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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 

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

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

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

SGS-THOMSON Microelectronics is a world lea
der in components for line card applications. Cou
pling vast system know-how, world class techno
logies and strong manufacturing experience, the 
company offers the most comprehensive range of 
solutions on the marl<et-place. 
Committed to offering solutions meeting all world 
standards, the company offers a complete family 
of single-chip codecs and filters, integrated first 
generation CMOS COMBO's, fully compatible 
with major manufacturers' families, and the pro
grammable second generation COMBO® II. 
Drawing on its world recognized bipolar capability 
SGS-THOMSON Microelectronics offers the most 
performant monolithic subscriber line interface cir
cuits (SLIC) including the industry first internal rin
ging SLIC the L3000/L3XXX family. 
Active in design at the system level the company 

offers a comprehensive family of switching matrix 
and special function devices, including our high 
performance conference call circuit, an industry 
first. 
Active in a broad spectrum of application and tech
nologies, the company employs state of the art pro
cesses including 3.0, 2.0 and 1.2 I'm CMOS 
processes for mixed analogfdigital functions and 
bipolar processes to 140V for high voltage appli
cations such as SLICs. The company is also a world 
leader in BCD (Bipolar- CMOS - DMOS) techno
logy providing the capability to mix low and high 
voltage applications on a single chip. 
To simplify system design and application SGS
THOMSON Microelectronics offers comprehen
sive application support, including a full suite of ap
plication modules and software plus dedicated ap
plication support engineers and laboratories. 

The SLIC-COMBO demo board allows design implementation and debug of line card using TS5070/1 
COMBO II and SGS-THOMSON family of monolithic SLICs. 
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INTRODUCTION 

The M088/MI16 allows design implementation and debug of combined switching matrix/conference call 
functions. 
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ALPHANUMERICAL INDEX 

Type 
Number 

1.5KE Series 
BZW04 Series 
BZW50 Series 
EF7333 
EF73321 
ETC5040/A 
ETC5040FN/AFN 
ETC5040X/AX 
ETC5054/ETC5057 
ETC5054FN/ETC5057FN 
ETC5054X/ETC5057X 
ETC5056 
ETC5064/ETC5067 
ETC5064FN/ETC5067FN 
ETC50S64X/ETC50S67X 

GS-T25/30 Family 
L3000/10 
L3000/30 
L3000/90 
L3000/91 
L3100B/B1 

L3121B 
LB1011 
LB1013 
LH1056 
LH1061 
LS204 
LS404 
LS501SB/5060B/5120B/B 1 
M044 
M079 
MOSS 
M089 
M093 
M116 

M3444 
M34SS 
M3493 
M3494 
M34930 
M5116 
M5156 
M5913/14 

Function 

1500 W/1 ms expo- Uni and Bidirectional Devices .... . 
400 W/1 ms expo - Uni and Bidirectional Devices ..... . 
1500 W/1 ms expo- Uni and Bidirectional Devices .... . 
Cept PCM Trunk Controller ....................... . 
PCM Line Transceiver ........................... . 
PCM Monolithic Filter ............................ . 
PCM Receive/Transmit Filter ...................... . 
Extended Temperature Range PCM Monolithic Filter .. . 
Serial Interface Codec/Filter ...................... . 
Serial Interface Codec/Filter ...................... . 
Extended Temperature Range, Serial Interface Codec/Filter 
Parallel Data Interface Codec/filter ................. . 
Serial Interface Codec/Filter with Receive Power Amplifier 
Serial Interface Codec/Filter with Receiver Power Amplifier 
Synchronous Serial Interface Codec/filter with Receive 
Power Amplifier ................................. . 
25/30 Watt DC-DC Converter ...................... . 
Subscriber Line Interface Circuit Kit ................ . 
Subscriber Line Interface Circuit Kit ................ . 
Subscriber Line Interface Circuit Kit ................ . 
Subscriber Line Interface Circuit Kit ................ . 
Trisil Unidirectional Programmable Voltage and Current 
Suppressor .................................... . 
Bidirectional Programmable Voltage and Current Suppressor 
Battery Feed ................................... . 
85v Dual Operational Amplifier .................... . 
Single Pole-High Voltage Solid - State Relay ......... . 
Double Pole-High Voltage Solid - State Relay ........ . 
High Performance Dual Operational Amplifiers ....... . 
High Performance Quad Operational Amplifiers ...... . 
Bidirectional Trisil ............................... . 
12S x 12S Digital Switching Matrix .................. . 
N-Channel 2 x 2 x 2 Crosspoint Switch With Control Memory 
256 x 256 Digital Switching Matrix .................. . 
2 x S Crosspoint Matrix ........................... . 
N-Channel 12 x 8 Crosspoint Switch With Control Memory 
PCM Conference Call and Attenuation/Noise Suppression 
Circuit ........................................ . 
CMOS 12Sx 128 Digital Switching Matrix ............ . 
CMOS 256 x 256 Digital Switching Matrix ............ . 
CMOS 12 x S Crosspoint With Control Memory ....... . 
CMOS 16 x 8 Crosspoint With Control Memory ....... . 
12 x S Crosspoint ............................... . 
u-25 Law Companding Codec ..................... . 
A-Law Companding Codec ........................ . 
Combined Single Chip PCM Codec and Filter ........ . 

Page 
Number 

735 
717 
741 
485 
501 

17 
37 
27 
71 
S7 

103 
119 
131 
147 

163 
793 
269 
295 
323 
339 

767 
771 
385 
395 
527 
535 
545 
555 
755 
455 
401 
467 
405 
41~ 

513 
4S1 
4S3 
423 
437 
451 
47 
59 

179 



M5917 

Type 
Number 

P6KE Series 
P7T Series 
SM4T Series 

SM6T Series 

SM 1ST Series 

ST5075/76 
TDB7722/11 
TEB1033 
TEB4033 
TEC1033 
TEC4033 
TEF1033 
TEF4033 
THBT200D 
THDT58D 
TPA Series 
TPB Series 
TS5070/71 
TSGF Series 

TSGB510 
TSGB511 
TSG8512 
TSGB513 
TSG8514 
TSG8530 
TSG8531 
TSG8532 
TSG8540 
TSGB550 
TSG8551 
TSG8670 

TSG8751 

ALPHANUMERICAL INDEX 

Function 

Single Chip PCM Codec and Filter ................. . 
600 W/1 ms expo - Uni and Bidirectional Devices ..... . 
700 W/1 ms expo - Uni and Bidirectional Devices ..... . 
400 W/1 ms expo - Uni and Bidirectional Surface Mount 
Devices ....................................... . 
600 W/1 ms expo - Uni and Bidirectional Surface Mount 
Devices ....................................... . 
1500 W/1 ms expo- Uni and Bidirectional Surface Mount 
Devices ....................................... . 
Programmable Codec/Filter For ISDN and Digital Phone 
Subscriber Line Interface Circuit, Kit ............... . 
Bipolar Dual Operational Amplifier ................. . 
Bipolar Quad Operational Amplifier ................. . 
Bipolar Dual Operational Amplifier ................. . 
Bipolar Quad Operational Amplifier ................. . 
Bipolar Dual Operational Amplifier ................. . 
Bipolar Quad Operational Amplifier ................. . 
Dual Symmetrical Trisil .......................... . 
Dual Asymmetrical Trisil .......................... . 
Trisil .......................................... . 
Trisil .......................................... . 
Programmable Codec/Filter Combo 2nd Generation ... . 
Mask Programmable Filters Analog Switched Capacitors 
Filter Arrays .................................... . 
Switched Capacitor Mask Programmable Filter ....... . 

Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Filter ......................... . 
Switched Capacitor Mask Programmable Filter ....... . 
Switched Capacitor Mask Programmable Filter ....... . 
MPF Voice-Grade Dual Filter For Telephone Line Interface 
Switched Capacitor Filter ......................... . 
Switched Capacitor Filter ......................... . 

Page 
Number 

201 
723 
729 

775 

781 

787 
245 
367 
567 
577 
567 
577 
567 
577 
759 
763 
747 
751 
217 

587 
625 
631 
637 
643 
649 
655 
661 
667 
673 
677 
685 

691 
705 
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SELECTION GUIDE 

FILTER/CODEC CIRCUITS 

Type 
Description 

Number 

ETC5040/ETC5040A PCM Monolithic filter 
ETC5040X/ETC5040AX Extended temperature range PCM Monolithic filter 
ETC5040FN/ETC5040AFN PCM Monolithic filter 
M5116 u Law companding codec 
M5156 A Law companding codec 

COMBO CIRCUITS 

Type 
Description 

Number 

ETC5054/ETC5057 Monolithic serial interface COMBO 
ETC5054FN/ETC5057FN Monolithic serial interface COMBO (PLCC Package) 
ETC5054X/ETC5057X Extended temperature range monolithic serial interface COMBO 
ETC5056 Monolithic parallel interface COMBO 
ETC5064/ETC5067 Monolithic serial interface COMBO with receive power amplifier 
ETC5064FN/ETC5067FN Monolithic serial interface COMBO with receive power amplifier 

PLCC package 
ETC50S64/ETC50S67 Monolithic synchronous serial interface COMBO 
M5913/M5914 Monolithic synchronous universal COMBO 
M5917 Monolithic serial interface COMBO 
TS5070/TS5071 Monolithic programmable second generation COMBO 
ST5075/ST5076 Monolithic programmable second generation ISDN COMBO 

SUBSCRIBER LINE INTERFACE CIRCUITS I 
Type 

Description Number 

L3000/L301 0 Subscriber line interface circuit kit serial interface 
L3000/L3030 Subscriber line interface circuit kit serial/parallel interface 
L3000/L3090 Subscriber line interface circuit kit parallel interface 
L3000/L3091 Subscriber line interface circuit kit parallel interface 
TDB7722/TDB7711 Subscriber line interface circuit kit serial interface 
LB1011 Telephone line battery feed 
LB1013 85 Volt Dual Op-Amp 

ANALOG CROSSPOINT MATRIX I 
Type 

Number 

M079 
M089 
M093 
M3493 
M3494 
M34930 

Description 

2 x 2 x 2 Crosspoint Matrix 
2 x 8 Crosspoint Matrix 
12 x 8 Crosspoint Matrix 
12 x 8 CMOS Crosspoint Matrix 
16 x 8 CMOS Crosspoint Matrix 
12 x 8 CMOS Crosspoint Matrix 

r=-= SGS·lHOMSON .. '"f /. llllU©lil@IW<©ifOO®Ii:!U©$ 
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SELECTION GUIDE 

DIGITAL CROSSPOINT MATRIX I 

Type Description Page 
Number 

M044 128 x 128 Crosspoint matrix 455 
MOBS 256 x 256 Crosspoint matrix 467 
M3444 128 x 128 CMOS Crosspoint matrix 481 
M3488 256 x 256 CMOS Crosspoint matrix 483 

SPECIAL FUNCTION CIRCUITS l 
Type Description Page 

Number 

EF7333 Cept PCM Line controller 485 
EF73321 PCM Line transceiver 501 
M116 PCM Conferance circuit 513 

SOLID STATE RELAYS 

Type Description Page 
Number 

LH1056 Single pole high voltage 527 
LH1061 Double pole high voltage 535 

SPECIAL OPERATIONAL AMPLIFIERS I 
Type 

Description Page 
Number 

LS204 High performance dual Op. Amp. 545 
LS404 High performance quad Op. Amp. 555 
TEB1033 High performance dual Op. Amp. 567 
TEB4033 Hiah oerformance auad Oo. Amo. 577 

SWITCHED CAPACITOR FILTERS-~ 
Type 

Description Page Number 

TSGF Series Analog Switched capacitor filter arrays 587 
TSG8510 5th order Gauer (elliptic) - Low pass (33 dB stopband) 625 
TSG8511 7th order Gauer (elliptic) - Low pass (55 dB stopband) 631 
TSG8512 7th order Gauer (elliptic) - Low pass (85 dB stopband) 637 
TSG8513 8th order Chebychev - Low pass (0.15 dB ripple) 643 
TSG8514 8th order Butterworth - Low pass (Max flat) 649 
TSG8530 3rd order Gauer - High pass 655 
TSG8531 6th order Gauer - High pass 661 
TSG8532 6th order Chebychev - High pass 667 
TSG8540 6th order rejector (Notch) 673 
TSG8550 6th order Gauer - Band pass (Q = 8) 677 
TSG8551 8th order - High selectivity - Band pass (Q = 35) 685 
TSG8670 Voice grade Dual filter for telephone line interface 691 
TSG8751 4th order - High selectivity - Band pass (Q = 25) 705 
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SELECTION GUIDE 

PROTECTION DEVICES 

TRANSIL 

Type 
Pp (W) VRM (V) 

Unidirectional Bidirectional 
Case Page 

400/1 ms 5.8 to 376 BZW04 . ./BZW04P .. BZW04 .. B/BZW04P .. B F126 717 
600/1 ms 5.8 to 376 P6KE .. P,A P6KE .. CP, CA CB-417 723 
700/1 ms 10 to 110 P7T ... P7T ... B CB-417 729 

