered down.

MCLKx | 11 Transmit Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May
be asynchronous with MCLKR.

BCLKx | 12 |The bit clock which shifts out the PCM data on Dx. May vary from 64KHz
to 2.048MHz, but must be synchronous with MCLKXx.

Dx (o] 13 | The TRI-STATE®PCM data output which is enabled by FSx.

FSx | 14 | Transmit frame sync pulse input which enables BCLKx to shift out the
PCM data on Dx. FSx is an 8KHz pulse train. See figures 1 and 2 for
timing details.

TSx [e] 15 [Open drain output which pulses low during the encoder time slot. Must to
be grounded if not used.

ANLB | 16  |Analog Loopback Control Input. Must be set to logic '0’ for normal

operation. When pulled to logic '1’, the transmit filter input is disconnected
from the output of the transmit preamplifier and connected to the VPO*
output of the receive power amplifier.

GSx o 17 | Analog output of the transmit input amplifier. Used to set gain externally.
|
|

VFxI® 18 |Inverting input of the transmit input amplifier.
VFxI* 19 |Non-inverting input of the transmit input amplifier.
Vs S 20 |Negative Power Supply Pin. Vgg = -5V 5%

(*) I: Input, O: Output, S: Power Supply.
TRI-STATE® is a trademark of National Semiconductor Corp.

LS5 SGS-THOMSON s/14
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

FUNCTIONAL DESCRIPTION

POWER-UP

When power is first applied, power-on reset circuitry
initializes the device and places it into the power-
down mode. All non-essential circuits are deacti-
vated and the Dx and VFRO outputs are put in high
impedance states. To power-up the device, alogical
low level or clock must be applied to the
MCLKR/PDN pin and FSx and/or FSg pulses must
be present. Thus 2 power-down control modes are
available. The first is to pull the MCLKr/PDN pin
high; the alternative is to hold both FSx and FSRr in-
puts continuously low. The device will power-down
approximately 2 ms after the last FSx pulse. The
TRI-STATE PCM data output, Dx, will remain in the
high impedance state until the second FSx pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must be
applied to MCLKx and the MCLKgr/PDN pin can be
used as a power-down control. A low level on
MCLKRg/PDN powers up the device and a high level
powers down the device. In either case, MCLKX will
be selected as the master clock for both the transmit
and receive circuits. A bit clock must also be applied
to BCLKx and the BCLR/CLKSEL canbe used to se-
lect the proper internal divider for a master clock of
1.536 MHz, 1.544 MHz or 2.048 MHz. For 1.544
MHz operation, the device automatically compen-
sates for the 193 rd clock pulse each frame.

With a fixed level on the BCLKr/CKSEL pin, BCLKx
will be selected as the bit clock for both the transmit
and receive directions. Table 1 indicates the fre-
quencies of operation which can be selected, de-
pending on the state of BCLKr/CLKSEL. In this syn-
chronous mode, the bit clock, BCLKx, may be from
64 kHz to 2.048 MHz, but must be synchronous with
MCLKXx.

Table 1: Selection of Master Clock Frequencies.

Master Clock
BCLKR/CLKSEL Frequency Selected
ETC5067 ETC5064
ETC5067-X ETC5064-X
Clocked 2.048MHz 1.536MHz or
1.544MHz
0 1.536MHz or 2.048MHz
1.544MHz
1 (or open circuit) 2.048MHz 1.536MHz or
1.544MHz

414
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Each FSx pulse begins the encoding cycle and the
PCM data from the previous encode cycle is shift out
of the enabled Dx output on the positive edge of
BCLKx. After 8 bit clock periods, the TRISTATE Dx
output is returned to a high impedance state. With an
FSr pulse, PCM data is latched via the Dr input on
the negative edge of BCLKx (or on BCKLR if running).
FSx and FSr must be synchronous with MCLKX/R.

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and
receive clocks may be applied. MCLKx and MCLKRr
must be 2.048 MHz for the ETC5067 or 1.536 MHz,
1.544 MHz for the ETC5064, and need not be syn-
chronous. For best transmission performance, how-
ever, MCLKR should be synchronous with MCLKX,
which is easily achieved by applying only static logic
levels to the MCLKgr/PDN pin. This will automatically
connect MCLKX to allinternal MCLKR functions (see
pin description). For 1.544 MHz operation, the de-
vice automatically compensates for the 193rd clock
pulse each frame. FSx starts each encoding cycle
and must be synchronous with MCLKx and BCLKx.
FSRr starts each decoding cycle and must be syn-
chronous with BCLKr. BCLKr must be a clock, the
logic levels shown in Table 1 are not valid in asyn-
chronous mode. BCLKx and BCLKr may operate
from 64kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The device can utilize either a short frame sync
pulse oralong frame sync pulse. Upon power initiali-
zation, the device assumes a short frame mode. In
this mode, both frame sync pulses. FSx and FSg,
must be one bit clock period long, with timing rela-
tionships specified in figure 2. With FSx high during
a falling edge of BCLKR, the next rising edge of
BCLKx enables the Dx TRI-STATE output buffer,
which will output the sign bit. The following seven ris-
ing edges clock out the remaining seven bits, and
the next falling edge disables the Dx output. With
FSr high during a falling edge of BCLKR (BCLKXx in
synchronous mode), the next falling edge of BCLKR
latches in the sign bit. The following seven falling
edges latch in the seven remaining bits. Both de-
vices may utilize the short frame sync pulse in syn-
chronous or asynchronous operating mode.

LONG FRAME SYNC OPERATION

To use the long frame mode, both the frame sync
pulses, FSx and FSg, must be three or more bit clock
periods long, with timing relationships specified in
figure 3. Based on the transmit frame sync FSy, the
device will sense whether short or long frame sync

SGS-THOMSON
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

pulses are being used. For 64 kHz operation, the
frame sync pulses must be kept low for a minimum
of 160 ns (see Fig 1). The Dx TRI-STATE output
buffer is enabled with the rising edge of FSx or the
rising edge of BCLKx, whichever comes later, and
the first bit clocked out is the sign bit. The following
seven BCLKYX rising edges clock out the remaining
seven bits. The Dx output is disabled by the falling
BCLKx edge following the eighth rising edge, or by
FSx going low, whichever comes later. Arising edge
on the receive frame sync pulse, FSR, will cause the
PCM data at Dg to be latched in on the next eight
falling edges of BCLKR (BCLKx in synchronous
mode). Both devices may utilize the long frame sync
pulse in synchronous or asynchronous mode.

TRANSMIT SECTION

The transmit section input is an operational amplifier
with provision for gain adjustment using two external
resistors, see figure 4. The low noise and wide band-
width allow gains in excess of 20 dB across the
audio passband to be realized. The op amp drives
a unity gain filter consisting of RC active pre-filter,
followed by an eighth order switched-capacitor
bandpass filter directly drives the encoder sample-
and-hold circuit. The A/D is of companding type ac-
cording to A-law (ETC5067 and ETC5067-X) or p-
law (ETC5064 and ETC5064-X) coding conven-
tions. A precision voltage reference is timmed in
manufacturing to provide an input over load (tmax)
of nominally 2.5V peak (see table of Transmission
Characteristics). The FSx frame sync pulse controls
the sampling of the filer output, and then the succes-
sive-approximation encoding cycle begins. The 8-bit
code is then loaded into a buffer and shifted out
through Dx at the next FSx pulse. the total encoding
delay will be approximately 165 ps (due to the trans-
mit filter) plus 125us (due to encoding delay), which
totals 290us. Any offset voltage due to the filters or
comparator is cancelled by sign bit integration.

RECEIVE SECTION

The receive section consist of an expanding DAC
which drives a fifth order switched-capacitor low
pass filter clocked at 256kHz. The decoder is A-law
(ETC5067 and ETC5067-X) or u—law (ETC5064
and ETC5064-X) and the 5 th order low pass filter
corrects for the sin x/x attenuation due to the 8kHz
sample and hold. The filter is then followed by a 2
nd order RC active post-filter and power amplifier
capable of driving a 60022 load to a level of 7.2dBm.
The receive section is unity-gain. Upon the oc-
curence of FSR, the data at the Dr input is clocked
in on the falling edge of the next eight BCLKR
(BCKLx) periods. Atthe end of the decoder time slot,
the decoding cycle begins, and 10us later the de-
coder DAC output is updated. The total decoder de-
lay is about10us (decoder up-date) plus 110ps (fil-
ter delay) plus 62.5us (1/2 frame), which gives ap-
proximately 180us.

RECEIVE POWER AMPLIFIERS

Two inverting mode power amplifiers are provided
for directly driving a matched line interface trans-
former. The gain of the first power amplifier can be
adjusted to boost the + 2.5V peak output signal from
the receive filter up + 3.3V peak into an unbalanced
300 load, or £4.0V into an unbalanced 15k load.
The second power amplifier is internally connected
in unity-gain inverting mode to give 6dB of signal
gain for balanced loads. Maximum power transfer to
a 600Q subscriber line termination is obtained by
differientially driving a balanced transformer with a
V2 : 1 turns ratio, as shown in figure 4. A total peak
power of 15.6dBm can be delivered to the load plus
termination. Both power amplifier can be powered
down independently from the PDN input by connect-
ing the VPI input to Ves saving approximately 12
mW of power.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit

Vce Vce to GNDA 7 )
Ves Vs to GNDA 7 Vv

Vin, Vout | Voltage at any Analog Input or Output Vce +0.3to Ves -0.3 \

Voltage at any Digital Input or Output Ve +0.3 to GNDA -0.3 \

Toper Operating Temperature Range: ETC5064/67 -25t0 +125 °C
ETC5064-X/67-X -40 to +125 °C

Tetg Storage Temperature Range -65 to +150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

L7 SESHOMENN =
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

ELECTRICAL OPERATING CHARACTERISTICS

Vce =5.0V +5%, Vs = -5V £5%, GNDA = 0V, Ta=0°C to 70°C (ETC5064-X/67-X: Ta =—40°C to 85°), unless
otherwise noted; typical characteristics specified at Vec = 5.0V, Veg =-5.0V, Ta = 25°C; all signals are refer-
enced to GNDA.

DIGITAL INTERFAGCE (All devices)

_Symbol Parameter Min. | Typ. | Max. | Unit
Vi Input Low Voltage 0.6 \
Vi Input High Voltage 2.2 \
VoL Output Low Voltage

IL=3.2 mA Dx_ 0.4 Vv
IL = 3.2 mA, Open Drain TSx 0.4 Vv
Vo Output High Voltage
IH=3.2mA Dx 24 \
IS Input Low Current (GNDA < V|y < Vi )all digital inputs -10 10 pA
Except BCLKR
I Input High Current (Vin < Vin < Vec) Except ANLB -10 10 pA
loz Output Current in High Impedance State (TRI-STATE)
(GNDA < Vo < Vcg) Dx -10 10 nA

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. | Max. Unit
XA Input Leakaée Current VFxl * or VFxI~ — 200 200 nA
(-25V<sV<s+25V)
RiXA Input Resistance VFxI* or VFxi ™ 10 MQ
(-25V<V<+25V)
RoXA Output Resistance (closed loop, unity gain) 1 3 Q
R XA Load Resistance GSx 10 kQ
CiXA Load Capacitance GSx 50 pF
VoXA Qutput Dynamic Range (RL > 10 kQ) GSx -28 +2.8 \
AvXA Voltage Gain (VFxI * to GSx) 5000 Y
FuXA Unity Gain Bandwidth 1 2 MHz
VosXA Offset Voltage - 20 20 mV
VceuXA Common-mode Voltage -25 2.5 \Y
CMRRXA | Common-mode Rejection Ratio 60 dB
PSRRXA | Power Supply Rejection Ratio 60 dB

ANALOG INTERFACE WITH RECEIVE FILTER (all devices)

Symbol Parameter Min. Typ. Max. Unit
RoRF Output Resistance VFRrO 1 3 Q
RLRF Load Resistance (VFRO = £ 2.5 V) 10 kQ
CLRF Load Capacitance 25 pF

VOSRO Output DC Offset Voltage — 200 200 mV

6/14 K
Ly e RSN
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

ELECTRICAL OPERATING CHARACTERISTICS (Continued)
ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices)

Symbol Parameter Min. Typ. | Max. Unit
1P Input Leakage Current (- 1.0 VS VPI<1.0V) —100 100 nA
RIPI Input Resistance (- 1.0< VPI<1.0V) 10 MQ
VIOS Input Offset Voltage - 25 25 mV
ROP Output Resistance (inverting unity—gain at VPO * or VPO ") 1 Q
Fc Unity—gain Bandwidth, Open Loop (VPO ") 400 kHz
CLP Load Capacitance (VPO * or VPO~ to GNDA) pF
RL = 1500 Q 100
RL= 600 Q 500
RL =300 Q 1000
GAp* Gain VPO~ to VPO * to GNDA, Level at VPO~ = 1. 77 Vrms -1 A%
(+ 3 dBmO)
PSRRp Power Supply Rejection of Vcc or Ves dB
(VPO™ connected to VPI)
0 kHz — 4 kHz 60
0 kHz — 50 kHz 36

POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. | Max. Unit
lccO Power-down Current at ETC6064/67 0.5 1.5 mA
ETC5064-X/67-X 0.5 mA
Igg0 Power-down Current at ETC6064/67 0.05 0.3 mA
ETC5064-X/67-X 0.05 0.4 mA
Iccl Active Current at ETC6064/67 7.0 10.0 mA
ETC5064-X/67-X 7.0 12.0 mA
Ies1 Active Current at ETC6064/67 7.0 10.0 mA
ETC5064-X/67-X 7.0 12.0 mA

(57 SGS-THOMSON 4
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

All TIMING SPECIFICATIONS

Symbol Parameter Min. | Typ. | Max. | Unit
1/tem Frequency of master clocks 1.536
MCLKx and MCLKgr 2.048 MHz
Depends on the device used and the
BCLKg/CLKSEL Pin 1.544
twmH Width of Master Clock High MCLKx and MCLKg 160 ns
twML Width of Master Clock Low MCLKx and MCLKRr 160 ns
tRM Rise Time of Master Clock MCLKx and MCLKgr 50 ns
tem Fall Time of Master Clock MCLKx and MCLKRr 50 ns
tre Period of Bit Clock 485 488 | 15.725 ns
tweH Width of Bit Clock High (Viy = 2.2 V) 160 ns
tweL Width of Bit Clock Low (Vi = 0.6 V) 160 ns
tRB Rise Time of Bit Clock (tpg = 488 ns) 50 ns
tre Fall Time of Bit Clock (tps = 488 ns) 50 ns
tserm Set-up time from BCLKx high to MCLK falling edge. 100 ns
(first bit clock after the leading edge of FSx)
tHerF Holding Time from Bit Clock Low to the Frame Sync 0 ns
(long frame only)
tsrB Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns
tHeFI Hold Time from 3rd Period of Bit Clock FSx or FSg | 100 ns
Low to Frame Sync (long frame only)
tozr Delay Time to valid data from FSx or BCLKx, whichever 20 165 ns

comes later and delay time from FSX to data output disabled
(CL = 0 pF to 150 pF)

toep Delay Time from BCLKx high to data valid 0 150 ns
(load = 150 pF plus 2 LSTTL loads)
tozc Delay Time from BCLKx low to data output disabled 50 165 ns
tsos Set-up Time from Dr valid to BCLKr/x low 50 ns
tHBD Hold Time from BCLKR low to Dr invalid 50 ns
tHoLD Holding Time from Bit Clock High to Frame Sync (short frame only) 0 ns
tsF Set-up Time from FSxr to BCLKxr Low 80 ns
(short frame sync pulse) - Note 1
tHF Hold Time from BCLKxR Low to FSxr Low 100 ns
(short frame sync pulse) - Note 1
txop Delay Time to TSx low (load = 150 pF plus 2 LSTTI loads) 140 ns
twrL Minimum Width of the Frame Sync Pulse (low level) 160 ns

(64 bit/s operating mode)

Note : 1.For short frame sync timing. FSx and FSr must go high while their respective bit clocks are high.

Figure 1 : 64 k bits/s TIMING DIAGRAM. (see next page for complete timing)

BCLKx 3 1 2 3 . M
BCLKp RE—

FSx ’ “‘ -
FSp__ __ __ ~ e o o
twrL -] — o
X X X X ) D D
814 LN7 SGS-THOMSON
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

TRANSMISSION CHARACTERISTICS
(all devices) Ta = 0°C to 70°C (ETC5064-X/67-X: Ta = —40°C to 85°), Vcc = 5V +5%, Ve =— 5V + 5%,
GNDA =0V, f=1.02kHz, Vin = 0dBmO transmit input amplifier connected for unity—gain non—inverting. (unless
otherwise specified).

AMPLITUDE RESPONSE
Symbol Parameter Min. Typ. | Max. Unit
Absolute Levels - Nominal 0 dBm0 is 4 dBm (600Q). 1.2276 Vrms
0 dBm0
tmax Max Overload Level
3.14 dBm0 ETC5067 2492 VPK
3.17 dBmo0 ETC5064 2.501
Gxa Transmit Gain, Absolute (Ta = 25°C, Vcc = 5V, Ves = -5V) -0.15 0.15 dB
Input at GSx = 0dBmO at 1020Hz
GXR Transmit Gain, Relative to GXA
f=16Hz - -40
f = 50Hz - -30
f = 60Hz - -26
f = 180Hz -2.8 -0.2
f = 200Hz -1.8 -0.1
f = 8300Hz -3000Hz -0.15 0.15 dB
f = 3200Hz (ETC5064-X/67-X) -0.35 0.20
f = 3300Hz -0.35 0.05
f = 3400Hz -0.7 0
f = 4000Hz -14
f = 4600Hz and up, measure response from oHz to 4000Hz -32
Gxat Absolute Transmit Gain Variation with Temperature dB
Ta=0°C to +70°C -0.1 0.1
Ta = —40°C to +85°C (ETC5064-X/67-X) -0.15 0.15
Gxav Absolute Transmit Gain Variation with Supply Voltage -0.05 0.05 dB
(Vec = 5V +5%, Ves = -5V +5%)
GxRL Transmit Gain Variation with Level
Sinusolidal Test Method Reference Level = -10dBm0
VFxI* = -40dBm0 to +3dBm0 -0.2 0.2 dB
VFxI* = -50dBm0 to -40dBm0 -0.4 0.4
VFxI* = -55dBm0 to -50dBm0 -1.2 1.2
Gpra Receive Gain, Absolute (Ta = 25°C, Vcc = 5V, Ves = -5V) -0.15 0.15 dB
Input = Digital Code Sequence for 0dBm0 Signal at 1020Hz
GRr Receive Gain, Relative to Gra
f = OHz to 3000Hz -0.15 0.15
f = 3200Hz (ETC5064-X/67-X) -0.35 0.20 dB
f = 3300Hz -0.35 0.05
f = 3400Hz -0.7 0
f = 4000Hz 14
GRaT Absolute Receive Gain Variation with Temeperature
Ta = 0°C to +70°C -0.1 0.1 dB
Ta = —40°C to +85°C (ETC5064-X/67-X) -0.15 0.15
Grav Absolute Receive Gain Variation with Supply Voltage -0.05 0.05 dB
(Vec = 5V 5%, Ve = -5V £5%)
GRRL Receive Gain Variation with Level
Sinusoidal Test Method; Reference Input PCM code
corresponds to an ideally encoded -10dBmO signal
PCM level = -40dBm0 to +3dBm0 -0.2 0.2 dB
PCM level = -50dBmO0 to -40dBm0 -0.4 0.4
PCM level = -55dBm0 to -50dBm0 -1.2 1.2
Vro Receive Filter Output at VFRO RL = 10KQ -2.5 25 \
11/14
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

TRANSMISSION CHARACTERISTICS (continued).
ENVELOPE DELAY DISTORTION WITH FREQUENCY

Symbol Parameter Min. [ Typ. [ Max. | Unit
Dxa Transmit Delay, Absolute (f = 1600 Hz) 290 315 us
Dxr Transmit Delay, Relative to Dxa

f = 500 Hz-600 Hz 195 220

f = 600 Hz-800 Hz 120 145

f = 800 Hz-1000 Hz 50 75 us

f = 1000 Hz-1600 Hz 20 40

f = 1600 Hz-2600Hz 55 75

f = 2600 Hz-2800 Hz 80 105

f = 2800 Hz-3000 Hz 130 155
Dra Receive Delay, Absolute (f = 1600 Hz) 180 200 us
Dgrr Receive Delay, Relative to Dra

f = 500 Hz-1000 Hz —-40 | —-25

f = 1000 Hz-1600 Hz - 30 -20 us

f = 1600 Hz-2600 Hz 70 90

f = 2600 Hz-2800 Hz 100 125

f = 2800 Hz-3000 Hz 145 175

NOISE

Symbol Parameter Min. Typ. Max. Unit

Nxp Transmit Noise, P Message (A-LAW, VFxl* = 0 V) Weighted 1)
ETC5064 -74 | —69 |dBmOp
ETC5064-X —74 | —67 [dBmOp
Nrp Receive Noise, P Message Weighted - 82 —79 |dBmOp
(A-LAW, PCM Code Equals Positive Zero)
Nxc Transmit Noise, C Message Weighted
(u-LAW, VFxI* = 0 V) ETC5064 12 15 |dBrnCO
ETC5064-X 12 16__|dBrnCO
Nrc Receive Noise, C Message Weighted
(u-LAW, PCM Code Equals Alternating Positive and Negative Zero) 8 11 dBrnCO
Nrs Noise, Single Frequency —-53 | dBmO
f = 0 kHz to 100 kHz, Loop around Measurement, VFxl* =0 V
PPSRx Positive Power Supply Rejection, Transmit (note 2) 40 dBp
Vce = 5.0 Vpc + 100 mVmms, f = 0 kHz-50 kHz
NPSRx Negative Power Supply Rejection, Transmit (note 2) 40 dBp
Veg = 5.0 Vpc + 100 mVrms, f =0 kHz-50 kHz
PPSRr Positive Power Supply Rejection, Receive (PCM code equals
positive zero, Vcc = 5.0 Vpc + 100 mVrms)
f = 0 Hz-4000Hz A LAW 40 dBp
n LAW 40 dBc
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
NPSRg Negative Power Supply Rejection, Receive (PCM code equals
positive zero, Vgg =—5.0 Vpc + 100 mVrms)
f = 0 Hz-4000Hz A LAW 40 dBp
1 LAW 40 dBc
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
SOS Spurious out-of-band Signals at the Channel Output
0 dBm0, 300 Hz-3400 Hz input PCM applied at Dr
4600 Hz-7600 Hz -32 dB
7600 Hz-8400 Hz -40 dB
8400 Hz-100,000 Hz -32 dB
12114 (55 SGS-THOMSON
S/ MICROELECTROMICS
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

TRANSMISSION CHARACTERISTICS (continued).

DISTORTION
Symbol Parameter Min. Typ. Max. Unit
STDx Signal to Total Distortion (sinusoidal test method)
or
STDr Transmit or Receive Half-channel dBp
Level = 3.0 dBm0 33 (ALAW)
=0 dBm0 to — 30 dBm0 36
=—40 dBm0 XMT| 29 dBc
RCV| 30 (LLAW)
=—55dBm0 XMT 14
RCV| 15
SFDx Single Frequency Distortion, Transmit (Ta = 25°C) — 46 dB
SFDgr Single Frequency Distortion, Receive (Ta =25°C) - 46 dB
IMD Intermodulation Distortion -41 dB
Loop Around Measurement, VFxl*=—4 dBmo0 to
—21 dBm0, two Frequencies in the Range 300 Hz-3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTxR Transmit to Receive Crosstalk, 0dBmO Transmit
f = 300 Hz-3400 Hz, Dr = Steady PCM Code ETC5064/67 -9 | =75 dB
ETC5064-X/67-X — 65 dB
CTrx Receive to Transmit Crosstalk, 0dBmO Receive Level (note 2)
f = 300 Hz-3400 Hz, VFxl=0V ETC5064/67 -90 -70 dB
ETC5064-X/67-X - 65 dB
POWER AMPLIFIERS
Symbol Parameter Min. Typ. | Max. Unit
VoL Maximum 0 dBmO Level for Better than + 0.1 dB Linearity Over Vrms
the Range 10 dBmO to + 3 dBm0
(balanced load, Ry connected between VPO * and VPO ")
RL =600 Q 33
RL = 1200 Q 3.5
RL = 30 kQ 4.0
S/Dp Signal/Distortion RL = 600 Q, 0 dBm0 50 dB
Notes : 1. Measured by extrapolation from the distortion test results.
2. PPSRX, NPSRX, CTR-X measured with a =50dBm0 activating signal applied at VFxI*
ENCODING FORMAT AT Dx OUTPUT
A-Law plaw
(Including even bit inversion)
Vin (at GSx) = + Full-scale 10101010 10000000
Vin (@t GSx) =0 V 11010101 11111111
01010101 01111111
Vin (at GSx) = — Full-scale 00101010 00000000
(N7 SGS-THOMSON 1814
YF ricroEECTRONICS
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ETC5064 - ETC5064-X - ETC5067 - ETC5067-X

APPLICATION INFORMATION

POWER SUPPLIES

While the pins at the ETC506X family are well pro-
tected against electrical misure, it is recommended
that the standard CMOS practice be followed, en-
suring that ground is connected to the device before
any other connections are made. In applications
where the printed circuit board may be plugged into
a "hot" socket with power and clocks already pre-
sent, an extra long ground pin in the connector
should be used.

All ground connections to each device should meet
ata common pointas close as possible to the GNDA
pin. This minimizes the interaction of ground return
currents flowing through a common bus impedance.
0.1uF supply decoupling capacitors should be con-
nected from this common ground point to VCC and
VBB as close to the device as possible.

For best performance, the ground point of each
CODEC/FILTER on a card should be connected to
acommon card ground in star formation, rather than
via a ground bus. This common ground point should
be decoupled to VCC and VBB with 10pF capaci-
tors.

For best performance, TSx should be grounded if
not used.

Figure 4 : Typical Asynchronous Application.
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(ST

L.3000N
L3030

SUBSCRIBER LINE INTERFACE KIT

= PROGRAMMABLE DC FEEDING RESIS-TAN-
CE AND LIMITING CURRENT (four values avai-
lable)

= THREE OPERATING MODES :
STAND-BY, CONVERSATION, RINGING

o NORMAL/BOOST BATTERY, DIRECT/REVER-
SE POLARITY

= SIGNALLING FUNCTION (off-hook/GND-key)

o FILTERED OFF-HOOK DETECTION IN
STAND-BY (10ms)

a QUICK OFF-HOOK DETECTION IN CONVER-

SATION (< 1ms) FOR LOW DIAL PULSE DE-

TECTION DISTORTION

HYBRID FUNCTION

RINGING GENERATION WITH QUASI ZERO

- OUTPUT IMPEDANCE, ZERO CROSSING IN-
JECTION (no ext. relay needed) AND RING
TRIP DETECTION

g AUTOMATIC RINGING STOP WHEN OFF-
HOOK IS DETECTED

o PARALLEL AND SERIAL DIGITAL INTERFA-

CES

TELETAXE SIGNAL INJECTION (2VRms/5VRMS)

o LOW NUMBER OF EXTERNAL COMPO-
NENTS

= GOOD REJECTION OF THE NOISE ON BAT-
TERY VOLTAGE (20dB at 10Hz and 35dB at
1kHz)

o POSSIBILITY TO WORK ALSO WITH HIGH
COMMON MODE CURRENTS

s INTEGRATED THERMAL PROTECTION WITH
THERMAL OVERLOAD INDICATION

= SURFACE MOUNT PACKAGE
(PLCC44 + PowerS0O-20)

DESCRIPTION

The ST SLIC KIT (L3000N/L3030) is a set of solid
state devices designed to integrate main of the fun-
ctions needed to interface a telephone line. It con-
sists of 2 integrated devices : the L3000N line
interface circuit and the L3030 control unit.

This kit performs the main features of the BORSHT
functions :

- Battery feed

- Ringin
- SI tglallgng

January 1995

PRELIMINARY DATA

PLCC44

PowerS0-20

ORDERING NUMBERS :
L3030 (PLCC44)
L3000N (FLEXIWATT15)
L3000NSO (PowerS0O-20)

Additional functions, such as battery reversal, extra
battery use, line overvoltage sensing and metering-
pulse injection are also featured ; most external
characteristics, as AC and DC impedances, are pro-
grammable with external components. The SLIC in-
jects ringing in balanced mode and for that, as well
as for the operation in battery boosted, a positive
battery voltage shall be available on the subscriber
card. As the right ringing signal amplification both in
voltage and in current is provided by SLIC, the ring
signal generator shall only provide a low level signal
(0.285Vrms).

This kit is fabricated using a 140V B|polar technolo-
gy for L300ON and a 12V Bipolar 1L technology for

L3030.

L3030 is available PLCC44 and L3000N in both

FLEXIWATT15 and PowerSO-20 for surface mount

application.

This kit is suitable for all the following applications:

C.O. (Central Office), DLC (Digital Loop Carrier) and

high range PABX (Private Automatic Branch Ex-

change).

1/24
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L3000N - L3030

PIN CONNECTIONS (top view)
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L3000N - L3030

PIN DESCRIPTION (L3000N)

F';‘E,X' PSOO Name Description

1 3 TIP | A line termination output with current capability up to 100mA (la is the current sourced
from this pin).

2 4 MNT | Positive Supply Voltage Monitor

3 5 Ve+ | Positive Battery Supply Voltage

4 6 BGND | Battery ground relative to the Vg+ and the Ve— supply voltages.
It is also the reference ground for TIP and RING signals.

5 7 Vpp | Positive Power Supply + 5V

6 8 VIN | 2 wire unbalanced voltage input.

7 9 VBIM | Output voltage without current capability, with the following functions :

- give an image of the total battery voltage scaled by 40 to the low voltage part.
- filter by an external capacitor the noise on Va-—.

8 1,10 Ve— | Negative Battery Supply Voltage

11,20
9 12 AGND | Analog Ground. All input signals and the Vpp supply voltage must be referred to this pin.
10 13 REF | Voltage reference output with very low temperature coefficient. The connected resistor
sets internal circuit bias current.
11 14 C1 Digital signal input (3 levels) that defines device status with pin 12.
12 15 Cc2 Digital signal input (3 levels) that defines device status with pin 11.
13 16 Ir Highlprelcision scaled transversal line current signal.
a+ b
= 100
14 17 IL Scaled longitudinal line current signal.
b—la
=Yoo
15 19 RING 5’1.“”9. te)armination output with current capability up to 100mA (I is the current sunk into
is pin).

— 2,18 N.C. | Not connected

Notes: 1) Unless otherwise specified all the diagrams In this datasheet refers to the FLEXIWATT15 pin connection

2) All informations relative to the PowerSO-20 package option should be considered as advanced information on a new product
now In development or undergoing evaluation Details are subject to change without notice.

3/24
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L3000N - L3030

PIN DESCRIPTION (L3030)

Pin Symbol Function
1 TST This pin is connected internally for test purpose. It should not be used as a tie point for
external components.
2 REF Bias Set
3 AGND Analog Ground
4 VSS -5V
5 VDD + 5V
6 N.C. Not connected.
7 CZS AGC Feedback Input
8 ACF AC Line Impedance Synthesis
9 ZAC AC Impedance Adjustement
1? TST These pins are connected internally for test purpose. It should not be used as a tie point
12 for external components.
13 VOUT Two wire unbalanced output.
14 CM | Capacitor Multiplier Input
15 RC DC Feedback Input
16 T Transversal Line Current
17 RDC DC Feeding System
18 EIA Read/write Command
19 NCS Chip Select Command
20 DIO Data Input/output
21 DCKL Clock Signal
22 DGND Digital Ground
23 N.C. Not connected.
24 N.C. Not connected.
25 N.C. Not connected.
26 Cl Input/output Changing Command
27 C1 State Control Signal 1
28 Cc2 State Control Signal 2
29 N.C. Not connected.
30 N.C. Not connected.
31 IL Longitudinal Line Current
32 CRTS Ringtrip Det. & TTX Shaping
33 TTXIN Teletaxe Signal Input
34 RGTTX | TTX Filter Level Compensation
35 TTXF TTX Filter Input
36 ZB Balancing Network
gg ST These pins are connected internally for test purpose. It should not be used as a tie point
39 for external components.
40 X 4W Sending Output
41 RX/RG 4W Receiving and Ring Input
42 VBIM Battery Image Input
43 ST These pins are connected internally for test purpose. It should not be used as a tie point
44 for external components.
4/24
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L3000N - L3030

L3000N BLOCK DIAGRAM
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L3000N - L3030

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi— Negative Battery Voltage - 80 \
Vo+ Positive Battery Voltage 80 \
|Vb—| + [Vo+| | Total Battery Voltage 140 \
Vdd Positive Supply Voltage +6 \
Vss Negative Supply Voltage -6 \
Vagnd — Vibgnd | Max. Voltage between Analog Ground and Battery Ground 5 \
T Max. Junction Temperature + 150 °C
Tstg Storage Temperature —55to + 150 °C
THERMAL DATA
[ symbol ] Parameter Value | unit |
L3000N HIGH VOLTAGE Flexiwatt PWSO020
Rth j-case Thermal Resistance Junction to Case Max. 4 Typ. 2 °C/W
Rth j-amb Thermal Resistance Junction to Ambient Max. 50 Max. 60 °C/W
L3030 LOW VOLTAGE
| Rijamb | Max. Resistance Junction to Ambient 80 | <cw |

OPERATING RANGE

Symbol Parameter Min. Typ. Max. Unit
Toper Operating Temperature Range 0 70 °C
Vp— Negative Battery Voltage -70 —48 - 24 \
Vb+ Positive Battery Voltage 0 +72 +75 \

Vb— + Vb+ | Total Battery Voltage 120 130 \
Vg Positive Supply Voltage +4.5 +55 | 'V
Ves Negative Supply Voltage -55 -45 \
|max Total Line Current (IL + IT) 85 mA

FUNCTIONAL DESCRIPTION

L3000N - High Voltage Circuit

The L300ON line interface provides a battery fee-
ding for telephone lines and ringing injection. The IC
contains a state decoder that under external control
can force the following operational modes : stand-
by, conversation and ringing.

In addition Power down mode can be forced con-
necting the bias current resistor to Vpp or leaving it
open.

Two pins, IL and It, carry out the information concer-
ning line status which is detected by sensing the line
current into the output stage.

The L3000N amplifies both the AC and DC signals
entering at pin 6 (VIN) by a factor equal to 40.
Separate grounds are provided :

- Analog ground as a reference for analog signals

- Battery ground as a reference for the output sta-
ges

6/24
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The two ground should be shorted together at a low
impedance point.

L3030 - Control Unit

The L3030 low voltage control unit controls L3000N
line interface module, giving the proper information
to set line feed characteristic, to inject ringing and
TTX signal and synthetizes the line and balance im-
pedances. An on chip digital interface allows a mi-
croprocessor to control all the operations. L3030
defines working states of line interface and also in-
forms the card controller about line status.

L3000N - Working States

In order to carry out the different possible opera-
tions, the L300ON has several different working sta-
tes. Each state is defined by the voltage respectively
applied by pins 27 and 28 of L3030 to the pins 11
and 12 of L300ON.

Three different voltage levels (- 3, 0, + 3) are avai-
lable at each connection, so defining nine possible




L3000N - L3030

Table 1.
Pin 28 of L3030 / Pin 12 of L300ON (C2)
+3 0 -3
+3 Stand-by Conversation in Normal Conversation in Normal
Battery Direct Polarity Battery Reverse Polar
Pin 27 of L3030 0 Not allowed. Conversation in Boost Conversation in Boost
Pin 11 of L3000 Battery Direct Polarity Battery Reverse Polar
—3 | Not allowed. Ringing with Direct Not allowed.
Polarity

states as listed in Table. 1.

Appropriate combinations of two pins define the
three modes of the ST SLIC, that are :

a) Stand-by (SBY)

b) Conversation (CVS), Normal and Reverse pola-
rity

c) Ringing (RING)

d) Boost Battery (BB), Normal and Reverse polarity
A fifth status, Power down (PD), can be set discon-
necting the bias resistor (RH) from pin 10 of L3000N
by means of an external transistor.

The main difference between Stand-by and Power
down is that in SBY the power consumption on the
voltage battery VB— (— 48V) is reduced but the
L3000N DC feeding and monitoring circuits are still
active. In PD the power consumption on VB- is re-
duced to zero, and the L300ON is completely swit-
ched off.

The SBY status should be used when the telephone

Figure 1 : DC Characteristics in Stand-by Mode.

is in On hook and PD status only in emergency con-
dition when it is mandatory to cut any possible dis-
sipation but no operation are requested.

OPERATING MODES

Stand-by (SBY) Mode

In this mode, the bias currents of both L3000N and
L3030 are reduced as only some parts of the two cir-
cuits are completely active, control interface and
current sensors among them. The current supplied
to the line is limited at 7mA, and the slope of the DC
characteristic corresponds to :

R =§ x (RFS + 2RP)

The Line voltage in on Hook condition is just the bat-
tery voltage minus the voltage drop (approx. 15V) of
the output stage amplifiers (see Fig. 1).

Iline(mA)

Iline = cost.=7mA

«— R - %x RFs+2rP)

MB89L36836-64

I Uline(y)
33

L7 BESTHOMBON
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L3000N - L3030

The AC characteristic is just the resistance of the
two serial resistors RP.

In Stand-by mode the battery polarity is just in direct
condition, that is the TIP wire more positive than the
RING one ; boost battery is not achievable. There
are two possible line conditions where the SLIC is
expected to be in stand-by mode :

1) ON-HOOK (liine < 5mA). Normal on-hook
condition.

2) OFF-HOOK (liine > 7mA). Handset is unhooked,
the SLIC is waiting for command to activate
conversation.

When the SLIC is in stand-by mode, the power dis-
sipation of L300ON does not exceed 120mW (from
-48V) eventually increased of a certain amount if
some current is flowing into the line.

The power dissipation of L3030 in the same condi-
tion, is typically 120mW.

The Stand-by Mode is set when the byte sent to the
L3030 Serial Digital Interface has the first two bits
(BITOR and BIT1R) equal to "0".

Setting to 0 all the 8 bits of the command sent to the
digital interface of L3030, the bias currents of both
L3000N and L3030 are reduced and only some
parts of the two circuits are active similarly to the
stand-by mode ; in this situation, named power-
down denial, the line sensors are disabled
(ON/OFF-HOOK line conditions cannot be recogni-
zed) and the current supplied to the line is limited at
0.25mA.

Conversation (CVS) or Active Mode

Inconversation modeitis possible to select between
two different DC Characteristics by the BIT5R of the

Serial Interface.

1) Normal Battery (NB)
2) Boost Battery (BB)

Itis also possible to select (BIT4R) the polarity of the
DC line voltage and (BIT6R-BIT7R) one of the four
values of limiting current (25mA or 30mA or 45mA
or 70mA).

Battery reverse can take place either before or du-
ring conversation.

As far as the DC characteristic in Normal Battery is
concerned, three different feeding conditions are
present :

a) current limiting region ; the DC impedance of the
SLIC is very high (> 20 Kohm) and therefore the
system workslike a currentgenerator, the current
value being set through the digital interface
(25/30/45/70mA).

b) standard feeding system region ; the
characteristic is equal to a — 48V (- 60V) battery
(note 1), in series with two resistors, whose value
is set by external components (see external
component list of L3030).

c) low impedance region ; the battery value is
reduced to 33V (45V) and the serial resistance is
reduced to the value specified in stand by mode,

thatis : % x (RFS+ 2RP)

Switching between the three region is automatic wi-
thout discontinuity, and depends on the loop resi-
stance. Fig. 2 shows the DC characteristic in normal
battery condition.

When the boost battery condition is activated the low
impedance region can never be reached by the sy-

Figure 2 : DC Characteristic (n.b.) lLim = 25/30/45/70 mA.

Iline(mA)

ILIN

R= —g— x (RFS+2RP)—»

Mn8sL3838-85

Uline(V)

Note :

1. This value of voltage battery, named apparent battery, is fixed internally by the control unit and is independent of the actual battery

value. So, the voltage drop in the low impedance region is 15V. It1s also possible to increase up to 25V this value setting BIT3R to 1.
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L3000N - L3030

stem ; in this case the internal dropout voltage is
equal to 30V.

Fig. 3 shows the DC characteristic in boost battery
condition.

In conversation mode, on request of control proces-
sor, whatever condition is set (normal or boost bat-
tery, direct or reverse polarity), you can inject the
12kHz (or 16kHz) signal (permanently applied at the
pin 33 with 950mVrms typ. amplitude), as metering
pulses. A patented automatic control system adjust
the level of the metering signal, across the line, to
2Vrms setting BIT3 = 0, or to 5Vrms setting BIT3 =
1; this, regardless of the line impedance. Moreover
the metering signal is ramped at the beginning and
at the end of each pulse to prevent undesirable clic-
king noise ; the slope is determined by the value of
CINT (see the external component list of L3030).
The SLIC also provides, in the transmit direction
(from line to 4-wire side), an amplifier to insert an ex-
ternal notch filter (series resonator) for suppressing
the 12/16kHz residual signal.
Fig. 4 shows a suggested notch Filter configuration.
The metering pulses can be injected with a DC line
current equal to zero (ON-HOOK Operation).
If teletax is not used the notch filter can be replaced
by a 1KQ resistor.
Inconversation mode the AC impedance at the line ter-
minals, ZML, is synthetized by the extemal components
ZAC and RP, according to the following formula :

ZML = ZAC + (RP1 + RP2)
Depending on the characteristic of the ZAC network,
ZML can be either a pure resistance or a complex im-
pedance, so allowing ST SLIC to meet different stand-
ards as far as the retun loss is concerned. The
capacitor CCOMP guarantees stability to the system.
The two-to-four wire conversion is achieved by me-
ans of a Wheatstone bridge configuration, the sides

Figure 4 : External Teletaxe Filter.

of which being :

1) the line impedance (Zline),

2) the SLIC impedance at line terminals (ZML),

3) the network ZA connected between pin 36 and 41
of L3030 (see external component list of L3030),

4) the network ZB between pin 36 and ground that
shall copy the line impedance.