1500/1 ms 5.8 to 376 1.5KE ... P,A 1.5KE ... CP, CA CB-429 735 
5000/1 ms 10 to 180 BZW50 ... BZW50 ... B AG 741 

TRISIL 

lpp (A) VeR (V) I Types I Case Page 

MONO FUNCTION 

100/8-20 us 62 to 270 I TPA series I F126 747 
150/8-20 us 62 to 270 TPB senes CB-429 751 
500/8-20 us 17 to 120 LS5018B/LS5060B/LS5120B,B1 MINIOIP 755 

DUAL FUNCTION 

150/8-20/'S 200 I THBT 2000 I T0220 759 
150/8-20/'s -60 THOT 580 T0220 763 

TRIGGERED FUNCTION UNIDIRECTIONAL 

250/8-20 us 255 I L31 0081 l MINIOIP 767 

TRIGGERED FUNCTION BIDIRECTIONAL 

250/8-20/'S 100 I L3121 B I SIP.4 771 

SURFACE MOUNT TRANSIL 

Type 
Pp (W) VRM (V) Case Page 

Unidirectional Bidirectional 

400/1 ms 5.5 to 188 SM4T .. , A - CB472 775 
5.5 to 171 - SM4T .. C, A CB472 

600/1 ms 5.5 to 188 SM6T ... , A - CB-472 781 
5.5 to 171 - SM6T ... C,A CB-472 

1500/1 ms 5.5 to 188 SM15T ... , A - CB-473 787 
5.5 to 171 - SM15T ... C,A CB-473 
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SELECTION GUIDE 

POWER SUPPLY MODULE 

Type 
Description Page 

Number 

GS-T25/30 25-30 Watt DC-DC Converters 793 

APPLICATION NOTES AND DESIGN SUPPORT I 
Type Description Page 

Number 

AN117 M088 Digital Switching Matrix 801 
AN293 COMBO II programming and hybrid balancing 827 
AN294 L3000/L3090 SUC Kit maximum loop resistance analysis 839 
AN295 L3000/L3090 SUC Kit performance analysis using 24 volt battery 841 
AN296 L3000/L3090 sue Kit use in key system and analog PABX 843 
AN297 sue protection circuits 849 
AN298 TDB7722, TDB7711 SUC kit application information 855 
AN299 How to handle signaling with the M088 Digital switching matrix 867 
AN332 EF7333/EF73321 clock extraction module circuit and terminal 

switching module circuit 883 
AN333 sue kit AC models 889 
AN334 L3000/L3090 SUC Kit Emi Performance Evaluation 911 
AN335 Programming COMBO II with SGS-THOMSON SUC family 919 
AN336 SUC evaluation Kit 925 
AN337 SUCOMBO Demo Board 927 
AN338 Filter/COMBO reliability Report 929 
AN052 How to choose a filter in a specific application 937 
AN061 Implementation and applications around standard 

mask-programmable filters 959 
AN069 A supplement to the utilization of Sc-Filters 969 
AN070 Band-pass and Band-Stop filters 997 
AN075 Sc-Filters signal detection and sinewave generation 1015 
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• EXCEEDS ALL D3/D4 AND CCITT SPECIFICA
TIONS 

• + SV,- SV POWER SUPPLIES 
• LOW POWER CONSUMPTION : 

45mW (6000- OdBm load) 
30mW (power amps disabled) 

• POWER DOWN MODE : O.SmW 
• 20 dB GAIN ADJUST RANGE 
• NO EXTERNAL ANTI-ALIASING COMPO-

NENTS 
• SIN x/x CORRECTION IN RECEIVE FILTER 
• 50/60Hz REJECTION IN TRANSMIT FILTER 
• TTL AND CMOS COMPATIBLE LOGIC 
• ALL INPUTS PROTECTED AGAINST STATIC 

DISCHARGE DUE TO HANDLING 

DESCRIPTION 
The ETC5040/ETC5040A filter is a monolithic cir
cuit containing both transmit and receive filters spe
cifically designed for PCM CODEC filtering 
applications in 8kHz sampled systems. 

The filter is manufactured using double-poly silicon 
gate CMOS technology. Switched capacitor integra
tors are used to simulate classical LC ladder filters 
which exhibit low component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is fifth order elliptic low pass filter 
in series with a fourth order Chebychev high pass 
filter. It provides a flat response in the passband and 
rejection of signals below 200Hz and above 3.4kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass fil
ter designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of 
the sampling process, is a stair-step signal having 
the inherent sin x/x frequency response. The receive 
filter approximates the function required to compen
sate for the degraded frequency response and re
stores the flat pass-band response. 

January 1989 

ETC5040 
ETC5040A 

PCM MONOLITHIC FILTER 

DIP16 
(Ceramic) 

ORDER CODES ; ETC5040J 
ETC5040AJ 

PIN CONNECTION 

VFxl+ VFxO 

VFxl- GNDA 

GSx eLKO 

VFRO PDN 

PWRI eLK 

PWRO+ GNDD 

PWRO- VFHI 

Vss Vee 

1/10 
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ETC5040-ETC5040A 

Figure 1 : Block Diagram. 

2/10 
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ETC5040-ETC5040A 

PIN DESCRIPTION 

Name Pin No Description 
Type 

VFxl + I 1 The Non-inverting Input to the Transmit Filter Stage 

VF,I- I 2 The Inverting Input to the Transmit Filter Stage 

GS, 0 3 The output used for gain adjustments of the transmit filter 

VFRO 0 4 The Low Power receive Filter Output. This pin can directly drive the receive port of 
an electronic hybrid. 

PWRI I 5 The Input to the Receive Filter Defferential Power Amplifier. 

PWRO+ 0 6 The Non-Inverting Output of the receive Filter Power Amplifier. 
This output can directly interface conventional transformer hybrids. 

PWRO- 0 7 The Inverting Output of the receive Filter Power Amplifier. 
This output can be used with PWRO + to differentially drive a transformer hybrid. 

Vee s 8 The Negative Power Supply Pin. Recommended input is- 5 V. 

Vee s 9 The Positive Power Supply Pin. The recommended input is 5 V. 

VFRI I 10 The Input Pin for the Receive Filter Stage. 

GNDD GND 11 Digital Ground Input Pin. All digital signals are referenced to this pin. 

CLK I 12 Master Input Clock. Input frequency can be selected as 2.048 MHz, 1.544 MHz or 
1.536 MHz. 

PDN I 13 The input pin used to power down the ETC5040/ETC5040A during idle periods. 
Logic 1 (V cc) input voltage causes a power down condition. An Internal Pull-up is 
provtded. 

CLKO I 14 This input pin selects internal counters in accordance with the CLK input clock 
frequency : 
CLK Connect CLKO to: 
2048 kHz Vee 
1544kHz GNDD 
1536kHz Vse 
An Internal Pull-up is provided. 

GNDA GND 15 Analog Ground Input Ptn. All analog signals are referenced to this ptn. Not internally 
connected to GNDD. 

VF,O 0 16 The Output of the Transmit Filter Stage. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±7 v 
v'" Input Voltage ±7 v 
TA Operating Temperature Range - 25 ac to + 125 ac oc 

Tstg Storage Temperature - 65 oc to + 150 ac oc 
Po Power Dissipation 1/Package w 

Output Short-circuit Duration Continuous 

Lead Temperature 300 oc 

3/10 
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ETC5040-ETC5040A 

DC ELECTRICAL CHARACTERISTICS 
TA = 0 ·c to+ 70 ·c, Vee= 5.0 V ± 5 %, Vss =- 5.0 V ± 5 %, clock frequency is 2.048 MHz. Typical par
ameters are specified at TA = + 25 ·c. Vee= 5.0 V, Vss =- 5.0 V (unless otherwise specified). Digital inter
face voltages measured with respect to digital ground, GNDD. Analog voltages measured with respect to 
analog ground, GNDA. 

POWER DISSIPATION 

Symbol Parameter Min. Typ. Max. Unit 

I ceo Vee Standby Current (PDN =Vee, power down mode) - 50 100 !lA 

Is so V88 Standby Current (PDN =Vee, power down mode) - 100 -50 - !lA 
lcc1 Vee Operating Current (PWRI = V8 s, power amp inactive) - 3.0 4.0 rnA 

lss1 V88 Operating Current (PWRI = V88 , power amp inactive) -4.0 -3.0 - rnA 

lcc2 Vee Operating Current (note 1) - 4.6 6.4 rnA 

lss2 Vss Operating Current (note 1) - 6.4 -4.6 - rnA 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

I INC Input Current, CLK (0 V :> V1N :>Vee) - 10 - 10 !lA 

IJNP Input Current, PDN (0 V :> V1N :>Vee- 2 V) - 100 - - !lA 
IJNO Input Current, CLKO (Vss :> V1N :>Vee- 2 V) -10 - -0.1 !lA 
VIL Input Low Voltage, CLK, PDN 0 - 0.8 v 
V1H Input High Voltage, CLK, PDN 2.2 - Vee v 

VILO Input Low Voltage, CLKO Vss - Vss +0.5 v 
VIJO Input Intermediate Voltage, CLKO -0.8 - 0.8 v 

VJHO Input High Voltage, CLKO Vee- 0.5 - Vee v 

TRANSMIT INPUT AMP. OP. 

Symbol Parameter Min. Typ. Max. Unit 

IB,I Input Leakage Current, VF,I (Vss :> VF,I :>Vee) -100 - 100 nA 

Rl,l Input Resistance VF,I (Vss :> VF,I :>Vee) 10 - - MQ 

VOS,I Input Offset Voltage, VF,I (- 2.5 :> V1N :> + 2.5 V) -20 - 20 mV 

VcM Common-mode Range, VF,I -2.5 - 2.5 v 
CMRR Common-mode Rejection Ratio (- 2.5 V :> V1N :> 2.5 V) 60 - - dB 

PSRR Power Supply Rejection of Vee or Vss 60 - - dB 

RoL Open Loop Output Resistance GS, - 1 - kQ 

RL Minimum Load Resistance, GS, 10 - - kQ 

CL Maximum Load Capacitance, GS, - - 100 pF 

Vox I Output Voltage Swing, GS, (RL :? 10 kQ) ± 2.5 - - v 
AvoL Open Loop Voltage Gain, GS, (RL:? 10 kQ) 5000 - - VN 

Fe Open Loop Unity Gain Bandwidth, GS, - 2 - MHz 

4/10 
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ETC5040-ETC5040A 

AC ELECTRICAL CHARACTERISTICS 
TA = 25 ·c. All parameters are specified for a signal level of OdBmO at 1kHz. The OdBmO level is assumed 
to be 1.54Vrms measured at the output of the transmit or receive filter. (unless otherwise specified). 

TRANSMIT FILTER (note 2) 

Symbol Parameter Min. Typ. Max. Unit 

RLx Minimum Load Resistance kQ 
- 2.5 V < Vour < + 2.5 V 3 - -
- 3.2 V < Vour < + 3.2 V 10 - -

CLx Load Capacitance VFxO - - 100 pF 

Output Resistance, VFxO - 1 3. Q 

PSRR1 Vee Power Supply Rejection VFxl (f = 1 kHz, VFxl+ = 0 Vrms) 30 - - dB 

PSRR2 Vss Power Supply Rejection, VFxO. (same as above) 35 - - dB 

GAx Absolute Gain (f = 1 kHz) ETC5040A dB 
ETC5040 2.9 3.0 3.1 

2.875 3.0 3.125 

GRx Gain Relative to GAx dB 
Below 50 Hz - - -35 
50 Hz - -41 -35 
60Hz - -35 -30 
200Hz ETC5040A -1.5 - 0 

ETC5040 -1.5 - 0.05 
300 Hz to 3 kHz ETC5040A -0.125 - 0.125 

ETC5040 -0.15 - 0.15 
3.3 kHz ETC5040A -0.35 - 0.03 

ETC5040 -0.35 - 0.125 
3.4 kHz -0.70 - -0.1 
4.0 kHz' - -15 -14 
4.6 kHz and above - - -32 

DAx Absolute Delay at 1 kHz - - 230 ).lS 

Differencial Envelope Delay from 1 kHz to 2.6 kHz - - 60 J.lS 

DPx1 Single Frequency Distortion Products - - -48 dB 

DPx2 Distortion at Maximum Signal Level dB 
1.6 Vrms, 1 kHz Signal applied to VFxl+, Gain= 20 dB, 
RL = 10 kQ - - -45 

NCx1 Total C Message Noise at VFxO - 2 5 dBrncO 

NCx2 Total C Message Noise at VFxO dBrncO 
Gain setting Op Amp at 20 dB, non Inverting, Note 3, 
0 °C ~ T A ~ + 70 °C - 3 6 

GAxT Temperature Coefficient of 1 kHz Gain - 0.0004 - dBfOC 

GAxS Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBN 

CTRx Crosstalk, Receive to Transmit 20 Log VFx~ dB 
Receive Filter Output= 2.2 Vrms, VFR 
VFxl+ = 0 Vrms, f = 0.2 kHz to 3.4 kHz, Measure VFxO - - -70 

GRxL Gaintracking Relative to GAx dB 
Output Level = + 3 dBmO -0.1 - 0.1 
+ 2 dBmO to - 40 dBmO -0.05 - 0.05 
- 40 dBmO to - 55 dBmO -0.1 - 0.1 

5/10 
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ETC5040-ETC5040A 

AC ELECTRICAL CHARACTERISTICS (continued) 

RECEIVE FILTER (unless otherwise noted, the receive filter is preceded by a sin x/x filter with an input 
signal level of 1.54 Vrms). 