For a perfect balancing, the following equation shall
be verified :

ZA _ZML

ZB "~ Zline

It is important to underline that ZA and ZB are not
obliged to be equal to ZML and to Zline, but they
both may be multiplied by a factor (up to ten) so al-
lowing use of smaller capacitors.

Inconversation, the L300ON dissipates about 250mW
forits own operation ; the dissipation depending on the
current supplied to the line shall be added.

The fig 5 and fig 6 show the DC characteristic for two
different Feeding resistance.
2 x 200 Ohm and 2 x 400 respectively.

Figure 3 : DC Characteristic (b.b.)
ILim = 25/30/45/70 mA.
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Figure 5 : DC Characteristic for 2 x 200 ohm Feeding System.
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Figure 6 : DC Characteristic for 2 x 400 ohm Feeding System.
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Ringing Mode

Whenringing is selected (BIT2R= 1, BITOR =0), the
control unit L3030 presets the L3000ON to operate
between — 48V (- 60V) and + 72V (+ 60V) battery.
Then, setting BIT1 =1, alowlevel signal (0.285Vrms
with frequency range 16-66Hz) applied to pin 41, is
amplified and injected in balanced mode to the line
through L3000N with a superimposed DC voltage of
24V. The impedance to the line is given by the two
external resistors and the 24V DC polarity can only
be direct.

The first and the last ringing cycles are synchronized
by L3030 so that ringing always starts and stops at
zero crossing. Ring trip detection is performed au-
tonomously by the SLIC, without any particular com-
mand, using a patented system ; when handset is
lifted, SLIC suspends the ringing signal just remai-
ning in the ringing mode. In this condition, the control
unit L3030 checks that the loop is closed for a time
equal to two periods of the ringing signal ; if the clo-
sure is confirmed, a flag (BITOT = 1) is set and the
SLIC waits the new command from the control pro-
cessor. Whereas the loop closure is not confirmed,
the ringing signal is newly applied to the line, without
setting BITOT.

DIGITAL INTERFACE

Functional Description

The L3030 states and functions are controlled by
central processor through five wires defining a digi-
talinterface. Itis possible to select the interface wor-
king mode between SERIAL or PARALLEL (pin 33

&7 FETHINEN

tied to a voltage between 4 and 5V).

1) Serial Mode

The five wires of the digital interface have the follo-

wing functions :

- clock (DCLK), entering at pin 21

- data in/data out (DIO), exchanged at pin 20

- input/output select (EIA), entering at pin 18

- chip select (NCS), entering at pin 19

- change NCS from in to out (Cl), entering at pin 26
(note 1)

The maximum clock frequency is 600Khz.

When EIA signal is low data are transferred from the
card controller into I/O registers of the L3030 selec-
ted by NCS signal tied at low level ; then data are
latched for execution. In this phase a complete 8 bit
word is loaded into internal register and consequen-
tly NCS signal must remain low for the correspon-
ding 8 clock pulses (DCLK). The EIA signal must
remain at low level at least for the time in which NCS
signal remain low. The device load data in input re-
gister during the positive edge of clock signal
(DCLK) and store the contents of the register on the
positive edge of NCS signal.

When EIA signal is high data are transferred from
the L3030 selected by NCS tied to low level to the
card controller. The L3030 status is described by
five bits contained in the output register ; the NCS
signal can remain low for five or less clock pulses de-
pending if the card controller want to read the com-
plete L3030 status or only a part of it.

Fig. 8, 9 show the complete write and read operation
timing. Table 1 shows the meaning of each bit of an
I/O data.
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Table 1 : Serial Mode.

Meaning T Value
Data in (note 2)
BITOR = Impedance (note 3) 0 - Stand-by/ringing
1 - Conversation
BIT1R = TTX & Ring Timing (note 4) 0 - Timing off
1 - Timing on
BIT2R = Ring (note 5) ' 0 - TTX Signal Injection
1 - Ring Signal Injection
BIT3R = TTX Level 0 - Low Amplitude (2VRwms)
1 - High Amplitude (5Vrms)
BIT4R = Battery Polarity 0 - Normal Polarity

1 - Reverse Polarity
BIT5R = Extra Feeding 0 - Normal Battery
1 - Boosted Battery

BITeR Do 25mA soma a5mA 70mA
BIT7R 0 1 1 0
Data Out (note 6)
BITOT = Line Supervision 0 - On Hook
1 - Off Hook
BIT1T = Ground Key 1 - Long. Line Current < 177mA
0 - Long. Line Current > 17mA
BIT2T = Internal Line Current Limiter (note7) 0 - Off
1-0On
BIT3T = Line Voltage 0 - Normal
1 - Minus of Half Battery
BIT4T = Thermal Overload (note 8) 1- Off
0-0On

Notes : 1. When Cl signal is tied to low level, NCS signal is the chip select input ; with Cl signal at high level, the NCS signal
becomes an output that carry out the logical sum of the following bits : BITOT, BIT1T.

. The description of the commands is referred to the system L3030 + LINE INTERFACE module.

. To set SBY mode with lim = 7mA : BITOR = 0 and at least one of the two last bits (BIT6R ; BIT7R) must be set to 1.

. TTX and RING signals are injected into the line interface module with BIT1R to "1".
To set RING mode at least one of the three last bits (BIT5R, BIT6R, BIT7R) must be set to 1, in addition BITOR
must be set to 0.

. The description of the commands is referred to the system L3030 + LINE INTERFACE module.

7. The bit BIT2T is setto 1 when the SLIC is operating in Conversation Mode and into the limiting current region (short

loop). ’
8. The bit BIT4T is set to 1 when the junction temperature of L3000N is about 140°C.

o s wN

o
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Figure 8 : Writing Operation Timing (serial mode).
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Figure 9 : Reading Operation Timing (serial mode).
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2) Parallel Mode

This operating mode is enabled connecting pin 33
to avoltage in the range from 4V to 5V. The five wire
have the following functions :

- power down/feeding (EIA), entering at pin 18

- timing (Cl), entering at pin 26

- ring (DCLK), entering at pin 21

- on-hook/off-hook (NCS), outgoing at pin 19

- ground-key (DIO), outgoing at pin 20

Table 2 : Parallel Mode.

In this operating mode the signals at the inputs are
immediately executed, without any external clock ti-
ming ; all the internal registers are bypassed. The in-
formations sent back on pins 19 and 20, display in
real time the setting of internal circuits, that means
line status. In the table 2 the correspondence bet-
ween the interface wires in the parallel mode and
equivalent bit in serial mode is pointed out ; where
there isn't this correspondence, the internal setting
is shown.

Pin Rif. Meaning (note 1) Eq. Bit of Ser. Interf. Value
18 EIA PD/feeding BITOR 0 : High Impedance
1 : Low Impedance
26 Cl Timing BIT1R 0 : Ring Timing Off
1 : Ring Timing On
21 DCKL | Ring BIT2R 0 : No Ring
1 : Ring Injection
BIT3R 0 : Low Amplitude
BIT4R 0 : Normal Polarity
BITS5R 0 : Normal Battery
BIT6R (1J Line Curr. = 30mA
BIT7R
19 NCS | On-hook/off-hook BITOT 0 : On-hook
1 : Off-hook
20 DIO Ground Key BIT1T 1 :Long. Curr. < 177mA
0 : Long. Curr. > 177mA
BIT2T
BIT3T
BIT4T
Note : 1. The description of the commands is referred to the system L3030 + LINE INTERFACE module.

DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(VoD = + 5V, Vss = = 5V, Tamb. = 25°C) (refer to PLCC44 package)

| symbol | Parameter | Test Conditions | Min. | Typ. | Max. | unit |
STATIC ELECTRICAL CHARACTERISTICS

Vil Input Voltage at Logical "0" Pins 18, 19, 20, 21, 26 0 0.8 \Y

Vih Input Voltage at Logical "1" 2.0 5 \

lil Input Current at Logical "0" Vil = 0V 200 HA

lih Input Current at Logical "1" Vih = 5V 10 pA

Vol Output Voltage at Logical "0" Pins 19, 20 lout = — 1mA 0.4 "

Voh Output Voltage at Logical "1" Pins 19, 20 lout = 1mA 24 \

Ik Tristate Leak. Current Pin 20 NCS = "1" 10 pA
14/
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DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS (continued)

l Symbol | Parameter | Test Conditions | Min. | Typ. ] Max. I UnitJ
DYNAMIC ELECTRICAL CHARACTERISTICS
felk Clock Frequency 1 600 kHz
Tr, Tf Clock Rise and Fall Time 50 ns
Twh, Twl | Clock Impulse Width 750 ns
Tis Cl to NCS Set up Time 300 ns
Tec "0" EIA to DCKL Set up Time 300 ns
Tsc DCKL to NCS Delay (+ edge) 300 ns
Tsd Data in Set up Time 0 ns
Thd - | Datain Hold Time 800 ns
Tcs NCS to DCKL Hold Time 800 ns
Tca "0" EIA to DCKL Hold Time 900 ns
Tac "1" EIA to DCKL Set up Time 400 ns
Tzd Data out to "0" NCS Delay 0 600 ns
Tce "1" EIA to DCKL Hold Time 900 ns
Tdz Data out to "1" NCS Delay 500 ns
Tdd Data out to DCKL Delay 1500 ns
Tsi "0" Cl to NCS Hold Time 300 ns

OPERATION DESCRIPTION

To set SLIC in operation the following parameters

have to be defined :

- the DC feeding resistance RFS, defined as the re-
sistance of each side of the traditional feeding sy-
stem (most common values are 200, 400 or 500
ohm).

- the AC impedance atline terminals, ZML, to which
the return loss measurement references. It can be
real (typically 600 ohm) or complex.

- the equivalent AC impedance of the line Zline,
when evaluating the trans hybrid loss (2/4 wire

Lyz $65;THOMSON

conversion). It is usually a complex impedance.

- the ringing signal frequency Fr (ST SLIC allows
frequency ranging from 16 to 66Hz).

- the metering pulse frequency Ft (two values are
possible : 12kHz or 16kHz).

- the value of the two resistors RP1/RP2 in series
with the line terminals ; main purpose of the a.m.
resistors is to allow primary protection to fire. ST
suggest the minimum value of 50 ohm for each
side.

On this assumptions, the following component list is
defined. -

15/24
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EXTERNAL COMPONENT LIST FOR THE LINE INTERFACE

Pin Component Involved Parameter or Function
Ref. ] Value
L3000N
10 RREF 24.9kQ + 1% Bias Resistance
1,15 RP 30 to 100Q Line Series Resistor
7 CDVB 47uF — 20V Battery Voltage Rejection
3 CVB+ 0.1pF — 100V (1) Positive Battery Filter
8 CvB- 0.1uF — 100V (2) Negative Battery Filter
8 D1 BAT 49X Protective Shottky Diode
L3030 (PLCC44)
4-3 CVSS 0.1pF — 15V Negative Supply Voltage Filter
5-3 CVDD 0.1uF - 15V Positive Supply Voltage Filter
7-8 RR 16KQ (range: 10 to 50KQ) Capacitor Multiplier Gain (8)
15-17 RDC 2 x (RFS - RP1) DC Feeding Resistor (RDC > 270Q)
7-15 1 AC Path decoupling
CAC1 (3) 6.28 x 250 x (ZAC + RDC)
14-15 CAC2 CAC1
8-9 ZAC ZML - (RP1 + RP2) 2 Wire AC impedance
8-9 CCOMP 1/(6.28 x 150000 x (RPC)) AC loop compensation
9-14 RPC RP1 + RP2 Rp insertion loss compensation
2-3 RREF 24.9KQ 1% Bias Resistance
36-3 ZB K x Zline (note 4) Line Impedance Balancing Network
36-41 ZL K x RPC in Series with SLIC Impedance Balancing Network (note 5)
K x ZAC // (CCOMP/K)
32-3 CINT (note 6) Ring trip detection time constant
15-16 Ccon 0.15uF (note 7) Interface Time Constant
35 TTx FILT. Z77x = 1kQ 1% in speech band | Teletax filter.
Z1x = 0Q at TTX freq. (note 9)
34 RaTmx 10kQ 1% Teletax filter.
Notes :
1. In case line cards with less than 7 subscribers are implemented CVB- capacitor should be equal to 680nF/N where
N is the number of subscriber per card.
2. This shottky diode or equivalent 1s necessary to avoid to damage to the device during hot insertion or in all those
cases when a proper power up sequence cannot be guaranteed.
In case the shottky diode is not implemented the power sequence should guarantee that VB+ is always the last
supply applied at power on and the first removed at power off.
In case an other shottky diode type is adopted it must fulfill the following characteristics:
VE<450mV @ Ir=n 15mA, Tamp = 25°C
VF <350mV @ If = n - 15mA, Tamb = 50°C (TjLa000 = 90°C)
VF <245mV @ I = n - 15mA, Tamp = 85°C (T,L3000 = 120°C)
Where n is the number of line sharing the same diode.
3. If the internal capacity multiplier stage is not used, pin 7 must be connected with pin 14 without mounting RR and
CAC2. In this case CAC1 = 1/(6.28 x 30 x RDC).
4. The structure of this network shall copy the line impedance, in case multxphed by a factor K = 1....10
5. K as fixed at note 4.
6. CINT can have the following values :
Fr. (Hz) 16/18 18/21 21/26 26/31 31/38 38/46 46/57 57/66
CINT (nF) 560 470 390 330 270 220 180 150
7. Ccon 1s necessary to work "without on/off hook detection-errors" during TTX-pulses.
8. RR s used by a capacitor multiplier circuit to synthetize an higher AC/DC splitting capacitor starting from CAC1
and CAC2. Supposing CAC1 = CAC2 = CAC the synthetized capacitor value will be equal EBZLMZLﬂ‘ CAC.
9. If Teletax is not used the TTX FILT. can be replaced by a 1kQ resistor.
16/24
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Figure 10 : Typical Application Schematic Diagram.
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Figure 11 : Typical Application Schematic Diagram without Capacitor Multiplier.
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ELECTRICAL CHARACTERISTICS (refer to the test circuits of the Figure 12, Vpp = + 5V, Vss = -
5V, Vg+ =+ 72V, Vg— = — 48V, Tamp = + 25°C, TTX FILT = 1kQ)

Symbol Parameter | Test Conditions | Min. | Typ. | Max. | Unit |
STAND-BY

Vis Output Voltage at L3000N line = OmA 30.0 40.0 \
Terminals lline = 5mA 28.2 38.5 Vv

llcc Short Circuit Current DATA IN (note 1) 000X00X1 5 8.5 mA

lot On/off-hook Detection Threshold 5 8.5 mA

Vis Symmetry to Ground lline = OmA .75 \

STAND BY DENIAL
llcc Short Circuit Current | DATA IN 000X00X0 2 mA
DC OPERATION - NORMAL BATTERY (V1rx = 2VRMms, low level)

Vio Output Voltage at L3000N lline = OmMA 31.0 35.0 \
Terminals llim = 70mA Data in lline = 20mA 24.0 28.8 \
1000X010 line = 50mA 25 17.5 \"

llim Current Programmed Through -10% llim +15% mA
the Digital Inter.

lo On-hook Detection Threshold 8 mA
If Off-hook Detection Threshold 12 mA
ligk Longitudinal Line Current with 10 17 26 mA
GK Detect
DC OPERATION - BOOST BATTERY

Vio Output Voltage at L3000N lline = OmA 86 95.6 \

Terminals line = 20mA 68.6 81 \
AC OPERATION

Ztx Sending Output Impedance 10 Q
4 Wire Side

Zrx Receiving Input Impedance 100 kQ
4 Wire Side

THD Signal Distorsion at 2W and 4W 0.5 %
Terminals

R1 2W Return Loss f = 300 to 3400Hz 22 dB

Thi Trans Hybrid Loss f = 300 to 3400Hz 24 dB

Gs Sending Gain Vso = 0dBm f = 1020Hz dB

Norm. Polarity -0.25 +0.25

Gsf Sending Gain Flatness versus f = 300 to 3400Hz Respect -0.1 +0.1 dB
Frequency to 1020Hz

Gsl Sending Gain Linearity fr = 1020Hz, -0.1 + 0.1 dB

Vsoref = —10dBm
Vso = + 4 /- 40dBm
Gr Receiving Gain Vri = 0dBm f = 1020Hz dB
Norm. Polarity -0.25 0 +0.25
Grf Receiving Gain Flatness f = 300 to 3400Hz Respect -0.1 + 0.1 dB
to 1020
Notes : 1. The data into the digital interface of L3030 are send in serial mode. The format of data is the following :
a) DATA IN : the bit at left side is BIT 0 of the writing word, while the bit at the right side is BIT 7.
b) DATA OUT : the bit at the left side is BITO of the reading word, while the bit at the right is BIT4.
When appear a symbol X, the value of the bit don't care.
18/24
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ELECTRICAL CHARACTERISTICS (continued)

| Symbol | Parameter | Test Conditions | Min. | Typ- | Max. | Unit |
AC OPERATION (continued)
Grl Receiving Gain Linearity fr = 1020Hz, Vriref = — 10dBm | - 0.1 +01 | dB
Vri = + 4 /- 40dBm
Np4W | Psophometric Noise at 4W-Tx -75 | =70 | dBmp
Terminals
Np2W | Psophometric Noise at Line Terminals -75 | =70 | dBmp
SVRR | Supply Volta%e Rejection Ratio f = 3400Hz -30 dB
Relative to VB~
SVRR | Relative to Vpp f = 3400Hz -30 | -26 dB
SVRR | Relative to Vss Vs = 100mVrms —32 | -30 | dB
Ltc Longitudinal to Transversal Conversion | f = 300 to 3400Hz 49 (1) | 60 dB
Tlc | Transversal to Longitudinal Conversion | 'ne = 30mA, ZML = 600Q 48 | 51 dB
Td Propagation Time Both Direction 40 us
Tdd Propag. Time Distortion 25 us
Vitx Line Voltage of Teletaxe Signal Vrixn = 950mVrms  Note 2| 1.7 2.3 Vv
Note 3| 4.5 55 Vv
THD Teletaxe Signal Harmonic Dist. ttx Filt = 0Q @ 16kHz 5 %
Note 4
Zitt Teletaxe Amplif. Input Impedance Pin 33 of L3030 100 kQ
AC OPERATION BOOST BATTERY
Gs Sending Gain Vso = 0dBm f = 1020Hz
Norm. Polarity -0.66|—-0.16 |+ 0.34| dB
Gr Receiving Gain Vri = 0dBm f = 1020Hz
Norm. Polarity —-0.27 |+ 0.08 |+ 043| dB
Np4W | Psophometric Noise at 4W-Tx -73 | —68 [ dBmp
Terminals
Np2W | Psophometric Noise at line Terminals -73 | —-68 dB
SVRR | Relative to Vdd f = 3400Hz -23 dB
Vs = 100mVrms
SVRR | Relative to Vss -23 dB
RINGING PHASE
Vir Superimposed DC Voltage Rloop > 100kQ 19 23 27 \
Rloop = 1kQ 17 21 25 \Y
Vacr | Ringing Signal at Line Termin. Rloop = 1kQ/1uF 56 Vrms
If DC Off-hook Det. Threshold 1.5 35 mA
llim Current Limit. 85 130 mA
Vrs Ringing Simmetry 2 Vrms
THDr | Ringing Signal Distortion Vac = 0.285Vrms 5 %
frRng = 30Hz
Notes : 1. Up to 52dB using selected L300ON.
2. The configuration of data sent to device change, every 100mS, from - 1100X010 - to - 1000X010 -
8. The configuration of data sent to device change, every 100mS, from - 1101X010 - to - 1001X010 -
4. Error generated by ttx filt = 0 ohm, on the output teletax amplitude is err% = 100 x (1 + A) x B/C where A = 10

Kohm/RGTTX[Kohm], B = TTXFILT[Kohm], C = (TTXFILT[Kohm] + 1 Kohm), for example 10 ohm means err% = 2%.
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ELECTRICAL CHARACTERISTICS (continued)

| Symbol I Parameter | Test Conditions | Min. | Typ. I Max. | Unit l
RINGING PHASE
Zir Ringing Amplif. Input Impedance Pin 41 of L3030 100 kQ
Vrr Residual of Ringing Signal at TX 600 mV
Output
T Ring Trip Detection Time 125 ms
: fring = 16Hz (17 (2T)
Toh | Off-hook Status Delay after the T = 1/fring 125 | ms
Ringing Stop (2T)
Trs Cut off of Ringing Ring Trip not Confirmed (138_3% ms
SUPPLY CURRENT .
IDD Positive Supply Current CS = 1 Stand-by 16.0 | 20.0 mA
Conversation (NB/BB) 26.0 | 31.0 mA
Ringing 16.5 | 21.0 mA
1SS Negative Supply Current CS = 1 Stand-by 9 12 mA
Conversation (NB/BB) 19 23 mA
Ringing 9 12 mA
Ieat- | Negative Battery Supply Current Line Stand-by 2 2.5 mA
Current = 0OmA Conversation NB 5 6.5 mA
Conversation BB 6.6 8.0 mA
Ringing 14 17 mA
IgAT+ Positive Battery Supply Current Line Stand by 10 15 HA
Current = 0mA Conversation NB 10 15 pA
Conversation BB 8 10 mA
Ringing 12 13.5 mA
NB = Normal Battery
BB = Boosted Battery
Figure 12 : Slic Test Circuit Schematic.
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APPENDIX
SLIC TEST CIRCUITS

Referring to the test circuit reported at the end of each SLIC data sheet here below you can find the proper
configuration for each measurement.

In particular : A-B : Line terminals
C : TX sending output on 4W side
D : RX receiving input on 4W side
E : TTX teletaxe signal input
Rain : low level ringing signal input.

TEST CIRCUITS
Figure 1 : Symmetry to Ground. Figure 2 : 2W Return Loss.
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Figure 3 : Trans-hybrid Loss. Figure 4 : Sending Gain.
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TEST CIRCUITS (continued)

Figure 5 : Receiving Gain.

Figure 6 : SVRR Relative to Battery Voltage VB-.

2.2uF
} A C
-
6880Q[] UR
£ glsLic
IL-38mA
580
1} B D
2.2uF J;
nessLic-8s —l—
Gr= 20 logio -l-v—l

2.2uF
A ¢ 180KQ E
6880 Sl_ I C
IL-38mA
UB- —1

ﬂ

nessLIc-86a

SVRR =20 log JI%‘-}
R

Figure 7 : Longitudinal to Transversal Conversion.

Figure 8 : Transversal to Longitudinal Conversion.
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Figure 9 : TTX Level at Line Terminals.

Figure 10 : Ringing Simmetry.
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SGS-THOMSON
(MICROELECTRONICS

L3035
L3036

SUBSCRIBER LINE INTERFACE CIRCUIT

MONOCHIP SILICON SLIC SUITABLE FOR
PUBLIC/PRIVATE APPLICATIONS
IMPLEMENTS ALL KEY FEATURES OF THE
BORSCHT FUNCTION

METERING PULSE INJECTION AND FILTER-
ING WITH MINIMAL COMPONENTS COUNT
(NO TRIMMING REQUIRED).

PROTECTION RESISTOR MISMATCH COM-
PENSATION

ON HOOK TRANSMISSION

LOOP START/GROUND START FEATURE
IND TEMP. RANGE (-40°C to +85°C)

LOW POWER DISSIPATION IN ALL OPER-
ATING MODES

INTEGRATED ZERO CROSSING RELAY
DRIVER

INTEGRATED (NOISE-LESS) RING TRIP DE-
TECTION

VERY LOW NO. of STD TOLERANCE EX-
TERNAL COMPONENTS

OPTIMIZED FOR U.S. APPLICATIONS (63dB
TYP. LONG. BALANCE WITH L3035).
SURFACE MOUNT PACKAGE (PLCC44 or
PQFP44)

PRELIMINARY DATA

\\
PLCC44 PQFP44 (10x10)
ORDERING NUMBERS:
L3035 L3036Q
L3036

s INTEGRATED THERMAL PROTECTION

DESCRIPTION

The L3035/6 subscriber line interface circuit is a
bipolar device in 70V technology developed for
central office / loop carrier and private applications.

The only difference between L3035 and L3036 is
that the L3035 has a better longitudinal balance
performance allowing it to meet the United States
BELLCORE requirements for central office/loop
carrier and private applications

The SLIC integrates loop start, ground start,
ground key on/off-hook, automatic ring-trip as well
as zero crossing ring relay driver.

BLOCK DIAGRAM
GREL REL CRT  RGIN
0GK LINE - STIP
ODET LOGIC STATUS LT P
hl:] INTERFACE |a SUPERUISION L LINE
D1 & N INTERFACE RING
6sT DECODER SRING
LI
COMMANDS 4 > AC+0C
ac BGND
| UREG
ILTF
TTXIN | (92 | [B18s oC
RX
REFERENCE
2aC AC 3 nc
28 PROCESSOR BIAS PROCESSOR B
SUITCHING 2
™ "
§
x
ACFD RS CAC RTTX  IREF UCC USS AGND ROC CF UB BASE
September 1994 118
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PIN CONNECTIONSs (Top view)
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vbat Battery Voltage -64 to Vss+0.5 Vv
Vee Positive Supply Voltage (0 to 1ms) -0.4to +7 Vv
(continuous) -0.4 to +5.5 \'
Vss Negative Supply Voltage (0 to 1ms) -7 to +0.4 \"
(continuous) -5.5 to +0.4 \
Vagnd - | Agnd Respect Bgnd (continuous) -2 to+2 \
ngnd
VREL Ring Relay Supply Voltage 14 \
Vdg Digital I/O D0, D1, GST, LIM, ODET, OGK -0.4 to +5.5 \
g Digital 1/0 DO, D1, GST, LIM, ODET, OGK -3t0 +3 mA
T Maximum Junction Temperature +150 °C
Tstq Storage Temperature -55 to +150 °C
Hu Humidity 51to 95 %

Note: In case of power on, power failure or hot insertion with Voo, Vss present and Via floating the Absolute Maximum Ratings can be exceeded
with Vbat > Vss +0.5V. In this case the power consumption of the device increases and the logic output state including relay driver are
not controlled. This effect can be prevented ensuring that Vbat 1s always present before Voo and Vss or connecting one shottky diode
(e.g. BAT49X or equivalent) between Vbat and Vss. One diode can be shared between all the SLICs of the same line card.

OPERATING RANGE

Top Operating Temperature Range -40 to +85 °C
Vagnd - | Difference between Agnd and Bgnd 210 +2 v
Vband
Vce Positive Supply voltage +4.5 to +5.5 Vv
Vss Negative Supply Voltage -5.5t0-4.5 Vv
Vbat Battery Voltage -62 to -24 \
VREL Ring Relay Supply Voltage 41013 \
THERMAL DATA
Symbol Parameter PQFP44 PLCC44 Unit
Rin-amb | Thermal Resistance Junction-ambient Max. 75 45 °C/W
2ns (57 SGS-THOMSON
J# sicRoBLECTRONICS
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PIN DESCRIPTION

Unless otherwise specified all the diagrams in this datasheet refers to the PLCC44 Pin Connection.

PQFP44

PLCC44

No. No. Pin Description

39 1 Vce Positive Power Supply (+5V)

40 2 ILTE Transversal Line Current Image ((Ia + Ig) / 200)

4 3 RDC | DC feedback input (the RDC resistor is connected from this node to l.1f)

42 4 CF Battery voltage ripple rejection (Csvr capacitor is connected from this node to BGND).

43 ° 5 BASE | Driver for external transistor base

44 6 BGND | Battery ground

1 7 VREG | Regulated Voltage. Provides negative power supply for the power amplifier.
(connected to emitter of the extemnal transistor.)

3 8 STIP | Input of A power amplifier (when no compensation of ext. ptc resistor mismatch is
requested it must be shorted to the TIP lead).

4 9 TIP_ | Aline termination output (la is the current sourced from this pin).

28 10to 14 VB Battery Supply (All pins are intemally connected together)

3210 36

8 15 RING | B line termination output (Ig is the current sunk into this pin).

9 16 SRING | Input of B power amplifier (when no compensation of ext. ptc resistor mismatch is
requested it must be shorted to the RING lead).

11 17 CRT | Ring trip and ground key capacitor

12 18 ODET | ON/OFF hook and RING TRIP output (when disable is intemally pulled up)

13 19 RGIN | Ring input signal. (when open is internally pulled to GND)

14 20 OGK | Ground key output (when disable is internally pulled up)

15 21 GST | Aopen command (when open is internally pulled down)

16 22 D1 Bit 1

17 23 DO Bit 0

18 24 LIM Current Limitation Program. (when open is internally forced to 44mA current limitation)

19 25 Vss Negative Power Supply (-5V)

20 26 REL | Ring relay driver output

21 27 RES | Reserved should be connected to AGND.

22 28 GREL | Ground reference for ring relay driver

23 29 Cac__| AC feedback input (ACDC split capacitor is connected from this node to ILTF)

24 30 Rs Protection resistors image (the image resistor is connected from this node to ACFD)

25 31 Zs Balance network for 2 to 4 wire conversion (the balance impedance Zg is connecetd
from this node to AGND. The Za impedance is connected from this node to Zac)

30 37 Tx 4 wire output port (Tx output)

31 38 Rx 4 wire receiving port. (Rx input)

32 39 Zac Rx buffer output (the AC impedance is connected from this node to ACFD)

33 40 TTXIN | Metering input port/Varop programming. If not used should be connected to AGND.

34 4 RTTX | Metering cancellation network. If not used should be left open.

35 42 ACFD | AC impedance synthesis

37 43 AGND | DC and AC signal ground

38 44 Irer | Voltage Reference Output

25107, N.C. | Not connected
10,26, -
27,29,36
457 SSsTHoMSON
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DESCRIPTION (continued)

L3036 is available in two different package op-
tions: PLCC44 and PQFP44(10 x 10).

Two to four wire conversion is implemented by the
SLIC for applications with first generation COMBO.
In case of application with second generation (pro-
grammable) COMBO this function can be imple-
mented outside saving external components.

The L3035/6 offers programmable current limita-
tion (3 ranges), on hook transmission and low po-
wer in all operating modes, power management is
controlled by a simple external low cost transistor.

Metering pulses are injected on the line via a sum-
ming node through TTXIN pin.

Metering pulse filtering is performed by means of a
simple RC network with standard tolerance compo-
nents. When TTX function is not used this pin must
be connected to AGND. It is also possible to use this
pin to modify the DC voltage drop between TIP/RING
terminals and battery voltage for appications where it
is important to optimize the battery voltage supply
versus the signal swing.

Effects of protection resistor mismatch are compen-
sated by a feedback loop on the final stage, allo-
wing good longitudinal balance performance even
with large tolerance protection resistors (ex: PTC).

This function allows L3035 to fully conform to
BELLCORE power cross and surge tests and
also meet the Longitudinal Balance Specification
without using matched PTC resistors.

An integrated thermal protection circuit forces the
L3035/6 into POWER DOWN (PD) mode when
the junction temperature exceeds 150°C Typ.

L.3035/6 is specified over a -40°C to +85°C am-
bient temperature range.
L3035/6 package is a surface mount 44PLCC.

FUNCTIONAL DESCRIPTION

L3035/36 is designed in 70V bipolar technology
and performs the telephone line interface fun-
ctions required in both C.O. and PABX environ-
ments. The full range of signal transmission, bat-
tery feed, loop supervision are performed.

Signal transmission performance is compatible
with European and North American Standards
and with CCITT recommendations.

Ringing, overvoltage and power cross protection
are performed by means of external networks.

The signal transmission function includes both 2
to 4 wire and 4 to 2 wire conversion. The 2W ter-
mination impedance is set by means of an exter-
nal impedance which may be complex. The 2 to 4
wire conversion is provided by means of an exter-
nal network.

Such a network can be avoided in case of appli-
cations with COMBOI|, in this case the 2 to 4 wire
conversion is implemented inside the COMBOII
by means of the programmable Hybal filter.

4/18
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An additional input allows a metering pulse signal
to be added on the line.

The DC feed resistance is programmable with
one external resistor. Three different values of
current limitation (25, 43, 56mA)can be selected
by software through the parallel digital interface.

One external transistor reduces the power dissi-
pation inside the L3035/6 in the presence of a
short loop (limiting current region).

An additional supervisory function sets the TIP
lead into high impedance state in order to allow
application in ground start configurations.

The different L3035/6 operating modes are con-
trolled by a 4bit logic interface, two additional de-
tector outputs provide ground key detection and
either hook state or ring trip detection.

SLIC OPERATING MODES

Through the L3035/6 digital interface it is possible
to select 5 different SLIC operating modes:

1) Active Mode (ACT)

2) Standby Mode (SBY)

3) Tip Open Mode (TO)

4) Power Down Mode (PD)
5) Ringing Mode (RNG)

ACTIVE MODE (ACT)

This operating mode is set by the card controller
when the Off-Hook condition has been recognized.

When this operating mode is selected the two out-
put buffers (TIP/RING) can sink or source up to
100mA each. In case of Ground key or line termi-
nals to GND the output current is limited to 15mA
for the Tip wire and 30mA for the Ring wire.

As far as the DC characteristic is concerned three
different feeding conditions are present:

a) Current limiting region: the DC impedance of
the SLIC is very high ( 20Kohm) and therefore the
system works like a current source. Using the
L3035/6 digital interface it is possible to select the
value of the limiting current:

25mA, 43mA, or 56mA.

When the device is in limiting current region the
negative supply for the output buffer is fixed by
the ext. transistor to a proper value higher than
the real negative battery in order to reduce the
power dissipated by the L3035/6 itself.

b) Resistive feed region: the characteristic is
equal to a battery voltage (Vbat) in series with a
resistor (typ 4000hm or 800ohm) whose value is
set by one ext. resistor (see ext. components list).

c) Constant voltage region: the characteristic is
equal to the battery voltage - 12V in series with
the ext. protection resistors (typ 80ohm).

This voltage drop between battery and line termi-

MICROELECTRONICS
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nals for lI=0 allows on-hook transmission.

Fig. 1 shows the DC characteristic in active
mode. Fig. 2 shows the line current versus loop
resistance

Figure 1: DC Characteristic in active mode
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Figure 2: Current vs. Loop Resistance.
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In active mode the AC impedance at the line ter-
minals is sinthetized by the external components
ZAC and Rp according to the following formula:

Zs = ZAC/50 + 2*Rp

Depending on the characteristic of the ZAC net-
work, Zs can be either a pure resistance or a
complex impedance. This allows L3035/6 to meet
different standards as far as return loss is concer-
ned. The capacitor CCOMP guarantees stability
to the system.

The two to four wire conversion is achieved by
means of a circuit that can be represented as a
Wheastone bridge, the branches of which are:

1) The line impedance (Zline)

2) The SLIC impedance at line terminals (Zs)

3) The balancing network ZA+RA connected
between pin ZAC and ZB of L3035/6.

4) The network ZB between pin ZB and GND
that shall copy the line  impedance.

When L3035/6 is used with a second generation
combo (eg TS5070FN) which is able to perform the
two to four wire conversion, the two impedances
ZA and ZB can be removed and the ZB pin con-
nected to GND. The -6dB TX gain of the L3035/6
allows the echo signal to remain always within the
COMBOII Hybrid balance filter dynamic range.

The injection of high frequency metering pulses is
carried out through the SLIC. An unbalanced 12 or
16KHz sinusoidal signal with shaping is, when ne-
cessary, applied at the TTXIN input of the SLIC.

A fixed transfer gain is provided for the metering si-
gnal. To avoid saturation in the 4-wire side a can-
cellation is provided in the 4-wire transmission path.

Cancellation is obtained via an external RC net-
work without the need for timmed components.

When the TTX function is not used TTXIN input
should be connected to GND. Since this pin is di-
rectly connected to a summing node inside the
SLIC any signal applied to the TTXIN is transfer-
red to the line with a fixed transfer gain.

In special applications, this pin can be used to
modify the voltage drop (constant voltage region
of DC characteristic) simply by applying a proper
DC level on the TTXIN pin, allowing optimization
of the battery voltage versus the maximum nee-
ded AC signal swing.

In active mode, with a -48V battery voltage, the
L3035/6 dissipates 150mW for its own operation
(including the power dissipation from +5/-5 sup-
ply), the dissipation related to the current supplied
to the line should be added in order to get the to-
tal dissipation.

STAND-BY MODE (SBY)

In this mode the bias current of the L3035/6 is redu-
ced and only some part of the circuit are completely
active. The transversal current supplied to the line
is limited at 12mA. Common mode current rejection
is performed and the total current capability of the
output stages (TIP and RING) is limited to 30mA.
The open circuit voltage is [Vbat|-7V.

CONTROL INTERFACE
INPUTS OPERATING MODE OUTPUTS
DO D1 GST LiM ODET OGK
0 0 0 X POWER DOWN DISABLE DISABLE
1 1 0 X STANDBY OFF/HK GDKEY
1 0 0 0 ACTIVE (25mA) OFF/HK GDKEY
1 0 0 HI ACTIVE (43mA) OFF/HK GDKEY
1 0 0 1 ACTIVE (56mA) OFF/HK GDKEY
0 1 0 X RING RING-TRIP DISABLE
0 0 1 X A OPEN OFF/HK GDKEY
Ly7 SGCS-THOMSON 518
Y/ icroEiECTRONICS

75



L3035 - L3036

Both Off/Hook and Ground key detectors are acti-
ve. Signal transmission is not operating.

In stand-by mode, with a -48V battery voltage, the
L3035/6 dissipates 90mW typ. (including the power
dissipation from a +5/-5V supply).

Stand-by mode is usually selected when the telepho-
ne is in on-hook condition. It allows a proper off-hook
detection, even in the presence of high common
mode currents, or with telephone sets sinking a few
milliamperes of line current in on-hook condition.

TIP OPEN MODE (TO)

This mode is selected when the SLIC is adopted
in a system using the Ground start feature. In this
mode the TIP termination is set in High Impedan-
ce (100Kohm) while the RING termination is acti-
ve and fixed at Vbat + 4.5V. In the case of con-
nection of RING termination to GND the sinked
current is limited to 30mA. When RING is connec-
ted to GND both off-hook and ground-key detec-
tors become active.

Power dissipation in this mode with a -48V battery
voltage is 100mW (including the power dissipa-
tion from +5/-5V supply).

POWER DOWN MODE (PD)

In this mode, both TIP and RING terminations are
open and no current is fed into the line.

The power dissipation is very low.

This mode is usually selected in emergency con-
ditions or when the connected line is disabled.

This is also the mode into which the SLIC is auto-
matically forced, in the case of thermal overload
Ty > 150°C typ.

RINGING MODE (RNG)

When this mode is selected the ringing signal is
injected on the line via the ext relay activated by
the L3035/6 relay driver.

When the ringing signal phase is provided at the
RGIN pin, the relay command is also synchroni-
zed with the ringing signal zero crossing.

The TIP and RING termination of the L3035/6

618 L7 SGs-THomsoN

also senses the line current which is then integra-
ted on the CRT capacitor.

TIP pin voltage is fixed at — 2.5V, RING pin volt-
age is fixed at Vgar + 4.5V, TIP, RING buffer cur-
rent capability is limited to 100mA.

When off-hook occurs during ringing burst the
voltage on CRT increase above a proper thre-
shold and ring trip is detected.

Once ring trip is detected the ringing signal is
automatically disconnected at the first zero cros-
sing. When the ringing signal phase is not provi-
ded at the RGIN pin the ringing signal is discon-
nected immediately after ring trip detection.

EXTERNAL COMPONENTS LIST

To set the SLIC into operation the following para-
meters have to be defined:

- The DC feeding resistance "Rfeed" defined as
the resistance of the traditional feeding
system (most common Rfeed values are:
400, 800, 1000 ohm).

- The AC SLIC impedance at line terminals "Zs" to
which the return loss measurements is referred.
It can be real (typ. 600ohm) or complex.

- The equivalent AC impedance of the line "ZI"
used for evaluation of the trans-hybrid loss
performance (2/4wire conversion). It is usu-
ally a complex impedance.

- The value of the two protection resistors Rp in
series with the line termination.

- The line impedance at the TTX freq. Zlttx.

Once, the above parameters are defined, it is
possible to calculate all the external components
using the following table.

The typical values has been obtained supposing:

- Rfeed = 400Q
-Zs = 600Q
-Z1 =600Q

- Rp =40Q

- Zlttx = 216Q + 120nF @ 12KHz
- Re[ZIttx] = 216Q

- Im[Zlttx] = -110Q @12KHz

MICROELECTRONICS
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EXTERNAL COMPONENTS
Name Function Formula Typ. Value
CVB Battery Filter 330nF 20% 63VI
CVDD | Positive Supply Filter 100nF 20%
CVSS | Negative Supply Filter 100nF 20%
RREF | Internal Current Reference 23.7K 1%
CSVR | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF
@ fp=1.6Hz 20% 60VI
CRT Ring Trip & Ground-key Capacitor CRT = (25/fring) - 390nF 390nF 20% 6VI
RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp) 3.2K 1%
CAC AC/DC Splitter CAC =1/(6.28*fsp * RDC) 4.7uF
@ fsp = 10Hz 20% 15VI

RS Protection Resistor Image RS =50 * 2RP 4K 1%

ZAC 2 Wire AC Impedance ZAC =50 * (Zs-2Rp) 26K 1%
ZA (1) | SLIC Impedance Balancing Network ZA =50 * (Zs-2Rp) 26K 1%
RA (1) | SLIC Impedance Balancing Network RA =50 " 2Rp 4K 1%
ZB (1) | Line Impedance Balancing Network ZB=50*2Zl 30K 1%

CCOMP | AC Feedback Compensation CCOMP = 1/[2IIfo (100 Rp)] 220pF
@ fo = 250KHz 20%
CH (1) | Trans-hybrid Loss Frequency CH = CCOMP 220pF 20%
Compensation

RF Feeding Resistance for Ring Inj. >200Q (7) 200Q 2W

RT Feeding Resistance for Ring Inj. >200Q (7) 200Q 2w
RRG | Ring Input Resistor 1Rgé)(]':‘ =( 4()VHING/25}1A)005['2'fRING -T- 4MQ 5%
CRG Ring Input Capacitor CRG = 25pA/(VRiNG - sin[2 - fing T - 3.9nF 20% 100V

180] - 2Mfring)  (4)
PTC (2) | Positive Temp. Coeff. Resistor < 15Q 10Q
RST (2) | Tip Buffer Sensing Resistor 10 to 50KQ - 33K 1W 5% (6)
RSR (2) | Ring Buffer Sensing Resistor 10 to 50KQ 33K_1W 5% (6)
QEXT | Extemal Transistor (3) *)

Rp Protection Resistor 30to 80Q (8) 40Q
RTTX | Teletax Cancellation Resistor RTTX = 21.5 - [Re (Zlttx) +2Rp] _(5) 6.34K 1%
CTTX | Teletax Cancellation Capacitor CTTX = 1/(21.5 - [-Im(ZIttx) - fitx - 6.28]) 5.6nF 20%

D1 Relay Kickback Clamp Diode 1N4148

Notes:

(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG.
TS5070FN) R
(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins
RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp
(3) Transistor characteristic.
Poiss = 1W (typ. depending on application)
hre 2 25; Ic 2 100mA; Veeo 2 60V; fr > 15MHz.
(4) Vang: Max Ring Generator Voltage, fana: Ring Frequency, T: relay response time.
Typical value obtained for Vaing = 100Vrms, fang = 25Hz; T = 2.5ms.
(5) Defining RTTX + CTTX = ZTTX, RTTX and CTTX can also be calculated from the following formula: Zrrrx = 21.5 [Zlttx + 2Rp].

(6) RST and RSR wattage should be calculated according to the power cross test specification (When PTC become open circutt the entire
power cross voltage will appear across RSR and RST).

(7) In order to optimize the component count it is also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q,
RF>400Q (RF typ. value = 4009Q).

(8) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate.
Fuse function should be included if PTC are not used.

(*) ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount).
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used

7/18
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Figure 3: Typical Application Circuit including all features.
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L3035 - L3036

In case of U.S. application based on L3035 the -Zs =900Q +2.12uF
external components can be calculated suppo- -ZI = 1650Q// (100Q + 5nF) Loaded Line
sing: - ZI =800€V/ (100Q + 50nF) Not Loaded Line
- Rfeed = 400Q -Rp=62Q
EXTERNAL COMPONENTS (for US. Application)

Name Function Formula Typ. Value

CvVB Battery Filter 330nF 20% 63VI
CVDD | Positive Supply Filter 100nF 20%
CVSS | Negative Supply Filter 100nF 20%
RREF | Internal Current Reference 23.7K 1%
CSVR | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF

@ fp=1.6Hz 20% 60VI

CRT Ring Trip & Ground-key Capacitor CRT = (25/fring) - 390nF 390nF 20% 6VI

RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp) 2.76K 1%

CAC AC/DC Splitter CAC =1/(6.28 * fsp * RDC) 4.7uF

@ fsp = 10Hz 20% 15VI
RS Protection Resistor Image RS =50"*2RP 6.2K 1%

ZAC 2 Wire AC Impedance ZAC = 50 * (Zs-2Rp) (7) 39K + (180K//55nF)
ZA (1) | SLIC Impedance Balancing Network | ZA =50 * (Zs-2Rp) 7) 39K + (180K//55nF)
RA (1) | SLIC Impedance Balancing Network RA =50 * 2Rp 6.2K 1%

ZB (1) | Line Impedance Balancing Network ZB=50"27 82.5K + (5K + 100pF) (3)
40K + (5K + 1nF) (4)
CCOMP | AC Feedback Compensation CCOMP = 1 /[2IIfo (100 Rp)] 100pF
@ fo = 250KHz 20%
CH (1) | Trans-hybrid Loss Frequency CH = CCOMP 100pF 20%
Compensation
RF Feeding Resistance for Ring Inj. <200Q (9) 200Q 2w
RT Feeding Resistance for Ring Inj. <200Q (9) 200Q 2W
RRG Ring Input Resistor ?H? =)(VmNG/ZSpA)oos[—meNG -T- 4MQ 5%
80] (6
CRG | Ring Input Capacitor CRG = 25pA/(VrinG - sin[2 - fring' T - 3.9nF 20% 100V
180] - 2Mfrine_(6)
PTC (2) | Positive Temp. Coeff. Resistor < 15Q 10Q
RST (2) | Tip Buffer Sensing Resistor 10 to 50KQ 33K 1W 5% (8)
RSR (2) | Ring Buffer Sensing Resistor 10 to 50KQ 33K _1W 5% (8)
QEXT | External Transistor (5) ")
Rp Protection Resistor 3010 80Q (10) 62Q
D1 Relay Kickback Clamp Diode 1N4148
Notes:

(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG.
TS5070FN)

(2) In case there Is no necessity to recover the unbalance introduced

by PTC tolerance pins TIP and STIP can be shorted togheter as pins

RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and
protection connection In this case PTC or fuse resistor (if used) can be placed in series to Rp.

(3) Loaded Line.
(4) Not Loaded Line.

(5) Transistor characteristic: Poiss= 1W (typ. depending on application); hre'2 25; lIc 2 100mA; Veeo 2 60V; fr 2 15MHz.

(6) Vaing: Max Ring Generator Voltage, fana: Ring Frequency, T: relay response time. Typical value obtained for Veing = 100Vrms, faing = 25Hz;
T=25ms.

(7) For details see AN496.

(8) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire
power cross voltage will appear across RSR and RST).

(9) In order to optimize the component count it is also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q;
RF>400Q (RF typ. value = 400Q).

(10) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate. Fuse function should be included if PTC are
not used

(*) ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount).
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used.

9/18
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L3035 - L3036

Figure 5: Typical Application Circuit for U.S. Application.
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VUBAT

ELECTRICAL CHARACTERISTICS TEST CONDITION, unless otherwise specified: Vcc =5V;
Vss = -5V; VpaT = -48V; AGND = BGND; Ta = 25°C.

Note: Testing of all parameter is performed at 25°C. Characterization as well as the design rules used
allow correlation of tested performances at other temperatures. All parameters listed here are
met in the range 0°C to +70°C. Additional selection (on request ordering part #: L3035/6T) can be
performed so that the functionality between -40°C and 85°C is verified.

l Symbol | Parameter I Test Condition | Min. | Typ. | Max. | Unit |
INTERFACE REQUIREMENTS 2 WIRE PORT
Vab Overload Level Voice Signal Rp +PTC = 50Q 441 Vpk
300Hz to 3.4KHz (*)
Z) Long Input Impedance at SLIC terminals per wire 10 Q
Iy Long Current Capab. ac standby per wire (on HOOK) 17 mApk
active per wire (on HOOK) 17 mApk
1 Longitudinal Current Capability active per wire off HOOK 75-It mApk
(IT = Transversal current)
4 WIRE TRANS PORT
Vix Overload Level 1.8 Vpk
Vioit Output Offset Voltage -350 350 mV
Zix Output Impedance 10 Q

(") At TIP/RING line connection with Zune (AC) = 600Q. For any DC Loop current from OmA to lum

10/18
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L3035 - L3036

ELECTRICAL CHARACTERISTICS (continued)

Symbol | Parameter l Test Condition | Min. | Typ. | Max. | Unit
4 WIRE RECEIVE PORT
ZRx Input Impedance 100 KQ
Vex Overload Level 3.2 Vpk
METERING INPUT PORT
ZmiN | Input Impedance ! 100 | J | KQ
LOGIC CONTROL PORT
INPUT DO, D1, GST
Vi Input High Voltage 2 \'
Vi Input Low Voltage 0.8 \
lin Input High Current -10 90 A
hi Input Low Current -10 10 pA
Cin Input Capacitance 10 pF
INPUT LIM
Vih Input High Voltage 2.4 )
Vi Input Low Voltage 0.4 \
lih Input high Current -10 30 pA
li Input Low Current -30 10 pA
Cin Input Capacitance 10 pF
OUTPUT DET
Vol Output Low Voltage lo=1.5mA 04 \
Voh Output High Voltage lo = 30pA 2.4 \
lo <10uA 3.8 v
Cud Load Capacitance 150 pF
RINGING INPUT PORT
Overload Level -0.5 0.5 \
Input Impedance 50 90 KQ
Offset Voltage Allowed -15 15 mV
TRANSMISSION PERFORMANCE
Arl Return Loss (2-wire) 300Hz to 3.4KHz 22 dB
Thi Transhibnd Loss 300Hz to 3.4KHz 30 dB
Vex
20log1o |V—TX|
Longitudinal balance (CCITT Rec.0.121)
L-T Longit to Transversal 300Hz to 3.4KHz 52 dB
L4 Long Sign Rejectic?n g;zi%(g,zﬂ/o tolerance 58 dB
T-L Transvers to Longit 49 dB
4-L Long Sign Generation 49 dB
L3035 Longitudinal balance (IEEE Std 455-1976)
L-T Longitudinal to Transversal 300Hz to 3.4KHz 58 63 dB
L-4 Longitudinal Signal Rejection éspi ?5%%? :‘Vfr:fa}tl; 70 dB

11/18
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L3035 - L3036

ELECTRICAL CHARACTERISTICS (continued)

Symbol l Parameter I Test Condition [ Min. | Typ. l Max. l Unit
INSERTION LOSS
Gt Transmit V Gain 0dBm, 1KHz -6.25 -5.79 dB
Gr Receive V Gain -0.2 0.2 dB
INSERTION LOSS vs. FREQUENCY (rel 1KHz / 0dBm)
Gt Transmit V Gain 0.3 to 3.4KHz -0.1 0.1 dB
Gr Receive V Gain -0.1 0.1 dB
METERING INJECTION
Grrx Transfer Gain Vrmxin = 0.66Vrms  Z =200Q; 3.18 3.51
THD Harmonic Distortion 2.Rp=80Q; Vmott =0 3 %
GAIN LINEARITY (rel 1KHz, -4dBm)
Gy Transmit V Gain -55dBm to 7dBm_ (1) -0.1 0.1 dB
Gr Receive V Gain -0.1 0.1 dB
GROUP DELAY (2-4, 4-2) 0DbM
Toass Absolute 3KHz 5 us
Tgois 4 to 2-wire 0.5 to 3,4KHz 5 Hs
TOT HARMONIC DISTORTION
Thd4 2 to 4-wire 7dBm, 0.3 to 3.4KHz -46 dB
Thd2 4 to 2-wire -46 dB
IDLE CHANNEL NOISE
Vabp 2-wire port _psophometric -78 -72 | dBmP
Vixp 4-wire transmit _psophometric -82 -76 dBmP
Vabc 2-wire port C message 12 18 dBrnC
Vixc 4-wire transmit C message 8 14 dBrnC
RINGING FUNCTION
0 cross Zero Crossing Threshold Level frinG = 16 to 66Hz -70 70 mV
Rain = 3Vrms
IrT Ring Trip Threshold 7.5 mA DC
TrTD Ring Trip Detection Time BL = 1.8K, fring = 25Hz 150 ms
BATTERY FEED CHARACTERISTIC
POWER DOWN STATE
lL.anp Loop Current TIP or RING to BGND 0.5 mA
lLBAT Loop Current TIP or RING to Vbat 0.5 mA
IL Loop Current R.=0 1 mA
STAND BY STATE
i lloop Accuracy constant region 11 15 mA
Vios Line Voltage @IL=0 40 42 Vv
ACTIVE STATE
Vio Line Voltage @IL=0 34.5 37.5 \%
Rieed Feeding Resistance Accuracy -10 10 %
lim Loop Current Limit Accuracy lim = 25mA, 43mA, 56mA -8 lim 8 %
GROUND START STATE
Zrip Tip Lead Impedance 100 KQ
las Ring Lead Current RING to GND 30 mA
(1): For level lower than -40dBm guaranteed by correlation.
57 SE3.THomsoN
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L3035 - L3036

ELECTRICAL CHARACTERISTICS (continued)

| symbol | Parameter | Test Condition | min. | Typ. | Max. | unit |
DETECTORS
OFF HOOK DETECTOR
ldet Off-hook Current Threshold stand by state 9 12 mA
Idet Off-hook Current Threshold active state 9 12 mA
Hys Off-hook / On-hook Hysteresys Both stand by and active state 1 1.6 mA
Td Dialling Distortion active state -1 1 ms
GROUND KEY DETECTOR
(X% Ground Key Current Threshold TIP to RING to GND 4 mA
le=(lg-1a)/2 or RING to GND
POWER DISSIPATION ON L3035/36 at Veat = 48V
Py Power Down any line lenght 38 mW
Pqg Stand-by 2-wire open 95 136 mwW
RL =0 to 2K 220 mW
Py Active, Rieed = 800Q 2-wire open 155 224 mwW
ILm = 25mA RL=0to 2K 710 mwW
Ium = 43mA RL=0to 2K 1690 mW
ILim = 56mA RL=0to 2K 2710 mW
Pqg Active, Rfeed = 400Q 2-wire open 155 224 mwW
lum = 25mA RL=0to 2K 510 mwW
LM = 43mA RL=0to 2K 850 mw
ILm = 56mA RL=0to 2K 1300 mW
Py Active Ground Key 1500 mW
POWER DISSIPATION ON QEXT AT Vpat = 48V
Pdg Active, Rieed = 800Q
Ium = 25mA RL=0to 2K 880 mwW
ILm = 43mA RL=0to 2K 790 mW
ILim = 56mA RL=0to 2K 430 mwW
Poq Active, Rfeed = 400Q
ILm = 25mA RL=0to 2K 1080 mwW
ILm = 43mA RL=0to0 2K 1580 mwW
ILm = 56mA RL=0t0 2K 1700 mW
SUPPLY CURRENTS
ANALOG SUPPLY
Icc Vce Power Down 1.5 2.2 mA
Iss Vss Power Down 0.1 0.5 mA
lcc Vce Stand-by/ A open 4 5 mA
Iss Vss Stand-by/ A open 1.5 3 mA
Icc Vco Active 6 10 mA
Iss Vss Active 3 6 mA
BATTERY SUPPLY
lbat Power down aorbto BGND 120 500 pnA
lpat Stand-by/ A open 2-wire open 1.4 2 mA
Ibat Active 2-wire open 2.3 3 mA
2-wire RL = 400Q 11+5 mA
L7 SGS-THOMSON 1ers
Y/ icRoEECTRONICS
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L3035 - L3036

ELECTRICAL CHARACTERISTICS (continued)

l Symbol , Parameter , Test Condition l Min. I Typ. , Max. | Unit I
POWER SUPPLY REJECTION (VRippLE = 100mVrms)

LINE TERMINALS
PSRR Ve ref to AGND 50Hz to 3.4KHz 20 dB
PSRR Vss ref to AGND 20 dB
PSRR Vpat ref to AGND 30 dB
PSRR BGND ref to AGND 20 dB
RELE DRIVER
iRD Current Capability 40 mA
\ Voltage Drop @Irp = 40mA 1.25 \
iLK Off Leakage Current 100 pA

Figure 6: Test Circuit
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Lyy SGS-THOMSON

L3037

SUBSCRIBER LINE INTERFACE CIRCUIT

» MONOCHIP SILICON SLIC SUITABLE FOR
PUBLIC/PRIVATE APPLICATIONS

= IMPLEMENTS ALL KEY FEATURES OF THE
BORSCHT FUNCTION

o SOFT BATTERY REVERSAL WITH PRO-
GRAMMABLE TRANSITION TIME (3 to 100ms)

s METERING PULSE INJECTION AND FILTER-
ING WITH MINIMAL COMPONENTS COUNT
(NO TRIMMING REQUIRED).

» PROTECTION RESISTOR MISMATCH COM-
PENSATION

= ON HOOK TRANSMISSION

s LOOP START/GROUND START FEATURE

= IND TEMP. RANGE:
- L3037 0°C TO 70°C
—L3037T -40°C to +85°C

= LOW POWER DISSIPATION IN ALL OPER-
ATING MODES

= INTEGRATED ZERO CROSSING RELAY
DRIVER

s INTEGRATED (NOISE-LESS) RING TRIP DE-
TECTION

s VERY LOW NO. of STD TOLERANCE EX-
TERNAL COMPONENTS

e SELECT PART FOR U.S. APPLICATIONS
(63dB TYP. LONG. BALANCE)

PRELIMINARY DATA

™

PLCCA4 PQFP44(10 x 10)

ORDERING NUMBERS:
L3037FN L3037QN

= SURFACE MOUNT PACKAGE (PLCC44 or
PQFP44)

= INTEGRATED THERMAL PROTECTION

= PIN TO PIN COMPATIBLE WITH L3035/36

DESCRIPTION

The L3037 subscriber line interface circuit is a bi-
polar device in 70V technology developed for cen-
tral office / loop carrier and private applications.

The L3037 is pin to pin and function compatible
with L3035/36. One particular pin (reserved in
L3035/36) is now used for reverse polarity transi-
tion time programming. The line polarity transition
is not affecting the AC signal transmission that
can continue also during the line voltage transi-
tion.L3037 is available in two different package
options: PLCC44 and PQFP44 (10 x 10mm).

BLOCK DIAGRAM
GREL REL CRT  RGIN
T I 1
06k sT1P
LINE
T
DSZT mtgigcs STRTUS = LINE TP
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TTXIN | 1) | [B1ns oC
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2nC ac ot -
28 PROCESSOR B1AS PROCESSOR )
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™ ]
g
ACFD RS CAC RTTX IREF UCC USS AGND CREV RDC CF UB BASE
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L3037

L3037 PIN FUNCTIONALITY (PLCC44)

No Name Function
1 Vee Supply input (+5V)
2 ILTe Analog output (current source)
3 RDC Analog input (current input)
4 CF Analog input (voltage input)
5 BASE Analog output (voltage source)
6 BGND Ground input (OV)
7 VREG Supply input (VREG)
8 STIP Analog input (voltage input)
9 TIP Analog output (voltage output)
10to14 vB Supply input (-VeaT)
15 RING Analog output (voltage output)
16 SRING Analog input (voltage input)
17 CRT Analog input/output (voltage input / current output)
18 ODET Digital output (voltage output with intemal pull up)
19 RGIN Analog input (current input)
20 OGK Digital output (voltage output with intemal pull up)
21 GST Digital input (voltage input, intemal pull down)
22 D1 Digital input (voltage input)
23 Do Digital input (voltage input)
24 LIM Digital input (voltage input 3 levels: 0, +5, open)
25 Vss Supply input (-5V)
26 REL Digital output (voltage output open drain)
27 CREV Analog input/output (voltage input/current output)
28 GREL Ground input (OV)
29 CAC Analog input (cumrent input)
30 RS Analog input/output (current output/voltage input)
31 ZB Analog input (voltage input)
321036 VB Supply input (-Veat)
37 Tx Analog output (voltage output)
38 Rx Analog input (voltage input)
39 Zac Analog output (voltage output)
40 TTXIN Analog input (voltage input)
41 RTTX Analog output (voltage output)
42 ACFD Analog input (voltage input)
43 AGND Ground input (OV)
44 IREF Analog input/output (voltage output/current input)
L3037 FUNCTIONAL DIAGRAM
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L3037

PIN CONNECTION (Top view)
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vbat Battery Voltage -64 to Vss+0.5 \
Vce Positive Supply Voltage (0 to 1ms) -0.4to +7 \
(continuous) -0.4 to +5.5 \4
Vss Negative Supply Voltage (0 to 1ms) -7 t0+0.4 i
_(continuous) -5.5 to+0.4 \
Vagnd - | Agnd Respect Bgnd (continuous) -2 to+2 \
Vband
VREL Ring Relay Supply Voltage 14 V
Vi Digital I/O DO, D1, GST, LIM, ODET, OGK -0.4to +5.5 \
laig Digital I/O DO, D1, GST, LIM, ODET, OGK -3to +3 mA
T, Maximum Junction Temperature +150 °C
Tstq Storage Temperature -55 to +150 °C
Hu Humidity 5t0 95 %

Note: In case of power on, power failure or hotinsertion with Voo, Vss present and Vbat floating the Absolute Maximum Ratings can be exceeded
with Vbat > Vss +0.5V. In this case the power consumption of the device increases and the logic output state including relay driver are
not controlled. This effect can be prevented ensuring that Vbat is always present before Voo and Vss or connecting one shottky diode
(e.g. BAT49X or equivalent) between Vbat and Vss. One diode can be shared between all the SLICs of the same line card.

OPERATING RANGE

ST

MICROELECTRONICS

Symbol Parameter Value Unit
Top Operating Temperature Range L3037 0to +70 °C
L3037T -40 to +85 °C
Vagnd - | Difference between Agnd and Bgnd -2to +2 "
Vband
Vce Positive Supply voltage +4.5 to +5.5 V
Vss Negative Supply Voltage -5.51t0-4.5 Vv
Vbat Battery Voltage -62 to -24 Vv
VREL Ring Relay Supply Voltage 41013 \
THERMAL DATA
Symbol Parameter PLCC44 PQFP44 Unit
Rthyamb | Thermmal Resistance Junction-ambient Max. 45 75 °CIW
SES-THOLISON 918
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PIN DESCRIPTION

Unless otherwise specified all the diagrams in this datasheet refers to the PLCC44 Pin Connection.

PQ; '.: 44 PL,\? f_ 44 Pin Description
39 1 Vce Positive Power Supply (+5V)
40 2 ILTe Transversal Line Current Image ((la + |g) / 200)
41 3 RDC | DC feedback input (the RDC resistor is connected from this node to li7r)
42 4 CF Battery voltage ripple rejection (Csvr capacitor is connected from this node to BGND).
43 5 BASE | Driver for external transistor base
44 6 BGND | Battery ground
2 7 VREG | Regulated Voltage. Provides negative power supply for the power amplifier.
(connected to emitter of the extemal transistor.)
3 8 STIP | Input of A power amplifier (when no compensation of ext. ptc resistor mismatch is
requested it must be shorted to the TIP lead).
4 9 TIP A line termination output (Ia is the current sourced from this pin).
1,28 10to 14 VB Battery Supply
3210 36 PLCC44: All pins are intemally connected together.
PQFP44: It is mandatory to short pin 1 and pin 28 as closed as possible to the device.
8 15 RING | B line termination output (Is is the current sunk into this pin).
9 16 SRING | Input of B power amplifier (when no compensation of ext. ptc resistor mismatch is
requested it must be shorted to the RING lead).
11 17 CRT | Ring trip and ground key capacitor
12 18 ODET | ON/OFF hook and RING TRIP output (when disable is intemally pulled up)
13 19 RGIN | Ring input signal. (when open is intemally pulled to GND)
14 20 OGK | Ground key output (when disable is internally pulled up)
15 21 GST | A open command (when open is internally pulled down)
16 22 D1 Bit 1
17 23 DO Bit 0
18 24 LIM | Current Limitation Program. (when open is intemally forced to 44mA current limitation)
19 25 Vss Negative Power Supply (-5V)
20 26 REL | Ring relay driver output
21 27 CREV | Reverse polarity transition time control. One proper capacitor connected between this
pin and AGND is setting the reverse polarity transition time. If reverse polarity feature
is not used must be shorted to AGND.
22 28 GREL | Ground reference for ring relay driver
23 29 Cac AC feedback input (ACDC split capacitor is connected from this node to ILTF)
24 30 Rs Protection resistors image (the image resistor is connected from this node to ACFD)
25 31 Zg Balance network for 2 to 4 wire conversion (the balance impedance Zg is connecetd
from this node to AGND. The Za impedance is connected from this node to Zac)
30 37 Tx 4 wire output port (Tx output)
31 38 Rx 4 wire receiving port. (Rx input)
32 39 Zac Rx buffer output (the AC impedance is connected from this node to ACFD)
33 40 TTXIN | Metering input port/Varop programming. If not used should be connected to AGND.
34 41 RTTX | Metering cancellation network. If not used should be left open.
35 42 ACFD | AC impedance synthesis
37 43 AGND | DC and AC signal ground
38 44 Irer | Voltage Reference Output
2,5t07, N.C. | Not connected
10,26, -
27, 29,36
L57 SSTomson
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DESCRIPTION (continued)

One special selection with high longitudinal balan-
ce performances allows to meet the United States
BELLCORE requirements for central office/loop
carrier and private applications.

The SLIC integrates loop start, ground start,
ground key on/off-hook, automatic ring-trip as well
as zero crossing ring relay driver.

Two to four wire conversion is implemented by the
SLIC for application with first generation COMBO.
In case of application with second generation (pro-
grammable) COMBO this function can be imple-
mented outside saving external components.

The L3037 offers programmable current limitation
(3 ranges), on hook transmission and low power
in all operating modes, power management is
controlled by a simple external low cost transistor.

Metering pulses are injected on the line via a sum-
ming node through TTXIN pin.

Metering pulse filtering is performed by means of a
simple RC network with standard tolerance compo-
nents. In case TTX function is not used this pin
must be connected to AGND. It is also possible to
use this pin to modify the DC voltage drop between
TIP/RING terminals and battery voltage for appica-
tions where it is important to optimize the battery
voltage supply versus the signal swing.

Effect of protection resistors mismatch are com-
pensated by a feedback loop on the final stage al-
lowing good long balance performances also with
large tolerance protection resistors (ex: PTC).

This function allow the L3037 to be fully conform
to BELLCORE power cross and surge test and
meet also the Longitudinal Balance Specification
without using matched PTC resistors.

An integrated thermal protection circuit forces the
L3037 in POWER DOWN (PD) mode when the
junction temperature exceeds 150°C Typ.

The L3037 is specified over -40°C to +85°C am-
bient temperature range.

The L3037 package is a surface mount PLCC44
or PQFP44.

FUNCTIONAL DESCRIPTION

L3037 is designed in 70V bipolar technology and
performs the telephone line interface functions re-
quired in both C.O. and PABX environments. The
full range of signal transmission, battery feed,
loop supervision are performed.

Signal transmission performance is compatible
with European and North American Standards
and with CCITT recommendations.

Ringing, overvoltage and power cross protection
are performed by means of external networks.

The signal transmission function includes both 2
to 4 wire and 4 to 2 wire conversion. The 2W ter-
mination impedance is set by means of an exter-
nal impedance which may be complex. The 2 to 4

wire conversion is provided by means of an exter-
nal network.

Such a network can be avoided in case of appli-
cations with COMBOII, in this case the 2 to 4 wire
conversion is implemented inside the COMBOII
by means of the programmable Hybal filter.

An additional input allows a metering pulse signal
to be added on the line.

The DC feed resistance is programmable with
one external resistor. Three different values of
current limitation (25, 44, 55mA)can be selected
by software through the parallel digital interface.

One external transistor reduces the power dissi-
pation inside the L3037 in the presence of a short
loop (limiting current region).

An additional supervisory function sets the TIP
lead into high impedance state in order to allow
application in ground start configurations.

The different L3037 operating modes are control-
led by a 4bit logic interface, two additional detec-
tor outputs provide ground key detection and ei-
ther hook state or ring trip detection.

SLIC OPERATING MODES

Through the L3037 digital interface it is possible
to select 5 different SLIC operating modes:

1) Active Mode (ACT)

2) Standby Mode (SBY)

3) Tip Open Mode (TO)

4) Power Down Mode (PD)

5) Ringing Mode (RNG)

In both ACT and SBY modes it is possible to se-
lect the reverse polarity (see control interface).
Transition from direct to reverse polarity is soft

and the transition time is defined by the external
capacitor CREV.

ACTIVE MODE (ACT)

This operating mode is set by the card controller
when the Off-Hook condition has been recognized.

When this operating mode is selected the two out-
put buffers (TIP/RING) can sink or source up to
100mA each. In case of Ground key or line termi-
nals to GND the output current is limited to 15mA
for the Tip wire and 30mA for the Ring wire.

As far as the DC characteristic is concerned three
different feeding conditions are present:

a) Current limiting region: the DC impedance of
the SLIC is very high ( 20Kohm) and therefore the
system works like a current source. Using the
L3037 digital interface it is possible to select the
value of the limiting current:

25mA, 44mA, or 55mA.

When the device is in limiting current region the
negative supply for the output buffer is fixed by

LSF SGS-THOMSON 519
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the ext. transistor to a proper value higher than
the real negative battery in order to reduce the
power dissipated by the L3037 itself.

b) Resistive feed region: the characteristic is
equal to a battery voltage (Vbat) in series with a
resistor (typ 400ohm or 800ohm) whose value is
set by one ext. resistor (see ext. components list).

c) Constant voltage region: the characteristic is
equal to the battery voltage - 12V in series with
the ext. protection resistors (typ 80ohm).

This voltage drop between battery and line termi-
nals for 11=0 allows on-hook transmission.

Fig. 1 shows the DC characteristic in active
mode. Fig. 2 shows the line current versus loop
resistance

Figure 1: DC Characteristic in active mode
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Figure 2: Current vs. Loop Resistance.
Rfeed =2 x 2000hm,
Lim. currents: 25, 43, 55mA
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In active mode the AC impedance at the line ter-
minals is sinthetized by the external components
ZAC and Rp according to the following formula:

Zs = ZAC/50 + 2*Rp

Depending on the characteristic of the ZAC net-
work Zs can be either a pure resistance or a com-
plex impedance. This allows L3037 to meet diffe-
rent standard as far as return loss is concerned.
The capacitor CCOMP guarantees stability to the
system.

The two to four wire conversion is achieved by
means of a circuit that can be represented as a
Wheastone bridge, the branches of which are:

6/19
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1) The line impedance (Zline)
2) The SLIC impedance at line terminals (Zs)

3) The balancing network ZA+RA connected
between pin ZAC and ZB of L3037.

4) The network ZB between pin ZB and GND
that shall copy the line impedance.

When L3037 is used with a second generation
combo (eg TS5070FN) which is able to perform the
two to four wire conversion, the two impedances
ZA and ZB can be removed and the ZB pin con-
nected to GND. The -6dB TX gain of the L3037 al-
lows the echo signal to remain always within the
COMBOII Hybrid balance filter dynamic range.

The injection of high frequency metering pulses is
carried out through the SLIC. An unbalanced 12 or
16KHz sinusoidal signal with shaping is, when ne-
cessary, applied at the TTXIN input of the SLIC.

A fixed transfer gain is provided for the metering si-
gnal. To avoid saturation in the 4-wire side a can-
cellation is provided in the 4-wire transmission path.

Cancellation is obtained via an external RC net-
work without the need for trimmed components.

When the TTX function is not used TTXIN input
should be connected to GND. Since this pin is di-
rectly connected to a summing node inside the
SLIC any signal applied to the TTXIN is transfer-
red to the line with a fixed transfer gain.

In special applications, this pin can be used to
modify the voltage drop (constant voltage region
of DC characteristic) simply by applying a proper
DC level on the TTXIN pin, allowing optimization
of the battery voltage versus the maximum nee-
ded AC signal swing.

In active mode, with a -48V battery voltage, the
L3037 dissipate 150mW for its own operation (in-
cluding the power dissipation from +5/-5 supply),
the dissipation related to the current supplied to
the line should be added in order to get the total
dissipation.

STAND-BY MODE (SBY)

In this mode the bias current of the L3037 is redu-
ced and only some part of the circuit are completely
active. The transversal current supplied to the line
is limited at 14mA. Common mode current rejection
is performed and the total current capability of the
output stages (TIP and RING) is limited to 30mA.
The open circuit voltage is IVbatl-7V.

Both Off/Hook and Ground key detectors are acti-
ve. Signal transmission is not operating.

In stand-by mode, with a -48V battery voltage, the
L3037 dissipates 90mW typ. (including the power dis-
sipation from a +5/-5V supply).

Stand-by mode is usually selected when the telepho-
ne is in on-hook condition. It allows a proper off-hook
detection, even in the presence of high common
mode currents, or with telephone sets sinking a few
milliamperes of line current in on-hook condition.

MICROELECTRONICS
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CONTROL INTERFACE

INPUTS OPERATING MODE QUTPUTS

DO D1 GST LIM ODET OGK
0 0 0 X POWER DOWN DISABLE DISABLE
1 1 0 X STANDBY D. P. OFF/HK GDKEY
1 1 1 X STANDBY R. P. OFF/HK GDKEY
1 0 0 X (*) | ACTIVED.P. OFF/HK GDKEY
1 0 1 X (*) | ACTIVER.P. OFF/HK GDKEY
0 1 0 X RING RING-TRIP DISABLE
0 0 1 X A. OPEN OFF/HK GDKEY
0 1 1 X RESERVED - -

(*) LIM = 0 = lim = 25mA; LIM = H. 1. (0pen) — lin = 44mA; LIM =1 — lim = 55mA.

TIP OPEN MODE (TO)

This mode is selected when the SLIC is adopted
in a system using the Ground start feature. In this
mode the TIP termination is set in High Impedan-
ce (100Kohm) while the RING termination is acti-
ve and fixed at Vbat + 4.5V. In the case of con-
nection of RING termination to GND the sinked
current is limited to 30mA. When RING is connec-
ted to GND both off-hook and ground-key detec-
tors become active.

Power dissipation in this mode with a -48V battery
voltage is 100mW (including the power dissipa-
tion from +5/-5V supply).

POWER DOWN MODE (PD)

In this mode, both TIP and RING terminations are
open and no current is fed into the line.

The power dissipation is very low.

This mode is usually selected in emergency con-
dition or when the connected line is disabled.

This is also the mode into which the SLIC is auto-
matically forced, in the case of thermal overload
Tj> 150°C typ.

RINGING MODE (RNG)

When this mode is selected the ringing signal is
injected on the line via the ext relay activated by
the L3037 relay driver.

When the ringing signal phase is provided at the
RGIN pin, the relay command is also synchroni-
zed with the ringing signal zero crossing.

The TIP and RING termination of the L3037 are
senses the line current which is then integrated
on the CRT capacitor.

TIP pin voltage is fixed at — 2.5V, RING pin volt-
age is fixed at Veat + 4.5V, TIP, RING buffer cur-
rent capability is limited to 100mA.

When off-hook occurs during ringing burst the
voltage on CRT increase above a proper thre-
shold and ring trip is detected.

Once ring trip is detected the ringing signal is
automatically disconnected at the first zero cros-
sing. When the ringing signal phase is not provi-
ded at the RGIN pin the ringing signal is discon-
nected immediately after ring trip detection.

EXTERNAL COMPONENTS LIST

To set the SLIC into operation the following para-
meters have to be defined:

- The DC feeding resistance "Rfeed" defined as
the resistance of the traditional feeding
system (most common Rfeed values are:
400, 800, 1000 ohm).

- The AC SLIC impedance at line terminals "Zs" to
which the return  loss measurements is referred.
It can be real (typ. 600ohm) or complex.

- The equivalent AC impedance of the line "ZI"
used for evaluation of the trans-hybrid loss
performance (2/4wire conversion). It is usu-
ally a complex impedance.

- The value of the two protection resistors Rp in
series with the line termination.

- The line impedance at the TTX freq. Zlttx.

- The reverse polarity transition time defined as
"AVTR/IAT".

Once, the above parameters are defined, it is
possible to calculate all the external components
using the following table.

The typical values has been obtained supposing:

- Rfeed = 400Q

-Zs = 600Q

- ZI =600Q

- Rp = 40Q

- Zlttx = 216Q + 120nF @ 12KHz
- Re[ZIttx] = 216Q

- Im[Zlitx] = -110Q @ 12KHz

- AVTR/AT = 4250[V/s)

L5 SGS:THOMSON e
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EXTERNAL COMPONENTS
Name Function Formula __Typ. Value
CVB Battery Filter 330nF 20% 63VI
CVDD | Positive Supply Filter 100nF 20%
CVSS | Negative Supply Filter 100nF 20%
RREF | Internal Current Reference 23.7K 1%
CSVR | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF
@ fp=1.6Hz 20% 60VI
CRT Ring Trip & Ground-key Capacitor CRT = (25/fring) - 390nF 390nF 20% 6VI
RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp) 3.2K1%
CAC AC/DC Splitter CAC=1/(6.28"*fsp* HDC) 4.7uF
@ fsp = 10Hz 20% 15VI

RS Protection Resistor Image RS =50 * 2RP 4K 1%

ZAC 2 Wire AC Impedance ZAC =50 * (Zs-2Rp) 26K 1%
ZA (1) SLIC Impedance Balancing Network ZA =50 * (Zs-2Rp) 26K 1%
RA (1) | SLIC Impedance Balancing Network RA =50* 2Rp 4K 1%
ZB (1) | Line Impedance Balancing Network ZB=50"2ZI 30K 1%

CCOMP | AC Feedback Compensation CCOMP =1/ [211fo (100 Rp)] 220pF
@ fo = 250KHz 20%
CH (1) [ Trans-hybrid Loss Frequency CH = CCOMP 220pF 20%
Compensation

RF Feeding Resistance for Ring Inj. >200Q (7) 200Q 2W

RT Feeding Resistance for Ring Inj. 2>200Q (7) 200Q 2W
RRG Ring Input Resistor I:igi]G 4(VH|NG/25p.A)COS[ -2faNG - T - AMQ 5%
CRG Ring Input Capacitor CRG = 25pA/(VainG - sin[2 - fring T - 3.9nF 20% 100V

180] - 2Mfang) (4)
PTC (2) | Positive Temp. Coeff. Resistor < 15Q 10Q
RST (2) | Tip Buffer Sensing Resistor 10 to 50KQ 33K _1W 5% (6)
RSR (2) | Ring Buffer Sensing Resistor 10 to 50KQ 33K 1W 5% (6)
QEXT | Extemal Transistor (3) )

Rp Protection Resistor 30to 80Q (8) 40Q
RTTX | Teletax Cancellation Resistor RTTX = 21.5 - [Re (Zlttx) +2Rp] _(5) 6.34K 1%
CTTX | Teletax Cancellation Capacitor g;‘l’x =1/(21.5 - [-Im(Zittx) - fitx - 6.28]) 5.6nF 20%

D1 Relay Kickback Clamp Diode 1N4148
CREV | Polarity Reversal Transition Time _ K -4 47nF

Progra):nming CREV = AVTR/AT ' K=2-10
Notes:

(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG.
TS5070FN)

(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins
RING and SRING. In this case also the Re Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp.

(3) Transistor charactenstic: Poiss= 1W (typ. depending on application); hre 2 25; Ic 2 100mA; Vceo = 60V; fr = 15MHz.

(4) Vana: Max Ring Generator Voltage, frivg: Ring Frequency, T: relay response time.
Typical value obtained for Vring = 100Vrms, faing = 25Hz; T = 2.5ms.

(5) Defining RTTX + CTTX = ZTTX, RTTX and CTTX can also be calculated from the following formula: Zermx = 21.5 [Zlttx + 2Rp].

(6) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire
power cross voltage will appear across RSR and RST).

(7) In order to optimize the component count it 1s also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q;
RF>400Q (RF typ. value = 400Q).

(8) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate.
Fuse function should be included if PTC are not used.

(*) ex: BD140; MJE172;MJE350....(ST32 or SOT82 package available also for surface mount).

For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used.

8/19 r SGS-THOMSON
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Figure 3: Typical Application Circuit including all features.
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Figure 4: Typical Application circuit with minimum components count (No Rev. polarity NoTTX/No zero
crossing sync/no PTC mismatch compensation).