Symbol Parameter Min. Typ. Max. Unit 

IBR Input Leakage Current, VFRI (- 3.2 V ~ VIN ~ 3.2 V) -100 - 100 nA 

RIR Input Resistance, VFRI 10 - - MQ 

ROR Output Resistance, VFRO - 1 3 Q 

CLR Load Capacitance, VFRO - - 100 pF 

RLR Load Resistance, VFRO 10 - - kQ 

PSRR3 Power Supply Rejection of Vee or Vee dB 
VFRO (VFRI connected to GNDA, I= 1 kHz) 35 - -

VOSRO Output DC Offset, VFRO (VFRI connected to GNDA) -200 - + 200 mV 

GAR Absolute Gain (f = 1 kHz) dB 
ETC5040A - 0.1 0 0.1 
ETC5040 -0.125 0 0.125 

GRR Gain Relative to Gain at 1 kHz below 300 Hz - - 0.125 dB 
300 Hz to 3.0 kHz ETC5040A - 0.125 - 0.125 

ETC5040 -0.15 - 0.15 
3.3 kHz -0.35 - 0.03 
3.4 kHz -0.70 - -0.1 
4.0 kHz - - -14 
4.6 kHz and Above - - -32 

DAR Absolute Delay at 1 kHz - - 100 J.lS 

DDR Differential Envelope Delay 1 kHz to 2.6 kHz - - 100 J.lS 

DPR1 Single Frequency Distortion Products (I = 1 kHz) - - -48 dB 

DPR2 Distortion at Maximum Signal Level dB 
2.2 Vrms Input to Sin x/x Filter, f = 1 kHz, RL = 10 kn - - -45 

NCR Total C-message Noise at VFRO - 3 5 dBrncO 

GART Temperature Coefficient of 1 kHz Gain - 0.0004 - dBJOC 

GARS Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBN 

CTxR Crosstalk, Transmit to Receive 20 log VFRO dB 

(transmit filter output= 2. 2 Vrms, VFxO 
VFRI = 0 Vrms, f = 0.3 kHz to 3.4 kHz, measure VFRO) - -80 -70 

GRRL Gaintraking Relative to GAR dB 
Output Level = 3 dBmO - 0.1 - 0.1 
+ 2 dBmO to - 40 dBmO -0.05 - 0.05 
- 40 dBmO to - 55 dBmO - 0.1 - 0.1 
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ETC5040-ETC5040A 

AC ELECTRICAL CHARACTERISTICS (continued) 

RECEIVE OUTPUT POWER AMPLIFIER 

Symbol Parameter 

IBP Input Leakage Current, PWRI (- 3.2 V:::; V1N :::; 3.2 V) 

RIP Input Resistance, PWRI 

ROP1 Output Resistance, PWRO •, PWRO- (amplifiers active) 

CLP Load Capacitance, PWRO +, PWRO-

GAp• Gain, PWRI to PWRO + (RL = 600 n connected between) 

GAp- Gain, PWRI to PWRO -
PWRO + and PWRO -, Input Level = 0 dBmO (note 4) 

GRpL Gaintraking Relative to OdBmO Output Level 
V = 2.05 Vrms, RL = 600 Q (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5) 

S/Dp Signal/Distortion 
V = 2.05 Vrms,.RL = 600 Q (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5) 

VOSP Output DC offset, PWRO +, PWRO - (PWRI connected to GNDA) 

PSRR5 Power Supply Rejection of Vee or Vss 
(PWRI connected to GNDA) 

Min. 

0.1 

10 

-
-
-

-

-0.1 
-0.1 

-
-

-50 

45 

Typ. Max. Unit 

- 3 ~ 
- - MQ 

1 - Q 

- 500 pF 

1 - VN 

VN 
-1 -

dB 
- 0.1 
- 0.1 

dB 
- -45 
- -45 

- 50 mV 

- - dB 

Notes : 1. Maximum power consumption depend on the load impedance connected to the power amplifier. The specification listed assumes 
o dBm is delivred to soon connected from PWRO + PWRO. 

2. Transmit filter input op amp set to the non inverting unity gain mode. w1th VF,I+ = 1.1Vrms, unless otherwise noted. 
3 The OdBm level for the filter is assumed to be 1.54Vrms measured at the output of the XMT or RCV filter. 
4. The OdBmO level for the power amplifiers is load dependent. For R, =-600Q to GNDA. the OdBmO level is 1.43Vrms measured at 

the amplifier output. For R, = 300Q the OdBmO level is 1.22Vrms. 
5. VFRO connected to PWRI, input signal applied to VFRI. 

TYPICAL PERFORMANCE CHARACTERISTICS 

TRANSMIT FILTER STAGE RECEIVE FILTER STAGE 
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ETC5040-ETC5040A 

Figure 2 : Interface Circuit for CODEC. 
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Notes : 1. Transm1t voltage gam~ Rj +R2 x --i2(the filter itself introduces a 3dB gam) (R1 + R2 ~ 10kr.!). 
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R4 
2. Receive gain~ 

R3+R4 
(R3 + R4 ~ 10kr.!) 

R2 

3 In the configuration shown, the receive filter power amplifiers will drive a 600Q TorR termination to a signal level of 8.5dBm. Anal
ternative arrangement using a transformer winding ratio equivalent to 1 414 · 1 and 300Q resistor As w1ll provide a maximum signal 
level of 10dBm across 600>.! termination impedance. 



FUNCTIONAL DESCRIPTION 
The ETC 5040/ETC 5040A monolithic filter contains 
four main sections ; Transmit Filter, Receive Filter, 
Receive Filter Power Amplifier, and Frequency 
Divider/Select Logic (figure 1 ). A brief description of 
the circuit operation for each section is provided 
below. 

TRANSMIT FILTER 

The input stage of the transmit filter is a CMOS oper
ational amplifier which provides an input resistance 
greater than 1 OMQ, a voltage gain of greater than 
5.000, low power consumption (less than 3mW}, 
high power supply rejection, and is capable of driv
ing a 10kQ load in parallel with up to 25pF. The in
puts and output of the amplifier are accessible for 
added flexibility. Non-inverting mode, inverting 
mode, or differential amplifier mode operation can 
be implemented with external resistors. It can also 
be connected to provide a gain of up to 20dB with
out degrading the overall filter performance. 

The input stage is followed by a prefilter which is a 
two pole RC active low pass filter designed to atte
nuate high frequency noise before the input signal 
enters the switched-capacitor high pass and low 
pass filters. 

A high pass filter is provided to reject 200Hz or lower 
noise which may exist in the signal path. The low 
pass portion of the switched-capacitor filter provides 
stopband attenuation which exceeds the D3 and D4 
specifications as well as the CCITT G712 recom
mendations. 

The output of the transmit filter, the postfilter, is also 
a two-pole RC active low pass filter which attenu
ates clock frequency noise by at least 40dB. The 
output of the transmit filter is capable of driving a 
± 3.2V peak to peak signal into a 1 OkQ load in par
allel with up to 25pF. 

RECEIVE FILTER 

The input stage of the receive filter is a prefilter which 
is similar to the transmit prefilter. The prefilter atte
nuates high frequency noise that may be present on 
the receive input signal. A switched capacitor low 

APPLICATIONS INFORMATION 

GAIN ADJUST 

Figure 2 shows the signal path interconnections be
tween the ETC5040/ETC5040A and single-channel 
CODEC. The transmit RC coupling components 
have been chosen both for minimum passband 
droop and to present the correct impedance to the 
CODEC during sampling. 

ETC5040-ETC5040A 

pass filter follows the prefilter to provide the necess
ary passband flatness, stopband rejection and sin 
xlx gain correction. A postfilter which is similar to the 
transmit postfilter follows the low pass stage. It at
tenuates clock frequency noise and provides a low 
output impedance capable of directly driving an 
electronic subscriber-line-interface circuit. 

RECEIVE FILTER POWER AMPLIFIERS 

Two power amplifiers are also provided to interface 
to transformer coupled line circuits. These two am
plifiers are driven by the output of the receive postfil
ter through gain setting resistors, R3, R4 (figure 2). 
The power amplifiers can be deactivated, when not 
required, by connecting the power amplifier input 
(pin 5) to the negative power supply Vss. This re
duces the total filter power consumption by approxi
mately 1 OmW-20mW depending on output signal 
amplitude. 

POWER DOWN CONTROL 
A power down mode is also provided. A logic 1 po
wer down command applied on the PDN pin (pin 13) 
will reduce the total filter power consumption to less 
than 1 mW and turn the power amplifier outputs in
to high impedance state. 

FREQUENCY DIVIDER AND SELECT LOGIC 
CIRCUIT 

This circuit divides the external clock frequency 
down to the switching frequency of the low pass 
switched capacitor filters. The divider also contains 
a TTL-CMOS interface circuit which converts the ex
ternal TTL clock level to the CMOS logic level requi
red for the divider logic. This interface circuit canal
so be directly driven by CMOS logic. 
A frequency select circuit is provided to allow the fil
ter to operate with 2.048MHz, 1.544MHz or 
1.536MHz clock frequencies. By connecting the fre
quency select pin CLKO (pin 14) to Vee, a 
2.048MHz clock input frequency is selected. Digital 
ground selects 1.544MHz and Vss selects 
1.536MHz. 

Optimum noise and distortion performance will be 
obtained from the ETC5040/ETC5040A filter when 
operated with system peak overload voltages of 
± 2.5V to± 3.2V at VFxO and VFRO. When interfac
ing to a PCM CODEC with a peak overload voltage 
outside this range, further gain or attenuation may 
be required. 
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ETC5040-ETC5040A 

For example, the ETC5040/ETC5040A filter can be 
used with CODEC which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter out
put and an attenuation stage following the CODEC 
output are required. 

BOARD LAYOUT 

Care must be taken in PCB layout to minimize po-

10/10 

26 

wer supply and ground noise. Analog ground 
(GNDA) of each filter should be connected to digital 
ground (GNDD) at a single point, which should be 
bypassed to both power supplies. 

Further power supply decoupling adjacent to each 
filter and CODEC is recommended. Ground loops 
should be avoided, both between the GNDA traces 
of adjacent filters and CODECs. 



ETC5040X 
ETC5040AX 

EXTENDED TEMPERATURE RANGE 
PCM MONOLITHIC FILTER 

• EXCEEDS ALL D3/D4 AND CCITT SPECIFICA-
TIONS 

• + 5 V,- 5 V POWER SUPPLIES 
• LOW POWER CONSUMPTION : 
• 45 mW (600 Q -0 dBm load) 
• 30 mW (power amps disabled) 
• POWER DOWN MODE : 0.5 mW 
• 20 dB GAIN ADJUST RANGE 
• NO EXTERNAL ANTI-ALIASING COMPO-

NENTS 
• SIN x/x CORRECTION IN RECEIVE FILTER 
• 50/60Hz REJECTION IN TRANSMIT FILTER 
• TTL AND CMOS COMPATIBLE LOGIC 
• ALL INPUTS PROTECTED AGAINST STATIC 

DISCHARGE DUE TO HANDLING 

DESCRIPTION 
The ETC5040A filter is a monolithic circuit contai
ning both transmit and receive filters specifically 
designed for PCM CO DEC filtering applications in 8 
kHz sampled systems. 

The filter is manufactured using double-poly silicon 
gate CMOS technology. Switched capacitor integra
tors are used to simulate classical LC ladder filters 
which exhibit low component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is fifth order elliptic low pass filter 
in series with a fourth order Chebychev high pass 
filter. It provides a flat response in the passband and 
rejection of signals below 200 Hz and above 3.4 
kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass fil
ter designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of 
the sampling process, is a stair-step signal having 
the inherent sin x/x frequency response. The receive 
filter approximates the function required to compen
sate for the degraded frequency response and re
store the flat pass-band response. 

September 1988 

DIP16 
(Ceramic) 

ORDER CODES : ETC5040X 
ETC5040AX 

PIN CONNECTION 

VFxl+ VFxO 

VFxl- GNDA 

GSx CLKO 

VFRO PDN 

PWRI CLK 

PWRO+ GNDD 

PWRO- VFRI 

Vss Vee 
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ETC5040X-ETC5040AX 

Figure 1 : Block Diagram. 
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ETC5040X-ETC5040AX 

PIN DESCRIPTION 

Name Pin No Description 
Type 

VFxl• I 1 The Non-inverting Input to the Transmit Filter Stage 

VFxl- I 2 The Inverting Input to the Transmit Filter Stage 

GSx 0 3 The output used for gain adjustments of the transmit filter. 