L1 =SV
° ? Cuss

01

+5U to 12V
REL

O O o
Uss AGND GREL

cH
220pF I RA l 2gp——C o RING
8
L3837
3eKn
(PLCC 34+18) I
QEXT 2880 [] RF
PARALLEL UBAT
bisiTaL srtes L s3one
INTERFRACE ; cus
EXT. COMPONENTS SELECTED
FOR: Rfeed-488 0 CAC  ILTF ROC RTTR TTXRIN CSUR URING
25.5880 T T2 3] 21 48] T 6eonF  vgar
21.5000
Rp-580 n32L3637-g4
P cAC
9/19
r SGS-THOMSON
Y/ rcrorLECTRONICS

97



L3037

In case of U.S. application based on L3035 the
external components can be calculated suppo-

-Zs =900Q + 2.12pF

- Z1 = 1650Q// (10022 + 5nF) Loaded Line

sing: - ZI = 800€// (100Q + 50nF) Not Loaded Line
- Rfeed = 400Q - Rp = 62Q
EXTERNAL COMPONENTS (for US. Application)

Name Function Formula Typ. Value

CvB Battery Filter 330nF _20% 63VI
CVDD | Positive Supply Filter 100nF 20%
CVSS | Negative Supply Filter 100nF 20%
RREF | Internal Current Reference 23.7K 1%
CSVR | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF

@ fp=1.6Hz 20% 60VI

CRT__| Ring Trip & Ground-key Capacitor CRT = (25/fring) - 390nF 390nF 20% 6V

RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp) 2.76K 1%

CAC AC/DC Splitter CAC=1/(6.28* fsp * RDC) 4.7uF

@ fsp = 10Hz 20% 15VI
RS Protection Resistor Image RS =50 * 2RP 6.2K 1%

ZAC 2 Wire AC Impedance ZAC=50*(Zs2Rp) (7 39K + (180K//55nF)
ZA (1) | SLIC Impedance Balancing Network ZA =50 * (Zs-2Rp) @) 39K + (180K//55nF)
RA (1) | SLIC Impedance Balancing Network RA =50 * 2Rp 6.2K 1%

ZB (1) | Line Impedance Balancing Network ZB=50*2Zl 82.5K + (5K + 100pF) (3)
40K + (5K + 1nF) (4)
CCOMP | AC Feedback Compensation CCOMP = 1/ [2IIfo (100 Rp)] 100pF
@ fo = 250KHz 20%
CH (1) | Trans-hybrid Loss Freq. Comp. CH = CCOMP 100pF 20%
RF Feeding Resistance for Ring Inj. >200Q (9) 200Q 2W
RT Feeding Resistance for Ring Inj. >200Q (9) 200Q 2W
RRG Ring Input Resistor RRG = (Vring/25pA)cos[-2fring - T - 4AMQ 5%
180] (6)
CRG Ring Input Capacitor CRG = 25pA/(VRiING - SIN[2 - fRinG T - 3.9nF 20% 100V
180] - 2Mfring_ (6)
PTC (2) | Positive Temp. Coeff. Resistor <15Q 10Q
RST (2) | Tip Buffer Sensing Resistor 10 to 50KQ 33K W 5%(8)
RSR (2) | Ring Buffer Sensing Resistor 10 to 50KQ 33K 1W 5% (8)
QEXT | Extemal Transistor (5) *)
Rp Protection Resistor 301t080Q (10) 62Q
D1 Relay Kickback Clamp Diode 1N4148
Notes:

(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG.
TS5070FN)

(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins
RING and SRING. In this case also the Re Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp.

(3) Loaded Line.
(4) Not Loaded Line.

(5) Transistor characteristic: Poiss= 1W (typ. depending on application); hre = 25; Ic > 100mA; Vceo = 60V; fr = 15MHz.

(6) Vaing: Max Ring Generator Voltage, frna: Ring Frequency, T: relay response time. Typical value obtained for Vring = 100Vrms, fang = 25Hz;
T=25ms. -

(7) For details see AN496.

(8) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire
power cross voltage will appear across RSR and RST).

(9) In order to optimize the component court it is also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q;
RF2400Q (RF typ. value = 400Q).

(10) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate.

Fuse function should be included if PTC are not used.

(") ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount).
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used.
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Figure 5: Typical Application Circuit for U.S. Application.

CPX

'5u -5u RPX
1) LOADED LINE
(2) NOT LOADED LINE

RSX RPX CPX
2AC 39K 18BK | SSnF
2R 39K 1BBK | SSnfF
2B11) | 82.5K SK 188pF
2B(2) 4BK SK 1nF
1N4148 D1
¥

PARALLEL
DIGITAL
INTERFACE

[ GK I 5U to 12V
L REL

n9ILIES” -8R

ELECTRICAL CHARACTERISTICS TEST CONDITION, unless otherwise specified: Vcc = 5V;

Vss = -5V; VBaT = -48V; AGND = BGND; Direct Polarity; Ta = 25°C.

Note: Testing of all parameter is performed at 25°C. Characterization as well as the design rules used
allow correlation of tested performances at other temperatures. All parameters listed here are
met in the range 0°C to +70°C. Additional selection (on request ordering part #: L3037T) can be
performed so that the functionality between -40°C and 85°C is verified.

| Symbol L Parameter I Test Condition J Min. | Typ. | Max. | Unit |
INTERFACE REQUIREMENTS 2 WIRE PORT
Vab Overload Level Voice Signal Rp +PTC = 50Q 4.1 Vpk
300Hz to 3.4KHz (*)
Z) Long Input Impedance at SLIC terminals per wire 10 Q
I Long Current Capab. ac standby per wire (on HOOK) 17 mApk
active per wire (on HOOK) 17 mApk
Iy Longitudinal Current Capability active per wire off HOOK 75-It mApk
(IT = Transversal current)
4 WIRE TRANS PORT
Vix Overload Level 1.8 Vpk
Viort Output Offset Voltage -350 +350 mV
Zix Qutput Impedance 10 Q
(*) At TIP/RING line connection with Zune (AC) = 600Q. For any DC Loop current from OmA to lum
L7 S5 mHomson
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L3037

ELECTRICAL CHARACTERISTICS (continued)

Symbol | Parameter l Test Condition | min. | Typ. | Max. | unit
4 WIRE RECEIVE PORT
Zpx Input Impedance 100 KQ
VRx Overload Level 3.2 Vpk
METERING INPUT PORT
ZMIN ] Input Impedance | 100 l T | KQ
LOGIC CONTROL PORT
INPUT Do, D1, GST
Vin Input High Voltage 2 \
Vi Input Low Voltage 0.8 \
lin Input High Current -10 90 UA
I Input Low Current -10 10 pA
Cin Input Capacitance 10 pF
INPUT LIM
Vin Input High Voltage 2.4 \
Vi Input Low Voltage 0.4 Vv
lin Input high Current -10 30 pA
hi Input Low Current -30 10 pA
Cn Input Capacitance 10 pF
OUTPUT DET
Vo Output Low Voltage lo=2mA 0.4 \
Voh Output High Voltage lo = 30pA 24 \
lo <10pA 3.8 \
Cid Load Capacitance 150 pF
RINGING INPUT PORT
Overload Level -0.5 0.5 \
Input Impedance 50 90 KQ
Offset Voltage Allowed -15 15 mV
TRANSMISSION PERFORMANCE
Arl Return Loss (2-wire) 300Hz to 3.4KHz 22 dB
Thi Transhibrid Loss 300Hz to 3.4KHz 30 dB
Vex
‘ 20log1o lV—TX-
Longitudinal balance (CCITT Rec.0.121)
L-T Longit to Transversal 300Hz to 3.4KHz 52 dB
L-4 Long Sign Rejection Eti = i%%‘? 19% tolerance 58 dB
T-L Transvers to Longit 49 dB
4-L Long Sign Generation 49 dB
Selected L3037 Longitudinal balance (IEEE Std 455-1976)
L-T Longitudinal to Transversal :éOOH; Ot(c)) 5.4};}12 E 58 63 dB
L-4 Longitudinal Signal Rejection Ri 620, 1“'% ‘mzal’tlch 70 dB

12/19
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L3037

ELECTRICAL CHARACTERISTICS (continued)

Symbol L Parameter | Test Condition I Min. | Typ. | Max. | Unit
INSERTION LOSS
Gt Transmit V Gain 0dBm, 1KHz -6.22 -5.82 dB
Gr Receive V Gain -0.2 0.2 dB
INSERTION LOSS vs. FREQUENCY (rel 1KHz/ 0dBm)
Gt Transmit V Gain 0.3 to 3.4KHz -0.1 0.1 dB
Gr Receive V Gain -0.1 0.1 dB
METERING INJECTION
G Transfer Gain Vrxin = 0.66Vims  Zi =200Q; 3.18 3.51
THD Harmonic Distortion 2 - Rp=80Q; Vmott =0 5 %
GAIN LINEARITY (rel 1KHz, -4dBm)
Gt Transmit V Gain -55dBm to 7dBm (1) -0.1 0.1 dB
Gr Receive V Gain -0.1 0.1 dB
GROUP DELAY (2-4, 4-2) 0DbM
TgaBs Absolute 3KHz 5 us
Tapis 4 to 2-wire 0.5 to 3,4KHz 5 us
TOT HARMONIC DISTORTION
Thd4 2 to 4-wire 7dBm, 0.3 to 3.4KHz -46 dB
Thd2 4 to 2-wire -46 dB
IDLE CHANNEL NOISE
Vabp 2-wire port psophometric -78 =72 dBmP
Vixp 4-wire transmit psophometric -82 -76 dBmP,
Vabc 2-wire port c message 12 18 | dBrnC
Vixc 4-wire transmit C message 8 14 dBrnC
RINGING FUNCTION
0 cross Zero Crossing Threshold Level fring = 16 to 66Hz -70 70 mV
Rain = 3Vms
IrT Ring Trip Threshold 7.5 mA DC
TrTD Ring Trip Detection Time RL = 1.8K, fring = 25Hz 150 ms
BATTERY FEED CHARACTERISTIC
POWER DOWN STATE
lLGND Loop Current TIP or RING to BGND 0.5 mA
lLBAT Loop Current TIP or RING to Vpat 0.5 mA
IL Loop Current RL=0 1 mA
STAND BY STATE
I lloop Accuracy constant region 13 16 mA
Vios Line Voltage @I =0 40 42 \
ACTIVE STATE
Vio Line Voltage @I.=0 34.5 37.5 \
Rreed Feeding Resistance Accuracy -10 +10 %
lim Loop Current Limit Accuracy lim = 25mA, 44mA, 55mA -8 lim +8 %
GROUND START STATE
Z1Ip Tip Lead Impedance 100 KQ
las Ring Lead Current RING to GND 30 mA
(1) For level lower than -40dB guaranteed by correlation.
13/19
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L3037

ELECTRICAL CHARACTERISTICS (continued)

I Symbol I Parameter l Test Condition [ Min. l Typ. l Max. l Unit l
DETECTORS
OFF HOOK DETECTOR
ldet Off-hook Current Threshold stand by state 9 12 mA
ldet Off-hook Current Threshold active state 9 12 mA
Hys Off-hook / On-hook Hysteresys Both stand by and active state 1 1.6 mA
Td Dialling Distortion active state -1 1 ms
GROUND KEY DETECTOR
I Ground Key Current Threshold TIP to RING to GND 4 mA
L= (ls-la/2 or RING to GND
POWER DISSIPATION ON L3037 at Vpar = 48V
Py Power Down any line lenght 38 mW
Py Stand-by 2-wire open 95 136 mW
RL=0to 2K 250 mW
Pd Active, Rreed = 800Q 2-wire open 155 224 mW
lum = 25mA RL=0to 2K 710 mwW
ILm = 44mA RL=0to 2K 1730 | mW
lum = 55mA RL=0to 2K 2660 mW
Pg Active, Rfeed = 400Q 2-wire open 155 224 mwW
lum = 256mA RL=0to 2K 510 mwW
lum = 44mA RL=0to 2K 870 mWwW
ILim = 55mA RL=0to0 2K 1280 mWwW
Pd Active Ground Key 1500 mW

POWER DISSIPATION ON QEXT AT Vpat = 48V

Paq Active, Rieed = 800Q
Ium = 25mA RL=0to 2K 880 mW
Ium = 44mA RL=0to 2K 810 mW
ILm = 55mA RL=0to 2K 420 mW
Pdq Active, Rfeed = 400Q
ILm = 25mA RL=0to 2K 1080 mwW
lum = 44mA RL=0to 2K 1610 mwW
ILm = 55mA RL=0to 2K 1670 mW
SUPPLY CURRENTS
ANALOG SUPPLY
lcc Vce Power Down 1.5 2.2 mA
Iss Vss Power Down 0.1 0.5 mA
Icc Vce Stand-by / A open 4 5 mA
lss Vss Stand-by / A open 1.5 3 mA
lcc Vee Active 6 10 mA
Iss Vss Active 3 6 mA
BATTERY SUPPLY
Ibat Power down aorbto BGND 120 500 LA
Ibat Stand-by 2-wire open 1.4 2 mA
lpat Active 2-wire open 2.3 3 mA
2-wire RL = 400Q lLoor+5| mMA
14719 57 SGS-THOMSON
J/ sacRoELECTAONICS
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L3037

ELECTRICAL CHARACTERISTICS (continued)

r Symbol [ Parameter | Test Condition | Min. | Typ. | Max. ] Unit l
POWER SUPPLY REJECTION (VRippLE = 100mVrms)
LINE TERMINALS
PSRR Vcc ref to AGND 50Hz to 3.4KHz 20 dB
PSRR Vss ref to AGND 20 dB
PSRR Vbat ref to AGND 30 dB
PSRR BGND ref to AGND 20 dB
RELAY DRIVER
iRD Current Capability 40 mA
\ Voltage Drop @Irp = 40mA 1.25 \
iLK Off Leakage Current 100 pA
Figure 6: Test Circuit
15U -5U
cuss
l S
CREV 47nF cuce | | .su
v, R
27) 1l1@8nF |25 43] 28| 6 ) 126 EL
4 | CREV Vcc Uss AGND GREL BGND REL
QRS g RST
RS ST1P —
O ARCFD TIP —i —+o TIP
cconp 26KQ 8 I8 4gn 480
228pF . 2AC |
26K 8
— 0 2AC
228pF, 2n 45 1 PTC RP
tH T RA | axa RING —J——I—+o RING
2 NET) g L3B37 SRING O —
38Kn
™™ o2d T {PLCC 34+18) UREG O UEXT
234 0s BASE ._ MJE3SB
22 338nF
PARALLEL | 241 3 uB =
o—O L IM 32to36 =
DIGITAL 23 L oot vBaTC YR
INTERFACE 18 [ QDET 18
28 RGINO
o—0 DGK R
9 CF O
QCAC 11 7F RDC RTTX TTXIN CRT IREF CSUR
O O O O D D
2 417 48 17 44 = 680nF
cAC
RREF
—i — CRT 23.7kQ
4.7uF 3KQ 398nF,
CTTX  RTTX
— !
1uF BKQ TTX SIGNAL n93L3837-89
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Ayy SGS-THOMSON

L3000N
L3092

SLIC KIT OPTIMIZED FOR APPLICATIONS WIiTH BOTH
FIRST AND SECOND GENERATION COMBOS

= PROGRAMMABLE DC FEED RESISTANCE
AND LIMITING CURRENT (25/40/60mA)

s LOW ON-HOOK POWER DISSIPATION
(50mW typ)

= SIGNALLING FUNCTION (off-hook/GND-Key)

= QUICK OFF-HOOK DETECTION IN CVS FOR
LOW DISTORTION (< 1 %) DIAL PULSE DE-
TECTION

= HYBRID FUNCTION

e RINGING GENERATION WITH QUASI ZERO
OUTPUT IMPEDANCE, ZERO CROSSING IN-
JECTION (no ext. relay needed) AND RING
TRIP DETECTION

s ABSOLUTELY NO NOISE INJECTED ON
ADIACENT LINES DURING RINGING SE-
QUENCE

s AUTOMATIC RINGING STOP WHEN OFF-
HOOK IS DETECTED

= TEST MODE ALLOWS LINE LENGHT MEAS-
UREMENT

» PARALLEL LATCHED DIGITAL INTERFACE

=« LOW NUMBER OF EXTERNAL COMPO-
NENTS WITH STANDARD TOLERANCE
ONLY : 9 1% RESISTORS AND 5 10-20% CA-
PACITORS (for 600 ohm appl.)

= POSSIBILITY TO WORK ALSO WITH HIGH
COMMON MODE CURRENTS

=z GOOD REJECTION OF THE NOISE ON BAT-
TERY VOLTAGE (20dB at 10Hz ; 35dB at
1KHz)

= INTEGRATED THERMAL PROTECTION

s SURFACE MOUNT PACKAGE (PLCC28 +
PowerS0-20)

u 0°C TO 70°C: L3000N/L3092

= -40°C TO +85°C: L3000NT/L3092T

DESCRIPTION

The SLIC KIT (L3000N/L3092) is a set of solid
state devices designed to integrate many of the
functions needed to interface a telephone line. It
consists of 2 integrated devices ; the L300ON line
interface circuit and the L3092 control unit.

The kit implements the main features of the
BORSHT functions:

- Battery feed (balance mode)

- Ringing Injection

November 1994

PRELIMINARY DATA
DIP28 PLCC28
ORDERING NUMBER: ORDERING NUMBER:
L3092N L3092FN

FLEXIWATT15 PowerS0-20
ORDERING NUMBER: ORDERING NUMBER:
L3000N L3000NSO

- Signalling Detection

- Hybrid Function
The SLIC KIT injects the ringing signal in bal-
anced mode and requires a positive supply volt-

" age of typically + 72V to be available on the sub-

scriber card.

The L3000N/L3092 kit generates the ringing sig-
nal internally, avoiding the requirement for expen-
sive external circuitry. A low level 1.5Vrms input is
required. (This can be provided by the combo).

A special operating mode limits the SLIC KIT
power dissipation to 50mW in on-hook condition
keeping the on/off hook detection circuit active.

Through the Digital Interface it is also possible to
set an operating mode-that allows measurements
of loop resistance and therefore of line lenght.
This kit is fabricated using a 140V Bigolar tech-
nology for L3000ON and a 12V Bipolar I°L technol-
ogy for L3092.

Both devices are available PTH application
(FLEXIWATT15 and DIP28) or SMD application
(PowerS0O-20 and PLCC28).

This kit is specially suitable to Private Automatic
Branch Exchange (PABX) and Low Range C.O.
Applications.

127
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L3000N - L3092

PIN CONNECTIONS

% [3) S (%} 18]
Q x a Q « (-4 ]
U o - o > ~N (%) ~N
youT 1 28 [J 2aC S I o |
RPC [ 2 27 D cac / 4 3 2 1 28 27 26
T* 3 26 )28 auT s 2s [| oo
comMp [ 4 2s [J PO
wwr s 24 Pum me|]e 24 [fim
MR O 6 23 [J GND puon [] 2 23 (| sno
puON [ 7 22 [J uss mnG [ 8 22 [ uss
RNG [] 8 21 [ REF REF
cse 28 [ uob csf]o 2 ]
GDK [] 18 19 [J acoc GOK j 10 26 [ voo
ONHK [ 29 B pIT onkk [ 11 19 [ acoc
€212 17 [J ROC
€113 BN A2 A8 14 1S 18 17 18
RGIN [ 14 15 [J CRT N oz - 1 O -
QO = & = 0O =
nesSLIS2-32 g (=] =3
189L.3891-81
DIP-28 PLCC-28
TP
NNT ve. [ 10 J L 1 |3 v
B‘;z; Ve ] © 12 71 AGND
uDD vy ] 8 13 |1 ReF
Vin ] vpp [ 7 14 1 ¢t
vBIN ——_] BGND [ & 15 /1 c2
ug- == Ve, ] 5 16—
AGND == mnT —] 4 7B
REF ——_|
¢t ——=] TP [ 3 18 1 NC
c2 NC [ 2 19 1 RING
1T V. [ 1 j r 20 1 V.
L e=——" \\
RING =—_ |15 D94TL125
nesL3686~83
FLEXIWATT15 PowerS0O-20
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vp— Negative Battery Voltage -80 \Y
Vp+ Positive Battery Voltage 80 \Y
|Vo—|+|Vo+| | Total Battery Voltage 140 \
Vad Positive Supply Voltage +6 Vv
Vss Negative Supply Voltage —6 \
Vagna—Vbgnd | Max. Voltage between Analog Ground and Battery Ground 5 Vv
T, Max. Junction Temperature +150 °C
Tstg Storage Temperature -55 to +150 °C
227 L7 SGS-THOMSOMN
\Y# MichorLEcTRONICS
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L3000N - L3092

THERMAL DATA

Symbol | Parameter | Value | Unit
L3000N HIGH VOLTAGE

Rih |-case Thermal Resistance Junction to case  (FLEXIWATT15)  Max. 4 °C/W

Rih j-amb Thermal Resistance Junction to ambient (FLEXIWATT15) Max. 50 °C/W

Rih |-case Thermal Resistance Junction to case (PowerSO-20) Typ. 2 °C/W

Rih 1-amb Thermal Resistance Junction to ambient (PowerSO-20) Max. 60 °C/W
L3092 LOW VOLTAGE

Rth -amb l Thermal Resistance Junction to ambient Max. | 80 | °C/W

OPERATING RANGE

Symbol Parameter Min. Typ. Max. Unit

Toper Operating Temperature Range for L3000N/L3092 0 70 °C
L3000NT/L3092T -40 +85 °C

Vb— Negative Battery Voltage =70 —48 —20 \
Vo+ Positive Battery Voltage 0 +72 +75 \
|Vo—|+|Vb+| | Total Battery Voltage 120 130 \
Vg Positive Supply Voltage | +45 +5.5 \
Vss Negative Supply Voltage -5.5 —4.5 \

PIN DESCRIPTION (L3000N)

F';fox' S?\IZ,P' Name Description

1 3 TIP A line termination output with current capability up to 100mA (Is is the current sourced
from this pin).

2 4 MNT Positive Supply Voltage Monitor.

3 5 Ve, Positive Battery Supply Voltage.

4 6 BGND | Battery ground relative to the Vs, and the Ve. supply voltages.
It is also the reference ground for TIP and RING signals.

5 7 Vop Positive Power Supply +5V.

6 8 Vin 2 wire unbalanced voltage input.

7 9 VBIM | Output voltage without current capability, with the following functions:

- give an image of the total battery voltage scaled by 40 to the low voltage part.
- filter by an external capacitor the noise on .

8 |1,10,11,| Vs Negative Battery Supply Voltage.
20

9 12 AGND | Analog Ground. All input signals and the Vpp supply voltage must be referred to this pin.
10 13 REF | Voltage reference output with very low temperature coefficient. The connected resistor
sets Internal circuit bias current.
11 14 C1 Digital signal input (3 levels) that defines device status with pin 12.
12 15 C2 Digital signal input (3 levels) that defines device status with pin 11.
13 16 It High precision scaled transversal line current signal. lat Iy
"= 00
14 17 I Scaled longitudinal line current signal. la=1lp
-= 700
15 19 RING illne tc)armination output with current capability up to 100mA (lp is the current sunk into
this pin).

- 2,18 N.C. Not connected.

Notes: 1) Unless otherwise specified all the diagrams in this datasheet refers to the FLEXIWATT15 pin connection.
2) Allinformation relative to the PowerSO-20 package option should be considered as advanced information on a new product now in
developement or undergoing evaluation. Details are subject to change without notice.

L37 SGS-THOMSO 827
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L3000N - L3092

PIN DESCRIPTION (L3092)

Ne Name Description

1 VOUT Two wire unbalanced output carryng out the following signals reduced by 40:
1) DC voltage to perform the proper DC characteristic.

2) Ringing Signal
3) Voice Signal

2 RPC AC line Impedance Adjustment Protection Resistances Compensation )

3 TX Transmit Amplifier Output

4 COMP Comparator Input. This is the input comparator that senses the line voltage in power down and in
automatic stand-by, allowing off hook detection in this mode.

5 AUT Aut. Input. It is a part of the digital interface. Loaded when CS is low.

6 MR Master Reset Input. When it is connected to ground the SLIC is forced in power down. It has an
internal pull-up. (typ. 200KQ) (*)

7 PWON Power on/power off input. This input is part of digital interface. Loaded when CS is low.

8 RING Ring Enable Input. This input is part of the digital interface. Loaded when CS is low.

9 CS Chip Select Input.

10 GDK Ground Key Output Enabled by CS Low.

11 ONHK On Hook/off Hook Output Enabled by CS Low.

12 C2 State control Signal 2.

13 Ci1 State Control Signal 1. Combination of C1 and C2 define operating mode of the high voltage part.

14 RGIN Low Level Ringing Signal Input.

15 CRT Ring Trip Detection

16 IL Longitudinal Line Current Input

lb—la
IL= oo

17 RDC DC Feeding System

18 IT Transversal Line Current Input

la + |b
T="00

19 ACDC AC - DC Feedback Input.

20 VDD Positive Supply Voltage, +5V.

21 REF Bias Setting Pin.

22 VSS Negative Supply Voltage, -5V.

23 GND Analog and Digital Ground.

24 LIM Limiting Current Selection Input. Loaded when CS is low.

25 PDO Power Down Output. Driving the high voltage part L3000N through the bias resistor RH.

26 ZB TX Amplifier Negative Input performig the two to four wire conversion. In case of application with
2nd Generation COMBO performing also the echo cancellation (ex TS5070/5071), this pin must
be connected to GND.

27 CAC AC Feedback Input.

28 ZAC AC Line Impedance Synthesis.

(*) Must be connected to a proper capacttor for power on reset or to Vop If not used. Should not be left open.

a4/27
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L3000N - L3092

L3000N BLOCK DIAGRAM

BGND UB+ MNT
g o
=
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L3000N - L3092

FUNCTIONAL DIAGRAM
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FUNCTIONAL DESCRIPTION
L3000N - HIGH VOLTAGE CIRCUIT

The L3000N line interface provides battery feed
for telephone lines .and ringing injection. Both
these operations are done in Balance Mode. This
is very important in order to avoid the generation
of common mode signals in particular during the
pulse dialling operation of the telephone set con-
nected to the SLIC. The IC contains a state de-
coder that under external control can force the fol-
lowing  operational  modes stand-by,
conversation and ringing.
In addition Power down mode can be forced con-
necting the bias current resistor to Vpp or leaving
it open.
Two pins, IL and It, carry out the information con-
cerning line status which is detected by sensing
the line current into the output stage.
The L3000N amplifies both the AC and DC signals
entering at pin 6 (VIN) by a factor equal to 40.
Separate grounds are provided :

- Analog ground as reference for analog sig-

nals
- Battery ground as a reference for the output
stages

The two ground should be shorted together at a
low impedance point.

il L3F SGS-THOMSOR

L3092 - LOW VOLTAGE CIRCUIT

The L3092 Low Voltage Control Unit controls the
L300ON line interface module providing set up
data to set line feed characteristics and to inject
ringing. An on chip digital parallel interface allows
a microprocessor or a second generation
COMBO as the TS5070 to control all the opera-
tions.

L3092 defines working states of Line Interface
Circuit and also informs the card controller about
line status.

L3000N WORKING STATES

In order to carry out the different possible opera-
tions, the L300ON has several different working
states. Each state is defined by the voltage re-
spectively applied by pin 12 and 13 of L3092 to
the pins 12 and 11 of L300ON.

Three different voltage levels (-3, 0, +3) are avail-
able at each connection, so defining nine possible
states as listed in tab. 1.

Appropriate combinations of two pins define four
of the five possible L300ON working states that
are:

a) Stand-by (SBY)

b) Conversation (CVS)

MICROELECTRCNICS
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Table 1.
Pin 12 of L3092 Pin 12 of L3000N (C2)
+3 0 -3
Pin 13 of L3092 +3 Stand-by Conversation Not Used
(C1) 0 Not Used B.B Not Used
Pin 11 of L300ON -3 Not Used Ringing Not Used
¢) Ringing (RING) tion mode.

d) Boost Battery (BB),(see Appendix B).

The fifth status, Power down (PD), is set by the
output pin PDO of the L3092 that disconnect the
Bias Resistor, RH, of L3000N from ground.

The main difference between Stand-by and
Power down is that in SBY the power consump-
tion on the voltage battery VB- (— 48V) is reduced
but the L3000N DC Feeding and monitoring cir-
cuits are still active, in PD the power consumption
on VB- is reduced to zero, and the L3000N is
completely switched off.

SLIC OPERATING MODES

Through the L3092 Digital Interface it is possible to
select six different SLIC OPERATING MODES :

1) Conversation or Active Mode (CVS)

2) Stand - By Mode (SBY)

3) Power - Down Mode (PD)

4) Automatic Stand - By Mode (ASBY)

5) Test Mode (TS)

6) Ringing Mode (RNG)

1) CONVERSATION (CVS) OR ACTIVE MODE

This operating mode is set by the control proces-
sor when the Off hook condition has been recog-
nized,

As far as the DC Characteristic is concerned two
different feeding conditions are present :

a) Current limiting region : the DC impedance of
the SLIC is very high (> 20KQ) and therefore the
system works like a current generator. By the
L3092 Digital Interface it is possible to selects the
value of the limiting current.:

60mA, 40mA or 25mA.

b) A standard resistive feeding mode : the charac-
teristic is equal to a battery voltage (VB-) minus
5V, in series with a resistor, whose value is set by
external components (see external component list
of L3092).

Switching between the two regions is automatic
without discontinuity, and depends on the loop re-
sistance. The SLIC AC characteristics are guar-
anteed in both regions.

Fig. 1 shows the DC characteristic in conversa-

Fig. 2 shows the line current versus loop resis-
tance for two different battery values and RFS =
200Q.

The allowed maximum loop resistance depends
on the values of the battery voltage (VB), on the
RFS and on the value of the longitudinal current
(lepk). With a battery voltage of 48V, RFS = 200Q
and Igpk = OmA, the maximum loop resistance is
over 3000Q and with lgpk = 20mA is about
2000Q (see Application Note on maximum loop
resistance for LS00ON/L3092 SLIC KIT).

In conversation mode the AC impedance at the
line terminals is synthetized by the external com-
ponents ZAC and RP, according to the following
formula :

ZAC

ML=222 0. RP

Depending the characteristic of the ZAC network,
ZML can be either a pure resistance or a complex
impedance. This allows for ST SLIC to meet dif-
ferent standards as far as the return loss is con-
cerned. The capacitor CCOMP guarantees stabil-
ity to the system.

The two to four wire conversion is achieved by
means of a circuit that can be represented as a
Wheatstone bridge, the branches of which being:

1) The line impedance (Zline).
2) The SLIC impedance at line terminals (ZML).

3) The balancing network ZA connected between
RXinput and ZB pin of L3092.

4) The network ZB between ZB pin and ground
that shall copy the line impedance.

It is important to underline that ZA and ZB are not
equal to ZML and to Zline. They both must be
multiplied by a factor in the range of 10 to 25, al-
lowing use of smaller capacitors.

In case the L3000N/L3092 kit is used with a second
generation programmable COMBO (EG
TS5070FN) which is able to perform the two to four
wire conversion, the two impedances ZA and ZB
can be removed and the ZB pin connected to GND.

The -6dB Tx gain of the L3000ON/L3092 SLIC kit in
fact allows to keep the echo signal always within
the COMBO Hybrid Balance Filter dynamic range.

In conversation mode, the L3000N dissipates
about 250mW for its own operation. The dissipa-
tion related to the current supplied to the line shall
be added, in order to get the total dissipation.

L5 $GS:THOMSON 7127

MICROELECTRONICS

115



L3000N - L3092

In the same condition the power dissipation of
L3092 is typically 100mW.

Figure 1: DC Characteristics in Conversation
Mode

UB-SU | TlinetmA)
2xRFS

68

4B SLOPE: 2xRFS
—_—
B \
! Vlinety)
n96LI892-97 tUB-) -5V tine

Figure 2: Line Current versus Loop Resistance -
RFS = 200Q; Limiting Currents:

25/40/60mA
LINE N98L3892- 22
tmA) \
58
w |
\ UBAT. - 48U
31
\
N N~
28 -
N uem--zau\\
18 —

8 588 1886 1588 2888 Rloaplohm)

2) STAND-BY (SBY) MODE

In this mode the bias currents of both L300ON
and L3092 are reduced as only some parts of the
two circuits are completely active, control inter-
face and current sensors among them. The cur-
rent supplied to the line is limited at 10mA, and
the slope of the DC characteristic corresponds to
2 x RFS.

The AC characteristic in Stand-by corresponds to
a low impedance (2 x RP)

In Stand-by mode the line voltage polarity is just
in direct condition, that is the TIP wire more posi-
tive than the RING one as in Conversation Mode.

il L7 sss-H

When the SLIC is in Stand-by mode, the power
dissipation of L3000N- does not exceed
120mW from — 48V) eventually increased of a
certain amount if some current is flowing into the
line.

The power dissipation of the L3092 in the same
condition is typically 50mW.

SBY Mode is usually selected when the tele-
phone is in on-hook. It allows a proper off-hook
detection also in presence of high common mode
line current or with telephone set sinking few mil-
liAmpere of line current in on hook condition.

Figure 3: DC Characteristics in Stand-by Mode
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3) POWER DOWN (PD) MODE

In this mode the L3000N present a high imped-
ance (> 1 Mohm) to the line and cannot feed any
line current.

The L3092 forces L3000N in Power Down discon-
necting its bias Resistor, RH, from the ground
through the output pin PDO.

The power dissipation from the battery volt-
age (— VB)is almost equal to zero and the power
dissipation of L3092 is typically 50mW.

The PD mode is normally used in emergency
condition but can be used also in normal on-hook
condition.

In this case the off-hook detection is performed
using the line sense comparator integrated in the
L3092.

The fig. 4 shows the functional circuit to perform
the off hook detection in Power down mode.

The resistor RR and RT feed the line current. The
voltage at the terminal of the resistor RS con-
nected to RING wire is normally — 48V.

When there is a loop resistor between TIP and

OMSON
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RING wires the voltage will increases to — 24V.

The comparator C1 will change its output voltage
from low to high level.

If the Chip Select input (CS) is low the ONHK out-
put pin will be set to low level (+ 0V) indicating
that the off hook condition is present.

This off-hook detection circuit can be influenced
by common mode signal present on RING Termi-

nal. The capacitor Cs is used to filter this common
mode signal.

In the case of very high common mode signal af-

ter the detection of a low level on the ONHK out-
put pin, it is suggested to set the SLIC in Stand-
by. In this operating mode the off-hook detection
circuit is not sensitive to the line common mode
signal.

If in Stand-by Mode the off-hook detection is not
confirmed (ONHK output set to high level) we
suggest after few second to set the SLIC again in
Power Down Mode.

Total operation is managed by line card control-
ler.

Figure 4: Off-hook Detection Circuit in Power Down Mode
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Figure 5: Off-hook Detection Circuit in Automatic Standby Mode
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4) AUTOMATIC STAND - BY (ASB) MODE

This is an operating mode similar to the Power
Down Mode, but with the software procedure to
detect off-hook condition integrated in hardware
on chip.

Fig. 5 shows the functional circuit activated in this
mode.

When the off-hook condition occurs RING wire
voltage goes high (from - 48V to - 24V).

The output of the comparator C1 will go high set-
ting the output of the flip - flop FF high.

Therefore L3092 will set L3000N in Stand-by pro-
viding a ground signal at pin PDO.

At the same time the external capacitor CINT will
be slowly charged.

In Stand-by the internal off-hook Detection circuit
will be activated and will check if the off-hook con-
dition detected by the comparator C1 was true or
not true.

If the off-hook condition is confirmed the SLIC will
be kept in Stand-by Mode and the output ONHK
will go low when CS is low.

If the off-hook condition is not confirmed the SLIC
will be kept in Stand - By only for a few seconds.
(typ. 5sec). When the voltage at CRT out put will
reach the VRer value the C2 comparator will reset
the FF Flip - Flop and therefore the SLIC will be
set again in Power Down.

The Automatic Stand-by (ASBY) Mode combine
the key characteristics of Power Down (PD) and

10/27
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Stand-by (SBY) Modes in particular it is charac-
terized by a very low power consumption (as the
Power Down mode) and a sophisticated off hook
detection circuit (as the Stand-By mode).

The card controller will receive the off-hook infor-
mation from the pin ONHK only after that it is
checked and confirmed by the internal off-hook
detector that is not sensitive to spikes and com-
mon mode line signal. Therefore the software re-
quired to manage the SLIC will be very simple.

5) TEST (TS) MODE

When this mode is activated the SLIC will be set
in conversation mode keeping the initial value of
limiting current.

The GDK output pin of L3092 Digital Interface will
be set to "0" if the SLIC is operating in the limiting
current region of the DC characteristic, see fig. 1
and 2. GDK output will be set to 1 if the SLIC is
operating in the resistive region.

The SLIC will work in one of the two region de-
pending on the loop resistance and the pro-
grammed limiting current value.

By changing the liming current value selected in
conversation mode it is possible to measure the
Loop Resistance and therefore the line lenght
connected to the SLIC.

The following table shows the ranges of the loop re-
sistance that set the GDK output pin to high and
low level in correspondance of all the possible limit-
ing current values (25/40/60mA) with RFS = 200Q.

MICROELECTRONICS
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Limiting Current GDK =0 GDK =1
60mA (0 -300) ohm >300 ohm
40mA (0 —650) ohm >650 ohm
25mA (0 — 1300) ohm >1300 ohm

If, for example, the loop resistance is 400Q the
GDK output will be 0 only when the limiting current
value is 40 or 25mA.

The card controller can program consecutive Test
Mode and Conversation Mode with different limiting
current in order to individuate the range of loop re-
sistance as shown in the flow chart of fig. 6.

The information of the Loop Resistance Range

Figure 6: Procedure for Loop Resistance Evaluation.

can be very useful to optimize the transmission
characteristics of the Line Card to each line.

For example, if a second generation COMBO like
TS5070 is used the Card Controller can use this
information to change the Tx, RX Gains and echo
cancellation characteristics into the programma-
ble COMBO improving the quality of the system.
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6) RINGING MODE

When the ringing function is selected by the con-
trol processor a low level signal (1.5Vrms) with a
frequency in the range from 16 to 70Hz, perma-
nently applied to the L3092 (pin RGIN), is ampli-
fied and injected in balanced mode into the line
through the L3000ON with a super imposed DC
voltage of 24V typ.

This low level sinewave can be obtained also
from COMBO connecting RGIN pin to RX
COMBO output with a decoupling capacitor.

The first and the last ringing cycles are synchro-
nized by the L3092 so that the ringing signal al-
ways starts and stops when the line voltage
crosses zero.

When this mode is activated, the L3000N oper-
ates between the negative and the positive bat-
tery voltages typically - 48V and + 72V. The im-
pedance to the line is just equal to the two
external resistors (typ. 1009).

Ring trip detection is performed autonomously by
the SLIC, without waiting for a command from the
control processor, using a patented system which
allows detection during a ringing burst ; when the
off-hook condition is detected, the SLIC stops the
ringing signal and forces the Conversation Mode.
In this condition, if CS = 0V, the output pin ONHK
goes to OV.

After the detection of the ONHK = 0, the Card
Controller must set the SLIC in Conversation
Mode to remove the internal latching of the

On/Off hook information.

CONTROL INTERFACE BETWEEN THE SLIC
AND THE CARD CONTROLLER

The SLIC states and functions are controlled by
microprocessor or interface latches of a second
generation combo through seven wires that de-
fine a parallel digital interface.

The seven pins of the digital interface have the
following functions :

- Chip select input (CS)

- Power on/off input (PWON)

- Ring enable input (RNG)

- Automatic SBY input (AUT)

- Limiting current input (LIM)

- On hook/Off hook detection output (ONHK)

- Ground Key detection output (GDK)

The four input pins PWON, RNG, AUT and LIM,
set the status of the SLIC as shown in the follow-
ing table.

The output pin ONHK is equals to 0V when the
line is in OFF hook condition (line > 7,5mA) and is
equal to + 5V when the line is in On hook condi-
tion (line < 5,5mA).

The output pin GDK monitors the ground key
function when the SLIC is in Conversation (CVS)
Mode and the DC operating region (limiting or re-
sistive) in Test (TS) Mode. When the SLIC is in
Conversation (CVS) Mode and lapk (longitudinal
current) > 12mA, pin GDK is setto 0V ;

Operating Mode Input Pin Output Pin
RNG | PWON | AUT LIM ONHK GDK

Conversation 25mA 0 1 1 X 1 on-hook 1 Ground key not detected.
Conversation 40mA 0 1 0 1 0 off-hook 0 Ground key detected.
Conversation 60mA 0 1 0 0
Stand-by 0 0 0 X Disable
Automatic Stand-by 1 0 1 X
Power-down 1 0 0 X C1 Comparator Output | Disable
Test Mode 0 0 1 X 1 on-hook 0 Limiting Region
Ringing (CVS 25mA) 1 1 1 x | 0off-hook 1 Resistive Region
Ringing (CVS 40mA) 1 1 0 1 Disable
Ringing (CVS 60mA) 1 1 0 0

N.B. : When Ringing Mode is selected, you must choose also which of the three possible Conversation Modes The SLIC will automatically

select if Off-Hook condition will be detected during ringing

When Iepk < 8mA, pin GDK set to + 5V

The longitudinal current (lcpk) is defined as fol-
lows :
|b - |a

2

lapk =
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Where |a is the current sourced from pin TIP and
Ip is the current sunk into pin RING.

The CS input pin allows to connect the I/O pins of
the digital interfaces of many SLIC together.
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It is possible to do it because :

When the CS = + 5V the output pins (ONHK,
GDK) are in high impedance condition (> 100KQ).
The signals present at the input pins are not
transfered into the SLIC.

When the CS = 0V the output pins change in
function of the values of the line current (line) and
the longitudinal current (lapk). The operating
status of the SLIC are set by the voltage applied
to the input pins.

The rising edge of the CS signal latches the sig-
nal applied to the input pins. The status of the
SLIC will not change until the CS signal will be
again equal to zero.

See timings fig 7 & 8.

An additional input pin MR (Master Reset) can be
useful during the system start up phase or in
emergency condition.

In fact when this pin is set to "0" the SLIC will be
set in POWER DOWN MODE. This pin has an in-
ternal pull-up resistor of about 200KQ

Figure 7: Typical Application Circuit

EXTERNAL COMPONENTS LIST

To set up the SLIC kit into operation, the following
parameters have to be defined :

- The DC feeding resistance RFS, defined as
the resistance of each side of the tradi-
tional feeding system (most common value
for RFS are 200, 400 or 500).

- The AC input/output SLIC impedance at line
terminals, ZML, to which the return loss
measurement is refered. It can be real
(typically 600<2) or complex.

- The equivalent AC impedance of the line
Zline used for evaluation of the trans-hy-
brid loss (2/4 wire conversion). It is usually
a complex impedance.

- The frequency of the ringing signal Fr (SLIC
can work with this frequency ranging from
16 to 68Hz).

- The value of the two resistors RP in series
with the line terminals ; main purpose of
the a.m. resistors is to allow primary pro-
tection to fire..

With these assumptions the following compo-
nents list is defined :

USS uDD UB+ BGND UB-
cuss CcuDD cug_‘j!—*
)| " -
I =13 — <
== CCOMP |23 22 (28 CINT RL 9|53 4 DS
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2B¥% 2 CRT yDD 8 []
RPC 21 uB- |—
26 REF
8 vout | °1un [] RR
2A% RPC ]_3992 T 18 13 7 s
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RX ZAC N ey B L3000N RP
2aC 3 t1 ca
T | X c2 |2 21 ey RING | —+—oRING
RGIN o————+—— RGIN 25 RH 18 "D
24 PDD - REF
0—5 LIM M VBN
o— AuT ]
v cous
PARALLEL % PUON RDC hid i
DIGITAL o——1 RNG
INTERFACE | o 28] oo RDC [] Re
11 18
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o—— cs cAC
6 22
MR cAC j -j' cs
[ CoMP I
CMR - |
I MODL 3592-88
¥ IF 2/4 VIRE CONVERSION IS IMPLEMENTED VITH 2nd GENERATION
COMBO 2A AND 2B SHOULD BE REMQUED AND 2B PIN CONNECTED TO GND
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EXTERNAL COMPONENT LIST FOR THE L3000N

Component Involved Parameter or Function
Ref Value
RH 22.5KQ +2% Bias Resistor
RP 30 to 100Q Lines Series Resistor
CDVB 47uF - 20V +20% Battery Voltage Rejection
CVB+ 0.1puF - 100V +20% Positive Battery Filter
CVB- 0.1uF - 100V £20% (note 1) Negative Battery Filter
DS BAT49X (note 2) Protective Shottky Diode
EXTERNAL COMPONENT LIST FOR THE L3092
CVSS 0.1pF - 15V Negative Supply Voltage Filter
CvVDD 0.1uF - 15V Positive Supply Voltage Filter
CAC 47uF - 10V £20% AC Path Decoupling
ZAC 25 x (ZML - 2xRP) 2 Wire AC Impedance
CCOMP 1 X AC Loop Compensation
2T, (50 Rr) with fo = 200KHz
RPC 25 x (2xRP) Rp Insertion Loss Compensation
RDC 2 x (RFS - RP) DC Feeding Resistor (RDC > 200Q)
RL 63.4KQ £1% Bias Resistor
ZA K x Zmi (note 3) SLIC Impedance Balancing Network
ZB (K x Zline //( % % CCOMP ) (note 4) Line Impedance Balancing Network
CINT see Table 2 (note 5) Ring Trip Detection Time Constant
RT 47KQ
RR 47KQ Resistors used only in the automatic stand-by mode.
RS 1.5MQ (note 6)
CS 47nF To be used only if high common mode rejection in Aut. SBY
mode and in Power Down mode is requested (note 7)
CMR 100nF To be used only if Power on reset requested. The capacitor
value depends on Vpp rise time.

Notes:

1) In case line cards with less than 7 subscribers are implemented CVB- capacitor should be equal to 680nF/N where Nis the number of
subscriber per card.

2) This shottky diode or equivalent 1s necessary to avoid damage to the device during hot insertion or in all those cases when a proper power
up sequence cannot be guaranteed. In case the Shottky diode 1s notimplemented the power sequence should guarantee that VB+ is always
the last supply applied at power on and the first removed at power off.

In case an other shottky diode type 1s adopted it must fulfill the following characteristics:
VE<450mV @ Ir=n 15mA, Tam = 25°C

VF<350mV @ lr=n 15mA, Tam = 50°C (TjL3000 = 90°C)

Ve <245mV @ Ir = n - 15mA, Tams = 85°C (Tjt3000 = 120°C)

Where n is the number of line sharing the same diode.

3) The structure of this network shall copy the SLIC output impedance multiplexed by a factor K = 10 to 25. This network must be removed
when 2/4 wire conversion is iImplemented with 2nd generation COMBO (EG. TS5070).

4) The structure of this network shall copy the line impedance, Zline, multiplexed by a factor K = 10 to 25 and compensate the effect of CCOMP
on transhybrid rejection. This network must be removed when 2/4 wire conversion 1s implemented with 2nd generation COMBO (EG TS5070).

5) The CINT value depends on the ringing frequency Fa.

6) Value related to Vb = 48V application, for application with different battery voltages should be properly dmensioned (see Fig 4).

7) Ex.: For line leakage resistance to GND equal to 500KQ, the common mode rejection is 5Ve without CS and about 10Vp with CS -

Table 2
Fr (Hz) 16/18 19/21 22/27 28/32 33/38 39/46 47/55 56/68
CINT (nF) 680 580 470 390 330 270 220 180

The CINT value can be optimized experimentally ~ the minimum line lenght and the higher number of
for each application choosing the lower value that ringers doesn't produce false off-hook detection.
in correspondance of the lower ringing frequency,

14/27
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ELECTRICAL CHARACTERISTICS (Vbp = +5V; Vss = -5V; VB = +72V; VB = —48V; Tamb = +25°C (1))
STANDBY

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vis Output Voltage at L3000N Terminals | | Line = 0OmA 43 \
lLce Short Circuit Current 8.8 12.5 mA

lot Off-hook Detection Threshold 5.3 8.8 mA
Hys Off-hook/on-hook Hysteresis 1.5 2.5 mA
Vis Simmetry to Ground .75 \
CONVERSATION

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vio Output Voltage at L3000N Terminals | | Line = 0mA 43 \
llim Current Programmed Through the llim llim mA

LIM and AUT Inputs -10% +10%
lot Off-hook Detection Threshold 5.6 9.8 mA
Hys Off-hook/on-hook Hysteresis 1.5 25 | mA
ligk Longitudinal Line Current with GDK 6.5 15 mA
Detect
POWER-DOWN
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ven Input Voltage at Pin COMP to Set -100 mV
the Output Pin ONHK = 1
Vcr Input Voltage at Pin COMP to Set 100 mV
the Output Pin ONHK = 0
lcom Output Current at Pin COMP COMP = GND 20 pA
SUPPLY CURRENT

Symbol Parameter Min. Typ. Max. Unit

oo Positive Supply Current Power Down/aut. Stand-by 5.7 mA

CcS=1 Stand-by 75 mA
Conversation 11.7 mA
Ringing 11.3 mA
Iss Negative Supply Current Power Down/aut. Stand-by 4.2 mA
CS=1 Stand-by 4.2 mA
Conversation 8.2 mA
Ringing 8.2 mA
lgaT- Negative Battery Supply Current Power Down/aut. Stand-by 0 mA
Line Current = 0OmA Stand-by 2 25 mA
Conversation 5 6.5 mA
Ringing 14 17 mA
lBAT+ Positive Battery Supply Current Power Down/aut. Stand-by 0 HA
Line Current = 0OmA Stand-by 10 15 pA
Conversation 10 15 HA
Ringing 12 13.5 mA

(57 SGS-THOMSON 15727

Y4 MICROELECTRONICS

123



L3000N - L3092

AC OPERATION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
ZIx Sending Output Impedance on TX 15 Q
THD Signal Distortion at 2W and 4W _ 0.3 %
Terminals Vix = 0dBm @ 1020Hz
Ri 2W Retumn Loss f = 300 to 3400Hz 22 dB
Thi Transhybrid Loss f = 300 to 3400Hz 30 dB
Vr
20log1o Vs‘
Gs Sending Gain Vso =0dBm; f=1020Hz | —6.27 | 6.02 | 577 | dB
Gsf Sending Gain Flatness vs. f = 300 to 3400Hz -0.1 +0.1 dB
Frequency Respect to 1020Hz
Gl Sending Gain Linearity fr = 1020Hz -0.1 +0.1 dB
Vsoref =-10dBm
Vso = +4 / —-40dBm
Gr Receiving Gain Vrl = 0dBm; f = 1020Hz -0.25 +0.25 dB
Grf Receiving Gain Flatness f =300 to 3400Hz -0.1 +0.1 dB
Respect to 1020Hz
Grf Receiving Gain Linearity fr = 1020Hz -0.1 +0.1 dB
Vriref = —10dBm
Vrl = +4 / —40dBm
Np4w Psophomet. Noise 4W - Tx -79 -74 dBmp
Terminals
Np4W Psophomet. at Line Terminals =75 -70 dBmp
SVRR Supply Voltage Rejection Ratio f =10Hz Vn = 100mVrms -20 dB
Relative to VB~ f = 1KHz Vn = 100mVrms -35 dB
f =3.4KHz Vn = 100mVrms =30 dB
Ltc Longitudinal to Transversal
" f = 300 to 3400Hz
Conversion I line = 30mA
Tlc Transversal to Longitudinal ZML = 600Q 48 51 dB
Conversion
Notes:

(*) 52dB using selected L3000N
(1) The datasheet certifies the electrical characteristics at 25°C. For applications requiring operations in the standard temperature range (0°C

to 70°C) use L3000N/L3092 If operations are required in the extended temperature range (-40°C to +85°C), use the kit LBOOONT/L3092T.
(2) value optimized for programmable COMBO Hybrid Balance Filter

16/27
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L3000N - L3092

RINGING PHASE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vir Superimposed DC Voltage Rloop > 100KQ 19 27 \
Rloop = 1KQ 17 25 \Y
Vacr Ringing Siganl at Line Terminal Rloop > 100kQ 56.0 Vrms
VRan = 1.5Vrms/30Hz
Rloop = 1KQ + 1uF 56.0 Vrms
Vaan = 1.5Vrms/30Hz
If DG Off-hook Del Threshold 5.5 mA
llim Output Current Capability 85 130 mA
Vrs Ringing Symmetry 2 Vrms
THDr Ringing Signal Distortion 5 %
Zir Ringing Amplicat. Input Impedance | L3092’s Pin RGIN 50 KQ
Vrr Residual of Ringing Signal at Tx 100 mVrms
Output
Trt Ring Trip Detection Time fring = 25Hz (T = 1/fring) 80(3T) ms
Toh Off-hook Status Delay after the CINT = 470nF 50 ps
Ringing Stop
DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(Vop = +5V; Vss = -5V; Tamb = 25°C (1))
STATIC ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vil Input Voltage at Logical "0" Pins CS PWON LIM 0 0.8 \
Vih Input Voltage at Logical "1" 2 5 \
Vil Input Voltage at Logical "0" Pins RNG-AUT 0 0.5 \
Vih Input Voltage at Logical "1" 2.3 5 )
lil Input Current at Logical "0" All logic pins Vil=0Vv 15 uA
lih Input Current at Logical "1" Vih = 5V 25 nA
Vol Output Voltage at Logical "0" Pins ONHI; GDK 0.4 \
Voh Output Volatge at Logical "1 :gﬂi - 11[;"A 2.4 v
Ik Tristate Leak Current CcS="1" 10 uA
IMR Pull-up MR Output Current MR ="0" 50 pHA
DYNAMIC ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Tsd PWON, RING, AUT, LIM 1500 ns
Thd PWON, RING, AUT, LIM 0 ns
Tww CS Impulse Width (writing op.) 1500 ns
Thv ONHK, GDK Data Out to "0" CS 600 ns
Delay
Tvh ONHK, GDK High Imped. to "1 "CS 600 ns
Delay
Twr CS Impulse Width (writing op.) 800 ns

(1) The datasheet certifies the electrical characteristics at 25°C. For applications requiring operations in the standard temperature range (0°C
to 70°C) use L3000N/L3092. If operations are required in the extended temperature range (-40°C to +85°C), use the kit L3000NT/L3092T.
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L3000N - L3092

Figure 8: Writing Operating Timing (controller to SLIC).

cs \l Tow
Tsd Thd
INPUT
DATA

NE9L 3659118

Figure 9: Reading Operating Timing (from SLIC to controller).
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OUTRUT HIGH HIGH
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Figure 10: Test Circuit

USS UDD UB+ BGND UB-
8. 1uF B.41uF
o B 8.4uF
I 1L = L] ‘—i )
= 338pF 23 22 |28 arFa B3.4K[ 8 (5|3 4 [BATA9X
N
338 ,| ovo vssupp s I AGND UB+ BGND
15K P RPC 21 uB-
26 REF
% vout |- il NP 110 P2 1p
18K 1.5k L3832 [ il 280
Rx G2 — 2 2ac n 2 d IS
e v ” L3000N
c . 3 c1 c1
™ ] % c2 2 21 ey R1NG =84 ring
1.3Urms o 7l pgIN 25 22.5K 18
25Hz va PDO [~ REF 89
o——111m
s L1 J UBIM
o——H AuT - 470Fi
PARALLEL °o—| PUON
8 3480
DIGITAL o—— RnG '
INTERFACE ——1 Gox ACDC
o—— 1 ONHK 47uF
9 27
—2]cs cac 2T
MR COMP
6! al

MO8L2892-09h

A, B, C, D are test reference points used during testing.
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L3000N - L3092

APPENDIX A
SLIC TEST CIRCUITS
Referring to the test circuit reported at the end of A-B: Line terminals
each SLIC data sheet here below you can find the C: Tx sending output on 4W side
proper configuration for each measurement. D: Rx receiving input on 4W Side
In particular: E: TTx teletaxe signal input

Rain: low level ringing signal input.
TEST CIRCUITS

Figure A1: Symmetry to Ground

R
1uF “L’
uLsl SLIC
1KQ
_L B
AuF J"' 1uF nessLIC-82
5880 5880
25Hz
38V
Figure A2: 2W Returns Loss
C
R US
®
R IL-38mA
]
[ NEISLIC-82
| ZmL -2 | 2Vs
RL=20log=————=-=201
9 zwrz| 29|
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TEST CIRCUITS (continued)
Figure A3: Trans-hybrid Loss.
2.2uF
A C
188KQ ! ! E
6880 SLIC
IL«38mA
B D
2.20F Js
NB9SLIC-63 4
Figure A4: Sending Gain
2.2uUF
A c T T
T 188KQ i}ﬁ
6880
vso| SLLIC
1L.38mA l
B DI,
2.2uF NB9SLIC-84
Figure A5: Receiving Gain
2.2vF
i ’ A C
688Q[] V.
[]E SLIC
1L.36mA T
B8O
1} L {5 D TE—I
2.2uF vs E
nessLIC-85 J— J—

23/27

Ly SGS-THOMSON
Y/ GuicRoRlECTRONICS 131



L3000N - L3092

TEST CIRCUITS (continued)
Figure A6: PSRR Relative to Battery Voltage VB-

2.2uF

SBBQ[

NBISLIC-86R

Figure A7: Longitudinal to Transversal Conversion

3880 186VF
A C
T 188KQ
L w | SLIC
3880 l
B DI
18BuF nessLIC -7

Figure A8: Longitudinal to Transversal Conversion

18BUF

3880  pr .
8080 | Uk IL-38mA )
- |3geQ o
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TEST CIRCUITS (continued)
Figure A9: TTX Level at Line Terminals

2.2uF

2000 Ju7hry
S
IL-38mA

2.2vuF

SLIC

B E D

_;Z@EE

| ke

f=12 or 16KHz

NBSSLIC-89R

Figure A10: Ringing Simmetry
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L3000N - L3092

APPENDIX B

ADDITIONAL OPERATING FEATURES

Two further operating modes are provided on the
L3092, boosted battery and ring pause. Both of
these Modes are accessed by appllying a high
impedance on inputs AUT and or RING of the
digital interface.

1.Boosted Battery (BB)

This operating mode is equivalent to conversation
mode with respect to AC and signaling functions
but with the following changes to the DC charac-
teristics:

a) Current limiting value fixed at 25mA.

b) Characteristic in the resistive feeding re-
gion corresponds to a battery voltage
equal to (-5 + |[VB- + VB4)Volt in series
with the same feeding resistor utilized in
the DC characteristic of conversation
mode.

BB mode is typically used to feed long lines
(20mA/4Kohm) and to implement special func-
tions such as message waiting where high volt-
age signals are required.

Further information about this opersating mode
may be found by referring to the L3000/L3030
datasheet.

2.Ringing Pause Mode

During Ring Pause - Mode the SLIC is always in
ringing mode but the AC ringing signal is not in-
jected into the line. This mode allows to avoid any
common mode voltage variation of TIP and RING
wire during the transition bteween Ringing Burst
and Ringing Pause. This feature is used in appli-
cation where it is mandatory to avoid perturba-
tions on adjacent lines during ringing injection.
For example when in the same system analog
lines are used both for speech and modem trans-
mission.

The following table shows all operating modes of
L3000/L3092 SLIC KIT. Boosted Battery or Ring-
ing Pause Modes are selected by applying a high
impedance (HI) to input pins RNG and/or AUT.
Included also in this table are the operating
modes to which the SLIC defaults automatically
during ringing mode when OFF HOOK is de-
tected.

CONTROL INTERFACE BETWEEN THE SLIC AND THE CARD CONTROLLER

Operating Mode Input Pin Output Pin
RNG |PWON| AUT | LIM ONHK GDK
Conversation 25mA 0 1 1 X 1 on-hook 1 Ground key not
Conversation 40mA 0 1 0 1 0 off-hook detected
Conversation 60mA 0 1 0 0 0 Ground key detected
Boosted Battery 25mA 0 1 HI X
Stand-by 0 0 0 X Disable
Automatic Stand-by 1 0 1 X
Power Down 1 0 0 X C1 Comparator Output Disable
Test Mode 0 0 1 X 1 on-hook 0 Limiting Region
0 off-hook 1 Resistive Region

Ringing Inj. (CVS 25mA) 1 1 1 X
Ringing Inj. (CVS 40mA) 1 1 0 1
Ringing Inj. (CVS 60mA) 1 1 0 0
Ringing Inj. (BB 25mA) 1 1 HI X
Ringing Pause (CVS HI 1 1 X 1 on-hook .
25mA) HI 1 0 1 0 off-hook Disable
Ringing Pause (CVS HI 1 0 0
40mA)
Ringing Pause (CVS
60mA)
Ringing Pause (BB 25mA) HI 1 HI X

NB:

HI = High Impedance

BB = Boosted Battery

26127 SGS-THOMSON
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APPENDIX C plane common to the line card).
LAYOUT SUGGESTIONS 3) The L3092 bias resistor (RL) should be
Standard layout rules should be foIIowe\{vd in or- g?rcg%gt;c(iRcé%s:ntg gﬁg)?rrespondmg pins
der to get the best system performances: Avoid any digital line to pass close to REF
1) Use always 100nF filtering capacitor close pin.
to the supply pins of each I.C. Eventually screen REF pin with a GND
2) Connect together BGND and AGND at a track.

low impedance point. (e.g. on a ground

27/27
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L3234
L3235

HIGHLY INTEGRATED SLIC KIT TARGETED TO PABX
AND KEY SYSTEM APPLICATIONS

s HIGHLY INTEGRATED SUBSCRIBER LINE
INTERFACE KIT FOR PABX AND KEY SYS-
TEM APPLICATIONS

= IMPLEMENTS ALL KEY ELEMENTS OF THE
BORSCHT FUNCTION i

n INTEGRATED ZERO CROSSING BALANCED
RINGING INJECTION ELIMINATES EXTER-
NAL RELAY AND CENTRALISED RINGING
GENERATOR

s ZERO NOISE INJECTED ON ADJACENT
LINES DURING RINGING SEQUENCE

= LOW POWER IN STANDBY AND ACTIVE
MODES

n BATTERY FEED WITH PROGRAMMABLE
LIMITING CURRENT
s PARALLEL LATCHED DIGITAL INTERFACE

m SIGNALLING FUNCTIONS (OFF HOOK,
GND-KEY)

= LOW NUMBER OF EXTERNAL COMPO-
NENTS

= INTEGRATED THERMAL PROTECTION

s INTEGRATED OVER CURRENT PROTEC-
TION

m 0°C TO 70°C: L3234/L3235
m -40°C TO 85°C: L3234T/L3235T

DESCRIPTION

The L3234/L3235 is a highly integrated SLIC KIT
targeted to PABX and key system applications

The kit integrates the majority of functions re-
quired to interface a telephone line. The
L3234/L3235 implements the main features of the
broths function:

- Battery Feed (Balanced Mode)

- Ringing Injection

- Signalling Detection

- Hybrid Function

The Kit comprises 2 devices, the L3234 ringing

January 1995

HEPTAWATT

ORDERING NUMBER: L3234

PLCC28

ORDERING NUMBER: L3235

injector fabricated in Bipolar in 140V Technology.

Its function is to amplify and inject in balanced
mode with zero crossing the ringing signal. The
device requires an external positive supply of
100V and a low level sinusoid of approx.
950mVrms. The L3235 Line Feeder is integrated
in 60V Bipolar Technology. The L3235 provides
battery feed to the line with programmable current
limitation. The two to four wire voice frequency
signal conversion is implemented by the L3235
and line terminating and balance impedances are
externally programmable. The L3234/L3235 kit is
designed for low power dissipation. In a short
loop condition the extra power is dissipated on an
external transistor. The Kit is controlled by five
wire parallel bus and interfaces easily to all first
and programmable second generation COMBOS.
(see figg. 1 and 2)
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L3234 - L3235

Selid Sate Ringing lnjecior

DESCRIPTION

The L3234 is a monolithic integrated circuit which
is part of a kit of solid state devices for the sub-
scriber line interface. The L3234 sends a ringing
signal into a two wires analog telephone line in
balanced mode. The AC ringing signal amplitude
is up to 60Vrms, and for that purpose a positive
supply voltage of +100V shall be available on the
subscriber card.

The L3234 receives a low amplitude ringing sig-
nal (950mVrms) and provide the voltage/current
amplification (60Vrms/70mA) when the enable in-
put is active (CS = 2V). In disable mode (CS <
0.8V) the power consumption of the chip is very
low (<14mW).

The circuit is designed with a high voltage bipolar
technology (Vceo > 140V / Vceo > 250V).

BLOCK DIAGRAM

HEPTAWATT

The package is a moulded plastic power package
(Heptawatt) suitable also for surface mounting.
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L3234 - L3235

PIN CONNECTION (Top view)

~ e/ o
6 — V100
s oumt
[} —— GND
s ——— vce
3 — cs
L e— /Y
D9ITLIZ!
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
V100 Positive Power Supply Voltage +120 \
Vee 5V Power Supply Voltage 5.5 \
Va Low Voltage Ringing Signal (with V100 = 120Vdc) 1.4 Vrms
CS Logical Ring Drive Input Vce
T, Max. Junction Temperature 150 °c
Tstg Storage Temperature -55 to +150 °c
OPERATING RANGE
Symbol Parameter Value Unit
V100 High Power Supply Voltage 95 to 105 Vv
Vce Low Power Supply Voltage 5 +5% \
- . 600 to 950 Vrms
Va Low Voltage Ringing Signal within 10Hz - 100Hz
T Operating Temperature for L3234 0to 70 °C
op L3234T -40 to 85 °C
Tiop Max. Junction Operating Temperature (due to thermal protection) 130 °C

Note: Operating ranges define those limits between which the functionality of the device 1s guaranteed

THERMAL DATA

Symbol Description Value Unit
Rihjcase | Thermal Resistance Junction-case Max. 4 °cw
Rth.amb | Thermal Resistance Junction-ambient Max. 50 °C/W

PIN DESCRIPTION

Pin Name Description
1 VA Low Voltage Ringing Signal Input
2 CS Logical Ring Drive Input
3 Vce +5V Low Power Supply
4 GND Common Analog-Digital Ground
5 OouT1 Ringing Signal Output
6 V100 +100V High Power Supply
K577 S Tomson
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L3234 - L3235

OPERATION DESCRIPTION
The Fig. 3 show the simpilified circuit configuration

Figure 3: L3234/1.3235 Circuit Configuration

of the L3234 Solid State Ringing injector when
used with the L3235 Line Feeder.

A CO1
TIP o—g———]
LINE TERMINALS B co2 RINGING INJECTOR
RING 0— 7 L3234
2 2
&
L VA
LINE FEEDER j—o0 GND CA
L3235 —o0 -VBAT E: D94TL132

EXTERNAL COMPONENTS LIST

In the following table are shown the recommended external components values for L3234.

Ref. Value Involved Parameter or Function
RO1, R02 82Q Ringing Feeding Series Resistors
Co1, Co2 10uF - 160V Ringing Feeding De coupling Capacitors
CA 4.7uF - 10V Low Level Ringing Signal De coupling Capacitor
C100 100nF - 100V Positive Battery Filter
CVce 100nF +5V Supply Filter

When the ringing function is selected by the sub-
scriber card, a low level signal is continuously ap-
plied to pin 1 through a de coupling capacitor. Then
the logical ring drive signal CS provided by L3235 is
applied to pin 2 with a cadenced mode.

The ringing cycles are synchronised by the L3234
in such a way that the ringing starts and stops al-
ways when the analog input signal crosses zero.
When the ringing injection is enabled (CS = "1"),
an AC ringing signal is injected in a balanced
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mode into the telephone line.

When the ringing injection is disabled (CS = "0"),
the output voltage on OUT2 raises to the high
power supply, whereas on OUTT, it falls down to
ground.

The L3234 has a low output impedance when
sending the signal, and high output impedance
when the ringing signal is disabled

In fig. 4 the dynamic features of L3234 are
shown.
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Figure 4: Dynamic Features of L3234
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DATA TRANSMISSION INTERFERENCE TEST

The L3234 meet the requirements of the technical
specification ST/PAA/TPA/STP/1063 from the
CNET. The test circuit used is indicated below.

The measureq3 error rate for data transmission is
lower than 10™ during the ringing phase.

This test measures if during the ringing phase the
circuit induce any noise to the closer lines.

Figure 5: Test Circuit Data Transmission Interference Test
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ATTENUATOR REAL LINE CABLE:
NEPER’S BOX 588m 4/18
EMISSION LEVEL ¢ - 15dBm RECEPTION | LEVEL:-43dBm
PSOPHOMETERED PSOPHOMETERED
EMITTER MODEM RECEIVER MODEM
688Bd-48B8Bd 6868Bd-4888Bd
PATTERN lENERATOR COMPARISON PROTOCOL ANALYSER
SEMATEST PATTERN: SEMATEST
541 BITS/BLOCK n9gLI234-12
CCITT STANDARD
DURATION: 186BITS
L7 S5sToMson

143



L3234 - L3235

ELECTRICAL CHARACTERISTICS (Test conditions: V100 = +100V, Vcc = +5V, Tamb = 25°C, unless oth-
erwise specified)

Note: Testing of all parameter is performed at 25°C. Characterisation, as well as the design rule used al-
low correlation of tested performance with actual performances at other temperatures. All pa-
rameters listed here are met in the range 0°C to +70°C. For applications requiring operations in
the standard temperature range (0°C to 70°C) use L3234. If operations are required in the ex-
tended temperature range (-40°C to 85°C), use the L3234T.

| Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit I Fig l
STAND BY MODE: CS = "0"
Is (V100) | Consumption VA = 950mVrms; 50Hz 45 100 pA
Is (Vee) 560 800 pA
Vsouti DC Output Voltage VA = 950mVrms; 50Hz 6 \%
Vsout2 92 Y
ZsouTi Output Impedance 70 kQ 6
Zsout2 70 kQ
Zout Matching 15 %
THD Harmonic Distortion During VLINE < 6dBm; f=1kHz -46 -40 dB 7
Emission
RINGING PHASE: CS = "1"
DC OPERATION
Ir (V100) | Consumption ZIINE = ©° 25 5 mA
Ir (Vco) VA = 950mVms; 50Hz 2.2 3 mA
VRourt DC Output Voltage VA =0V 44 56 Y,
Vrout2 44 56 Vv
Vi Threshold Voltage on the VA = 950mVrmms; 50Hz 2.0 \%
i (CS =0) | Logical Input CS 1 pA 8
Vi 0.8 v
i (CS =0) 1 pA
lim DC Line Current Limitation VA =0V 70 150 mA 12
AC OPERATION
Vouti/VA | Ringing Gain ZuNE = 2.20F + 1kQ 29.5 30 dB 9
Vout2/VA VA =0dBm 29.5 30 dB
Vour1-Vouri | Ringing Signal ZLINE = 2.2uF + 1kQ 57 60 Vrms
VA = 950mVms; 50Hz 9
THD Vune | Harmonic Distortion VA = 950mVrms; 50Hz 5 %
Zin (VA) Input Impedance VA = 950mVrms; 50Hz 40 kQ 10
Zout Differential Output Impedance | Ilune < 50mArms 20 Q 11
TEST CIRCUITS
Figure 6.
18uF
4. 2uF <] unuta z0uT1 v
—J1
5MO 20UT2 | 118K
L3234 288mUrms
4 2 7 1KHz
i-_;io M98L2234-85A
8/23
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TEST CIRCUITS (continued)
Figure 7.
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TEST CIRCUITS (continued)

Figure 10.
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DESCRIPTION
Circuit description

The L3235 Subscriber Line Interface Circuit
(SLIC) is a bipolar integrated circuit in 60V tech-
nology optimized for PABX application.

The L3235 supplies a line feed voltage with a cur-
rent limitation which can be modified by an exter-
nal resistor (RLIM).

The SLIC incorporates loop currents, ground key PLCC28
detection functions with an externally programma-
ble constant time.
The two to. four wires and four to two wires voice  piN CONNECTION
frequency signal conversion is performed by the
L3235 and the line terminating and the balancing e, 2% .
impedances are externally programmable. g g »E g - ‘g %
The device integrates an automatic power limita- / . I |
tion circuit. In short loop condition the extra power 4 3 2 1 282 2%
is dissipated on one external transistor (Text). aGnD [] 5 25 [ ook
This aproach allows to assembly the L3235 in a seno (16 24 T an
low cost standard plastic PLCC28 package. N +[]
The chip is protected by thermal protection at e []2 2 [fes
Tj=150°C. rpC |8 22 | pu
The SLIC is able to give a power up command for (e 21 [| eoy
Combo in off hook condition and an enable logic
for solid state ringing injector L3234, 28 [] 12 28 [| rne
The L3235 package is 28 pin plastic PLCC. za[] 11 1 fLm
The L3235 has been designed to operate 12 13 14 45 16 17 18
togheter with L3234 performing complete e Em e
BORSHT function without any electromechanical & g w9 = 5 oa
ringing relay (see the application circuit fig. 16). S D n9303235-83
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Veat Battery Voltage -54 \
Vee Positive Supply Voltage 5.5 \
Vss Negative Supply Voltage 55 \
T Max. Junction Temperature 150 °C
Tstg Storage Temperature -55 to +150 °C
OPERATING RANGE
Symbol Parameter Min. Max. Unit
VAT Battery Voltage -52 -24 \
Veo Positive Supply Voltage b 4.75 5.25 \Y
Vss Negative Supply Voltage -5.25 -4.75 \
Top Operating Temperature for L3235 0 70 °C
L3235T -40 85 °C
T Max Junction Operating Temperature 130 °C
Note: Operating ranges define those imits between which the functionality of the device 1s guaranteed.
[57 SGS-THOMSON 1123
74 HICROELEGTAONICS
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THERMAL DATA

Symbol Description Value Unit
Rthramb | Thermal Resistance Junction-ambient Max 80 °C/W
PIN DESCRIPTION

Pin Name Description

1 Vbat Negative Battery Supply Input.

2 RING RING wire of 2 Wire Line Interface.

3 ZAC Non Inverting Input of the AC Impedance Synthesis Circuit.

4 VREG Emitter Connection for the External Transistor.

5 AGND Analog/Digital Ground.

6 BGND Battery Ground. This is the Reference for the Battery Voltage (note 1).

7 CAC AC Current Feedback Input.

8 RPC External Protection Resistors AC Transmission Compensation.

9 X Four Wire Transmitting Amplifier Output.

10 ZB Non Inverting Operational Input Inserted in the Hybrid Circuit for 2W to 4W
Conversion. The Network Connected from this Pin to Ground shall be a copy
of the Line Impedance.

11 ZA VRX Output Buffer 2W to 4W Conversion.

12 RX High Impedance Four Wire Receiving Input.

13 Vce Positive 5V Supply Voltage.

14 REF Voltage Reference Output; a Resistor Connected to this pin sets the Internal
Bias Current.

15 Vss Negative 5V Supply Voltage.

16 IL Transversal Line Current Feedback Divided by 50.

17 VPOL Non Inverting Operational Input to Implement DC Character.

18 BASE Driver for External Transistor Base.

19 LIM Voltage Reference Output; a Resistor Connected to this Pin Sets the Value of
Line Current Limitation.

20 RNG Ringing Logic Input from Line Card Controller.

21 SBY Stand by Logic Input (SBY = 1 Set Line Current Limitation at 3mA).

22 PU Power u.p Logic Output for the Codec Filter. (PU = 0 means Codec Filter
Activated)

23 CcSs Ring Injector Enable for L3234 Output. (CS = 1 means L3234 Ringing
Injection Enable).

24 OH Hook Status Logic Output (OH = 0 means off hook).

25 GDK Ground Key Status Logic Output (GDK = 0 means Ground Key on).

26 RTF Time Constant Hook Detector Filter Input.

27 GKF Time Constant GK Detector Filter Input.

28 TIP Tip Wire of 2 Wire Line Interface.

Note 1:

AGND and BGND pins must be tied together at a low impedance point (e.g at card connector level).

12/23
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L3235 FUNCTIONAL DIAGRAM
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FUNCTIONAL DESCRIPTION
DIGITAL INTERFACE

The different operating modes of the L3235 are
programmed through a digital interface based on
two input pins:

1)SBY input programs the stand-by or Ac-
tive/Ringing modes.

2)RNG input programs the ringing ON/OFF acti-
vation condition for the L3234.

The L3235 digital interface has four output pins :

1)OH provides the on hook/off hook or ring trip
informations (active low).

2)GDK provides the ground key on/off informa-
tion (active low).

3)PU must be connected to the enable input pin
of CODEC/FILTER devices like ETC 5054/57

gﬁ SGS-THOMSON

and automatically activates this device when
in active mode off-hook is detected or when
ringing mode is selected.
4)CS output must be connected to the CS en-
Eble input of the solid state ringing injector
3234.

In this way the L3234 will be enabled when ring-
ing mode is programmed and will be automat-
ically disabled when the ring trip condition will be
detected reducing the ringing signal disconnec-
tion time after ring trip.

The table 1 here below resumes the different op-
eralltion modes and the relative logic output sig-
nals.

The two current detection (hook and GND key)
have internal fixed threshold. Externally it is possi-
ble to program their time costant through two R-C
components connected respectively to pin 26
(RTF) and pin 27 (GKF).

13/23
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Table 1.
OPERATING INPUT PIN —_ HooLKmE STI(:T:\]JS - OUTPUT PIN
MODE : :

SBY RNG | {'OFFHOOK | 1:GNDKEYON | O | GDK | PU | CS

0 0 0 0 1 1 1 0

0 0 0 1 0 0 0 0

ACTIVE 0 0 1 0 0 1 0 0

0 0 1 1 0 0 0 0

0 1 0 0 1 1 0 1
0 1 0 1 0 0 o | op)
RINGING 9 ! : 5 9 0 s | oy
0 1 1 1 0 0 0o | op

1 0 X X 1 1 1 0

STAND-BY 1 1 X X 1 1 0 1

(*)This status is latched and doesn't change until RNG turn to 0

OPERATING MODES

Stand-By (SBY = 1 and RNG = 0)

In Stand-By mode the L3235 limits the DC Loop
current to 3 mA.

In this mode all the AC circuits are active and all
the AC characteristics are the same as in Active
Mode.

Also the two Line Current detectors (hook and

GND key) are active but due to the loop current
limited to 3 mA they will not be activated.

This mode is useful in emergency condition when
it is very important to limits the system power dis-
sipation.

Ringing Mode (SBY = 0 and RNG = 1)

When ringing mode is selected "CS" pin is set to
1 in order to activate the L3234 ringing injector.
See L3234 for detailed description.

Ring trip is detected by means of the same inter-
nal circuitry used for off-hook detection.

An off-hook delay time lower than %2 Fring should
be selected. (see ext. components list).

When ring trip is detected "CS" is automatically
set to "0" allowing in this way a quick ringing dis-
connection.

After Ring trip detection the Card Controller must
set the L3235 in active mode to remove the inter-
nal latching of the "CS" information.

14/23
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Active mode (SBY =0 and CS1 =0)

In Active mode the L3235 has the DC charac-
teristic show in Fig.13

The DC characteristics of L3235 has two different
feeding conditions:

1)Current Limiting Region : (short loop) the DC
impedance of the SLIC is very high (>20
Kohm) therefore the system works as a cur-
rent generator. By the ext. resistor RLIM con-
nected at pin 19 it is possible to program limit-
ing current values from 20 mA to 70 mA.

2) Voltage source region (long loop).
The DC impedance of the L3235 is almost
equal to zero therefore the system works like
a voltage generator with in series the two ex-
ternal protection resistors Rp.

When a limiting current value higher than 40 mA
is programmed the device will automatically re-
;:iuce to 40 mA the loop current for very short
oop.

This is done in order to limit the maximum power
dissipation in very short loop to values lower than
2W for the external transistor and lower than
0.5W for the L3235 itself.

This improve the system reliability reducing the
L3235 power dissipation and therefore the inter-
nal junction temperature.

MICROELECTRONICS
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Figure 13: DC characteristic in Active Mode with two different values of limiting current (30mA and 70 mA).
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AC characteristic Rp  are the protection resistors
A simplified AC model of the transmission circuits Zs  isthe line impedance balancing network
is shown in figure 15. Zp s the SLIC impedance balancing network
Where * Zac  program the AC line termination impedance

Rec used for external protection resistors insertion

Vix s the received signal loss compensation

Vix  is the transmitted signal /50 is the AC transversal current divided by 50
Vi isthe AC transversal voltage at line terminations. CAC AC feedback current decoupling
Eg s the line open circuit AC voltage
Z is the line impedance
LS5 SGS-THOMSON 15723
Y/ ricRoELECTRONICS
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Figure 15: Simplified AC Circuits

nIILIZIS-FT

Two wire impedance

To calculate the impedance presented to the two
wire line by the SLIC including the protection re-
sistors Rp and defined as Zs let:

er =0

11/50" = 1I/50 (in first approximation)
Rp = 50Q

Zs = Zac/25 + 2Rp

Zac to make Zs = 600Q

Zac =25 ¢ (Zs- 2Rp)

Zac =25 - (600 - 100)

Zac = 12.5KQ

Two wire to four wire gain (Tx gain)
Let er =0

V
Gtx=$

Vix _, _Zac + Rpc

Vi © Zac + 50Rp

Example: Calculate Gtx making Rpc = 50 - Rp
Zac+50 - Rp

Gix=2- Zac+50 - Rp

As you can see the RPC resistor is providing the

compensation of the insertion loss introduced by
the two external protection resistors Rp.

=2

Four wire to two wire gain (Rx gain)

27
"= Zi+ Zml

In particular for Zs = Zj: Gix = 1

Hybrid function
To calculated the transhybrid loss (Thl) let: Eg =0
T

—VTX—4(E+Z _50~(2'RP+Z|)—2RPO)
" VRy ZB A 50-(2-Rp+21)-2Rac
Example:

Calculating Thl making Rs = 50 - Rp, Zs = 25 -
(ZSlic- 2 - Rp)

Zs Z

Th|=4’(ZB+ZA_Z|+ZM|_)
i ZA TS

In particular if - 7

Thi=0

From the above relation it is evident that if Zs is
equal to the Z) used in Thl test, the two Za, Zg im-
pedances can be two resistor of the same value.

AC transmission circuit stability

To ensure stability of the feedback loop shown in
block diagram form in figure 15 two capacitors are
requir%d. Figure 16 includes these capacitors Cc
and Ch.

LetEg=0 AC - DC separation
G \ 50-Z The high pass filter capacitor Cac provides the
X=v_ = 5 separation between DC circuits and AC circuits. A
Vix 25 (4+2Rp) +Zac CAC value of 100mF will position the low end fre-
Example: quency response 3dB break point at 7Hz,
Calculate Grx making Zac =25 - (ZmL- 2 - Rp)
_ 50 - ZI fsp = —1_
G = 55 2+ 2Rp — 2Rp + ZW0) 21 220Q - Cac
16/23
{7 SGS-THOMSON
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External components list for L3235

To set the SLIC into operation the following parameters have to be defined:

- The AC SLIC impedance at line terminals "Zs" to which the return loss measurements is referred. It can
be real (typ. 600Q) or complex.

- The equivalent AC impedance of the line "ZI" used for evaluation of the trans-hybrid loss performance
(2/4 wire conversion). It is usually a complex impedance.

- The value of the two protection resistors Rp in series with the line termination.