VFRO 0 4 The Low Power Receive Filter Output. This pin can directly drive the receive port of 
an electronic hybrid. 

PWRI I 5 The Input to the Receive Filter Defferential Power Amplifier 

PWRO• 0 6 The Non-inverting Output of the Receive Filter Power Amplifier. 
This output can directly interface conventional transformer hybrids. 

PWRO- 0 7 The Inverting Output of the Receive Filter Power Amplifier. 
This output can be used with PWRO• to differentially drive a transformer hybrid. 

Vss s 8 The Negative Power Supply Pin. Recommended input is - 5 V. 

Vee s 9 The Positive Power Supply Pin. The recommended input is 5 V. 

VFRI I 10 The Input Pin for the Receive Filter Stage 

GNDD GND 11 Digital Ground Input Pin. All digital signals are referenced to this pin. 

CLK I 12 Master Input Clock. Input frequency can be selected as 2.048 MHz, 1.544 MHz or 
1.536 MHz. 

PDN I 13 The input pin used to power down the ETC5040/ETC5040A during idle periods. 
Logic 1 (V cc) input voltage causes a power down condition. An internal pull-up is 
provided. 

CLKO I 14 This input pin selects internal counters in accordance with the CLK input clock 
frequency : 
CLK Connect CLKO to: 
2048kHz Vee 
1544kHz GNDD 
1536kHz Vss 
An internal pull-up is provided. 

GNDA GND 15 Analog Ground Input P1n. All analog signals are referenced to this pin. Not Internally 
connecded to GNDD. 

VFxO 0 16 The Output of the Transmit Filter Stage 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±7 v 
V,n Input Voltage ±7 v 
TA Operating Temperature Range -25 to+ 125 oc 

Tstg Storage Temperature -65 to+ 150 oc 
Po Power Dissipation 1/Package w 

Output Short-c1rcuit Duration Continuous 

Lead Temperature 300 oc 
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ETC5040X-ETC5040AX 

DC ELECTRICAL CHARACTERSITICS 
TA = 40 ·c to+ 85 ·c. Vee = 5.0 V ± 5 %, Vss =- 5.0 V ± 5 %, clock frequency is 2.048 MHz. Typical para
meters are specified at TA = + 25 'C, Vee= 5.0 V, Vss =- 5.0 V (unless otherwise specified). Digital inter
face voltages measured with respect to digital ground, GNDD. Analog voltages measured with respect to 
analog ground, GNDA. 

POWER DISSIPATION 

Symbol Parameter Min. Typ. Max. Unit 

I ceo Vee Standby Current (PDN = Voo. power down mode) - - 400 pA 

Is so V88 Standby Current (PDN = V0 o, power down mode) -400 - - flA 

lcc1 Vee Operating Current (PWRI = Vss. power amp inactive) - - 5.0 rnA 

lss1 Vss Operating Current (PWRI = Vss, power amp inactive) -5.0 - - rnA 

lcc2 V cc Operating Current (note 1) - - 7.0 rnA 

lss2 Vss Operating Current (note 1) -7.0 - - rnA 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

I INC Input Current, CLK (0 V S V1N S Vee) -10 - 10 pA 

IINP Input Current, PDN (0 V $ V1N $Vee- 2 V) - 100 - - !lA 

IINO Input Current, CLKO (Vss S V1N S Vee- 2 V) -10 - - 0.1 pA 

VIL Input Low Voltage, CLK, PDN 0 - 0.8 v 
V1H Input High Voltage, CLK, PDN 2.2 - Vee v 

VILO Input Low Voltage, CLKO Vss - Vee+ 0.5 v 
Vuo Input Intermediate Voltage, CLKO -0.8 - 0.8 v 
VIHO Input High Voltage, CLKO Vee- 0.5 - Vee v 

TRANSMIT INPUT AMP. OP. 

Symbol Parameter Min. Typ. Max. Unit 

IBxl Input Leakage Current, VFxl (Vss S VFxl s Vee) - 100 - 100 nA 

Rlxl Input Resistance VFxl (Vss s VFxl s Vee) 10 - - MQ 

VOSxl Input Offset Voltage, VFxl (- 2.5 s V1N s + 2.5 V) -20 - 20 mV 

VcM Common-mode Range, VFxl -2.5 - 2.5 v 
CMRR Common-mode Rejection Ratio (- 2.5 V s V1N s 2.5 V) 60 - - dB 

PSRR Power Supply Rejection of Vee or Vss 60 - - dB 

RoL Open Loop Output Resistance GSx - 1 - kQ 

RL Minimum Load Resistance, GSx 10 - - kQ 

CL Maximum Load Capacitance, GSx - - 100 pF 

Vox I Output Voltage Swing, GSx (RL ;, 10 kQ) ± 2.5 - - v 
AvOL Open Loop Voltage Gain, GSx (R1 ;, 10 kQ) 5.000 - - VN 

Fe Open Loop Unity Gain Bandwidth, GSx - 2 - MHZ 

4/10 

30 



ETC5040X-ETC5040AX 

AC ELECTRICAL CHARACTERSITICS 

TA =- 40 ·c to 85 ·c All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level 
is assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. (unless otherwise spe
cified). 

TRANSMIT FILTER (note 2) 

Symbol Parameter Min. Typ. Max. Unit 

RL, Minimum Load Resistance kQ 
- 2.5 V < VouT < + 2.5 V 3 - -
- 3.2 V < VouT < + 3.2 V 10 - -

CL, Load Capacitance VF,O - - 100 pF 

Output Resistance, VF,O - - 4 Q 

PSRR1 Vee Power Supply Rejection VF,I (I= 1 kHz, VF,I+ = 0 Vrms) 30 - - dB 

PSRR2 V88 Power Supply Rejection, VF,O. (same as above) 35 - - dB 

GA, Absolute Gain (I = 1 kHz) dB 
ETC5040A 2.850 3.100 
ETC5040 2.875 3.125 

GR, Gain Relative to GA, dB 
Below 50 Hz - - -35 
50 Hz - -41 -35 
60Hz - -35 -30 
200Hz ETC5040 - 1.5 - 0.1 

ETC5040A - 1.5 - 0.05 
300 Hz to 3 kHz ETC5040 - 0.125 - 0.125 

ETC5040A -0.15 - 0.15 
3.3 kHz ETC5040 -0.35 - 0.15 

ETC5040A -0.35 - 0.125 
3.4 kHz -0.70 - -0.1 
4.0 kHz - -15 -14 
4.6 kHz and Above - - -32 

DA, Absolute Delay at 1 kHz - - 230 J.!S 

Differencial Envelope Delay from 1 kHz to 2.6 kHz - - 60 J.lS 

DP,1 Single Frequency Distortion Products - - -48 dB 

DP,2 Distortion at Maximum Signal Level dB 
1.6 Vrms, 1 kHz Signal applied to VF,I+, Gain = 20 dB, 
RL =10 kQ - - -45 

NC, 1 Total C Message No1se at VF,O - - 6 dBrncO 

NCx2 Total C Message Noise at VF,O dBrncO 
Gain setting Op Amp at 20 dB, non Inverting, Note 3, 
0 oc :> T A :> + 70 oc - - 7 

GA,T Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C 

GA,S Supply Voltage Coefficient of 1 kHz Gain - O.Q1 - dBN 

CTRx Crosstalk, Receive to Transmit 20 Log VF,O dB 
Receive Filter Output = 2.2 Vrms, VFRO 
VF,I+ = 0 Vrms, I= 0.2 kHz to 3.4 kHz, Measure VF,O - - -70 

GR,L Gaintracking Relative to GA, dB 
Output Level = + 3 dBmO - 0.1 - 0.1 
+ 2 dBmO to - 40 dBmO -0.05 - 0.05 
- 40 dBmO to - 55 dBmO - 0.1 - 0.1 
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AC ELECTRICAL CHARACTERSITICS (continued) 

RECEIVE FILTER (unless otherwise noted, the receive filter is preceded by a sin x/x filter within an input 
signal level of 1.54 Vrms). 

Symbol Parameter Min. Typ. Max. Unit 

IBR Input Leakage Current, VFRI (- 3.2 V ~ VIN ~ 3.2 V) - 100 - 100 nA 

RIR Input Resistance, VFRI 10 - - Mn 

ROR Output Resistance, VFRO - - 4 n 

CLR Load Capacitance, VFRO - - 100 pF 

RLR Load Resistance, VFRO 10 - - kn 

PSRR3 Power Supply Rejection of Vee or Vss dB 
{VFRO VFRI connected to GNDA, I~ 1 kHz) 35 - -

VOSRO Output DC Offset, VFRO (VFRI connected to GNDA) -200 - + 200 mV 

GAR Absolute Gain (I ~ 1 kHz) dB 
ETC5040 -0.15 - 0.15 
ETC5040A -0.125 - 0.125 

GRR Gain Relative to Gain at 1 kHz below 300 Hz - - 0.15 dB 
300 Hz to 3.0 kHz ETC5040 -0.15 - 0.15 

ETC5040A - 0.175 - 0.175 
3.3 kHz -0.35 - 0.03 
3.4 kHz -0.70 - -0.1 
4.0 kHz - - -14 
4.6 kHz and above - - -32 

DAR Absolute Delay at 1 kHz - - 100 !iS 

DDR Differential Envelope Delay 1 kHz to 2.6 kHz - - 100 !iS 

DPR1 Single Frequency Distortion Products (I ~ 1 kHz) - - -48 dB 

DPR2 Distortion at Maximum Signal Level - - -45 dB 
2.2 Vrms Input to Sin x/x Filter, I ~ 1 kHz, RL ~ 1 0 kQ 

NCR Total C-message Noise at VFRO - - 6 dBrncO 

GART Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C 

GARS Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBN 

CTxR Crosstalk, Transmit to Receive 20 log VFRO dB 

(transmit filter output ~ 2. 2 Vrms, VFxO 
VFRI ~ 0 Vrms, t~ 0.3 kHz to 3.4 kHz, measure VFRO) - -80 -70 

GRRL Gaintraking Relative to GAp dB 
Output Level ~ 3 dBmO -0.1 - 0.1 
+ 2 dBmO to - 40 dBmO -0.05 - 0.05 
- 40 dBmO to 55 dBmO - 0.1 - 0.1 
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ETC5040X-ETC5040AX 

AC ELECTRICAL CHARACTERSITICS (continued) 

RECEIVE OUTPUT POWER AMPLIFIER 

Symbol Parameter 

IBP Input Leakage Current, PWRI (- 3.2 V::; V1N ::; 3.2 V) 

RIP Input Resistance, PWRI 

ROP1 Output Resistance, PWRO +, PWRO- (amplifier active) 

CLP Load Capacitance, PWRO +, PWRO-

GAp + Gain, PWRI to PWRO + (RL = 600 Q connected between) 

GAp- Gain, PWRI to PWRO -
PWRO +and PWRO -,Input, Level= 0 dBmO (note 4) 

GRpL Gaintraking Relative to OdBmO Output Level 
V = 2.05 Vrms, RL = 600 n (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5 ) 

S/Dp Signal I Distortion 
V = 2.05 Vrms, RL = 600 Q (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5) 

VOSP Output DC Offset, PWRO +, 
PWRO - (PWRI connected to GNDA) 

PSRR5 Power Supply Rejection of Vee ot Vas 
(PWRI connected to GNDA) 

Min. 

0.1 

10 

-
-
-

-

- 0.1 
-0.1 

-
-

-50 

45 

Typ. Max. Unit 

- 4 !!A 
- - Mn 
1 - Q 

- 500 pF 

1 - VN 

VN 
-1 -

dB 
- 0.1 
- 0.1 

dB 
- -45 
- -45 

- 50 mV 

- - dB 

Notes : 1. Max1mum power consumption depend on the load Impedance connecled to the power amplifier. The specif1cat1on listed assumes 
0 dBm 1s delivered to 600 n connected from PWRO + PWRO. 

2. Transmit filter 1nput op amp set to the non 1nvert1ng umty ga1n mode, w1th VF,I+ = 1 1 Vrms, unless otherwise noted. 
3. The 0 dBm level for the filter is assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter. 
4. The 0 dBmO level for the power amplifiers 1s load dependent. For R, =- 600 n to GNDA, the 0 dBmO level is 1.43 Vrms measured 

at the amplifier output. For R, = 300 n the OdBmO level1s 1.22 Vrms. 
5. VFRO connected to PWRI, 1nput signal applied to VFRI. 

TYPICAL PERFORMANCE CHARACTERISTICS 

TRANSMIT FILTER STAGE RECEIVE FILTER STAGE 
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ETC5040X-ETC5040AX 

Figure 2 : Interface Circuit for CODEC. 
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Notes : 1. Transmit voltage gain= R1 +R2 x ,j2 (the filter itself introduces a 3 dB gain) (R1 + R2 ~ 10 KQ). 
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R4 
2. Rece1ve ga1n = 

R3+ R4 
(R3 + R4 ~ 10 kQ) 

R2 

3. In the configuration shown, the rece1ve filter power amplifiers Will dnve a 600 Q Tor R termination to a s1gnallevel of 8.5 dBm. An 
alternative arrangement using a transformer w1nd1ng rat1o equivalent to 1.414.1 and 300 Q resistor Rs will provide a maximum Sl· 
gnallevel of 10 dBm across 600 Q termination Impedance. 



FUNCTIONAL DESCRIPTION 
ETC 5040A monolithic filter contains four main sec
tions ; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, and Frequency Divider/Select Lo
gic (figure 1 ). A brief description of the circuit ope
ration for each section is provided below. 

TRANSMIT FILTER 

The input stage of the transmit filter is a CMOS ope
rational amplifier which provides an input resistance 
greater than 10. MQ, a voltage gain of greater than 
10.000 low power consumption (less than 3 rTJW), 
high power supply rejection, and is capable of dri
ving a 10 kQ load parallel with up to 25 pF. The in
puts and output of the amplifier are accessible for 
added flexibility. Non-inverting mode, inverting 
mode, or differential amplifier mode operation can 
be implemented with external resistors. It can also 
be connected to provide a gain of up to 20 dB wi
thout degrading the overall filter performance. 

The input stage is followed by a prefilter which is 
two-pole RC active low pass filter designed to atte
nuate high frequency noise before the input signal 
enters the switched-capacitor high pass and low 
pass filters. 

A high pass filter is provided to reject 200 Hz or lo
wer noise which may exist in the signal path. The 
low pass portion of the switched-capacitor filter pro
vides stopband attenuation which exceeds the D3 
and D4 specifications as well as the CCITT G712 
recommendations. 

The output of the transmit filter, the postfilter, is al
so a two-pole RC active low pass filter which atte
nuates clock frequency noise by at least 40 dB. The 
output of the transmit filter is capable of driving a± 
3.2 V peak to peak signal into a 1 0 kQ load in paral
lel with up to 25 pF. 

RECEIVE FILTER 

The input stage of the receive filter is a prefilter which 
is similar to the transmit prefilter. The prefilter atte
nuates high frequency noise that may be present on 
the receive input signal. A switched capacitor low 

APPLICATION INFORMATION 

GAIN ADJUST 

Figure 2 shows the signal path interconnections be
tween the ETC5040/ETC5040A and single-channel 
CODEC. The transmit RC coupling components 
have been chosen both for minimum passband 
droop and to present the correct impedance to the 
CODEC during sampling. 

ETC5040X-ETC5040AX 

pass filter follows the prefilter to provide the neces
sary passband flatness, stopband rejection and sin 
xlx gain correction. A postfilter which is similar to the 
transmit postfilter follows the low pass stage. It at
tenuates clock frequency noise and provides a low 
output impedance capable of directly driving an 
electronic subscriber-line-interface circuit. 

RECEIVE FILTER POWER AMPLIFIERS 

Two power amplifiers are also provided to interface 
to transformer coupled line circuits. These two am
plifiers are driven by the output of the receive pos
tfilter through gain setting resistors, R3, R4 (figure 
2). The power amplifiers can be deactivated, when 
not required, by connecting the power amplifier in
put (pin 5) to the negative power supply Vss. This 
reduces the total filter power consumption by ap
proximately 10 mW-20 mW depending on output si
gnal amplitude. 

POWER DOWN CONTROL 

A power down mode is also provided. A logic 1 po
wer down command applied on the PDN pin (pin 13) 
will reduce the total filter power consumption to less 
than 1 mW and turn the power amplifier outputs in
to high impedance state. 

FREQUENCY DIVIDER AND SELECT LOGIC 
CIRCUIT 

This circuit divides the external clock frequency 
down to the switching frequency of the low pass 
switched capacitor filters. The divider also contains 
a TTL-CMOS interface circuit which converts the ex
ternal TTL clock level to the CMOS logic level requi
red for the divider logic. This interface circuit can al
so be directly driven by CMOS logic. 

A frequency select circuit is provided to allow the fil
ter to operate with 2.048 MHz, 1.544 MHz or 1.536 
MHz clock frequencies. By connecting the frequen
cy select pin CLKO (pin 14) to Vee, a 2.048 MHz 
clock input frequency is selected. Digital ground se
lects 1.544 MHz and Vss selects 1.536 MHz. 

Optimum noise and distortion performance will be 
obtained from the ETC5040/ETC5040A filter when 
operated with system peak overload voltages of 
± 2.5 V to± 3.2 Vat VFxO and VFRO. When inter
facing to a PCM CO DEC with a peak overload volt
age outside this range, further gain or attenuation 
may be required. 
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ETC5040X-ETC5040AX 

For example, the ETC5040/ETC5040A filter can be 
used with CO DEC which has a 5.5 V peak overload 
voltage. A gain stage following the transmit filter out
put and an attenuation stage following the CODEC 
output are required. 

BOARD LAYOUT 

Care must be taken in PCB layout to minimize po-
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wer supply and ground noise. Analog ground 
(GNDA) of each filter should be connected to digital 
ground (GNDD) at a single point, which should be 
bypassed to both power supplies. 

Further power supply decoupling adjacent to each 
filter and CODEC is recommended. Ground loops 
should be avoided, both between the GNDA traces 
of adjacent filters and CODECs. 



ETC5040FN/ A 

PCM RECEIVE/TRANSMIT FILTER 

• EXCEEDS ALL D3/D4 AND CCITT SPECIFICA
TIONS 

• + 5 V,- 5 V POWER SUPPLIES 
• LOW POWER CONSUMPTION : 

45 mW (600 Q - 0 dBm load) 
30 mW (power amps disabled) 

• POWER DOWN MODE : 0.5mW 
• 20 dB GAIN ADJUST RANGE 
• NO EXTERNAL ANTI-ALIASING COMPO-

NENTS 
• SIN x/x CORRECTION IN RECEIVE FILTER 
• 50/60 Hz REJECTION IN TRANSMIT FILTER 
• TTL AND CMOS COMPATIBLE LOGIC 
• ALL INPUTS PROTECTED AGAINST STATIC 

DISCHARGE DUE TO HANDLING 

DESCRIPTION 
The ETC5040FN ETC5040FN/A filter is a monoli
thic circuit containing both transmit and receive fil
ters specifically designed for PCM CODEC filtering 
applications in 8 kHz sampled systems. 

The filter is manufactured using double-poly silicon 
gate CMOS technology. Switched capacitor integra
tors are used to simulate classical LC ladder filters 
which exhibit low component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is fifth order elliptic low pass filter 
in series with a fourth order Chebychev high pass 
filter. It provides a flat response in the pass-band 
and rejection of signals below 200 Hz and above 
3.4 kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass fil
ter designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of 
the sampling process, is a stair-step signal having 
the inherent sin x/x frequency response. The receive 
filter approximates the function required to compen
sate for the degraded frequency response and res
tore the flat pass-band response. 

October 1988 
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ETC5040FN/A 

Figure 1 :Block Diagram. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Vee to GNDA 7 

Vss Vss to GNDA -7 
VtN. Vour Voltage at any Analog Input or Output Vee + 0.3 to Vss- 0.3 

UFXD 

CLKD 

CLK 

UFRI 

Unit 

v 
v 
v 

Voltage at any Digital Input or Output V cc + 0.3 to GNDA - 0.3 v 
Taper 

Tstg 
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Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 seconds) 

~ SGS·THOMSON 
~.,I liiAIDICM~IIOO'ii"lil@llJOIC$ 

-25 to+ 125 oc 
-65 to+ 150 oc 

300 oc 



ETC5040FN/ A 

PIN DESCRIPTION 

Pin 
Name Type No Function Description . 
VFxO 0 1 The output of the transmit filter stage. 

VFxl+ I 2 The non-inverting input to the transmit filter stage. 

VFxl- I 3 The inverting input to the transmit filter stage. 

GSx 0 4 The output used for gain adjustments of the transmit filter. 

VFRO 0 6 The low power receive filter output. This pin can directly drive the receive port 
of an electronic hybrid. 

PWRI I 8 The input to the receive filter differential power amplifier. 

PWRO+ 0 9 The non-inverting output of the receive filter power amplifier. This output can 
directly interface conventional transformer hybrids. 

PWRO- 0 10 The inverting output of thr receive filter power amplifier. This output can be 
used with PWRO+ to differentially drive a transformer hybrid. 

Vss s 11 The negative power supply pin. Recommended input is - 5 V. 

Vee s 12 The positive power supply pin. The recommended input is 5 V. 

VFRI I 13 The input pin for the receive filter stage. 

GNDD GND 15 Digital Ground Input P1n. All digital signals are referenced to this pin. 

CLK I 16 Master Input Clock. Input frequency can be selected as 2.048 MHz, 1.544 MHz 
or 1.536 MHz. 

PDN I 17 The input pin used to power down the ETC5040FN *, ETC5040FN/A during 
idle periods. Logic 1 {Vee) input voltage causes a power down condition. An 
internal pull-up is provided. 

CLKO I 18 This input pin selects internal counters in accordance with the CLK input clock 
frequency: 
CLK Connect CLKO to : 
2048kHz Vee 
1544kHz GNDD 
1536kHz Vss 
An internal pull-up is provided. 

GNDA GND 20 Analog Ground Input Pin. All analog signals are referenced to this pin. Not 
internally connected to GNDD. 

• I : Input, 0 Output, S : Power supply. 
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ETC5040FN/A 

ELECTRICAL OPERATING CHARACTERISTICS Vee = 5.0 V ± 5%, V88 =- 5.0 V ± 5 %, 
GNDA = 0 V, T A = 0 "C to 70 "C (unless otherwise noted) ; typical characteristics specified at 
T A = 25 "C ; all signals are referenced to GNDA. 

POWER DISSIPATION 

Symbol Parameter Min. Typ. Max. 

Ieee Vee Standby Current (PDN = Voo. power down mode) - 50 100 

I sse Vse Standby Current (PDN = Voo, power down mode) -100 -50 -
lcc1 Vee Operating Current (PWRI = Ves, power amp inactive) - 3.0 4.0 

lee1 Vee Operating Current (PWRI =Vee. power amp inactive) -4.0 -3.0 -

lcc2 Vee Operating Current (note 1) - 4.6 6.4 

lee2 Vee Operating Current (note 1) -6.4 -4.6 -

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. 

I INC Input Current, CLK (0 V::; V1N::; Vee) -10 - 10 

IINP Input Current, PDN (0 V::; V1N ::; Vcc-2 V) -100 - -
I1Ne Input Current, CLKO (Vss :5 V1N :5 Vcc-2 V) -10 - -0.1 

VIL Input Low Voltage, CLK, PDN 0 - 0.8 

VIH Input High Voltage, CLK, PDN 2.2 - Vee 

VILe Input Low Voltage, CLKO Vse - Vse+0.5 

Vue Input Intermediate Voltage, CLKO -0.8 - 0.8 

V1He Input High Voltage, CLKO Vcc-D.5 - Vee 

TRANSMIT INPUT AMP. OP. 

Symbol Parameter Min. Typ. Max. 