Once, the above parameters are defined, it is possible to calculate all the external components using the

following table. The typical values has been obtained supposing: Zs = 600Q; ZI = 600Q; Rp = 50Q

Name Suggested Value Function Formula
Rr 39KQ Delay Time _ .
Ce 390nF On-hook Off-hook ©=069-Cr-39KQ M
Rar 39KQ Delay Time _
Cer 390nF GK Detector 7=069- Cor - 39KQ
Rr 51KQ Bias Set
Rum 8.4KQ to 33KQ Ext. Current Limit. Progr. 564
Rum = ———+
Ium — 3mA
CR 4.7uF Negative Battery 1
6.3V 30% Filter Cro =5 Teka o
Rp 50 Protection Resistors 47 < Rp < 100Q (2)
Rr 1MQ 20% Termination Resistor
Cac 100pF DC/AC current feedback splitting 1
6.3V 20% CA0 = o 2200 Ty
Rpc 2500Q 1% Rp insertion loss compensation Rpc =25 - (2Rp)
Zac 125002 1% 2W AC Impedance programmation Zac =25 - (Zs - 2Rp)
Cc 220pF 20% AC Feedback compensation 1 = 300KH c 1
- ?  ¥C= onft . 50Re
Zas 1250092 1% Slic Impedance Balancing Net. Zas =25 (Zs - 2Rp)
Ras 2500Q 1% RAS =25 - (2Rp)
ZB 15Ka 1% Line impedance Balancing Net. Zg=25-2l
CH 220pF 20% Cc Transybrid loss Compensation Zac
Cu=Cc- e
AS
Crx 4.7uF 30% DC Decoupling Tx Output c 1
™ =628 fp - Zicad
D1, D2 1N4007 Line Rectifier
Text (3) External Transistor Ppiss = 2W, Vceo = 60V
Hre > 40, Ic > 100mA
Vge < 0.8V @ 100mA
CVss; CVop 100nF +5V supply filter
Cvs 100nF/100V Veat supply filter
Notes:
1) For proper operation Cf should be selected in order to verify the following conditions.
A) cf > 150nF
B) t<1/2  fana

faing® Ringing signal frequency
2) For protection purposes the RP resistor is usually splitted in two part Rei and Rez, with Rp1 > 30Q.
3) ex: BD140; MJE172, MJE350.... (SOT32 or SOT82 package available also for surface mount). For low power application (reduced battery
voltage) BCP53 (SOT223 surface mount package) can be used Depending on application enviroment an heatsink could be necessary.

17/23
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ELECTRICAL CHARACTERISTICS (Test condition: refer to the test circuit of the fig. 17; Vcc =5V,

Vss = -5V, Vbat = -48V, Tamb = 25°C, unless otherwise specified)

Note: Testing of all parameters is performed at 25°C. Characterization, as well as the design rules used
allow correlation of tested performance with actual performance at other temperatures. All pa-
rameters listed here are met in the range 0°C to +70°C. For applications requiring operations in
the standard temperature range (0°C to 70°C) use L3234. If operations are required in the ex-
tended temperature range (-40°C to 85°C), use the L3234T.

lisymbol I Parameter | Test Condition | Min. | Typ. | Max. I Unit | Fig. |
STAND-BY
Vis Qutput Voltage at TIP/RING lune=0 35.7 39 \
pins
I.ee Short Circuit Current Stand-by, SBY = 1 2 3 4 mA
DC OPERATION
Vip Output Voltage at TIP/RING lune =0 35.7 39 Vv
pins lune = 50mA 35.2 39 \
lim Current Progr. lim Prog. = 70mA 63 70 77 mA
lim Current Progr. 8.4KQ < Rum < 33KQ 20 70 mA
lo On-hook Threshold 5
It Off-hook Threshold 10
gk GK Detector Threshold 10 17
Gklim Ground Key Current RING to BGND 13 22 mA
Limitation
Gkov Ground Key Threshold Gklim-ligk 1 mA
Overloap
Imax Max. Output Current at lim = 70mA 90 140 mA
TIP/RING
Wee Supply Current from Ve line =0 6.2 8 mA
1Vss Supply Current from Vss lline =0 1.6 2.1 mA
Vpat Supply Current from Vpat line =0 2.8 3.6 mA
AC OPERATION
Zix Sending Output Impedance pin 9 (Tx) 10 Q
Zix Receiving Input Impedance pin 12 (Rx) 1 MQ
Ri 2W Retum Loss f = 300 to 3400Hz 20 36 dB Al
Thi Trans Hybrid Loos f = 300 to 3400Hz 20 36 dB A2
Gs Sending Gain f=1020Hz I = 20mA 5.82 6.02 6.22 dB A3
Gst Flatness f = 300 to 3400Hz -0.2 0.2 dB
Gl Linearity -20dB to 10dBm -0.2 0.2 dB
G, Receiving Gain =1020Hz || = 20mA 0.2 0 0.2 dB A4
Gr Flatness f = 300 to 3400Hz -0.2 0.2 dB
Gl Linearity -20dBm to +4dBm -0.2 0.2 dB
Np4W Psoph. Noise at Tx -69 -62 dBmp
Np2W Psoph. Noise at Line -75 -68 dBmp
Sur Relative to Vpat versus Line f = 1020Hz -30 dB A5
Terminal versus Tx Terminal | Vs = 100mVpp -24 dB
Swr Relative to V¢c and Vss f = 1020Hz -20 dB
versus Line Terminal versus | Vs = 100mVpp -14 dB
Tx Terminal
Lic L/T Conversion measured at | f =300 to 3400 49 dB A6
line Terminals line = 20mA 53(*) dB
Tic T/L Conversion Measured at | f =300 to 3400 46(%) dB A7
Line Terminals line = 20mA
(*) Selected parts L3235C
L5y SGS-THOMSON 1o/23
Y/ iCROELECTRONICS
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ELECTRICAL CHARACTERISTICS (continued)

I Symbol | Parameter | Test Condition | Min. | Typ. I Max. | Unit l Fig. |
DIGITAL STATIC INTERFACE
Vi Input Voltage at Logical "0" Input SBY, CS1 0 0.8 \Y
Vin Input Voltage at Logical "1" Input SBY, CS1 2 5 \
li Input Current at Logical "0" Input SBY, CS1 10 pA
In Input Current at Logical "1" Input SBY, CS1 10 pA
Vol Output Voltage at Logical "0" | lout=1mA 0.5 )
lout = 10pA 0.4 \
Voh Output Voltage at Logical "1" | lout = 10pnA 4 \
lout = TMA 2.7 \
Figure 17: Test Circuit
D
R”r 228pF  228pF 3590 18BUF
RPCIRK CAC I—gh cs
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126580 28 - TIP
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470
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o |uREE
c L3235
> 1} 3 1g | BASE 038
PU
— 22
60K | o
OH
—— 2
RNG | oo 45 | 9RO
S8y Lin
—21 19 s
BGND 14
6
vce
1345 5
uss AGND
8.1uF S51K[] B.4K []
o010 T 4.20F
I
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L3234 - L3235

APPENDIX A
L3235 TEST CIRCUITS

Referring to the test circuit reported in fig 17 you
can find the proper configuration for the main
measurements.

Figure A1: 2W Return Loss

In particular:

A-B: Line terminals
C: Tx sending output on 4W side
D: Rx receiving input on 4W Side

2
R
®
R
100pF HI1L3235-68
| ZmL -2 | |2Vs |
RL=20log5——-=201
t 9\ Zw +Z | °9TE]
Figure A2: Trans-hybrid Loss
100puF
A C
188KQ !! E
6880 SLIC
1L .2BmA
580
B D
\%
THL = 20log V—S 100uF %
R V)
ns7L3235-839 _‘_
Figure A3: Sending Gain
100pF
A [
18BKO Q EJE
8n
o use| SLLIC
IL-28mA l
B DI,
100p.F NS3L3235-38
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L3234 - L3235

TEST CIRCUITS (continued)
Figure A4: Receiving Gain

100uF
" C

saan[]

=
w
—
—t
(GD)]

IL.28mA

1
1k ¢ B D
100uF JE
HNS3L3235-32 J_

Figure A5: SVRR Relative to Battery Voltage VB

100uF
v
saao[]
IL-28mA
100pF ;
g ,
N81L3235-32
Figure A6: Longitudinal to Transversal Conversion
3880 186BuF
A C
T 198?(0! !
-2emal WR| SEIC
3680 _l_
B D
10BUF NS1L5235-13
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L3234 - L3235

APPENDIX B 1) Use always 100nF filtering capacitor close to
the supply pins of each IC.

LAYOUT SUGGESTIONS pins of

Standard layout rules should be followed in order ~ 2) Tlhe '—?g?geb'asr:gs'smréag) pshouk? Eg zcggnected
. close corresponding pins o

to get the best system performances: (REF and AGND).

23/23
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L3845

TRUNK INTERFACE

= 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-
log trunk lines.

The V-l 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 mA is flowing into the circuit. In this con-
dition a constant current generator is activated to

BLOCK DIAGRAM

Minidip so8
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
1 Vs
IN1 Q—>] 1 -
PULSE
POLARITY DC LINE 3
OFF HOOK
GUARD TERMINATION DETECTION HDB
? CIRCUIT 4
IN2
5 6 L 2 L
— o
ACT DCT U-
MB8LIB4S-B2A R2
c1 R4
s T

July 1993
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L3845

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi Max Line Voltage (pulse duration 10 ms max) 20 \
IL Max Line Current 150 mA
Ptot Total Power Dissipation at Tamb = 70 °C 800 mW
Top Operating Temperature —40to+70 °C
Tergr T Storage and Junction Temperature —551t0 + 150 °C
PIN CONNECTION (Top view)
HEBLIBAS-82A
THERMAL DATA
Symbol Parameter Minidip S08 Unit
Rth amb Thermal Resistance Junction-ambient (*) Max. 80 140to 180 | °C/W

(*) Mounted on FR4 Boards

2/4
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L3845

DC ELECTRICAL CHARACTERISTICS (IL = 10 mA to 100 mA, R1 =256 Q, St =0pen, Tamb = + 25 °C,
unless otherwise specified)

Symbol Parameter Test Condition Min. Typ. | Max. Unit
Vi Line Voltage PULSE = Open
(normal mode) IL=10mA 5 Vv
IL=20mA 6 \Y
IL =100 mA 12 \Y
Vip | Line Voltage PULSE =V~
(pulse mode) IL=20mA 4 \
IL=35mA 5.5 \
=80 mA 9.5 \Y
Ihn ON/OFF-Hook 6.5 9.5 mA
Line Current Detection
Threshold
Int OFF/ON-Hook 5 9.2 mA
Line Current Detection
Threshold
lour OFF-Hook IL=10mA 1.5 mA
Output Drive Current at Pin IL>20 mA 2 mA
HDO
Vem Pulse Input Low Voltage 0.8 \
lpm Pull-up Input Current at Pin IL =100 mA 20 A
PULSE (pulse mode) Pulse = V™
INM Imput Current at Pin Pulse 3 pA
(normal mode)

AC ELECTRICAL CHARACTERISTICS (IL = 10 mA to 100 mA, R1 =156 Q, Rz =470 KQ, S1 = Open,
Tamb = + 25 °C, unless otherwise specified)

Symbol Parameter Test Condition Min. Typ. Max. Unit
ZL AC Line Impedance Ci1=2.2mF

f=1KHz 20 KQ
Sending/Receiving Distortion f=1KHz

Vg = 775mVrms

I = 1510 100mA 2 %
Sending/Receiving Distortion S¢ = Closed;

Vs = 1.3Vrms 2 %

APPLICATION INFORMATION Figure 1 gives the typical application circuit ; it is

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.

‘7_’ SGS-THOMSON

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
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L3845

Figure 1: Typical Application.

TIPO—>o " ©
HOOK AND
DIALLING
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M3488

256 x 256 DIGITAL SWITCHING MATRIX

= 256 INPUT AND 256 OUTPUT CHANNEL
CMOS DIGITAL SWITCHING MATRIX COM-
PATIBLE WITH M088

= BUILDING BLOCK DESIGNED FOR LARGE
CAPACITY ELECTRONIC EXCHANGES, SUB-
SYSTEMS AND PABX

= NO EXTRA PIN NEEDED FOR NOT-BLOCK-
ING SINGLE STAGE AND HIGHER CAPACITY
SYNTHESIS BLOCKS (512 or 1024 channels)

» EUROPEAN TELEPHONE STANDARD COM-
PATIBLE (32 serial channels per frame)

s PCM INPUTS AND OUTPUTS MUTUALLY
COMPATIBLE

= ACTUAL INPUT-OUTPUT CHANNEL CON-
NECTIONS STORED AND MODIFIED VIA AN
ON CHIP 8-BIT PARALLEL MICROPROCES-
SOR INTERFACE

» TYPICAL BIT RATE : 2Mbit/s

= TYPICAL SYNCHRONIZATION RATE : 8KHz
(time frame is 125us)

= 5V POWER SUPPLY

s CMOS & TTL INPUT/OUTPUT LEVELS COM-
PATIBLE

= HIGH DENSITY ADVANCED 1.2um HCMOS3
PROCESS

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

DIP40 PQFP44

ORDERING NUMBERS:

M3488B1 M3488Q1

Main instructions controlled by the microproc-

essor interface

= CHANNEL CONNECTION/DISCONNECTION

= OUTPUT CHANNEL DISCONNECTION

= INSERTION OF A BYTE ON A PCM OUTPUT
CHANNEL/DISCONNECTION

a TRANSFER TO THE MICROPROCESSOR OF
A SINGLE PCM OUTPUT CHANNEL SAMPLE

= TRANSFER TO THE MICROPROCESSOR OF
A SINGLE OUTPUT CHANNEL CONTROL
WORD

= TRANSFER TO THE MICROPROCESSOR OF
A SELECTED 0 CHANNEL PCM INPUT DATA

Symbol Parameter Test Conditions Unit
Vee Supply Voltage -0.3t0 7 \
Vi Input Voltage -0.3 to Vcc+0.3 \
Vo Off State Output Voltage -0.3 to Vee+0.3 \

lo Current at Digital Outputs 30 mA
Phot Total Package Power Dissipation 1.5 w
Tsig Storage Temperature Range -65 to 150 °C
Top Operating Temperature Range 0to 70 °C

Stresses above those listed under " Absolute Maximum Ratings" may cause permanent damage to the device. This 1s a stress
ratings only and functional operation of the device at these or any other conditions above those indicated in the operating con-
ditions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device

rehability.

November 1994
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M3488

PIN CONNECTIONS (Top views)
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EXCHANGE NETWORKS APPLICATIONS
256 PCM links network (160 or 192 DSM) : the 32 x 32 link module shown on the next page.

8 moduleB 8
8 modulel 8

8
M3488 89

M3488 8

256 8 module? 8
links l1inks
) 32 x 32 l
NKS
M3488 31 L1 M3488 31
? 31 31 t4

h99n3488-82

2048 PCM links network (1792 or 2048 DSM) : the 256 x 256 link network is shown above.

8 muduleB B

®
—Y Ma48s B 2 modulel 8 M3488 B
! z 4 !
2848 ® module? 8]}— |
links
l & zsflﬁkgss l
M3488 255
7 255 255

naen348e-83
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M3488

EXCHANGE NETWORKS APPLICATIONS (continued)

Single Stage/Sixteen Devices Configuration (32 by 32 links or 1024 channels).

Kbitis
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sl

PCMOUT 31 toOUT 24

(L .L HARDWARE CONNECTIONS RESPECTIVELY TO Vec/Vsg

PCMOUT 2048Kbit/s

COMMON INPUT/QUTPUT PINS CID.A1,A2.RD,WR, C52.0710 DO RESEY CLOCK, SYNC
FOUR DIFFERENT CHIP SELECT PINS ARE NEEDED

$-520001
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M3488 .

BLOCK DIAGRAM

2 Mbit/sec miernal rate
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M3488

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vee Supply Voltage 4.75105.25 )
\ Input Voltage 010 5.25 Vv
Vo Off State Input Voltage 01t05.25 \
C[I:_OCK Input Clock Frequency 4.096 MHz
reg.
SYNC Freq. | Input Synchronization Frequency 8 KHz
Top Operating Temperature 0to 70 °C
CAPACITANCES (measurement freq. = 1MHz; Top = 0 to 70°C; unused pins tied to Vss)
Symbol Parameter Pins (*) Min. Typ. Max. Unit
Ci Input Capacitance 6 to 15; 26 to 30; 32 to 36 5 pF
Cio 1/0 Capacitance 20 to 24 15 pF
Co Output Capacitance 110 4; 17 to 19; 25; 37 to 40 10 pF
D.C. ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V £5%)
All D.C. characteristics are valid 250us after Vcc and clock have been applied.

Symbol Parameter Pins (*) Test Condition Min. Typ. Max. Unit
ViLe Clock Input Low Level 6 -0.3 0.8 \
ViHc Clock Input High Level 6 24 Vce )

ViL Input Low Level 7t0 15 -0.3 0.8 v
20to 24
26 to 30
32to 36
ViH Input High Level 7t0 15 2 Vee \
20to 24 '
26 to 30
3210 36
Vo Output High Voltage (Level) | 17t025 | lon = 5SmA 24 )
loH Output High Current Vou = 2.4V 5 mA
VoL Output Low Voltage (Level) 1to 4 loL = 5mA 0.4 )
lot Output Low Current 371040 | yo = 0.4V 5 mA
17 to 25
L Input Leakage Current 61015 | Vin=0to Vcc 5 pA
26 to 30
3210 36
IoL Data Bus Leakage Current 17to 24 | Vin=0to Vcc +5 LA
Vce applied; Pins 35
and 36 tied to Vcg,
after Device Initialization
lcc Supply Current 16 Clock Freq. = 4.096MHz 15 30 mA
(*) The pin number is referred to the DIP40 version.
LNy SGS-THOMSON 515
Y/ rcrocLECTRONICS
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M3488

A.C. ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V +5%)
All A.C. characteristics are valid 250us after Vcc and clock have been applied. Ci is the max. capacitive load.

Signal Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
CK (clock) tek Clock Period 230 244 ns
twi Clock Low Level Width 100 ns
twu Clock High Level Width 100 ns
tR Rise Time 25 ns
tF Fall Time 25 ns
SYNC tsL Low Level Setup Time 60 ns
(frame pulse) tHL Low Level Hold Time 30 ns
tsH High Level Setup Time 80 ns
twH High Level Width tek ns
PCM Input ts Setup Time 5 ns
Busses tH Hold Time +40 ns
PCM Output | tromn | Propagation time 45 110 ns
Busses referred to CK low level CL = 150pF
Open Drain | trpmax | Propagation time RL=1K 110 140 ns
referred to CK high level
RESET tsL Low Level Setup Time 60 ns
tHL Low Level Hold Time 30 ns
tsH High Level Setup Time 80 ns
twe High level Width ek ns
WR, RD twL Low Lvel Width 100 ns
twH High Level Width tek ns
tRep Repetition Interval see ns
between Active Pulses formula
tsH High Level Setup Time tRep 40 + 2 tok + twi(ck) + 0 ns
to Active Read Strobe +tR(cK)
thH High Level Hold Time 15 ns
from Active Write Strobe
tr Rise Time 60 ns
e Fall Time 60 ns
6/15 -
&7 3NN
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M3488

A.C. ELECTRICAL CHARACTERISTICS (continued)

Signal Symbol Parameter Test Condition Min. Typ. | Max. Unit
CS1,CS2 | tsucswr) | Low level setup time Active Case 0 ns
to WR falling edge
tHLcs-wR) | Low Level hold time Active Case 0 ns
from WR rising edge
tsnics-wry | High Level setup time Inactive Case 0 ns
to WR falling edge
thncs-wr) | High level hold time Inactive Case 0 ns
from WR rising edge
tsLcs-rp) | Low level setup time Active Case 0 ns
to RD falling edge
thLcs-ro) | Low level hold time Active Case 0 ns
from RD rising edge .
tsHcs-rp) | High level setup time Inactive Case 0 ns
RD falling edge
thncs-Ro) | High level hold time Inactive Case 0 ns
from RD
C/D fsco-wr) | Setup time to write
strobe end 130 ns
tRcowr) | Hold time from
write strobe end 15 ns
fs(co)-ro) | Setup time to read
strobe start 20 ns
thco-ro) | Hold time from read
strobe end 20 ns
A1, S1, ts(match-WR) | Setup time to write 130 ns
A2, S2 strobe end
(match | tHmatch-wR) | Hold time from 15 ns
inputs) strobe end
ts(match-RD) | Setup time to read 20 ns
strobe start
tH(match-RD) | Hold time from read 20 ns
strobe end
DR tw Low state width Instructions 5 and 6 2.tck ns
(data trD DR output delay
ready) from write strobe end Instruction 5, C| = 4.tck 7 tck ns
(active command) 150pF
DO to D7 | tsgus-wr) | Input setup time to
(interface write strobe end 130 ns
bus) tHeus-wR) | Input hold time
from write strobe end 15 ns
tepus) | Propagation time
from (active) falling CL = 200pF 120 ns
Edge of read strobe
tHzBUS) Propagation time
from (active) rising CL = 200pF
Edge of read strobe 80 ns
to high impedance state
A.C. TESTING, OUTPUT . WAVEFORM
24
DA
0.6#POINTS™ g
0.45
S-7594
A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0", timing measurement are made at
2.0V for a logic "1"and 0.8V for a logic "0".

y o 715
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M3488

PCM TIMING, RESET, SYNC

tWH(CK)
cLocK / / /
\
tek it (bit 0, time siot 0) tWL(CK) tF(CK)
! 'R(CK)
f t
SYNC | 'SH(SV) |
\ tWH(5Y)
tsLsn) tHL(5Y)
ts(pcM) tH(PCM)
Y b
PCM INPUT BUS
__A
tPD (PCM)max
4
PCM OUTPUT BUS
N
tPO(PCH)min {SH(RES) tWHRES)
WH
~
._ tSL(RES) tRES)
RESET

5-5197

WRITE OPERATION TIMING

—_— ——
WR
— t
. tWLIWR) R(WR)
SH(RD) tREP(WR)
— } tHH(RD)
RD
\ —'SH(CS-WR)
csi. o
K tHH(CS-WR) —
— 1 -
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Y
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M3488

READ OPERATION TIMING

S-5199/2

|

tWL(RD)
\

tWH(RD)
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A\
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S(MATCH-RD)

tpo(BUS)

tH2(BUS)

110 OUTPUT BUS
(DO to D7)

X

GENERAL DESCRIPTION

The M3488 is intended for large telephone switching
systems, mainly central exchanges, digital line con-
centrators and private branch exchanges where a
distributed microcomputer control approach is ex-
tensively used. It consists of a speech memory
(SM), a control memory (CM), a serial/parallel and
a parallel/serial converter, an internal parallel bus,
an interface (8 data lines, 11 control signals) and
dedicated control logic.

By means of repeated clock division two timebases
are generated. These are preset from an external
synchronization signal to two specific count num-
bers so that sequential scanning of the bases give
synchronous addresses to the memories and 1/O
channel controls. Different preset count numbers
are needed because of processing delays and
data path direction. The timebase for the input chan-
nels is delayed and the timebase for output chan-
nels is advanced with respect to the actual time.

Each serial PCM input channel is converted to par-
allel data and stored in the speech memory at the
beginning of any new time slot (according to first
timebase) in the location determined by input pin
number and time slot number. The control memory

k37 SR THENGRN

CM maintains the correspondences between input
and output channels. More exactly, for any output
pin/output channel combination the control memory
gives either the full address of the speech memory
location involved in the PCM transfer or an 8-bit
word to be supphed to the parallel/serial output con-
verter. A 9" bit at each CM location defines the data
source for output links, low for SM, high for CM.

The late timebase is used to scan the output chan-
nels and to determine the pins to be serviced within
each channel ; enough idle cycles are left to the mi-
croprocessor for asynchronous instruction process-
ing.

Two 8-bit registers OR1 and OR2 supply feedback
data for control or diagnostic purposes ; OR1 comes
from internal bus i.e. from memories, OR2 gives an
opcode copy and additional data to the microcom-
puter. A four byte-five bit stack register and an in-
struction register, under microcomputer control,
store input data available at the interface.

Dedicated logic, under control of the microprocessor
interface, extracts the 0 channel content of any se-
lected PCM input bus, using spare cycles of SM.

9/15
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M3488

PINS FUNCTION

Pin Assignement

Symbol Name
DIP40 PQFP44
D7 to DO Data bus 17 to 24 13 to 21
c/b Input control 30 27
A1, 81, A2, S2| Address select or match 26 to 29 23 to 26
CS1,CS2 | Chip select 33,34 30, 31
WR Data transfer enable 35 32
RD Read enable 36 34
DR Data ready 25 22
RESET | RESET control 32 29
CLOCK Input master clock 6 1
SYNC Input synchronization 7 2
INPCM 7 to 0 | PCM input bus 81to 15 3to 10
OUT PCM 7 | PCM output bus 37 to 40 and 35 to 38 and
to 0 1to4 40 to 43
= b7 SRS
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M3488

PIN DESCRIPTION

D7 to DO

Data bus pins. The bidirectional bus is used to trans-
fer data and instructions to/from the microprocessor.
Do is the least significant digit. The output bus is 8
bits wide ; input is only 5 bits wide. (D4 to DO)

The busiis tristate and cannot be used while RESET
is held low.

The meaning of input data, such as bus or channel
numbers, and of expected output data is specified
in detail by the instruction description. (Pagg. 12-14)

C/D (pin 30)
Input control pin, select pin. In a write operation
C/D = 0 qualifies any bus content as data, while

C/D =1 qualifiesitas an opcode. In a read operation
ORT1 is selected by C/D = 0, OR2 by C/D = 1.

A1, 81, A2, 82

Address select or match pins. In a multi-chip con-
figuration (e.g. a single stage matrix expansion), us-
ing the same CS pins, the match condition (A1 = S1
and A2 = S2) leaves the command instruction as de-
fined; on the contrary the mismatch condition modi-
fies the execution as follows : instructions 1 and 3
are reversed to channel disconnection, instruction 5
is unaffected, instructions 2-4-6 are cancelled (not
executed).

Bus reading takes place only on match condition,
instruction flow is in any case affected.

Each pins couple is commutative : in a multichip con-
figuration pins S1 and S2 give a hard-wired address
selection for individual matrixes, while in single con-
figuration S1 and A1 or S2 and A2 are normally
tied together.

Csf1,Cs2

Commutative chip select pins. They enable the de-
vice to perform valid read/write operations (active
low). Two pins allow row/column selection with dif-
ferent types of microprocessors ; normally one is
tied to ground.

WR

Pin WR, when CS1 and CS2 are low, enables data
transfer from microprocessor to the device. Data or
opcode and controls are latched on WR rising edge.
Because of internal clock resynchronization one sin-
gle additional requirement is recommended in order
to produce a simultaneous instruction execution in
a multichip configuration : WR rising edge has to be
20 to 20 + twi(ck) nsec late relative to clock falling
edge.

RD
When CS1and CS2 are low and match condition ex-

ists, a low level on RD enables a register OR1 or
OR2 read operation, through the bidirectional bus.

In addition, the rising edge of RD latches C/D and
the match condition pins in order to direct the inter-
nal flow of operations. Because of internal clock
resynchronization, one single additional require-
ment is recommended in order to produce a simul-
taneous instruction flow in a multichip configuration:
the RD rising edge has to be 20 to 20 + twi(ck) nsec
late relative to clock falling edge.

DR

Data ready. Normally high, DR output pin goes low
to tell the microprocessor that :

a) the instruction code was found to be invalid ;

b) executing instruction 5 an active output channel
was found in the whole matrix array, that is a CM
word not all "ones" was found in a configuration of
devices sharing the same CS pins ;

c) executing instruction 6 "0 channel extraction" took
place and OR2 was loaded with total number of
messages inserted on 0 time slot.

DR is active low about two clock cycles in case b
and ¢ ; in case a itis left low until a valid instruction
code is supplied.

RESET

RESET control pin is normally used at the very be-
ginning to initialize the device or the network. Any
logical status isreset and CM is set to all "ones" after
RESET going low.

The internal initialization routine takes one time
frame whatever the RESET width on low level (mini-
mum one cycle roughly), butitis repeated an integer
number of time frames as long as RESET is found
low during 0 time slot.

Initialization pulls the interface bus immediately to a
high impedance state. After the CM has been set to
all "ones" the PCM output channels are also set to
high impedance state.

CLOCK

Input master clock. Typical frequency is 4.096MHz.
First division gives an internal clock controlling the
input and output channels bit rate.

SYNC

Input synchronization signal is active low. Typical
frequency is 8kHz.

Ly SGS-THOMSON 1115
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Internal time bases are forced by synchronism to an
assigned count number in order to restore channels
and bit sequential addressing to a known state.
Count difference between the bases is 32, corre-
sponding to two time slots, that is the minimum PCM
propagation time, or latency time.

INP PCM 7 to INP PCM 0

PCM input busses or pins ; they accept a standard
2Mbit/s rate. Bit 1 (sign bit) is the first of the serial
sequence ; in a parallel conversion it is left adjusted
as the most significant digit.

OUT PCM 7 to OUT PCM 0

PCM output busses or pins ; bit rate and organiza-
tion are the same as input pins.

Output buffers are open drain CMOS .

The device drives the output channels theoretically
one bit time before they can be exploited as logical
input channels (bit and slot compatibility is pre-
served): this feature allows inputs and outputs to be
tied together cancelling any analog delay of digital
outputs up to

tDEL max = tbit - tPD(PCM)max + tPD(PCM)min

MIXED RD and WR OPERATIONS
In principle RD and WR operations are allowed in
any order within specification constraints.

In practive,_only one control pin is low at any given
time when CS1 and CS2 are enabled.
If by mistake or hardware failure both RD and WR
pins are low, the interface bus is internally pushed
to tristate condition as long as WR is held low and
input registers are protected.

Registers OR1 and OR2 can be read in any order
with a single RD strobe using C/D as multiplexing
control ; never the less this procedure is not recom-
mended because the device is directed for instruc-
tion flow only according to data latched by RD rising
edge.

Multiple RD operations of the same kind are allowed
without affecting the instruction flow : only "new"
OR1 or OR2 read operations step the flow.

Input and output registers are held for sure in the
previous state for the first 3 cycles following an op-
code or an OR2 read.

FUNCTIONAL DESCRIPTION OF SPECIFIC MICROPROCESSOR OPERATIONS

The device, under microprocessor control, performs
the following instructions :

1 CHANNEL CONNECTION
2 CHANNEL DISCONNECTION

3 LOADING OF A BYTE ON A PCM OUTPUT
CHANNEL

4 TRANSFER OF A SINGLE PCM OUTPUT
CHANNEL SAMPLE

5 TRANSFER OF A SINGLE OUTPUT
CHANNEL CONTROL WORD

6 TRANSFER OF A SELECTED 0 CHANNEL PCM
INPUT DATA ACCORDING TO AN 8-BIT MASK
PREVIOUSLY STORED IN THE "EXPECTED

MESSAGES" REGISTER

The instruction flow is as follows.

Any input protocol is started by the microprocessor
interface loading the internal stack register with 2
bytes (4 bytes for instructions 1 and 3) qualified as
data bytes by C/D = 0 and a specific opcode quali-
fied by C/D = 1 (match condition is normally
needed).

12/15
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After the code is loaded in the instruction register it
is immediately checked to see whether itis ac-
ceptable and if not it is rejected. If accepted the
instruction is also processed as regards match con-
dition and is appended for execution during the
memories’ spare cycles.

Four cases are possible :

a) the code is not valid ; execution cannot take place,
the DR output pin is reset to indicate the error ; all
registers are saved ;

b) the code is valid for types 2, 4 and 6 but it is un-
matched ; execution cannot take place, DR is not af-
fected.

c) the code is valid for types 1 and 3 and it is un-
matched ; the instruction is interpreted as a channel
disconnection.

d) the code is valid and is either matched or of type
5 ; the instruction is processed as received.

Validation control takes only two cycles out of a total
execution time of 4 to 7 cycles ; the last operation is
updating of the content of registers OR1 and OR2,
according to the following instruction tables.
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During a very long internal operation (device initiali-
zation after RESET going high or execution of in-
struction 6) a new set of data bytes with a valid op-
code is accepted while a wrong code is rejected. At
the end of the current routine execution takes place
in the same way as described before.

At the end of an instruction it is normally recom-
mended to read one or both registers. To exploit in-
struction 6, however, it is mandatory to read register
OR2. This is because instruction 6, used between
other short instructions of type 1 to 5, must have pri-
ority and can be enabled only after the shortinstruc-
tions have been completed. Instruction 6 normally
has a long process and a special flow which is de-
scribed below.

First a not-all-zero mask is stored in the "expected
messages" register and in another "background"
register. This operation starts the second phase of
instruction 6 which is called "channel 0 extraction”
and is repeated at the beginning of any new time
frame. At the beginning of the time frame a new copy
of activated channels to be extracted is made from
the "background register" and put in the "expected
messages" register. In addition the latter register is
modified to indicate the exact number of messages
that have arrived. The term messages covers any
input 0 channel data with starting sequence different
from the label 01. So using this label the number of
expected messages can be reduced to correspond
to the number of effective messages. If and only if
the residual number is different from zero will the de-

INSTRUCTION 1: CHANNEL CONNECTION

vice start the extraction protocol at the end of the
current routine.

The procedure is as follows : the DR outputis pulsed
low as a two cycle interrupt request and OR2 is
loaded with the total number of active channels to
be extracted.

The transfer of OR2 content to the microprocessor
continues the extraction which consists of repeated
steps of OR1 and OR2 loading, indicating respec-
tively the message and the incoming bus number.
Reading the registers in the order OR1, OR2 must
be continued until completion or until the time frame
runs out.

With a new time frame a new extraction process be-
gins, resuming the copy operation from the back-
ground register.

During extraction the active channels are scanned
from the highest to the lowest number (from 7 to 0).
While extraction is being carried out the time interval
requirements between active rising edges of RD are
minimum 4 to 7 tck for sequence OR2 - OR1 and
minimum 2 times tck for sequence OR1 - OR2. More
details are given in the following tables.

INSTRUCTION TABLES

The most significant digits of OR2 A7, A6, A5 are a
copy of the PCM selected output bus ; the least sig-
nificant digits of OR2 are the opcode, C8 is the con-
trol bit. In any case parentheses () define actual reg-
ister content.

Control Signals Data Bus Notes
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 DO
X 0 0 0 1 X X X X X B2 Bi1 Bi0 | 1% Data Byte: selected input bus.
X 0 0 0 1 X X X Ci4 Ci3 Ci2 Cil Cio | 2" Data Byte: selected input channel.
X 0 0 0 1 X X X X X Bo2 Boi Bo0|39Data Byte: selected output bus.
X 0 0 0 1 X X X Co4 GCo3 Co2 Coi1 Co0 | 4th Data Byte: selected output channel.
yes/no 1 0 0 1 X X X X 0 0 0 1 | Instruction Opcode
C7 C6 C5 C4 C3 C2 C1 CO |OR1:CM content copy, thatis,
yes 0 0 1 0 (1 1 1 1 1 1 1 1) | for mismatch condition,
(Bi2 Bi1 Bi0 Ci4 Ci3 Ci2 Ci1 Ci0) | for match condition
A7 A6 A5 C8 O 0 0 1 | OR2: that is,
yes 1 0 1 0 ((Bo2 Boi BoO 1 0 0 0 1) | for mismatch condition
(Bo2 Bo1 Bo0 0 0 0 0 1) | for match condition
LNy SGS-THOMSON 18115
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INSTRUCTION2: OUTPUT CHANNEL DISCONNECTION

Control Signals Data Bus Notes
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 DO

X 0 0 0 1 X X X X X Bo2 Bol BoO| 1™ Data Byte: selected output bus.

X 0 0 0 1 X X X Co4 Co3 Co2 Col CoO| 2" Data Byte: selected output channel.
Yes 1 0 0 1 X X X X 0 0 1 0 | Instruction Opcode

OR1: CM Content Copy (output
Yes 0 0 1 0 ! ! 1 1 1 ! 1 1 channel is inactive)
A7 A6 A5 1 0o 1 1 1 | OR2: that is.

Yes. 1 0 1 0 l@pBot BO 1 0 1 1 1)

INSTRUCTIONS3: LOADING ON A PCM OUTPUT CHANNEL FROM A MICROPROCESSOR BYTE

Control Signals Data Bus Notes
Match C/D CS WR RD|[D7 D6 D5 D4 D3 D2 D1 DO
. . . | 1% Data Byte: most significant digits to
X 0 0 0 1 X X X X X Ci7 Cie Ci5 be inserted.
nd A P— —
X 0 0 0 q X X X Ci4 C3 Ci2 Ci cio 2 'Data Byte: least significant digits to
be inserted.
X 0 0 0 1 X X X X X Bo2 Bol Bo0| 3" DataByte: selected output bus.
X 0 0 0 1 X X X Co4 Co3 Co2 Col CoO | 4th Data Byte: selected output channel..
Yes/no 1 0 0 1 X X X X o 1 0 0 | Instruction Opcode
C7 C6 C5 C4 C3 C2 C1 CO |OR1:CM content copy, that is,
Yes 0 0 1 0o1|(Q 1 1 1 1 1 1 1) | for mismatch condition,
(Ci7 Ci6 Ci5 Ci4 Ci3 Ci2 Ci1 Ci0)| for match condition
A7 A6 A5 1 0 1 1 1 | OR2: that is.
Yes. 1 0 1 0 @BypBot BoO 1 0 1 1 1)
INSTRUCTION4: TRANSFER OF A SINGLE PCM SAMPLE
Control Signals Data Bus Notes
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 Di1_ DO
X 0 0 0 1 X X X X X Bo2 Bol Bo0| 1% Data Byte: selected output bus.
X 0 0 0 1 X X X Co4 Co3 Co2 Col CoO| 2™ Data Byte: selected output channel.
Yes 1 0 0 1 X X X X 1 0 1 1 | Instruction Opcode
Yes 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 CO |OR1:CM Content Copy if C8 = 1; or
S7 S6 S5 S4 83 S2 81 S0 SM Content Sample if C8 = 0
A7 A6 A5 1 0 1 1 1 | OR2: that is.
Yes. 10 1 0 lppoBot BO 1 0 1 1 1)

Notes : S7...S0 is a parallel copy of a PCM data, S7 is the most significant digit and the first of the sequence.

14/15
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INSTRUCTIONS: TRANSFER OF AN OUTPUT CHANNEL CONTROL WORD

ConEol Egnal_s - Data Bus Notes
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 DO
X 0 0 0 1 X X X X X Bo2 Boil Bo0| 1% Data Byte: selected output bus.
X 0 0 0 1 X X X Co4 Co3 Co2 Col Co0|2™ Data Byte: selected output channel.
Yes 1 0 0 1 X X X X 1 0 0 0 | Instruction Opcode
Yes O 0 1 0 [C7 C6 C5 C4 C3 C2 C1 CO | OR1:CM selected CM word copy.
Yes 1 0 1 0 (ng 5\51 ;050 gg 1 g g 00) OR2: that is.

INSTRUCTIONG6: CHANNEL 0 SELECTION MASK STORE/DATA TRANSFER

Control Signals Data Bus

Match C/D CS WR RD|D7 D6 D5

D4 D3 D2 D1 DO

Notes

X 0 o 0 1 X X X X

X M7 M6 Mis

15! Data Byte: most sign. digits of
selection mask.

2™ Data Byte: least sign. digits of

X 0o 0 O 1 X M4 M3 M2 Mit M0 selection mask.
Yes 1 0 0 1 X X X X 1 1 1 0 | Instruction Opcode
Mask store control
Yes O 0 1 0 (previous content) ORA1: register is not affected.
Yes 1 0 1 0O [N2 N1 NO Tn 1 1 1 0 | OR2: see below.

First Data Transfer (after DR going low)

Yes 0 0 1 0|

(previous content)

ORH1: register is not affected.

Yes 1 0 1 0 N2 NI NO Tn 1

1 1 0 OR2: see below.

Repeated Data Transfer (after first OR2 transfer)

Yes 0 0 1 0

S§7 S6 S5 S4 S3 S2 St SO

OR1: expected message stored in SM.

Yes 1 0 1 0|P2 PI PO Fn 1

1 1 0 | OR2: see below.

Notes :

. About mask bits Mi0 to Mi7 a logic "0" level means disabling condition, a logic "1" level means enabling condition.

. Anullmask or a RESET pulse clear the mask and the deep background mask registers and disable channel 0 extraction function.

1
2
3. Reading of OR2 is optional after mask store or redefinition, because function is activated only by not-null mask writing.
4

. After mask store (N2 N1 NO) is the sum of activated channels, after DR is the sum of active channels ; Tn = 1/0 means activatiorn/sup-
pression of the function after store while after DR only Tn = 1 can appear to tell a not-null configuration to be extracted
5. Reading of OR2 isimperative after DR in order to step the data transfer ; reading of OR1 is also needed to scan in descending order
the priority register. Relevant messages only are considered, that means only messages with a MSD label different from 0 1.
6. (P2 P1 P0)is the PCM bus on which the message copied in OR1 was found ; Fn is a continuation bit telling respectively on level 1/0

for any more/no more extraction step to be performed.

M3488 WITH LESS PCM LINKS THAN 32
CHANNELS

It is also possible to use M3488 when the PCM
frames are made up of a number of channels other
than 32.

Suppose that the PCM frames are made up of N-
Channels, which will be numbered from 0 to (N-1).

Each PCM frame will thus be made up of a number
of bits multiplied by 8 ; this exactly equal to (N * 8).