IBxl Input Leakage Current, VFxl (Vee ::; VFxl::; Vee) -100 - 100 

Rlxl Input Resistance VFxl (Yes ::; VFxl::; Vee) 10 - -
VOSxl Input Offset Voltage, VFxl (- 2.5 V $ V1N ::; + 2.5 V) -20 - 20 

VcM Common-mode Range, VFxl -2.5 - 2.5 

CMRR Common-mode Rejection Ratio (- 2.5 V ::; V1N ::; 2.5 V) 60 - -
PSRR Power Supply Rejection of Vee or Vee 60 - -
ReL Open Loop Output Resistance GSx - 1 -
RL Minimum Load Resistance, GSx 10 - -
CL Maximum Load Capacitance, GSX - - 100 

VOx I Output Voltage Swing, GSx (RL <!: 10 kQ) ± 2.5 - -
A veL Open Loop Voltage Gain, GSx (R1 <!: 10 kQ) 5.000 - -

Fe Open Loop Unity Gain Bandwidth, GSx - 2 -
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Unit 

llA 
llA 
rnA 

rnA 

rnA 

rnA 

Unit 

llA 
llA 
llA 
v 
v 
v 
v 
v 

Unit 

nA 

MQ 

mV 

v 
dB 

dB 

kQ 

kQ 

pF 

v 
VN 

MHz 



ETC5040FN/ A 

AC ELECTRICAL CHARACTERISTICS TA = + 25 °C. All parameters are specified for a signal level 
of 0 dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the output of the 
transmit or receive filter. (unless otherwise specified) 

TRANSMIT FILTER (note 2) 

Symbol Parameter Min. Typ. Max. Unit 

RLx Minimum Load Resistance kQ 
-2.5 V < Vout < + 2.5 V 3 - -
-3.2 V < Vout < + 3.2 V 10 - -

CLx Load Capacitance, VFxO - - 100 pF 

Output Resistance, VFxO - 1 3 Q 

PSRR1 Vee Power Supply Rejection VFxl (f = 1 kHz, VFxl+ = 0 Vms) 30 - - dB 

PSRR2 Vas Power Supply Rejection, VFxO (same as above) 35 - - dB 

GAx Absolute Gain (f = 1 kHz) dB 
ETC5040FN/A 2.9 3.0 3.1 
ETC5040FN 2.875 3.0 3.125 

GRx Gain Relative to GAx dB 
Below 50 Hz - - -35 
50 Hz - -41 -35 
60Hz - -35 -30 
200Hz ETC5040FN/A -1.5 - 0 

ETC5040FN -1.5 - 0.05 
300 Hz to 3 kHz ETC5040FN/A -0.125 - 0.125 

ETC5040FN -0.15 - 0.15 
3.3 kHz ETC5040FN/A -0.35 - 0.03 

ETC5040FN -0.35 - 0.125 
3.4 kHz -0.70 - -0.1 
4.0 kHz - -15 -14 
4.6 kHz and Above - - -32 

DAx Absolute Delay at 1 kHz - - 230 I.IS 
Differential envelope Delay from 1 kHz to 2.6 kHz - - 60 I.IS 

DPx1 Single Frequency Distortion Products - - -48 dB 

DPx2 Distortion at Maximum Signal Level 1.6 Vrms, 1 kHz Signal dB 
Applied to VFxl+, gain= 20 dB, RL = 10 kQ - - -45 

NCx1 Total C Message Noise at VFxO - 2 5 dBrnco 

NCx2 Total C message Noise at VFxO Gain Setting Op Amp at 20 dB, dBrnco 
non inverting, note, 3.0 oc :::; T A :::: + 70 oc - 3 6 

GAxT Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C 

GAxS Supply Voltage Coefficient of 1 kHz Gain - O.Q1 - dBN 

CTRx VFxO dB 
Crosstalk, receive to transmit 20 logVFRO 

Receive Filter Output = 2.2 Vrms, 
-70 VFXxl+ = 0 Vrms, f = 0.2 kHz to 3.4 kHz, measure VFxO - -

GRxL Gaintracking Relative to GAx dB 
Output Level = + 3 dBmO -0.1 - 0.1 
+ 2 dBmO to - 40 dBmO -0.05 - 0.05 
- 40 dBmO to - 55 dBmO -0.1 - 0.1 

5/10 

41 



ETC5040FN/A 

AC ELECTRICAL CHARACTERISTICS (continued) 

RECEIVE FILTER (unless otherwise noted, the receive filter is preceeded by a sin X/X filter with an 
input signal level of 1.54 Vrms) 

Symbol Parameter 

IBR Input Leakage Current, VFRI (- 3.2 V,;; V1N ,;; 3.2 V) 

RIR Input Resistance, VFRI 

ROR Output Resistance, VFRO 

CLR Load Capacitance, VFRO 

RLR Load Resistance, VFRO 

PSRR3 Power Supply Rejection of Vee or Vss (VFRO, VFRI Connected 
to GNDA, f = 1 kHz) 

VOSRO Output DC Offset, VFRO (VFRI connected to GNDA) 

GAR Absolute Gain (f = 1 kHz) 
ETC5040FN/A 
ETC5040FN 

GRR Gain Relative to Gain at 1 kHz Below 300 Hz 
300 Hz to 3.0 kHz ETC5040FN/A 

ETC5040FN 
3.3 kHz 
3.4 kHz 
4.0 kHz 
4.6 kHz and Above 

DAR Absolute Delay at 1 kHz 

DDR Differential Envelope Delay 1 kHz to 2.6 kHz 

DPR1 Single Frequency Distortion Products (f = 1 kHz) 

DPR2 Distortion at Maximum Signal Level 
2.2 Vrms Input to Sin XIX Filter, f = 1 kHz, RL = 1 0 k!1 

NCR Total C Message Noise at VFRO 

GART Temperature Coefficient of 1 kHz Gain 

GARS Supply Voltage Coefficient of 1 kHz Gain 

CTxR VFRO 
Crosstalk, transmit to receive 20 log VFxO 

(transmit filter output = 2.2 Vrms, 
VFRI = o Vrms, f = 0.3 kHz to 3.4 kHz, measure VFRO) 

GRRL Gaintracking Relative to GAR 
Output Level = 3 dBmO 
+ 2 dBmO to - 40 dBmO 
- 40 dBmO to 55 dBmO 

RECEIVE OUTPUT POWER AMPLIFIER 

Symbol 

IBP 

RIP 

ROP1 

CLP 
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Parameter 

Input Leakage Current, PWRI (- 3.2 V,;; V1N ,;; 3.2 V) 

Input Resistance, PWRI 

Output Resistance, PWRO+, PWRO- (amplifiers active) 

Load Capacitance, PWRO+, PWRO-

J5ii SGS·THOMSON '!'J/ U\<JO©Iiil©~~~©'illiil©li!O©$ 

Min. 

-100 

10 

-

-

10 

35 

-200 

-0.1 
-0.125 

-
-0.125 
-0.15 
-0.35 
-0.70 

-
-

-

-

-

-

-

-
-

-

-0.1 
-0.05 
-0.1 

Min. 

0.1 

10 

-
-

Typ. Max. Unit 

- 100 nA 

- - MQ 

1 3 Q 

- 100 pF 

- - kQ 

dB 
- -

- + 200 mV 

dB 
0 0.1 
0 0.125 

- 0.125 dB 
- 0.125 
- 0.15 
- 0.03 
- -0.1 
- -14 
- -32 

- 100 j.IS 

- 100 !lS 

- -48 dB 

dB 
- -45 

3 5 dBrncO 

0.0004 - dB/°C 

0.01 - dBN 

dB 

-80 -70 

dB 
- 0.1 
- 0.05 
- 0.1 

Typ. Max. Unit 

- "3 j.lA 

- - MQ 

1 3 Q 

- 500 pF 



ETC5040FN/A 

AC ELECTRICAL CHARACTERISTICS (continued) 

RECEIVER OUTPUT POWER AMPLIFIER (continued) 

Symbol Parameter 

GAp+ Gain, PWRI to PWRO+ (RL = 600 Q connected between) 
GAp- Gain, PWRI to PWRO-

PWRO+ and PWRO- input, level = 0 dBmO (note 4) 

GRpL Gaintrakrng Relative to OdBmO Output Level 
V = 2.05 Vrms, RL = 600 Q (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5) 

S/Dp Signal/distortion 
V = 2.05 Vrms, RL = 600 Q (notes 4, 5) 
V = 1.75 Vrms, RL = 300 Q (notes 4, 5) 

VOSP Output DC Offset, PWRO+, PWRO-
(PWRI connected to GNDA) 

PSRR5 Power Supply Rejection of Vee or Vss 
(PWRI connected to GNDA) 

Min. 

-
-

- 0.1 
- 0.1 

-
-

-50 

45 

Typ. Max. Unit 

1 - VN 
-1 - VN 

dB 
- 0.1 
- 0.1 

dB 
- -45 
- -45 

- 50 mV 

- - dB 

Notes : 1 Maximum power consumption depend on the load impedance connected to the power amplifier. The specification listed assumes 
0 dBm is delivered to 600 Q connected from PWRO + PWRO -. 

2. Transmit filter input op amp set to the non-invertmg umty gain mode, With VFxl + = 1.1 Vrms, unless otherwise noted. 
3. The 0 dBmO level for the filter IS assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter. 
4. The 0 dBmO level for the power amplifiers is load dependent For R, = 600 Q to GNDA, the 0 dBmO level IS 1.43 Vrms measured at 

the ampl1f1er output. For R, = 300 Q the dBmO level is 1.22 Vrms 
5. VFRO connected to PWRI, input signal applied to VFRI. 

TYPICAL PERFORMANCE CHARACTERISTICS 

Figure 1 : Transmit Filter Stage. Figure 2 : Receive Filter Stage. 
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ETC5040FN/A 

Figure 3 : Interface Circuit For CODEC. 

VFx 

ETC5000/ETC5040A CODEC 

VFnl VFR 

Notes : 1. Transmit Voltage gain= R1 + R2 x -12 (the filter itself introduces a 3 dB gain) (R1 + R2;, 10 k!l) 
2 

2. Receive gain= ~ 
R3+ R4 

(R3 + R4;, 10 k!l) 
3. In the conf1gurat1on shown, the rece1ve f1lter power amplifiers will drive a 600 Q T to R termination. 

PCM 
Dx OlJT 

PCM 
DR IN 

An alternative arrangement using a transformer winding ratio equivalent to 1.414.1 and 300 Q resistor R level of 10 dBm across 
600 Q termination impedance. 
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FUNCTIONAL DESCRIPTION 

The ETC5040FN-ETC5040FN/A monolithic filter 
contains four main sections ; Transmit Filter, Receive 
Filter, Receive Filter Power Amplifier, and Frequency 
Divider/Select Logic (figure 1 ). A brief description of 
the circuit operation for each section is provided 
below. 

TRANSMIT FILTER 

The input stage of the transmit filter is a CMOS oper
ational amplifier which provides an input resistance 
greater than 1OM, a voltage gain of greater than 
5000, low power consumption (less than 3mW), 
high power supply rejection, and is capable of driv
ing a 1 Ok load parallel with up to 25pF. The inputs 
and output of the amplifier are accessible for added 
flexibility. Non-inverting mode, inverting mode, or 
differential amplifier mode operation can be im
plemented with external resistors. It can also be con
nected to provide a gain of up to 20dB without 
degrading the overall filter performance. The input 
stage is followed by a prefilter which is a two pole 
RC active low pass filter designed to attenuate high 
frequency noise before the input signal enters the 
switched-capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200Hz or lower 
noise which rnay exist in the signal path. The low 
pass portion of the switched-capacitor filter provides 
stopband attenuation which exceeds the D3 and D4 
specifications as well as the CCITT G712 recom
mandations. 

The output of the transmit filter, the postfilter, is also 
a two-pole RC active low pass filter which attenu
ates clock frequency noise by at least 40dB. The 
output of the transmit filter is capable of driving a 
3.2V peak to peak signal into a 1 Okload in parallel 
with up to 25pF. 

RECEIVE FILTER 

The input stage of the receive filter is a prefilter which 
is similar to the transmit prefilter. The prefilter atte
nuates high frequency noise that may be present on 
the receive input signal. A switched capacitor low 
pass filter follows the prefilter to provide the necess-

APPLICATIONS INFORMATION 

GAIN ADJUST 

Figure 3 shows the signal path interconnections be
tween the ETC5040FN-ETC5040FN/A and single
channel CODEC. The transmit RC coupling 
components have been chosen both for minimum 
passband droop and to present the correct imped
ance to the CO DEC during sampling. 

ETC5040FN/ A 

ary passband flatness, stopband rejection and sin 
x/x gain correction. A postfilter which is similar to the 
transmit postfilter follows the low pass stage. It at
tenuates clock frequenc}'l noise and provides a low 
output impedance capable of directly driving an 
electronic subscriber-line-interface circuit. 

RECEIVE FILTER POWER AMPLIFIERS 

Two power amplifiers are also provided to interface 
to transformer coupled line circuits. These two am
plifiers are driven by the output of the receive post
filter through gain setting resistors, R3, R4 (figure 3). 
The power amplifiers can be deactivated, when not 
required, by connecting the power amplifier input 
(pin 5) to the negative power supply Vss. This re
duces the total filter power consumption by approxi
mately 1 OmW to 20mW depending on output signal 
amplitude. 

POWER DOWN CONTROL 

A power down mode is also provided. A logic 1 
power down command applied on the PDN pin 
(pin 17) will reduce the total filter power consump
tion to less than 1 mW and turn the power amplifier 
outputs into high impedance state. 

FREQUENCY DIVIDER AND SELECT LOGIC 
CIRCUIT 

This circuit divides the external clock frequency 
down to the switching frequency of the low pass 
switched capacitor filters. The divider also contains 
a TTL-CMOS interface circuit which converts the ex
ternal TTL clock level to the CMOS logic level re
quired for the divider logic. This interface circuit 
can also be directly driven by CMOS logic. 

A frequency select circuit is provided to allow the fil
ter to operate with 2.048 MHz, 1544 MHz or 
1.536 MHz clock frequencies. By connecting the 
frequency select pin CLKO (pin 18) to Vee, a 
2.048MHz clock input frequency is selected. Digital 
ground selects 1.544 MHz and Vss selects 
1.536 MHz. 