Also, in this case, it is necessary to respect the tim-
ing relationship between the different signals shown
on the data sheet ; in particular, a relation-ship is al-
ways carefully made between the rising edge of

SYNC and the first clock (CK) bit contained in the
slot time for bit 0 of channel 0.

In order to use M3488 with these frames, it is suffi-
cient, using the data bytes sent by the microproces-
sor, to modify the numbering of a few channels.

In particular :

a)in allinstructions inwhich reference is made to the
input channel (N-1), the number 31 should be
substituted for the number (N-1) ;

b) in allinstructions in which reference is made to the
output channel 0, the number N should be sub-
stituted for the number 0.

15/15
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Lyz S04S:THOMSON M3493

CMOS 12 X 8 CROSSPOINT WITH CONTROL MEMORY

= LOW ON RESISTANCE
(typ. 60 Q at Vop =10 V)
» INTERNAL CONTROL LATCHES
« ANALOG SIGNAL SWING CAPABILITY EQUAL
TO POWER SUPPLY VOLTAGE APPLIED
 LESS THAN 1 % TOTAL DISTORT. AT 0 dBm
» LESS THAN — 95 dB CROSS-TALK
AT 1 KHz 1 Vpp
= VERY LOW POWER CONSUMPTION
= PIN-TO-PIN COMPATIBLE WITH M093 DIP40

ORDERING NUMBER : M3493B1

DESCRIPTION

The M3493 contains a 12 x 8 array of crosspoint to-

gether with a 7 to 96 line decoder and latch circuits. .

Anyone of the 96 switches can be addressed by se- 02| 0ne- A reset signal can be used to turn off all the
lecting the appropriate 7 input bits. The selected switches together when is switched at logical one.
switch can be turned on or off by applying a logical M3493 is available in 40 lead dual in-line plastic

one or zero to the data in and the strobe input at logi- package.
BLOCK DIAGRAM
STROBE DATAIN RESET
. o
SAN VLT
OO0 O0O00 o4
nOoOO0o0o0OmH
(o 000000 |3
o . ooooooomy |:
o4 8| |.| O0OOOCOOO |
2l 8| || DOOOOOCODOY |
£lod#| [3| DOODOOM
<o 2 minlnlniniulinin;
o— Dooooo0
ooo0QQOMH
|l | BOOO0ODOS
$-10802 [e)
¥, INPUTS (1=0-7)
October 1993 1710
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PIN CONNECTION (top view)

¥3 g ~ “fl vpp
av2 42 9 v2
RESET (I3 38[1 DATA
AX3 g« 7
AX0 Qs 360 NC
N (s 3sb o
NC q- 340 Ne
X6 s s xo
X7 Qs a2p x
X8 (13 Ny x2
X9 On 300 x3
X10 183 290 x4
xn 115} 2]l xs
NC Q1 270 NC
v7? s 261 NC
NC Qe 25001 a1
Y6 131 ) avo
STROBE (]18 23 axz
Y5 (1 RE] 220 Ax
vss Q20 20 v
S5-6248
INPUT/OUTPUT DESCRIPTION
| /0 | Symbol I Pin | Description
POWER
| Vop 40 Positive Power Supply
| Vss 20 Negative Power Supply
ADDRESS
| AX0-AX3 4,5,22,23 | X Address Lines. These 4 pins are used to select one of the 12 rows of
switches. Refer to the truth table for legal address.
| AY0-AY2 2,24,25 Y Address Lines. These 3 pins are used to select one of the 8 columns of
switches. Refer to the truth table for legal address.
CONTROL
| DATA 38 This input determines if the selected switch will be turned on (closed) or off
(opened). If the pin is held high, the selected switch will be closed.
If the pin is held low, the switch will be opened.
| STROBE 18 This pin enables whatever action is selected by the ADDRESS and DATA pins.
When the STROBE pin is held low, no switch openings or closings take place.
When the STROBE pin is held high, the switch addressed by the select lines
will be opened or closed (depending upon the state of the DATA pin)
| RESET 3 Master Reset. This pin tums off (opens) all 96 switches. The states of the
above control lines are irreleant. This pin is active high.
DATA .
110 X0-X11 8-13, 28-33 | Analog Inﬁut/Outputs. These pins are connected to the Y0-Y7 pins in according
to the truth table.
110 Y0-Y7 1,15,17,19,21 | Analog Input/Outputs. These pins are connected to the X0-X15 pins in
,37, according to the truth table.
2/10
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TRUTH TABLE

Address Connections
AX0 AX1 AX2 AX3 AY0 AY1 AY2
0 X0 - YO
1 X1-Y0
0 X2-Y0
1 X3 - Y0
0 X4 - YO
1 X5 - Y0
0" No connection
1* No connection
0 X6 - YO
1 X7 - YO
0 X8 - Y0
1 X9 - Y0
0 X10 - YO
1 X11 - Y0
o* No connection
1* No connection

OO |00 OO 00|00 |00 |00 |=+—-00=+=200=+—=200—=+—+00

4 ¢ 0|2¢0O|s¢0|2¢0o|2 0|2l ¢o|ar2s0000+ 2220000

~¢0|=¢c0o|weco|mco|r¢o|2¢coflaco|aaaaas i i00000000

oo |20 ¢0o |2 =00 |2 ¢ |0o0O0OODOODOCOOOOOOCOO

bt Bkt ke Roglel fo R ople BE Rt il il il fe R ol o Jo oo JoloJoloJo oo oo fo oo

PR R A [ a2 OO | OO (OO0 | 0000000000000 O00O

0 X0 - Y1

1 4 <054

1 X11 - Y1

0 X0 - Y2

! )

1 X11-Y2

0 X0 - Y3

l !

1 X11-Y3

0 X0 - Y4

{ {

1 X11 -Y4

0 X0 - Y5

{ {

1 X11-Y5

0 X0 -Y6

4 {

1 X11-Y6

0 X0 -Y7

1 N

1 X11 - Y7

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit

Vop DC supply Voltage -0.5, 14 Vv
ViN Input Voltage Range - 0.5, Vop + 0.5 \
Piot Power Dissipation 1 W
Toper Operating Temperature Range 0, + 70 °c
Tstg Storage Temperature Range - 50, + 125 °C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress
rating only and functional operation of the device at these or any other conditions in excess of those indicated in the operational
sections of this specification i1s not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage 10 \
Toper Operating Temperature 0, + 70 °c
VIN (Logic Signal) 0, Vpp Vv

3/10
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STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vpp = 10V, unless otherwise specified

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Is Supply Current Reset = Vpp 1 mA
CROSSPOINT
On Resistance Vipc = 4.75V, Vooc = 4.5V, See Figure 1 60 | 100 Q
On Resistance Variation 10 20 Q
Off-leakage * All switches off Vos = Vis = 0 to Vpp +3 uHA
CONTROLS
ViL 0.8 \Y
ViH 24 \
Input Leakage * Vin = 0 to Vpp +3 uA

* The device is guaranteed with such limits up to 70°C. At 25°C these limits become + 100nA.

DYNAMIC ELECTRICAL CHARACTERISTICS
(Tamb = 25°C, CL = 50pF all input square wave rise and fall times = 10ns, Vpp = 10V)

[ symbol | Parameter | Test Conditions | Min. | Typ. | Max. | unit | Fig.
CROSSPOINT
tpHL, | Propagation Delay Time (switch on) RHu = 1kQ, Vis = 2Vpp 30 | 100 | ns 2
treh | Signal Input to Output
Frequency Response (any switch on) Ru = 81Q, Vis = 2Vpp, CL = 3pF 50 MHz
20 log (Vos/Vis) = -3dB
Sine Wave Distortion fq = 1kHz, Ry = 0.6kQ, Vis = 8Vpp 1 %
Feed Through (any switches off) fq = 10kHz, Ry = 1kQ, Vis = 2Vpp | -80 dB | 3
Frequency for Signal Crosstalk Ru = 1kQ, Vis = 2Vpp 4
ttenuation of 40dB 1 MHz
Attenuation of 110dB 5 kHz
c Capacitance pF
Xn to Ground 15
Vn to Ground fq = 1MHz, Vis = 0.1Vpp 15
Feed Through 0.4
C Capacitance Logic Input to Ground fq = 1MHz, Vis = 0.1Vpp 5 pF
CONTROLS {t, t; = 10ns)
trsn | Propagation Delay Time Strobe to 150 ({200 [ ns | 5§
Output (switch turn-on to high level)
trzn | Data-in to Output (turn-on to high level) 150 [ 200 | ns | 6
tean | Address to Output (turn-on to high level) 150 | 200 | ns | 7
trsr | Propagation Delay Time Strobe to 150|200 | ns | 5
Output (switch turn-off)
trzL | Data-in to Output (turn-on to low level) 150 [ 200 | ns | 6
trar | Address to Output (turn-off) 150 {200 | ns | 7
ts | Set-up Time Data-in to Strobe RL = 1kQ, G = 50pF 40 ns | 5
10
tH Hold Time Data-in to Strobe 120 ns | 5
10
to Switching Frequency . 1 MHz
tw Strobe Pulse Width 100 ns | 10
twr Reset Pulse Width : 150 ns | 9
trHz | Reset Turn-off to Output Delay 150 (200 | ns | 9
tas | Address Set-up Time Address to Strobe 120 ns | 10
taH Address Hold Time Address to Strobe 120 ns | 10
Control Crosstalk Data-in, Address or Square wave input, Viy = 3V, 75 mvV | 8
Strobe to Output RL = 10kQ
4/10
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TEST CIRCUITS

Figure 1 : Ron Measurement. Figure 2 : Propagation Delay Time and Wave-
forms (signal input to signal output
switch ON).
lon ON
) mA Vis Vos
ANY . .
SWITCH OoO——sw ')
I ON
+ +
L 50 pF
4.5V 45V p
—I AV=0.25V -I 1K
Vsg Ve
aAv SW=ANY CROSSPOINT
RON " TTon 5-10789 STROBE=DATA-INzVpp Vgg 5710760

Figure 3 : Off Isolation Measurement (Feed through).

(RMS) Vos

Vis_(RMS) ANY "OFF"
swncn
_——— Vis
Kn A
07VRMS
10KHZ
+

SVDC SVDCJ.

Vos
lo=20 LOG( v )de 5-10795
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Figure 4 : Crosstalk Measurements.

SAME INTEGRATED CIRCUIT

Vv —_—== -==<A" V,
IS (RMS) rmv"on-'-‘ vy orve (rMs) Vos
SWITCH “ON"SWI
—_—— L_-—__1
50N 1K N 1KN 1K
0.7=V(RMS)
1KHz
+ + +
T 5Voc 5VDCT -Evoc SVoc _T
LVss
\/
cT=20 LOG(—V?-S&—)dB S w08

Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turn-OFF).

+5V
STROBE 50%% !SO'I. \ j 50'/.& 1(50-/. \
0
s ity ts | tw
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Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or

low level).
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Figure 7 : Propagation Delay Time and Waveforms (address to signal output switch Turn-ON or

Turn-OFF).
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Figure 8 : Waveforms for Crosstalk (control input to signal output).
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Figure 9 : Propagation Delay Time

and Waveforms (reset to output delay).
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Figure 10 : Propagation Delay Time and Waveforms (Strobe and C/S to signal output switch).
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Figure 11 : Typical Ron versus Vis.
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Figure 12 : Peak to Peak Voltage Capability versus Total Harmonic Distortion.
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Figure 13 : Vrms Capability versus Vpp.
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TYPICAL APPLICATIONS
The figures 14, 15 and 16 show the system configuration for expanded matrices (16 x 16, 8 x 64, 32 x 32).

Figure 14 : (16 x 16 non blocking matrix).

M3493 |~
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M3493 |+
nEesnN3493-61
Figure 15 : (8 x 64 matrix).
|— M3493 |—* ’7 M3493
BAL
LM3493 1o L M3493 —%

M89N3493-62

Figure 16 : (32 x 32 non blocking matrix).
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M3494

CMOS 16 X 8 CROSSPOINT WITH CONTROL MEMORY

= LOW ON RESISTANCE
(typ. 60 Q at Vpp = 10 V)
= INTERNAL CONTROL LATCHES
n ANALOG SIGNAL SWING CAPABILITY EQUAL
TO POWER SUPPLY VOLTAGE APPLIED
u LESS THAN 1 % TOTAL DISTORT. AT 0 dBm
n LESS THAN - 95 dB CROSS-TALK
AT 1 KHz 1 Vpp
= VERY LOW POWER CONSUMPTION

DESCRIPTION

The M3494 contains a 16 x 8 array of crosspoint to-
gether with a 7 to 128 line decoder and latch circuits.
Anyone of the 128 switches can be addressed by se-
lecting the appropriate 7 input bits. The selected
switch can be turned on or off by applying a logical
one or zero to the data in and the strobe input at lo-
gical one. A reset signal can be used to turn off all the
switches together when is set at logical one.

The input pin Vg shifts the logic level of the digital in-
puts. It allows one M3494 supplied between Vgs and
Vb to have input logic levels equal to Vg and Vpp.

i

DIP40

ORDERING NUMBER : M3494 B1

M3494 can handle analog signals with an amplitude
equal to the voltage power supply.

The C/S allows the control inputs of different devices
to be connected in parallel in multiple chip system.
Each device is selected when its own C/S input pin
is high level.

M3494 is available in 40 lead dual in-line plastic.

BLOCK DIAGRAM
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PIN CONNECTION (top view)

48
33
38
37
36
35
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33
32

[ uob
] v2
1 DATA
1 v1
1 crss
0 ve
] NC
1 %8
M X1
31 [0 X2
38 [ X3
28 X4
28 g X5
27 [ x12
26 [1 X13
25 [J Av1
24 [1 AYB
23 [0 Ax2
22 [J AxX1
21

] v4

Y3
AY2
RESET

W o N s WN =

x
oy
0
mininlininiaininislninlnln]
A R R
uAsWwNR®

STROBE [
¥s O
uBs ]

18313494 -85

INPUT/OUTPUT DESCRIPTION

[ vo | symbol |

Pin

| Description

POWER

Voo

40

Positive Power Supply

Vss

20

Negative Power Supply

Ve

16

Digital Signal Ground

ADDRESS

AX0-AX3

4,5,22,23

X Address Lines. These 4 pins are used to select one of the 16 rows of
switches. Refer to the truth table for legal address.

AY0-AY2

2,24, 25

Y Address Lines. These 3 pins are used to select one of the 8 columns of
switches. Refer to the truth table for legal address.

CONTROL

DATA

38

This input determines if the selected switch will be turned on (closed) or off
(opened). If the pin is held high, the selected switch will be closed.
If the pin is held low, the switch will be opened.

STROBE

18

This pin enables whatever action is selected by the ADDRESS and DATA pins.
When the STROBE pin is held low, no switch openings or closings take place.
When the STROBE pin is held high, the switch addressed by the select lines
will be opened or closed (depending upon the state of the DATA pin)

RESET

Master Reset. This pin turns off (opens) all 128 switches. The states of the
above control lines are irreleant. This pin is active high.

C/s

36

Chip Select. This pin allow the input control lines of different M3494’s to be
connected in parallel in multiple chip system.
This pin is active high. Each device is selected by its own C/S input pin.

DATA

l{e}

X0-X11

6-13, 26-33

Analog Input/Outputs. These pins are connected to the Y0-Y7 pins in according
to the truth table.

/10

Y0-Y7

1,15,17,19,21
35,37,39

Analog Input/Outputs. These pins are connected to the X0-X15 pins in

according to the truth table.

2/11
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TRUTH TABLE
Address Connections

AX0 AX1 AX2 AX3 AYO0 AY1 AY2

0 0 0 0 0 0 0 X0<0> -<0>Y0

1 0 0 0 0 0 0 X1<0> -<0>Y0

0 1 0 0 0 0 0 X2 <0>-<0>Y0

1 1 0 0 0 0 0 X3 <0>-<0>Y0

0 0 1 0 0 0 0 X4 <0>-<0>Y0

1 0 1 0 0 0 0 X5 <0>-<0>Y0

0 1 1 0 0 0 0 X12 -<0>Y0

1 1 1 0 0 0 0 X13 -<0>Y0

0 0 0 1 0 0 0 X6 <0>-<0>Y0

1 0 0 1 0 0 0 X7 <0>-<0>Y0

0 1 0 1 0 0 0 X8 <0>-<0>Y0

1 1 0 1 0 0 0 X9<0> -<0>Y0

0 0 1 1 0 0 0 X10 -<0>Y0

1 0 1 1 0 0 0 X11 -<0>Y0

0 1 1 1 0 0 0 X14 -<0>Y0

1 1 1 1 0 0 0 X15 -<0>Y0

0 0 0 0 1 0 0 X0 - Y1

N3 S { N N3 l \ I <0>1

1 1 1 1 1 0 0 X15 - Y1

0 0 0 0 0 1 0 X0 - Y2

{ { NS d N 2 1 {

1 1 1 1 0 1 0 X15-Y2

0 0 0 0 1 1 0 X0 -Y3

l 1 s N5 { d 1 1l

1 1 1 1 1 1 0 X15-Y3

0 0 0 0 0 0 1 X0 - Y4

1 { { NS { 1 N3 1l

1 1 1 1 0 0 1 X15- Y4

0 0 0 0 1 0 1 X0 - Y5

{ N3 { ! { ¢ 2 Il

1 1 1 1 1 0 1 X15-Y5

0 0 0 0 0 1 1 X0 - Y6

N3 4 l l l N5 l 1l

1 1 1 1 0 1 1 X15- Y6

0 0 0 0 1 1 1 X0 -Y7

l { { l N8 { i 11

1 1 1 1 1 1 1 X15-Y7

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit

Vob DC Supply Voltage (Ves = 0) —-051to0 14 \
VIN Input Voltage Range Vg—0.5t0 Vpp + 0.5 \
Ptot Power Dissipation 1 W
Top Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range — 50 to 125 °C

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

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltages Va=0+5+10% \
Ves -5+10% Vv
Top Operating Temperature 0,+ 70 °C
Vin (logic signal) Va, Vop

3/11
L7 SGS-THOMSON
Y/ BICROELECTRONIGS
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STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vpp = +5V, Vg = 0V, Vg = -5V un-

less otherwise specified

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Is Supply Current Reset = Vpp 1 mA
CROSSPOINT
On Resistance Vipc = 0.75V, Vopc = 0.5V, See Figure 1 60 | 100 Q
On Resistance Variation 6 10 Q
Off-leakage * All switches off Vos = Vis = Ves to Vop +3 | pA
CONTROLS
Vi 0.8 \Y
ViH 2.4 \)
Input Leakage * Vin = Vg to Vpp +3 | pA

* The device is guaranteed with such limits up to 70°C. At 25°C these limits become + 100nA

DYNAMIC ELECTRICAL CHARACTERISTICS
(Tamb = 25°C, CL = 50pF all input square wave rise and fall times = 10ns, Vpp = 10V)

[symbol Parameter [ Test Conditions [ Min. [ Typ. [ Max. [ Unit | Fig.
CROSSPOINT
teHL, | Propagation Delay Time (switch on) RL = 1kQ 30 {100 | ns | 2
tren | Signal Input to Output
Frequency Response (any switch on) RL =91Q, Vis = 2Vpp, CL = 3pF 50 MHz
20 log (Vos/Vis) = -3dB
Sine Wave Distortion f, = 1kHz, RL = 0.6kQ, Vis = 8Vpp 1 %o
Feedthrough (any switches off) fi = 10kHz, RL = 1kQ, Vis = 2Vpp | -80 dB | 3
Frequency for Signal Crosstalk Vis = 1Vpp 4
Attenuation of 40dB 1 MHz
Attenuation of 110dB 5 kHz
C Capacitance pF
Xn to Vgs 15
Yn to Ves fi = 1MHz, Vis = 0.1Vpp 15
Feedthrough 0.4
C Capacitance Logic Input to Vg fi = 1IMHz, Vis = 0.1Vpp 5 pF
CONTROLS (tr, t = 10ns) (Vpp = +5V, Vg = 0V, Vag = -5V)
trsn | Propagation Delay Time Strobe to RL = 1kQ, CL = 50pF 150 | 200 | ns | 5
Output (switch turn-on to high level)
trzn | Data-in to Output (turn-on to high level) 150 | 200 | ns | 6
tpan | Address to Qutput (turn-on to high level) 150 {200 | ns | 7
trse | Propagation Delay Time Strobe to 150|200 | ns | 5
Output (switch turn-off)
trzL | Data-in to Output (turn-on to low level) 150 | 200 | ns | 6
trar | Address to Output (turn-off) 150 {200 | ns | 7
ts Set-up Time Data-in to Strobe or C/S 40 ns | 5
10
th Hold Time Data-in to Strobe or C/S 120 ns | 5
10
to Switching Frequency 1 MHz
tw Strobe Pulse Width C/S Pulse Width 100 ns |10
twr | Reset Pulse Width 150 ns | 9
trvz | Reset Turn-off to Output Delay 150 {200 | ns | 9
tas Address Set-up Time Address to 120 ns |10
Strobe or C/S
tan Address Hold Time Address to Strobe 120 ns | 10
or C/S
Control Crosstalk Data-in, Address or Square wave input, Vi = 3V, 75 mV | 8
Strobe to Output RL = 10kQ
4/11
57 SGS-THOMSON
Y4 NMICROELECTRONIGS
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TEST CIRCUITS
Figure 1 : RON Measurement.

Figure 2 :‘Propagation Delay Time and

Waveforms (signal input to signal out-

put switch ON).
10N ON
mA Vis Vos
ANY ,
SWITCH % SW O
ON
+ +
50 pF
075V 0.5V
-I AV=0.25V I K
VG VG
AV SW=ANY CROSSPOINT
RoN* Tion $-98511 STROBE=DATA-INzVgyp Vg 10780
Figure 3 : Off Isolation Measurement (Feed through).
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Figure 4 : Crosstalk Measurements.
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Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turmn-OFF).
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Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or

low level).
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Figure 7 : Propagation Delay Time and Waveforms (address to signal output switch Turn-ON or

Tumn-OFF).
Voo
ADDRESS 50%. / \\Sz.-j \5:)‘!;
o —
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DATA IN _/_ si l
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Vos!
SW=ANY CROSSPOINT v
STROBE=Vpp \(] Vog 0%

tPAN tpzH

Vop— )
Vo2 /
Ves 0% 0%

0°a

Figure 8 : Waveforms for Crosstalk (control input to signal output).
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Figure 9 : Propagation Delay Time and Waveforms (reset to output delay).
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Figure 10 : Propagation Delay Time and Waveforms (Strobe and C/S to signal output switch).
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Figure 11 : Typical Ron versus Vis.
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Figure 12 : Peak to Peak Voltage Capability versus Total Harmonic Distortion.
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Figure 13 : Vrms Capability versus Vpp.
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TYPICAL APPLICATIONS
The figures 14, 15 and 16 show the system configuration for expanded matrices (16 x 16, 8 x 64, 32 x 32).

Figure 14 : (16 x 16 non blocking matrix).

M3494 —+

16

M3494 —+

ngeNn3494-61

Figure 15 : (8 x 64 matrix).
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Figure 16 : (32 x 32 non blocking matrix).
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The availability of the C/S input in addition of the Fig. 17 shows an example, the selection circuit for
STROBE input aids the addressing circuit for expan- a matrix with 4 x M3494 that implement this function
ded matrices. with only one extenal inverter.

Figure 17.

M3494 M3494 M34394 M3494

C/S STROBE C/S STROBE C/S STROBE C/s STROBE
crs ] ] ~ ] ]
STROBE1 L
STROBE2

1188113494 -64

Note : The Reset, Data and Address inputs are connected in parallel.

(57 S5s-THOMSON i
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Lyy SGS-THOMSON M5913

COMBINED SINGLE CHIP PCM CODEC AND FILTER

s SYNCHRONOUS CLOCKS ONLY

AT&T D3/D4 AND CCITT COMPATIBLE

= TWO TIMING MODES:
FIXED DATA RATE MODE 1.536MHz,
1.544MHz, 2.048MHz
VARIABLE DATA MODE: 64KHz - 4.096MHz N

= PIN SELECTABLE p-LAW OR A-LAW OP-
ERATION

= NO EXTERNAL COMPONENTS FOR SAM-
PLE-AND-HOLD AND AUTO ZERO FUNC-
TIONS

» LOW POWER DISSIPATION:
0.5mW POWER DOWN

Z

DIP 20
ORDERING NUMBER: M5913B1

70mW OPERATING Office Switching Systems
s EXCELLENT POWER SUPPLY REJECTION - Concentration - M5913 Subscriber Carrier and
Concentrators.

The wide dynamic range (78dB) and the minimal
DESCRIPTION conversion time make it ideal groducts for other
The M5913 is fully integrated PCM (pulse code applications such as:

modulation) codecs and transmit/receive filter us- - Voice Store and Forward

ing CMOS silicon gate technology.

- Secure Communications System
The primary applications for the M5913 are tele- eoure -om ' ystems

phone systems - - Digital Echo Cancellers
- Switching - M5913-Digital PBX's and Central - Satellite Earth Stations.
BLOCK DIAGRAM
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CLKy

4
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— CLKSEL
[— PDN

e oo L =&
—_— e — — e —— ]

PWRO + ~—— SAMPLE ora INPUT Or
AND HOLD te— CONTROL
+ LOGIC REGISTER
DAC DCLKR
l————— SIGR

PWRO - +——

5-8590 Vcc Vg ORDD GRDA  FSp ClKg
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee With Respect GRDD, GRDA =0V -06to7 \
Ves With Respect GRDD, GRDA =0V -06to—-7 \
GRDD, GRDA | In Such Case :0<Vgc<+7V, =7V <Vge< 0V +0.3 \
Vio Analog Inputs, Analog Outputs and Digital Inputs VBB - 0.3 < VinVout € Vee + \
0.3
Vobig Digital Outputs GRDD - 0.3 < Vout < Vce + 0.3 \
Piot Total Power Dissipation 1 W
Tstg Storage Temperature Range -65 to 150 °C
PIN CONNECTION (Top view)
vea [ ) Yee
pwro+ | 2 19(] 65x
pwro- [|3 6] VEX -
GSR [ 4 17 ] VFxl¢
PON [ 16 ] GRDA
M5913
ckseL |6 15 ] ASEL
petkp ] 7 1% D TS /0CLKy
2N [ [} 19 ] Oy
FSR [ [ 12 ] FSx
eroo  fjo 1" CLKy
$-7%546
PIN NAMES
Symbol Parameter Symbol Parameter
Ves Power (-5V) GSx Gain Control
PWRO+, PWRO-| Power Amplifier Outputs VFxl-, VFxl+ Analog Inputs
GSr Gain Setting Input for receive Channel GRDA Analog Ground
PDN Power Pown Select NC No Connecled
CLKSEL Master Clock Select SIGx Transmit Digital Signaling Input
LOOP Analog Loop Back ASEL u or A-law Select
SIGRr Signaling Bit Output TSx Digital Output - Timeslot Strobe
DCLKRr Receive Data Rate Clock DCLKx Transmit Data Rate Clock
Dr Receive Channel Input Dx Transmit (Digital) Output
FSr Receive Frame Synchronization Clock FSx Transmit Frame Synchronization Clock
GRDD Digital Ground CLKx Transmit Master Clock
Vce Power (+5V) CLKR Receive Master Clock
2/15
LS7 SGS-THOMSON
’I MICROELECTRONICS
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PIN DESCRIPTION

Symbol Function
Ves Most Negative Supply. Input voltage is -5 volts +5%.
PWRO+ Non-inverting Output of Power Amplifier. Can drive transformer hybrids or high impedance loads
directly in either a differential or single ended configuration.
PWRO - Inverting Output of Power Amplifier. Functionally identical and complementary to PWRO+.
GSr Input to the gain Setting Network on the Output Power Amplifier, Transmission level can be
adjusted over a 12dB range depending on the voltage at GSg.
PDN Power Down Select. When PDN is TTL high, the device is active.When low, the device is powered
down.
CLKSEL input which must be pinstrapped to reflect the master clock frequency at CLKx, CLKR.
CLKSEL = Vgs 2.048MHz
CLKSEL = GRDD 1.544MHz
CLKSEL = Vcc 1.536MHz
LOOP Analog Loopback. When this pin is TTL high, the receive output (PWRO+) is internally connected

to VFxl+, GSr is internally connected to PWRO-, and VFxl- is internally connected to GSx.
A 0dBmO0 digital signal input at Dr is returned as a +3dBmo0 digital signal output at Dx.

SIGRr Signalling Bit Output, Receive Channel. In fixed data rate mode. SIGr outputs the logical state of
the eighth bit of the PCM word in the most recent signaling frame.
DCLKRr Selects the fixed or variable data rate mode. When DCLKR is connected to Vgg, the fixed data rate

mode is selected.
When DCLKR is not connected to Vag, the device operates in the variable data rate mode. In this
mode DCLKgr becomes the receive data clock wich operates at TTL levels from 64kB to 4.096MB

data rates
Dr Receive PCM Input. PCM data is clocked in on this lead on eight consecutive negative transitions
. of the receive data clock: CLKR in the fixed data rate mode and DCLKR in variable data rate mode.
FSr 8kHz frame synchronization clock input/timeslot enable, receive channel. A multifunction input

which in fixed data rate mode distinguishes between signaling and non-signaling frames by means
of a double or single wide pulse respectively. In vanable data rate mode this signal must remain
high for the entire length of the timeslot. The receive channel enters the standby state whenever
FSR s TTL low for 30 miliseconds

GRDD Digital Ground for all Internal Logic Circuits. Not internally tied to GRDA.
CLKR Receive master and data clock for the fixed data rate mode; receive master clock only in variable
data rate mode.
CLKx Transmit master and data clock for the fixed data rate mode; transmit master clock only in variable
data rate mode.
FSx 8kHz frame synchronization clock input/timeslot enable, transmit channel. Operates independently

but in an analogous manner to FSR. The transmit channel enters the standby state whenever FSx
is TTL low for 30 milliseconds.

Dx Transmit PCM Output. PCM data is clocked out on this lead on eight consecutive positive
transitions of the transmit data clock : CLK in fixed data rate mode and DCLKx in variable data rate
mode.

TSx/DCLKx Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In fixed
data rate mode, this pin becomes the transmit data clock which operates at TTL levels from 64kB
to 4.096MB data rates.

SIGx/ASEL A dual purpose selects p-law and pin. When connected to Vgs. A law operation is selected. When it
is not connected to Vg pin is a TTL level input for signaling operation. This input is transmitted as
the eighth bit of the PCM word during signaling frames on the Dx lead.

NC Not Connected.
GRDA Analog ground retum for all internal voice circuits. Not internally connected to GRDD.
VFxl+ Non inverting analog input to uncommitted transmit operational amplifier.
VFxl- Inverting analog input to uncommitted transmit operational amplifier.
GSx Output terminal of on-chip uncommitted op amp. Intemally, this is the voice signal input to the
transmit filter.
Vce Most positive supply ; input voltage is + 5 volts +5%
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FUNCTIONAL DESCRIPTION

The M5913 provides the analog-to-digital and the
digital-to-analog conversion and the transmit and
receive filtering necessary to interface a full du-
plex (4 wires) voice telephone circuit with the
PCM highway of a time division multiplexed
(TDM) system. It is intended to be used at the
analog termination of a PCM line.

The following major functions are provided :

» Bandpass filtering of the analog signals prior to
encoding and after decoding

n Encoding and decoding of voice and call pro-
gress information

e Encoding and decoding of the signaling and
supervision information

GENERAL OPERATION
System Reliability Features

The combo-chip can be powered up by pulsing
FSx and/or FSr while a TTL high voltage is ap-
plied to PDN, provided that all clocks and sup-
plies are connected. The M5913 has internal re-
sets on power up (or when Veg or Vcc are
re-applied) in order to ensure validity of the digital
outputs and thereby maintain integrity of the PCM
highway.

On the transmit channel, digital outputs Dx and
TS x are held in a high impedance state for ap-
proximately four frames (500us) after power up or
application of Ves or Vcc. After this delay, Dx and
TSy will be functional and will occur in the proper
timeslot. The analog circuits on the transmit side
require approximately 40 milliseconds to reach
their equilibrium value due to the autozero circuit
setting time. Thus, valid digital information, such
as for on/off hook detection, is available almost
immediately, while analog information is available
after some delay.

On the receive channel, the digital output SIGR is
also held low for a maximum of four frames after
power up or application of Ves or Vcc, SIGR will
remain low thereafter until it is updated by a sig-
naling frame.

To further enhance system reliability, TS x and Dx
will be placed in a high impedance state approxi-
mately 20us after an interruption of CLKx. Simi-

Table 1: Power Down Methods

larly SIGR will be held low approximately 20us af-
ter an interruption of CLKR. These interruptions
could possibly occur with some kind of fault con-
dition.

Power Down And Standby Modes

To minimize power consumption, two power down
modes are provided in which most M5913 func-
tions are disabled. Only the power down, clock,
and frame sync buffers, which are required to
power up the device, are enabled in these modes.
As shown in table 1, the digital outputs on the ap-
propriate channels are placed in a high imped-
ancc;a state until the device returns to the active
mode.

The Power Down mode utilizes an external con-
trol signal to the PDN pin. In this mode, power
consumption is reduced to an average of 0.5mW.
The device is active when the signal is high and
inactive when it is low. In the absence of any sig-
nal, the PDN pin floats to TTL high allowing the
device to remain active continuously.

The Standby mode leaves the user an option of
powering either channel down separately or pow-
ering the entire down by selectively removing FSx
and/or FSr. With both channels in the standby
state, power consumption is reduced to an aver-
age of 1mW. If transmit only operation is desired,
FSx should be applied to the device while FSR is
held low. Similarly, if receive only operation is de-
sired, FSr should be applied while FSx is held
low.

Fixed Data Rate Mode

Fixed data rate timing, is selected by connecting
DCLKR to Vsg. It employs master clock CLKx, and
CLKR, frame synchronization clocks FSx and
FSRr, and output TS .

CLKx, and CLKR, serve both as the master clock
to operate the codec and filter sections and bit
clocks to clock the data in and out from the PCM
highway. FSx and FSR are 8kHz inputs which set
the sampling frequency and distinguish between
signaling and non-signaling frames by thir pulse
width. A frame synchronization pulse which is one
master clock wide designates a non-signaling
frame, while a double wide sync pulse enables

Device Status

Power Down Methods

Digital Outputs Status

Power Down Mode PDN = TTL low

TSx and Dx are placed in a high impedance state and
SIGr is placed in a TTL low state within 10us.

Stand-by Mode

FSx and FSg are TTL low

TSx and Dx are placed in a high impedance state and
SIGr is placed in a TTL low state 30ms after FSx and
FSg are removed.

Only transmit is on stand-by FSxis TTL low TSx and Dx are placed in a high impedance state
. within 30ms.
Only receive is on stand-by FSris TTL low SIGR is placed in a TTL low state within 30ms.
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M5913

the signaling function. TSy is a timeslot
strobe/buffer enable output which gates the PCM
word onto the PCM highway when an external
buffer is used to drive the line.

Data is transmitted on the highway at Dx on the
first eight positive transitions of CLKx following
the rising edge of FSx. Similarly, on the receive
side, data is received on the first eight falling
edges of CLKRg. The frequency of CLKx and CLKR
is selected by the CLKSEL pin to be either 1.536,
1.544 or 2.048MHz. No other frequency of opera-
tion is allowed in the fixed data rate mode.

Variable Data Rate Mode

Variable data rate timing is selected by connect-
ing DCLKR to the bit clock for the receive PCM
highway rather than to Vgs. It employes master
clocks CLKx and CLKR, bit clocks DCLKr and
DCLKx and frame synchronization clocks FSgr
and FSx.

Variable data rate timing allows for a flexible data
frequency. It provides the ability to vary the fre-
quency of the bit clocks, from 64kHz to 4096MHz.
Master clocks inputs are still restricted to 1.536,
1.544, or 2.048MHz.

In this mode, DCLKr and DCLKx become the
data clocks for the receive and transmit PCM
highways. While FSx is high, PCM data from Dx
is transmitted onto the highway on the next eight
consecutive positive transitions of DCLKx. Simi-
larly, while FSR is high, each PCM bit from the
highway is received by Dr on the next eight con-
secutive negative transitions of DCLKR.

On the transmit side, the PCM word will be re-
peated in all remaining timeslots in the 125us
frame as long as DCLKx is pulsed and FSx is
held high. This feature allows the PCM word to be
transmitted to the PCM highway more than once
per frame, if desired, and is only available in the
variable data rate mode. Conversely, signaling is
only allowed in the fixed data rate mode since the
variable mode provides no means with which to
specify a signaling frame.

Precision Voltage References

No external components are required with the
combochip to provide the voltage reference func-
tion. Voltage references are generated on-chip
and are calibrated during the manufacturing proc-
ess. The technique use the bandgap principle to
derive a temperature and bias stable reference
voltage. These references determine the gain and
dynamic range characteristics of the device.

Separate references are supplied to the transmit
and receive sections. Transmit and receive sec-
tion are trimmed independently in the filter stages
to a final precision value. With this method the
combochip can achieve manufacturing tolerances
of typically + 0.04dB in absolute gain for each half

LY_I SGS-THOMSON

channel, providing the user a significant margin
for error in other board components.

Conversion Laws

The M5913 is designed to operate in both p-law
and A-law systems. The user can select either
conversion law according to the voltage present
on the SIGX/ASEL pin . In each case the coder
and decoder process a companded 8-bit PCM
word following CCITT recommandation G.711 for
p-law and A-law conversion. If A-law operation is
desired, SIGx should be tied to Vas. Thus, signal-
ing is not allowed during A-law operation. If p =
255-law operation is selected, then SIGx is a TTL
level input which modifies the LSB on the PCM
output in signaling frames

TRANSMIT OPERATION
Transmit Filter

The input section provides gain adjustment in the
passband by means of an on-chip uncommitted
operational amplifier. This operational amplifier
‘has a common mode range of 2.17V, a maximum
DC offset of 25mV, a minimum voltage gain of
5000, and a unity gain bandwidth of typically
1MHz. Gain of up to 20dB can be set without de-
grading the performance of the filter. The load im-
pedance to ground (GRDA) at the amplifier output
(GSx) must be greater than 10kQ in parallel high
less than 50pF. The input signal on lead VFxl+
can be either AC or DC coupled. The input op
amp can also be used in the inverting mode or
differential amplifier mode (see figure 3).

A low pass anti-aliasing section is included on-
chip. This section typically provides 35dB attenu-
ation at the sampling frequency. No external com-
ponents are required to provide the necessary
anti-aliasing function for the switched capacitor
section of the transmit filter.

The passband section provides flatness and stop-
band attenuation which fulfills the AT&T D3/D4
channel bank transmission specification and
CCITT recommendation G.712.

The M5913 specifications meet or exceed digital
class 5 central office switching systems require-
ments. The transmit filter transfer characteristics
and specifications will be within the limits shown
the relative table.

A high pass section configuration was chosen to
reject low frequency noise from 50 and 60Hz
power lines, 17Hz European electric railroads,
ringing frequencies and their harmonics, and
other low frequency noise.

Even though there is high rejection at these fre-
quencies, the sharpness of the band edge gives
low attenuation at 200Hz. This feature allows the
use of low-cost transformer hybrids without exter-
nal components.
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Figure 3: Transmit Filter Gain Adjustment.
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Encoding

The encoder internally samples the output of the
transmit filter and holds each sample on an inter-
nal sample and hold capacitor.

The encoder then performs an analog to digital
conversion on a switched capacitor array. Digital
data representing the sample is transmitted on
the first eight data clock bits of the next frame.

An on-chip autozero circuit corrects for DC-offset
on the input signal to the encoder. This autozero
circuit uses the sign bit averaging technique. In
this way, all DC offset is removed from the en-
coder input waveform.

RECEIVE OPERATION
Decoding

The PCM word at the DR lead is serially fetched
on the first eight data clock bits of the frame.

A D/A conversion is performed on the digital word
and the corresponding analog sample is held on

Figure 4: Gain Setting Configuration.

an internal sample and hold capacitor. This sam-
ple is then transferred to the receive filter.

Receive Filter

The receive section of the filter provides pass-
band flatness and stopband rejection which fulfills
both the AT&T D3/D4 specification and CCITT
recommendation G.712. The filter contains the re-
quired compensation for the (sin X)/X response of
such decoders. The receive filter characteristics
and specifications are shown in the relative table.

Receive Output Power Amplifiers

A balanced output amplifier is provided in order to
allow maximum flexibility in output configuration.
Either of the two outputs can be used single
ended (referenced to GRDA) to drive single
ended loads. Alternatively, the differential output
will drive a bridged load directly. The output stage
is capable of driving loads as low as 300 ohms
single ended to a level of 12dBm or 600 ohms dif-
ferentially to a level of 15dBm.

The receive channel transmission level may be
adjusted between specified limits by manipulation
of the GSR input. GSR is internally connected to
an analog gain setting network. When GSR is
strapped to PWRO-, the receive level is mini-
mized; when it is tied to PWRO+, the level is mini-
mized. The output transmission level interpolates
between 0 and -12dB as GSR is interpolated
(with potentiometer) between PWRO- and
PWRO+. The use of the output gain set is illus-
trated in figure 4.

Transmission levels are specified relative to the
receive channel output under digital milliwatt con-
ditions, that is, when the digital input at Dr is the
eight-code sequence specified in CCITT recom-
mendation G.711.