Optimum noise and distortion performance will be 
obtained from the ETC5040FN-ETC5040FN/A filter 
when operated with system peak overload voltages 
of 2.5 V to 3.2 Vat VFxO and VFRO. When interfac
ing to a PCM CODEC with a peak overload voltage 
outside this range, further gain or attenuation may 
be required. 

9/10 
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ETC5040FN/A 

For example, the ETC5040FN-ETC5040FN/A filter 
can be used with CODEC which has a 5.5 V peak 
overload voltage. A gain stage following the trans
mit filter output and an attenuation stage following 
the CO DEC output are required. 

BOARD LAYOUT 

Care must be taken in PCB layout to minimize power 
supply and ground noise. Analog ground (GNDA) of 

10/10 
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each filter shoult be connected to digital ground 
(GNDD) at a single point, which should be bypassed 
to both power supplies. 

Further power supply decoupling adjacent to each 
filter and CODEC is recommended. Ground loops 
should be avoided, both between the GNDA traces 
of adjacent filters and CODECs. 



M5116 

~-255 LAW COMPANDING CODEC 

• ±5-VOL T POWER SUPPLIES 
• LOW POWER DISSIPATION- 30mW (Typ) 
• FOLLOWS THE 1-!-255 COMPANDING LAW 
• SYNCHRONOUS OR ASYNCHRONOUS OPE

RATION 
• ON-CHIP SAMPLE AND HOLD 
• ON-CHIP OFFSET NULL CIRCUIT ELIMI

NATES LONG-TERM DRIFT ERRORS AND 
NEED FOR TRIMMING 

• SINGLE 16-PIN PACKAGE 
• MINIMAL EXTERNAL CIRCUITRY REQUIRED 
• SERIAL DATA OUTPUT OF 64kb/s-2.1 Mb/s AT 

8kHz SAMPLING RATE 
• SEPARATE ANALOG AND DIGITAL GROUN

DING PINS REDUCE SYSTEM NOISE PRO
BLEMS 

DESCRIPTION 

The M5116 is a monolithic CMOS companding 
CODEC which contains two sections : (1) An 
analog-to-digital converter which has a transfer 
characteristic conforming to the 1-!-255 companding 
law and (2) a digital-to-analog converter which also 
conforms to the 1-!-255 law. 

PIN CONNECTION (top view) 

ANALOG INPUT 1 

V+ 

V-

N/C 

MASTER CLOCK 

XMIT SYNC 

•XMIT CLOCK 

DIGITAL OUTPUT 

December 1988 

These two sections form a coder-decoder which is 
designed to meet the needs of the telecommunica
tions industry for per-channel voice-frequency co
decs used in telephone digital switching and 
transmission systems. Digital input and output are 
in serial format. Actual transmission and reception 
of 8-bit data words containing the analog informa
tion is done at a 64kb/s-2.1 Mb/s rate with analog 
signal sampling occuring at an 8kHz rate. A sync 
pulse input is provided for synchronizing trans
mission and reception of multi-channel information 
being multiplexed over a single transmission line. 

DIP-16 

ORDER CODES: M5116N (Plastic) 
M5116J (Ceramic) 

16 +VREF 

15 -VREF 

14 ANALOG GROUND 

13 ANALOG OUTPUT 

12 DIGITAL INPUT 

11 DIGITAL GROUND 

10 RCV CLOCK 

9 RCV SYNC 
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M5116 

BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 

PCM SYSTEM BLOCK DIAGRAM 

' ' L ~~c~·~~"~---

POSITIVE AND NEGATIVE REFERENCE VOLT
AGES (+ V +REF and- VREF) Pins 16 and 15 

These inputs provide the conversion references for 
the digital-to-analog converters in the M5116. + 
VREF and - VREF must maintain 1 OOppM/C regula
tion over the operating temperature range. Variation 
of the reference directly affects system gain. 

ANALOG INPUT, Pin 1 

Voice-frequency analog signals which are band
width-limited to 4kHz are input at this pin. Typically, 
they are then sampled at an 8kHz rate (refer to 

figure 1 ). The analog input must remain between 
+ VREF and- VREF for accurate conversion. The rec
ommended input interface circuit is shown in 
figure 6. 

MASTER CLOCK ; Pin 5 

This signal provides the basic timing and control sig
nals required for all internal conversions. It does not 
have to be synchronized with RCV SYNC, RCV 
CLOCK, XMIT SYNC, or XMIT CLOCK and is not 
internally related to them. 

XMIT SYNC, Pin 6 (refer to figure 7 for the Timing 
Diagram) 

This input is synchronized with XMIT CLOCK. When 
XMIT SYNC goes high, the digital output is acti
vated, and the AID conversion begins on the next 
positive edge of MASTER CLOCK. The conversion 
by MASTER CLOCK can be asynchronous with 
XMIT CLOCK. The serial output data is clocked out 
by the positive edges of XMIT CLOCK. The nega
tive edge of XMIT SYNC causes the digital output 
to become three-state. XMIT SYNC may remain 
high longer than 8 XMIT CLOCK cycles, but must 
go low for at least 1 master clock before the trans
mission of the next digital word (refer to figure 9). 

_21_12 ___________ ~ SCS·nfOMSON 
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X MIT CLOCK, Pin 7 (refer to figure 7 for the Tim
ing Diagram) 

The on-chip 8-bit output shift register of the M5116 
is unloaded at the clock rate present on this pin. 
Clock rates of 64kHz-2.1 MHz can be used for X MIT 
CLOCK. The positive edge of the INTERNAL 
CLOCK transfers the data from the master to the 
slave of a master-slave flip-flop (refer to the figure 
5). If the positive edge of XMIT SYNC occurs after 
the positive edge of X MIT CLOCK, X MIT SYNC will 
determine when the first positive edge of INTERNAL 
CLOCK will occur. In this event, the hold time for the 
first clock pulse is measured from the positive edge 
of XMIT SYNC. 

RVC SYNC, Pin 9 (refer to figure 8 for the Timing 
Diagram) 

This input is synchronized with RCV CLOCK, and 
serial data is clocked in by RCV CLOCK. Duration 
of the RCV SYNC pulse is approximately 8 RCV 
CLOCK periods. The conversion from digital to 
analog starts after the negative edge of the RCV 
SYNC pulse (refer to figure 1 ). The negative edge 

Figure 1 :AID, D/A Conversion Timing. 

M5116 

of RCV SYNC should occur before the 9th positive 
clock edge to insure that only eight bits are clocked 
in. RCV SYNC must stay low for 17 MASTER 
CLOCKS (min.) before the next digital word is to be 
received (refer to figure 1 0). 

RCV CLOCK, Pin 10 (refer to figure 8 for Timing 
Diagram) 

The on-chip 8-bit shift register for the M5116 is 
loaded at the clock rate present on this pin. Clock 
rates of 64kHz-2.1 M Hz can be used for RCV 
CLOCK. Valid data should be applied to the digital 
input before the positive edge of the internal clock 
(refer to figure 2). This set up time, tRos, allows the 
data to be transferred into the MASTER of a mas
ter-slave flip-flop. A hold time, tRoH, is required to 
complete this transfer. If the rising edge of RCV 
SYNC occurs after the first rising edge of RCV 
CLOCK, RCV SYNC will determine when the first 
positive edge of INTERNAL CLOCK will occur. In 
this event, the set-up and hold times for the first 
clock pulse should be measured from the positive 
edge of RCV SYNC. 

~f------------ 125psec -----------~ 

___1.- XMIT SYNC \'--------------------~r
~ :::15-20~tSCC ~ 

SAMPLE AND HOi:iJ\ I 
-----( SAMPLE TIME }----------------------< 

" 32 MASTER CLOCKS r·-------
ENABLE SAR 

SAR REQUIRES 
"128 MASTER CLOCKS 

I RCV SYNC ______________ _J 

I ANALOG OUTPUT UPDATED 

--------------------------------~ 
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M5116 

Figure 2 : Data Input/Output Timing. 

X MIT 
Internal 
Clock 

Required For Data To Transfer 
From Master to Slave 

______ _,X Valid Data 

RCV 
Internal 
Clock 

Required To Transfer Data 
k- 200ns From Master to Slave 

~ 1---- SOns Requ1red to load Master 

~ Valid Incoming Data 

DIGITAL OUTPUT. Pin 8 

The M5116 output register stores the 8-bit encoded 
sample of the analog input. This 8-bit word is shifted 
out under control of X MIT SYNC and XMIT CLOCK. 
When XMIT SYNC is low, the DIGITAL OUTPUT is 
an open circuit. When XMIT SYNC is high, the state 
of the DIGITAL OUTPUT is determined by the value 
of the output bit in the serial shift register. The out
put is composed of a Sign Bit, 3 Chord Bits, and 4 
Step Bits. The sign Bit indicates the polarity of the 
analog input while the Chord and Step Bits indicate 
the magnitude. In the first Chord, the Step Bit has a 
value of 0.6mV. In the second Chord, the Step Bit 
has a value of 1.2mV. This doubling ofthestepvalue 
continues for each of the six successive Chords. 

Each Chord has a specific value ; and the Step Bits, 
16 in each Chord, specify the displacement from 
that value (refer to Table 1 ). Thus the output, which 
follows the 11-255 law, has resolution that is propor
tional to the input level rather than to full scale. This 
provides the resolution of a 12-bit AID converter at 
low input levels and that of a 6-bit converter as the 
input approaches full scale. The transfer character
istic of the AID converter (11-law Encoder) is shown 
in figure 3. 

DIGITAL INPUT, Pin 12 

The M5116 input register accepts the 8-bit sample of 
an analog value and loads it under control of RCV 
SYNC and RCV CLOCK. The timing diagram is 
shown in figure 11. When RCV SYNC goes high, the 
MK5116 uses RCV CLOCK to clock the serial data 
into its input register. RCV SYNC goes low to indi
cate the end of serial input data. The 8 bits of the 
input data have the same functions described for the 
DIGITAL OUTPUT. The transfer characteristic of the 
D/A converter (11-Law Decoder) is shown in figure 4. 
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DIGITAL OUTPUT CODE 11-LAW 

Table 1. 

Chord Code Chord Value Step Value 

1. 000 O.OmV 0.163mV 
2 001 10.11mV 1.226mV 
3. 010 30.3mV 2.45mV 
4. 011 70.8mV 4.90mV 
5. 100 151.7mV 9.81mV 
6. 101 313mV 19.61mV 
7. 110 637mV 39.2mV 
8 111 1.284V 78.4mV 

EXAMPLE: 
1 011 0010 = + 70.8mV + (2 x 4.90mV) 
Sign Bit Chord Step Bits 
If the sign bit were a zero, then both plus signs would 
be changed to minus signs. 

Figure 3 : A/D Converter (11-law encoder) 
Transfer Characteristic. 

11111111 

11110000 

11100000 
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S0000 000 ooo• oooo H-++-iH-+t-+-t-t-t-+-H 
~ oo•o oooo H++-lf-+-t-<H+H++-1 

oon oooo H++-lf-++H+H++-l 
o•oo oooo H++-lf-+-HH+H++-l 
o1o1 oooo H++-lf-+-11-H+H++-l 
ono oooo H-++-11-b-rt-t-t-t-t-+-H 
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o••• ,,., Y"""':Yf-l-..L.-!--1---'-f-1-'-+-' 

VRH •VREF .....,. ,-
ANALOG INPUT jVOL TS! 



Figure 4: D/A Converter (~-law encoder) 
Transfer Characteristic. 

•VRIEf 

' ~~~++++++++4A~ 

ANALOGOUTPUT Ot±i~±tttttttl::tlj (VOLTII 

ANALOG OUTPUT, Pin 13 

The analog output is in the form of voltage steps 
(100% duty cycle) having amplitude equal to the 
analog sample which was encoded. This waveform 
is then filtered with an external low-pass filter with 
sinx/x correction to recreate the sampled voice sig
nal. 

OPERATION OF CODEC WITH 64kHz 
XMIT/RCV CLOCK FREQUENCIES 

XMIT/RCV SYNC must not be allowed to remain at 
a logic "1" state. XMINT SYNC is required to be at 
a logic "0" state for 1 master-clock period (min.) be
fore the next digital word is transmitted. RCV SYNC 
is required to be at a logic "0" state for 17 master
clock periods (min.) before the next digital word is 
received (refer to figures 9 and 1 0). 

OFFSET NULL 

The offset-null feature of the MK5116 eliminates 
long-term drift errors and conversion errors due to 
temperature changes by going through an offset-ad
justment cycle before every conversion, thus guar
anteeing accurate ND conversion for inputs near 

MK5116 

ground. There is no offset adjust of the output am
plifier because the resultant DC error (VoFFSETo) will 
have no effect, since the output is intended to be 
AC-coupled to the external filter. The sign is not 
used to null the analog input. Therefore, for an 
analog input of 0 volts, the sign bit will be stable. 