T PWRO +
vo‘ R‘
R, ..L. Vo 4 GSR.
DIGITAL
RZ o MILLIWATT
3 RI” SEQUENCE
> - -l PWRO - PER CCITT G711
v_ol; 57508
6/15
L5y SGS-THOMSON
7’ MICROELECTRONICS

208



M5913

OUTPUT GAIN SET: DESIGN CONSIDERA-
TIONS (refer to figure 4)

PWRO+ and PWRO- are low impedance comple-
mentary outputs. The voltages at the nodes are:

Vo at PWRO+

Vo at PWRO

Vo = Vo+ Vo~ (total differential response)

R1 and R2 are a gain setting resistor network with

the center tap connected to the GSgr input. A

value greater than 10KQ and less than 100KQ for

R1 + R2 is recommended because:

a) The parallel combination of R1 + R2 and RL
sets the total loading.

b) The total capacitance at the GSr input and the
parallel combination of R1 and R2 define a
time constant which has to be minimized to
avoid inaccuracies.

If VA represents the output voltage without any
gain setting network connected, you can have:

Vo = AVA
_1+(R1/R2)
where A = 21 (Rt /B (R1/Ra)

For design purposes, a useful form is R1/R2 as a
function of A. AA—1

R1/R2 = T-A
(allowable values for A are those which make
R1/R2 positive)

Examples are:

If A=1 (maximum output), then
R1/R2 =« or V(GSR) = Vo;
i.e., GSris tied to PWRO+

If A=1/2. then
R1/R2 =2

If A = 1/4 (minimum output) then
R1/R2 = 0 or V(GSR) = Vos;
i.e., GSRis tied to PWRO+

DC CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = +5V * 5%, Veg = — 5V + 5%, GRDA = 0V,unless oth-
erwise specified) Typical values are for Tamb = 25°C and nominal power supply values.

| Symbol I Parameter J Test Conditions | Min. I Typ. | Max. | Unit l
DIGITAL INTERFACE
i Low Level Input Current GRDD < Vin < Vi (note 1) 10 pA
IH High Level Input Current ViH < ViN < Veo 10 pA
ViL Input Low Voltage, Except CLKSEL 0.8 \
ViH Input High Voltage, Except CLKSEL 2.0 \
VoL | Output Low Voltage lo = 3.2mA at Dx, TSx and 0.4 %
SIGr
Vou Output High Voltage lon = 9.6mA at Dx 2.4 \
lon = 1.2mA at SIGr
ViLo Input Low Voltage, CLKSEL (note 2) Ves Ves + Vv
0.5
Vio Input Intermediate Voltage, CLKSEL GRDD 0.5 \
-0.5
ViHo Input High Voltage, CLKSEL Vee - vCC \Y
0.5
Cox Digital Output Capacitance (note 3) 5 pF
Cin Digital Input Capacitance 5 10 pF

Notes:

1. Vi is the voltage on any digital pin.

2. SIGx and DCLKRr are TTL level inputs between GRDD and Vcc; they are also pinstraps for mode selection when tied to Vea.

Under these conditions Vivo is the input low voltage requirement.

3. Timing parameters are guaranteed based on a 100pF load capacitance.
Up to eight digital outputs may be connected to a common PCM highway without buffering, assuming a board capacitance of 60pF.

57 SGS-THOMSON
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DC CHARACTERISTICS (continued)

LSymbclI Parameter Test Conditions | Min. l Typ.—[ Max | Unit
POWER DISSIPATION All measurements made at fpcik = 2.048MHz, outputs unloaded
lcct Vcc Operating Current 6 10 mA
IgB1 Veg Operating Current 6 9 mA
lcco Vcec Power Down Current PDN < Vy_; after 10us 40 300 | pA
IsBo Vag Power Down Current PDN < Vy_; after 10us 40 300 pA
lccs Vce Standby Current FSx, FSr< Vi ; after 30ms 300 600 HA
IsBs Ve Standby Current FSx, FSr < ViL; after 30ms 40 300 pA
Pp1 Operating Power Dissipation 60 100 | mW
Poo Power Down Dissipation PDN < Vy_; after 10pus 0.4 3 mW
Pst Standby Power Dissipation FSX, FSr <V, ; after 30ms 1.7 5 mwW
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE
IBx1 Input Leakage Current, VFxl+, VFxl- 217V VNS 217V 100 nA
Rixi Input Resistance, VFxl+, VFxI- 10 MQ
Vosxi | Input Offset Voltage, VFxl+, VFxI- 25 mV
CMRR | Common Mode Rejection, VFxl+, VFxl- | -2.17V<Vin< 217V 55 dB
AvoL DC Open Loop Voltage Gain, GSx RL=10K 5000 {20.000
fc Open Loop Unity Gain Bandwidth, GSx 1 MHz
Voxi Qutput Voltage Swing GSx RL 2 10kQ —-2.17 2.17 \
Cixi Load Capacitance, GSx 50 pF
Ruxi Minimum Load Resistance, GSx 10 kQ
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE
Rora | Output Resistance, PWRO+, PWRO- 1 Q
Vosra | Single-ended Output DC Offset, Relative to GRDA -150 75 150 mvV
PWRO+, PWRO-
CLRA Load Capacitance, PWRO+, PWRO- 100 pF

AC CHARACTERISTICS - TRANSMISSION PARAMETERS

Unless otherwie noted, the analog input is a 0dBm0, 1020Hz sine wave'

. Input amplifier is set for unity
gain, noninverting. The digital inputs is a PCM bit stream generated by passing a 0dBm0, 1020Hz sin
wave through an ideal encoder. Receive output is measured single ended, maximum gain configuration®.

All output levels are (sin X)/X corrected.
l Symbol | Parameter | Test Conditions | Min. l Typ. | Max. I Unit |
GAIN AND DYNAMIC RANGE
EmW Encoder Milliwatt Response Tamb= 25°C, Vgg=-5V, -0.15 | £0.04 | +0.15 | dBmO
(transmit gain tolerance) Vco =+ 5V
EmWrs | EmW Variation with Temperature and | + 5% Supplies, 0 to 70°C -0.12 +0.12 dB
Supplies Relative to Nominal
Conditions
Dmw Digital Milliwatt Response Tamb=25°C ; Vg =—5V, -0.15 | £0.04 | +0.15 | dBmO
(receive gain tolerance) Voo =+ 5V
DmWss | DmW Variation with Temperature and | + 5%, 0 to 70°C -0.08 +0.08 dB
Supplies .
OTLP1x | Zero Transmission Level Point Referenced to 600Q +2.76 dBm
Transmit Channel (0dBm0) p-law Referenced to 900Q +1.00 dBm
OTLP2x | Zero Transmission Level Point Referenced to 600Q +2.79 dBm
Transmit Channel (0dBm0) A-law Referenced to 900Q +1.03 dBm
OTLP1r | Zero Receive Level Point Referenced to 600Q +5.76 dBm
Receive Channel (0dBm0) p-law Referenced to 900Q +4.00 dBm
O0TLP2r | Zero Transmission Level Point Referenced to 600Q +5.79 dBm
Transmit Channel (0dBm0)) A-law Referenced to 900Q +4.03 dBm
8/15
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AC CHARACTERISTICS (continued)

I Symbol | Parameter Test Conditions I Min. | Typ. | Max. | Unit |
GAIN TRACKING Reference Level = — 10dBm0
GT1x | Transmit Gain Tracking Error + 3to—40dBm0 +0.2 dB
Sinusoidal Input; p-law —40 to — 50dBm0 +0.4 dB
— 50 to — 55dBm0 +1.0 dB
GT2x | Transmit Gain Tracking Error + 3to—40dBm0 +0.2 dB
Sinusoidal Input; A-law —40 to — 50dBm0 +0.4 dB
—50 to — 55dBm0 +1.0 dB
GT1R Receive Gain Tracking Error + 3 to—40dBm0 +0.2 dB
Sinusoidal Input; p-law —40 to - 50dBm0 +0.4 dB
— 50 to — 55dBm0 +1.0 dB
GT2r | Receive Gain Tracking Error + 3 to—40dBm0 +0.2 dB
Sinusoidal Input; A-law —40 to - 50dBm0 +04 dB
—50 to — 55dBm0 +1.0 dB
NOISE
Nxc1 Transmit Noise, C-message Weighted | VFxl+ = GRDA, VFxl—= GSx 0 13 | dBrnc0
Nxc2 Transmit Noise, C-message VFxl+ = GRDA, VFxl- = GSx 13 18 |dBrncO
Weighted with Eighth Bit Signaling 6 th Frame Signaling
Nxp Transmit Noise, Psophometrically VFxl+ = GRDA, VFxl- = GSx (note 3)| —80 |dBrnc0
Weighted
Nrc1 Receive Noise, C-message Weighted: | Dr= 11111111 Measure at 1 9 dBrncO
Quiet Code PWRO+
Nrc2 Receive Noise, C-message Weighted: | Input to Dg is 0 code with 1 10 |dBmOp
Sign Bit Toggle Sign Bit Toggle at 1KHz Rate
Ngrp Receive Noise, Psophometrically Dr = Lowest Positive Decode -90 -81 | dBOp
Weighted Level
NsF Single Frequency NOISE End to End CCITT G.712.4.2 -50 | dBm0
Measurement
PSRR1 | Vcc Power Supply Rejection, Transmit | Idie Channel ; 200mV P-P —40 dB
Channel Signal on Supply ; 0 to
50kHz, Measure at Dx
PSRR2 | Ves Power Supply Rejection, Transmit | Idle Channel ; 200mV P-P —40 dB
Channel Signal on Supply ; 0 to
50kHz, Measure at Dx
PSRR3 | Vcc Power Supply Rejection, Receive | Idle Channel ; 200mV P-P —40 dB
Channel Signal on Supply ; Measure
Narrow Band at PWRO+
Single Ended, 0 to 50kHz
PSRR4 | Ves Power Supply, Rejection Receive | Idle Channel ; 200mV P-P —40 dB
Channel Signal on Supply ; Measure
Narrow Band at PWRO+
Single Ended, 0 to 50kHz
CTwr Crosstalk, Transmit to Receive, VFxl+ = 0dBm0, 1.02kHz, -80 dB
Single Ended Outputs Dr = Lowest Positive Decode
Level, Measure at PWRO+
CTrr Crosstalk, Receive to Transmit, Dg = 0dBm0, 1.02kHz, - 80 dB
Single Ended Outputs VFxl+ = GRDA, Measure at
Dx
Notes:

1. 0dBmoO is defined as the zero reference point of the channel under test (0TLP). This corresponds to an analog signal input of 1.064 Vims
or an output of 1.503 Vims (uLaw) dual 1.068 Vims or a output 1.516 Vs (A-Law)

2. Unity gain input amplifier : GSx Is connected to VFxl, Signal input VFxI+; Maximum gain output amplifier: GSr is connected to PWRO,
output to PWRO+.

3. Noise free: DX PCM Code stable at 01010101.
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A.C. CHARACTERISTICS (continued)

| Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit |
DISTORTION
SD1x [ Transmit Signal to Distortion, p-law 0 < VFxl+ < —30dBm0 36 dB
Sinusoidal Input; —40dBm0 30 dB
CCITT G.712-method 2 —45dBm0 25 dB
SD2x | Transmit Signal to Distortion, A-law 0 < VFxl+ <-30dBm0 36 dB
Sinusoidal Input, - 40dBm0 30 dB
CCITT G.712-method 2 —45dBm0 25 dB
SD1r | Transmit Signal to Distortion, 0 < VFxl+ < -30dBm0 36 dB
p-law Sinusoidal Input , —40dBm0 30 dB
CCITT G.712-method 2 —45dBm0 25 dB
SD2r | Receive Signal to Distortion, A-law 0 < VFxl+ <—30dBm0 36 dB
Sinusoidal Input; —40dBm0 30 dB
CCITT G.712-method 2 —45dBm0 25 dB
DPx4 Transmit Single Frequency Distortion AT & T Adivisory # 64 (3.8) - 46 dB
Products 0dBmO Input Signal
DPg1 Receive Single Frequency Distortion AT & T Adivisory # 64 (3.8) —46 dB
Products 0dBmoO Input Signal
IMD1 Intermodulation Distortion, CCITT G.712 (7.1) -35 dB
End to End Measurement
IMD2 | Intermodulation Distortion, CCITT G.712 (7.2) -49 dB
End to End Measurement
SOS Spurious Out of Band Signals, CCITT G.712 (6.1) -30 | dBm0O
End to End Measurement
SIs Spurious in Band Signals, CCITT G.712 (9) —40 | dBm0
End to End Measurement
Dax Transmit Absolute Delay Fixed Data Rate CLKx = 300 us
2.048MHz,
0dBmo0, 1.02kHz Signal at
VFxl+ Measure at Dx
Dox Transmit Differential Envelope Delay f =500 — 600Hz 170 us
Relative to Dax f =600 — 1000Hz 95 us
f=1000 — 2600Hz 45 us
f = 2600 — 2800Hz 80 us
Dar Receive Absolute Delay Fixed data rate, CLKr = 190 us
2.048MHz;
Digital input is DMW codes.
Measure at PWRO+
Dor Receive Differential Envelope Delay f =500 — 600Hz 10 us
Relative to Dar f =600 — 1000Hz 10 us
f=1000 — 2600Hz 85 us
f = 2600 — 2800Hz 110 us
10/15
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A.C. CHARACTERISTICS (continued)

TRANSMIT CHANNEL TRANSFER CHARACTERISTICS

(Input amplifier is set for unity gain, noninverting; maximum gain output.)
Symbol Parameter Test Conditions Min. Typ. | Max. | Unit

GRrx Gain Relative to Gain at 1.02 kHz 0 dBmO Signal Input at VFxl+

16.67Hz -30 dB

50Hz -25 dB

60Hz —-23 dB

200Hz -1.8 —0.125| dB

300 to 3000Hz -0.125 +0.125| dB

3300Hz -0.35 +0.03 | dB

3400Hz -0.7 —-0.10 | dB

4000Hz -14 dB

4600Hz and Above -32 dB

Figure 5: Transmit Filter
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A.C. CHARACTERISTICS (continued)

RECEIVE CHANNEL TRANSFER CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
GRr Gain Relative to Gainat 1.02kHz 0dBmO Signal Input at Dr
below 200Hz +0.125] dB
200Hz -05 +0.125| dB
300 to 3000Hz —0.125 +0.125| dB
3300Hz -0.35 +0.03 | dB
3400Hz -07 -0.1 dB
4000Hz —14 dB
4600Hz and Above -30 dB
Figure 6: Receive Filter
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M5913

AC CHARACTERISTICS - TIMING PARAMETERS

Symbol | Parameter l Test Conditions Min. | Tm Max. 1 Unit |
CLOCK SECTION
tey Clock Period, CLKx, CLKRr ferkx = foikr = 2.048MHz 488 ns
ek Clock Pulse Width CLKx, CLKR 195 ns
tocik Data Clock Pulse Width' 64kHz < fpcik < 2.048MHz 195 ns
tcoc Clock Duty Cycle CLKx, CLKR 40 50 60 %
tr, t Clock Rise and Fall Time 5 30 ns
TRANSMIT SECTION, FIXED DATA RATE MODE?
tozx Data Enabled on TS Entry 0 < CrLoap < 100pF 0 145 ns
toox Data Delay from CLKx 0 < CrLoap < 100pF 0 145 ns
tHzx Data Float on TS Exit Cioan=0 60 190 ns
tson Timeslot X to Enable 0 < CLoap < 100pF 0 145 ns
tsorr | Timeslot X to Disable CrLoan =0 50 190 ns
trsp Frame Sync Delay 0 120 ns
tss Signal Setup Time 0 ns
tsH Signal Setup Time 0 ns
RECEIVE SECTION, FIXED DATA RATE MODE
tosr Receive Data Setup 10 ns
toHR Receive Data Hold 60 ns
tesp Frame Sync Delay 0 120 ns
tsicr SIGr Update 0 2 us
TRANSMIT SECTION, FIXED DATA RATE MODE?
trspx__| Timeslot Delay from DCLKx -80 80 ns
trsp Frame Sync Delay 0 120 ns
toox Data Delay from DCLKx 0 < CLOAD < 100pF 0 100 ns
toon Timeslot to Dx Active 0 < CrLoap < 100pF 0 50 ns
toorr | Timeslot to Dx Inactive 0 < Croap < 100pF 0 80 ns
fox Data Clock Frequency 64 2048' | KHz
toFsx Data Delay from FSx trspx = 80ns 0 140 ns
RECEIVE SECTION, FIXED DATA RATE MODE
trspr__| Timeslot Delay from DCLKg -80 80 ns
tFsp Frame Sync Delay 0 120 ns
tosr Receive Data Setup Time 10 ns
tour Receive Data Hold Time 60 ns
tor Data Clock Frequency 64 2048' | kHz
tseR Timeslot End Receive Time 0 ns
64KB OPERATION, VARIABLE DATA RATE MODE
trsLx Transmit Frame Sync Minimum FSx is TTL high for 488 ns
Downtime remainder of frame
tFsLR Receive Frame Sync Miniumum FSris TTL high for 1952 ns
Downtime remainder of frame
tocik Data Clock Pulse Width 10 _us
Notes:
1. Devices are available wich operate at data rates up to 4.096MHz; the minimum data clock pulse width for these devices is 110ns
2. Timing parameters tozx, thzx, and tsorr are referenced to a high impedance state.
13/15
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WAVEFORMS:
Fixed Data Rate Timing - Transmit Timing
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VARIABLE DATA RATE TIMING
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M34116

PCM CONFERENCE CALL

AND TONE GENERATION CIRCUIT

HW AND SW COMPATIBLE WITH M116
1 TO 64 SERIAL CHANNELS PER FRAME
(CONTROLLED BY SYNC SIGNAL PERIOD)
s 29 MAXIMUM CONFERENCES
= 1 TO 64 SERIAL CHANNELS PER CONFER-
ENCES
= 3 SIMULTANEOUS OPERATION MODES
AVAILABLE:
CONFERENCE, TRANSPARENT AND TONE
GENERATION
= TYPICAL BIT RATES:
1536/1544/2048/4096 Kbits/s
» COMPATIBLE WITH ALL KINDS OF PCM
FORMAT
= 1t AND A LAW (PIN PROGRAMMABLE)
v EQUAL PRIORITY TO EVERY CHANNEL
= ONE FRAME AND ONE CHANNEL DELAY
FROM SENDING TO RECEIVING
® OVERFLOW INFORMATION FOR EACH CON-
FERENCE BY PIN OS (OVERFLOW SIGNAL-
LING) AND ON DATA BUS ON MPU RE-
QUEST
x INSTRUCTION SET COMPATIBLE WITH M3488
= PROGRAMMABLE INPUT AND OUTPUT AT-
TENUATION OR GAIN FROM 0 TO 15dB
WITH STEP OF 1dB FOR EACH CHANNEL
= TONE GENERATION FROM 3.9Hz TO
3938Hz WITH MIN. STEP OF 3.9Hz
= TOTAL OF 7 DIFFERENT TONE OUTPUTS
IN PARALLEL PROGRAMMABLE VIA MPU
(MAXIMUM 4 DIFFERENT FREQUENCIES
AND DURATIONS)
» 1 MELODY OF MAXIMUM 32 PROGRAMMA-
BLE FREQUENCIES AND DURATIONS
= 5V POWER SUPPLY
w TTL  COMPATIBLE INPUT  LEVELS,
CMOS/TTL COMPATIBLE OUTPUT LEVELS
= MAIN INSTRUCTIONS CONTROLLED BY MI-
CROPROCESSOR INTERFACE:
— Channel connection to a conference
- Channel attenuation or gain
— Channel disconnection from both conference
and transparent modes
— Tone and melody generation
— Overflow status
— Operating mode
~ Channel status

January 1995

PRELIMINARY DATA

DIP24
ORDERING NUMBER: M34116B1

PLCC28
ORDERING NUMBER: M34116C1

DESCRIPTION

The M34116 is a product specifically designed for
applications in PCM digital exchanges. It is able
to handle up to 64 channels in any conferences
combination from 1 to 29 conferences in parallel
and to generate seven different tones and one
melody.

The parties in a conference must previously be al-
located through the Digital Switching Matrix
(M3488) in a single serial wire at M34116 PCM
input (IN PCM pin).

The M34116 is full pin and function compatible
with the M116. In addition, it has the capability to
generate tone directly coded in PCM.

For the conference function, each channel is con-
verted inside the chip from PCM law to linear law
(14 bits). Then it is added to its conference, and
the sample of the previous frame is subtracted
from the conference.

In this way a new conference sum signal is gener-
ated.

The channel output signal will contain the infor-
mation of all the other channels in its conference
except its own.

After the PCM encoding, the data is serialized by
the M34116 in the same sequence as the PCM
input frame, with one frame (plus one channel)
delay and will be reallocated by the DSM (M3488)
at the final channel and bus position.

A programmable attenuation or gain can be set
on each channel and for every function: confer-
ence, tone generation and transparent mode.

1/20
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M34116

PIN CONNECTIONS (Top view)

b 4
E =1 g .
n n I (3]
g = P 3 2 & 2
o1~ 24P uss yéniird i
TF O 2 23 P a/R0 —
RESET [ 3 22 [0 IN PCH o5 []s 2s [ ec
os 4 21 D EC out pcn[] 6 24 ] crock
ouT PCM O § 28 [J CLOCK 07 []» 23 [| 59ne
D> s 18 [J SYNC
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DS 8 17 O RO o6 ]9 2 [| @
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M8IN34115-81 s 8858 g 'S
* Ne2n34116-828
DIP24 PLCC28
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Voo (*) | Supply Voltage -03t07 \
\ Input Voltage —0.3to Vop
Vo (off Off State Output Voltage -03to7 \
Ptot Total Power Dissipation 500 mW
Tstg Storage Temperature — 6510 150 °C
Top Operating Temperature 0to 70 °C

Stresses above those listed under "Absolute Maximum Ratings" may causes permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification i1s not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliabilty.

Figure 1: PCM Conference Call Insertion Scheme

MPU
PCM 1IN : :PCN ouT
B to 6 M3488 B to 6
IN? QuT?
CONFERENCE
CALL CIRCUIT
M34116 N92M34126-63A
2/20
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M34116

PIN DESCRIPTION

DIP
N°

PLCC
N°

Pin

Function

1

2

TD

M116 operating mode only. Tone Duration input pin. When TD = 1, a PCM coded tone
(instead of PCM data) is sent out to all channels enabled by the IT bit. TD is latched by
the SYNC signal so that all channels have the same tone during the same number of
frames. TD = 0 for normal operation.

TF

M116 operating mode only. Tone Frequency input pin. When TF = 1, the tone amplitude
is high. When TF = 0, the tone amplitude is low. TF is latched by SYNC. The PCM coded
tone level corresponds to 1/10 of the full scale. For M34116 operating mode: Melody
waveform select input pin. When TF = 1, the PCM output of the melody represents a
square wave. When TF = 0, it represents a sine wave. In both cases, the rms level is the
same and is equal to — 6 dBm0 if no attenuation or gain is programmed.

RESET

Master reset input pin. This pin is active low and must be used at the very beginning after
power up to Initialize the device or when switching from A law to Mu law. The Internal
initialization routine takes 2 time frames starting from the rising edge of RESET. During
this initialization time, all data bus and PCM output are pulled to a high impedance state.

Overflow Signalling output pin. When OS = 0 one conference is in overflow. This signal is
anticipated over half time slot with respect to the output channel involved in the conference in
overflow. Example: if output channel 4 is one of the parties of one conference in
overflow, OS = 0 during the second half of the time slot corresponding to output channel 3
and during the first half of the time slot corresponding to output channel 4.

ouT
PCM

PCM output pin. The bit rate is 4096Kbits/s max. The sign bit is the first bit of the serial
sequence. The first bit of the first channel is found at the rising edge of the CLOCK signal
preceding the rising edge of the SYNC signal. The output buffer is open drain to allow for
multiple connections.

61013

91011,
1310 16

DO to
D7

Bidirectional Data bus pins. Data and instructions are transferred to_or from the
micropracessor. DO is the Least Significant Bit. The bus is tristate when RESET is low
and/or CS is high.

14

17

VDD

+5V Supply input. 100nF decoupling capacitor recommended.

15

18

c/D

Control Data input pin. In a write operation C/D = 0 qualifies any bus content as data
while C/D = 1 qualifies it as an opcode. For M116 operating mode only: in a_read
operation, the overflow information of the first eight conferences is selected by C/D = 0,
the overflow of the last two conferences and the status by C/D = 1.

16

3|
/2]

Chip Select input pin. When CS = 0, data and instructions can be transferred to or from
the external microprocessor and when CS = 1 the data bus is in tristate.

20

Read control input pin. When RD = 0, read operation is performed. When match
conditions for the opcode exists, data is transferred to the external microprocessor on the
falling edge of RD.

21

WR

Write control input pin. Instructions and opcode from the external microprocessor are
latched on the rising edge of WR.

19

23

SYNC

Synchronization input pin. The rising edge of CLOCK preceding the rising edge of SYNC
corresponds to the first bit of the first channel except for PCM frame of 1544Kbits/s. In
this case, it corresponds to the Extra bit (193th).

20

24

CLOCK

Master Clock input pin. Typ. operating Frequencies are:
3.072MHz for 24 PCM channels frame (192 bit/frame)
3.088MHz for 24 PCM channels frame with extra bit (193 bit/frame)
4.096MHz for 32 PCM channels frame (256 bit/frame)
8.192MHz for 64 PCM channels frame (512 bit/frame)
Both M34116 an M116 operating modes are possible up to 4.096MHz.
At 8.192MHz only M34116 operating mode is possible.

21

25

EC

External Clock output pin. This pin provides the master clock for the Digital Switching
Matrix (M3488). Normally it is the same signal as applied to the CLOCK input (pin 20).
When the Extra bit is selected with the instruction 5, the first two periods of the master
clock are canceled in order to allow the operation of the M34116 and the DSM with PCM
frame with Extra bit (e.g. 193 bit/frame with PCM I/O of 1544Kbits/s).

22

27

IN PCM

PCM input pin. The max bit rate is 4096Kbits/s. The first bit of the first cahnnel is found at
the second nising edge of the CLOCK signal following the rising edge of the SYNC signal.
If Extra bit is selected, then the first bit is shifted by two CLOCK periods. _

23

28

AMU

A Law or MU Law select pin. When AMU =1, A Law is selected. When AMU =0, MU Law is
selected. The law selection must be done before initializing the device using the RESET pin.

24

Vss

Ground.

3/20
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M34116

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Veo Supply Voltage 4.75t0 5.25 \
\A Input Voltage 0t05.25 \Y
Vo Off State Output Voltage 0t05.25 \
CLOCK Freq. | Input Clock Frequency 3.072/3.088 MHz
4.096/8.192 () MHz
SYNC Freq. | Input Synchronization Frequency 8 KHz
Top Operating Temperature 0to 70 °C
CAPACITANCES (measurements frequency = 1MHz; 0 to 70°C; unused pins tied to Vss)
Symbol Parameter Pin (**) Min. | Typ. | Max. Unit
Ci Input Capacitance 1to0 3; 1510 20; 22 to 23 5 pF
Cio 1/0 Capacitance 61013 15 pF
Co Output Capacitance 4,5, 21 10 pF
ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V + 5%)
All DC characteristic are valid 250us after Vcc and clock have been applied.
Symbol Parameter Pins (**) Test Condition Min. Typ. Max. Unit
Vi Input Low Level 1t03 -03 +0.8 \
15t0 20
221023
Vi Input High Level 1t03 2.0 Vee \
1510 20
22t0 23
V- Negative Threshold 6t0 13 (***) | Vec =5V 0.6 0.9 1.1 \
Voltage
V1s Positive Threshold 610 13 (***) | Vec =5V 1.5 1.7 2 \
Voltage
Vhy Hysteresis 6t013 (***) | Vec =5V 0.4 0.8 \
Vou Output Low Level 4,61013,21 ]| loL=2mA 0.4 \'
Vox Output High Level 41013,21 | loH=1mA Vce-0.4 \
VoL Output Low Level 5 loL =4.1mA 0.4 \
I Input Leakage Current 1t03 Vin=0to Vcc 10 nA
610 13
15to 20
22 to 23
lou Data Bus Leakage 61013 Vin=0to Vee +10 pA
Current CS = Vce
lcc Supply Current 14 Clock Freq. = 4.096MHz 50 mA

(*) Only in M34116 Operating Mode.
(**) Pin numbers referred to the DIP24.
(***) Schimitt-trigger inputs.

4/20
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M34116

ELECTRICAL CHARACTERISTICS (Tamb =0 to 70°C, Vcc = 5V + 5%)

All DC characteristic are valid 250us after Vcc and clock have been applied. Ci is the max. capacitive
load and RL the test pull up resistor.

Signal Symbol Parameter Test Condition Min. Typ. | Max. Unit
CK tek Clock Period 230 ns
Up to twL Clock Low Level Width 100 ns
4.096MHz twH Clock High Level Width 100 ns
tr Rise Time 25 ns
tF Fall Time 25 ns
CK tok Clock Period 120 ns
8.192MHz twi Clock Low Level Width 50 ns
twH Clock High Level Width 50 ns
R Rise Time 10 ns
tF Fall Time 10 ns
SYNC tsL Low Level Set-up Time See note 1 30 ns
tHL Low Level Hold Time 30 ns
tsH High Level Set-up Time 30 ns
twH High Level Width tck ns
PCM ts Set-up Time 35 ns
Input tH Hold Time 35 ns
PCM tPD min Propagation Time Low CL=50pF RL=1KQ 40 ns
Output Level referred to CK
(Open
drain) tPD max Propagation Time High 180 ns
level Referred to CK
RESET tsL Low Level Set-up Time note 6 50 ns
tHL Low Level Hold Time 30 ns
tsH High Level Set-up Time 30 ns
twH High Level Width tck ns
WR twi Low Level Width 150 ns
twH High Level Width 200 ns
trRep Repetition interval note 3 and 4 500 ns
between active pulses.
tsH High Level st-up time to 0 ns
active read strobe.
tHH High Level hold time to 20 ns
active read strobe.
tr Rise Time 60 ns
te Fall Time 60 ns
RD twL Low Level Width 180 ns
twh High Level Width 200 ns
tRep Repetition interval note 5 4 tck ns
between active pulses.
tsH High Level st-up time to 0 ns
active read strobe.
tHH High Level hold time to 20 ns
active read strobe.
tr Rise Time 60 ns
te Fall Time 60 ns
Notes:

1. With Extra Bit operating mode nsert this time becomes 3 tck.

2. With Extra Bit operating mode insert these times are 80ns longer.

3. With OPCODE (C/D = l), this ime becomes 4tck (6tck If E = 1). E: extra bt indication in "operating mode” instruction.

4. For tone generation instruction, this time becomes 4tck (6tck if E = 1) E: extra bit indication in "operating mode" instruction.

5. With extra bit operating mode insert, this time becomes 6tck

6. The initiahzation routine takes 2 frames time starting from the rising edge of RESET - Any access to the device should take place after the
initiahzation routine is completed. (2 frames time)

SGS-THOMSON
MICROELECTRONICS
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M34116

ELECTRICAL CHARACTERISTICS (continued)

Signal Symbol Parameter Test Condition Min. Typ. | Max. Unit
cs tsLcswr) | Low level set-up time Active Case 0 ns
__ | to WRfalling edge.
tHL (cswr) | Low Level hold time from | Active Case 20 ns
____ | WRiising edge.
tsH (cswr) | High level set-up time to Inactive Case 0 ns
____ | WRfalling edge.
tur cs-wr) | High level hold time from | Inactive Case 20 ns
____ | WRrrising edge.
tsL(cs-rp) | Low level set-up time Active Case 0 ns
| to RD falling edge.
tHL (cs-Rp) | Low Level hold time from Active Case 0 ns
____ | RDrising edge.
tsH (cs-rp) | High level set-up time to Inactive Case 0 ns
| RDfalling edge.
tHH (cs-RD) | High level hold time from | Inactive Case 0 ns
RD rising edge.
co tsccowr) | Set-up time to write strobe 130 ns
’ end.
thco-wr) | Hold time from write 25 ns
L strobe end.
tsc/p-rD) | Set-up time to read strobe 20 ns
o start.
tHco-ro) | Hold time from read 25 ns
strobe end.
oS tep(os) Propagation time from CL = 50pF 100 ns
rising edge of CK.
EC tPD(EC) Propagation time referred | Cp = 50pF 30 ns
to CK edges.
TD/TF ts Set-up 80 ns
tH Hold Time 40 ns
DO to D7 | tsgus-wr) | Inputset-up time to write 130 ns
(interface strobe end.
bus)
tHeuswr) | Input hold time from write 25 ns
strobe end.
trD(BUS! Propagation time from _ 120 ns
) (active) falling edge of CL = 200pF
read strobe.
tHz(BUS) Propagation time from 80 ns
(active) rising edge of
read strobe to high
impedance state.

A.C. TESTING, OUTPUT WAVEFORM

2.4
PLON——
0.6#POINTS o

0.45
S-7594

A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0", timing
measurement are made at 2.0V for a logic "1" and 0.8V for a logic "0".

6/20
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M34116

Figure 2: Insertion Schema of M34116 in a 480 x 480 Non-Blocking Digital Switching Matrix
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Figure 3: Block Diagram
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M34116

CIRCUIT DESCRIPTION
ALGORITHMS

+ Conference. For each channel, the PCM signal
coming in is added to its conference and the
PCM signal of the previous frame is subtracted
to its conference before being sent out. The
output signal contains only the data of all the
other channels in its conference except its
own.

+ Tone. A fourth of a sine wave equivalent to
3.9Hz (8KHz/2048) is stored in a ROM which is
read at multiple of the step (modulus 512)
equivalent to the specified frequency. This step
is used until the duration is reached then a
new step will be used according to the speci-
fied sequence.

+ Attenuation gain. The PCM signal is converted
to logarithmic of the equivalent linear and then
added or subtracted to the specified level. It is
then raised to the power of 10 to be converted
back to linear.

ARCHITECTURE

The basic time slot (16 periods of the master
clock) is divided in four different parts that per-
form four different operations (also refer to Fig. 2
block diagram):

# input processing: attenuation or gain of input
PCM according to the algorithm mentioned
earlier. The serial PCM signal coming in is
loaded as 8 bits parallel and converted to loga-
rithmic of the linear (through the PCM to LOG
LIN block). It is then added to the attenuation
or gain levels (also in logarithmic) stored in the
MPU interface, the result is raised to the power
of 10 (through the POWER 10 block) to be
converted back to linear and written in the
FRAME RAM.

# conference addition: the above PCM signal,
amplified or attenuated and converted in linear,
is added to the conference and the result is
stored in the conference RAM (block CONF
RAM).

# conference subtraction: the signal stored in the
FRAME RAM during the previous frame is sub-
tracted to the conference and the result is
stored in the conference RAM.

# output processing: attenuation or gain of the
PCM to be sent out. The result of the above
substraction is converted to PCM (through the
block LIN to PCM) and to logarithmic (through
the block PCM to LOG LIN), added to the at-
tenuation or gain level stored in the MPU inter-
face, converted to linear (through the block
POWER 10) and then to PCM (through the
block LIN to PCM). The resulting 8 bits are
then shifted out serially.

8/20 Ly SGS-THOMSON

If a channel is in conference, then all the four
above operations are applied. If it is in transpar-
ent mode, then only the first and last operations
are applied. For tone generation, the two first op-
erations are not used. During the third part, the
tone ROM is read. Since the ROM data is in lin-
ear it can therefore be applied to the fourth opera-
tion for output processing.

By default, after reset, the M34116 has the func-
tionality and the instruction set of the M116. With
a new operating mode instruction, the user can
select the functionality of the M34116 with its new
instruction set. The instruction set includes:

0 operating mode: the user can choose either the
M116 mode or the M34116 mode, the PCM
byte format (no bit inverted, even bit inverted,
odd bit inverted or all bit inverted) and the
presence or not of the extra bit.

¢ conference connection: the user specifies which
channel to be connected to which conference
with the attenuation or gain levels to be applied
to the PCM signal coming in and/or sent out.

¢ transparent connection: the user specifies which
channel to be connected in transparent mode
(bypass mode) with the attenuation or gain lev-
els to be applied to the PCM signal coming in
and/or sent out.

¢ tone generation: the user specifies to which
channel the tone must be sent out with the at-
tenuation or gain levels and the tone se-
quence. The sequence is composed of maxi-
mum 4 pairs of frequency-duration for tone and
maximum 32 pairs of frequency-duration for
melody. The frequency range is 3.9Hz to
3938Hz and the duration range is from 32ms
to 8610ms. The user can specify either all of
the pairs or finish the sequence with the byte
hex FF. The M34116 will loop the specified se-
quence endlessly or until the channel is dis-
connected. The melody could be either a sine
or square wave (pin programmable).

¢ channel disconnection: the user specifies which
channel to be disconnected. A disconnected
channel can be reconnected only after a mini-
mum of one frame time.

¢ overflow status. The user specifies which of the
4 banks of 8 conferences to be monitored and
the M34116 will send the status byte at the
read operation.

¢ channel status. The user specifies the channel
number and the M34116 will send out the
status bytes at the read operation. These bytes
include: conference number or transparent
mode or tone or no connection, input attenu-
ation or gain levels, output attenuation or gain
levels. If the channel is in the tone mode, the
tone sequence of frequency and duration will
also be sent out.

MICROELECTRONICS
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M34116

INSTRUCTION SET

OPERATING MODES

Two different operating mode istructions are available:
M116 Operating Mode:

Sending this operating mode instruction, the device functionality is the same as M116 and M116 instruc-
tion set is selected (refer to the following M116 instruction set for further details).

Control Signal Data Bus
cs RD c/D WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 1 0 X E F1 FO 0 1 0 1
 E = 1 extra bit Default values after reset:
<« F1-F0 = 00 no bit inverted E=0 Fi1-F0=11ifMULaw
01 even bit inverted Fi—FO =01 if A Law

10 odd bit inverted
11 all bitinverted

M34116 Operating Mode:
Sending this operating mode instruction, the M34 116 instruction set and functionality are selected
Control Signal Data Bus
cs RD ciD WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 1 0 X E F1 FO 1 0 0 1
“E =1 extra bit Note:
. . Upon reset M116 instruction set is automatically
“F1-F0 =00 no bitinverted selected. To switch from the M116 instruction set
01 even bit inverted the above M34116 operating mode instruction is
10 odd bit inverted necessary. The operating mode instruction, when
11 all bitinverted necessary, must be sent just after reset.

M34116 INSTRUCTION SET.

INSTRUCTION 1:M34116 CHANNEL CONNECTION IN CONFERENCE MODE
Five bytes are needed:

Control Slgnal Data Bus
cs RD D) WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 0 X X S P4 P3 P2 P1 PO
0 1 0 0 X X X Al4 Al3 Al2 Al Al0
0 1 0 0 X X X AO4 AO3 AO2 AO1 AQCO
0 1 0 0 X PT C5 C4 C3 C2 C1 Cco
0 1 1 0 X X X X 0 1 1 1
« S: Start bit < PT: Phase toggle conference
. . . . % P4-P0: Conference number (1-29)
< Al4—-AI0: Input attenuation or gain (+15dB) # C5-C0: Channel number (0-53)
Al4 =1 gain . .
Ald =0 attenuation When S = 1 the conference register is cleared. .
AI3=AI0 value in dB (0-15) S =1 can be used only when connecting the first
& Ole—AQD: iout att i in (£15dB channel to a new conference.
N AO4 = 1 ’ gziﬁu attenuation or gain (+ ) When PT = 1 the sign of the PCM samples is

- . changed before they are put in conference. This
:84 Rg attlenu'atlgg 0-15 corresponds to a phase shift of 180° and may be
3-AQGO value in dB (0-15) used to reduce the electrical echo.

Note: Unspecified Data Bus can be either 0's or 1's
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M34116

M34116 INSTRUCTION SET (continued)

INSTRUCTION 2: M34116 CHANNEL CONNECTION IN TRANSPARENT MODE
Four bytes are needed:

Control Signal Data Bus
cs RD c/D WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 0 X X X Al4 Al3 Al2 Al Al0
0 1 0 0 X X X AO4 AO3 AO2 AO1 AQO0
0 1 0 0 X X C5 C4 C3 C2 C1 Co
0 1 1 0 X X X X 0 0 1 1
< Al4—-Al0:  Input attenuation or gain (+15dB) < AO4-AQQ: output attenuation or gain (+15dB)

Al4 =1 gain AO4 =1 gain

Al4=0 attenuation AO4 =0 attenuation

AlI3-Al0 value in dB (0-15) AO3-AQO0 value in dB (0-15)

< C5-C0: Channel number (0-63)

INSTRUCTION 3: M34116 CHANNEL DISCONNECTION

This instruction is necessary to disconnect a party from a conference, to end a transparent mode con-
nection or to end a tone generation. ’

Two bytes are needed (same format as M116):

Control Signal Data Bus
cs RD c/D WR D7 D6 D5 | D4 D3 D2 D1 DO
0 1 0 0 X X c5 C4 c3 c2 ci co
0 1 1 0 X X X X 1 1 1 1

# C5-CO0: Channel number (0—-63)
One time frame must exist between disconnection and connection of the same channel.

INSTRUCTION 4: M34116 OVERFLOW INFORMATION
Single byte instruction:

Control Signal Data Bus
cs RD c/D WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 1 0 X X B1 BO 1 0 1 0

< B1-B0: Bank Selection (0-3)
Conference overflow information is sent out, after this instruction, in the data bus (D7-D0) when RD
goes low according to the Bank selection value:

Control Signal s eB