PERFORMANCE EVALUATION 

The equipment connections shown in figure 5 can 
be used to evaluate the performance of the 
MK5116. An analog signal provided by the 
HP3551 AT ransmission Test Set is connected to the 
Analog Input (Pin 1) of the MK5116. The Digital Out
put of the CODEC is tied back to the Digital Input, 
and the Analog Output is fed through a low-pass fil
ter to the HP3551A. Remaining pins of the MK5116 
are connected as follows : 

(1) RCV SYNC is tied to XMIT SYNC 
(2) XMIT CLOCK is tied to MASTER CLOCK. The 

signal is inverted and tied to RCV CLOCK. 

The following timing signals are required : 
(1) MASTER CLOCK = 1.536MHz 
(2) XMIT SYNC repetition rate= 8kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods 

When all the above requirements are met, the setup 
of figure 5 permits the measurement of synchron
ous system performance over a wide range of 
analog inputs. The data register and ideal decoder 
provide a means of checking the encoder portion of 
the MK5116 independently of the decoder section. 
To test the system in the asynchronous mode, MAS
TER CLOCK should be separated from XMIT 
CLOCK, and MASTER CLOCK should be separ
ated from RCV CLOCK. XMIT and RCV SYNCS are 
also separated. Some experimental results ob
tained with the MK5116 are shown in figure 11 and 
figure 12. In each case, both the measured results 
and the corresponding D3 Channel Bank specifica
tions are shown. The MK5116 exceeds the require
ments for Signal-to-Distortion ratio (figure 11) and 
for Gain Tracking (figure 12) .. 
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M5116 

Figure 5 : System Characteristics Test Configuration. 

IDEAl 
DECODER 

I 
~~~;~;f''-=3---------Q\ 

I 
I 
I HPJ551A 

L __ 

I 
L 

Note : The 1deal decoder consist of a digital decompander and a 13·blt precision DAC 

ABSOLUTE MAXIMUM RATINGS 

Parameter 

DC Supply Voltage, V+ 

DC Supply Voltage, V-

Ambient Operating Temperature, T A 

Storage Temperature 

Package Dissipation at 25 oc (derated 9mW/°C when soldered mto PCB) 

Digital Input 

Analog Input 

+ VREF 

- VREF 

SYSTEM ENCODER 
ONLY 

Value 

+6 

-6 

o to 70 

-55 to+ 125 

500 

- 0.5V :": V1N :": V+ 

V- :": V1N :": V+ 

- 0.5V :0: + VREF :": V+ 

V- :0:- VREF :0: + 0.5 

Unit 

v 
v 
oc 
oc 

mW 

v 
Stresses above those listed under "Absolute Maximum Rat~ngs" may cause permanent damages to the dev1ce. This is a stress rating 
only and functional operat1on of the dev1ce at these or any other cond1t1on above those 1nd1cated 1n the operation sections of this spe· 
ciflcallon is not Implied Exposure to absolute maximum rating cond1t10ns for extended periods may effect dev1ce rel1ab1l1ty. 

ELECTRICAL OPERATING CHARACTERISTICS 

POWER SUPPLY REQUIREMENTS 

Symbol Parameter 

V+ Positive Supply Voltage 

V- Negative Supply Voltage 

+ VREF Positive Reference Voltage 

- VREF Negative Reference Voltage 
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Min. 

4.75 

-5.25 

2.375 

- 2.625 

Typ. Max. Unit Notes 

5.0 5.25 v 
-5.0 -4.75 v 
2.5 2.625 v 1 

-2.5 -2.375 v 1 



M5116 

TEST CONDITIONS : V+ = 5.0V, V- =- 5.0V, + VREF = 2.5V,- VREF =- 2.5V, T A = ooc to 7ooc 

DC CHARACTERISTICS 

Symbol Parameter Min. Typ. Max. Unit Notes 

RINAS Analog Input Resistance During Sampling 2 kQ 2 

RINANS Analog Input Resistance Non-Sampling 100 MQ 

GINA Analog Input Capacitance 150 250 pF 2 

VoFFSET/1 Analog Input Offset Voltage ± 1 ±8 mV 2 

RouT A Analog Output Resistance 1 10 Q 

louT A Analog Output Current 0.25 0.5 rnA 

VoFFSETIO Analog Output Offset Voltage + 20 ± 850 mV 

I INLOW Logic Input Low Current (V1N = 0.8V) Digital Input, 
Clock Input, Sync Input ± 0.1 ± 10 !lA 3 

liN HIGH Logic Input High Current (V1N = 2.4V) Digital Input, 
Master and RCV Clock Input, RCV Sync Input ± 0.1 ±10 !JA 3 

IINHIGHx Logic Input High Current (V1N = 2.4V) TX Clock, 
TX Sync - .25 -0.8 mA 3 

Coo Digital Output Capacitance 8 12 pF 

looL Digital Output Leakage Current ± 0.1 ±10 11A 

VouTLow Digital Output Low Voltage 0.4 v 4 

VouTHIGH D1gital Output High Voltage 3.9 v 4 

I+ Positive Supply Current 4 10 rnA 5 

1- Negative Supply Current 2 6 mA 5 

I REF+ Positive Reference Current 4 20 !lA 

I REF- Negative Reference Current 4 20 !lA 

AC CHARACTERISTICS (refer to figure 10 and figure 11) 

Symbol Parameter Min. Typ. Max. Unit Notes 

FM Master Clock Frequency 1.5 1.544 2.1 MHz 

FA, Fx XMIT, RCV Clock Frequency 0.064 1.544 2.1 MHz 

PWcLK Clock Pulse Width (MASTER, XMIT, RCV) 200 ns 

IRe, tFc Clock Rise, Fall Time 25% of 
(MASTER, XMIT, RCV) PWcLK ns 

IRs, tFs Sync Rise, Fall T1me 25% of 
(XMIT, RCV) PWcLK ns 

lo1R. toiF Data Input Rise, Fall Time 25% of ns 
PWcLK 

twsx. 8 
twsR Sync Pulse Width (XMIT RCV) Fx(FR) !JS 
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M5116 

DC CHARACTERISTICS (refer to figure 7 and figure 8) 

Symbol Parameter Min. Typ. Max. Unit Notes 

Ips Sync Pulse Period (XMIT, RCV) 125 flS 

!xes XMIT Clock-to-XMIT Sync Delay 50% of ns 6 
lFc (IRs) 

lxcsN XMIT Clock-to-XMIT Sync (negative edge) Delay 200 ns 

txss XMIT Sync Set-Up Time 200 ns 

lxoo XMIT Data Delay 0 200 ns 4 

txoP XMIT Data Present 0 200 ns 4 

lxoT XMIT Data Three State 150 ns 4 

to oF Digital Output Fall T1me 50 100 ns 4 

tooR Digital Output Rise Time 50 100 ns 4 

lsRc RVC Sync-to-RCV Clock Delay 50% of ns 6 
IRe (!Fs) 

lADS RCV Data Set-up Time 50 ns 7 

loRH RCV Data Hold Time 200 ns 7 

IRes RCV Clock-to-RCV Sync Delay 200 ns 

lASS RCV Sync Set-up T1me 200 ns 7 

!sAo RCV Sync-to-Analog Output Delay 7 ~s 

SLEW+ Analog Output PoSitiVe Slew Rate 1 V/ps 

SLEW- Analog Output Negat1ve Slew Rate 1 V/flS 

DROOP Analog Output Droop Rate 25 pV(fts 

AC CHARACTERISTICS (refer to figures 11 and 12) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

GTx Gain Tracking Transm1t Analog Input = + 3 to - 37dBmO -.2 0.0 + .2 dB 
Analog Input =- 37 to - 50dBmO -.4 ± 0.1 +.4 dB 
Analog Input =-50 to - 55dBmO -1.25 ± 0.2 + 1.25 dB 

Relative to 0 dBmO 

GTR Gain Trackmg Receive Input Level = + 3 to - 37dBmO -.2 0.0 + .2 dB 
Input Level =- 37 to- 50dBmO - .4 ± 0.1 +.4 dB 
Input Level =- 50 to - 55dBmO - 1.25 ± 0.2 + 1.25 dB 

Relative to 0 dBmO 

GTE.E Gain Tracking End to End Analog Input = + 3 to - 37dBmO -.4 0.0 +.4 dB 
Analog Input =- 37 to - 50dBm0 - .8 ± 0.1 +.8 dB 
Analog Input =-50 to - 55dBmO -2.50 ± 0.2 + 2.50 dB 

Relative to 0 dBmO 

SDx S1gnal to Distort1on Analog Input = 0 to - 30dBmO 37 dB 
Transmit Analog Input =- 40dBmO 31 dB 

Analog Input =- 45dBmO 26 dB 

SDR Signal to D1stort1on Rece1ve Input Level = o to- 30dBmO 37 dB 
Input Level =- 40dBmO 31 dB 
Input Level =- 45dBmO 26 dB 
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AC CHARACTERISTICS (refer to figures 11 and 12) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

SDE-E Signal to Distortion End to Analog Input = 0 to- 30dBmO 35 dB 
End Analog Input =- 40 dBmO 29 dB 

Analog Input =- 45 dBmO 24 dB 

Nx Idle Channel Noise Analog Input = OVolts 17 dBncO 
Transmit 

NR Idle Channel Noise Recetve Digttal Input = 0 Code 0 dB ncO 

NE-E Idle Channel Noise End to Analog Input = OVolts 18 dB ncO 
End Digital Output to Digital Input 

CTRx Crosstalk Receive to Analog In =- 50dBmO at 2600Hz -80 dB 
Transmit Digital Input= OdBmO at 1008Hz 

digital 

CTxR Crosstalk Transmit to Analog In= OdBmO at 1008Hz -80 dB 
Receive Digital Input = 0 Code 

TLP Transmit Level Point 600Q +4 dB 

Notes : 1. + VAEF and- VAEF must be matched w1th1n ±1 % 1n order to meet system requirements. 
2. Sampling IS accomplished by charg1ng an mternal capac1tor; therefore, the des1gner should avmd excessive source Impedance. 

Input-related dev1ce charactenst1cs are denved usmg the Recommended Analog Input C~rcu1t. See figure 6. 
3. When a trans1t1on from a "1" to a "0" takes place, the user must s1nk the ''1" current until reaching the "0" level 
4. Dnvmg 30pF With loH = 1 OO;tA, lac= 500~A 
5. Results 1n 30mW typical power dissipation (clocks applied) under normal operating conditions 
6 Th1s delay is necessary to avo1d overlapping CLOCK and SYNC. 
7. The f1rst b1t of data IS loaded when the Sync and Clock are both "1" during bit t1me 1 as shown on RCV timing d1agram 

Figure 6 : Recommended Analog Input Circuit. 

CODEC 

I I 
I I 
I I 
I I lYPICAL 

CINA.RINAS 
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I I 
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I 

- I -=-I - I 
I I 
I I 
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M5116 

Figure 7 :Transmitter Section Timing. 

PCM DATA PRESENT 

Note : All nse and fall trmes are measured from 0 4V and 2 4V. All delay trmes are measured from 1 4V 

Figure 8 : Receiver Section Timing. 

~~~----------------------------------------~~ 
ANALOG OUTPUT 

Note: All nse and fall trmes are measured from 0.4V and 2 4V All delay trmes are measured from 1.4V 
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Figure 9 : 64kHz Operation, Transmitter Section Timing. 

~-----------------125,,sec 

_j XMITSYNC 

PCM DATA PRESENT 

Note : All nse and fall t1mes are measured from 0 4V and 2 4V. All delay t1mes are measured from 1 4V. 

Figure 10: 64kHz Operation, Receiver Section Timing. 

M5116 

~STER 
---l !&-CLOCK 
~ -~ 1- PERIOD 

tMINl 

~-------------------125~sec-----------------~ 

__j RCVSYNC 

Note: All rise and fall times are measured from 0 4V and 2.4V. All delay t1mes are measured from 1 4V. 

~STER 
CLOCK 

.J (_f'ERIODS 
---, r--IMINI 
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Figure 11 :Single-ended Signal to Distortion. 
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Figure 12: Single-ended Gain Tracking . 
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• ±5-VOL T POWER SUPPLIES 
• LOW POWER DISSIPATION- 30mW (Typ) 
• FOLLOWS THE A-LAW COMPANDING CODE 
• INCLUDES CCITI RECOMMENDED EVEN

ORDER-BIT INVERSION 
• SYNCHRONOUS OR ASYNCHRONOUS 

OPERATION 
• ON-CHIP SAMPLE AND HOLD 
• ON-CHIP OFFSET NULL CIRCUIT ELIMI

NATES LONG-TERM DRIFT ERRORS AND 
NEED FOR TRIMMING 

• MINIMAL EXTERNAL CIRCUITRY REQUIRED 
• SERIAL DATA OUTPUT OF 64kb/s THROUGH 

2.1 Mb/s AT 8kHz SAMPLING RATE 
• SEPARATE ANALOG AND DIGITAL 

GROUNDS REDUCE NOISE PROBLEMS 

DESCRIPTION 

The M5156 is a monolithic CMOS companding 
CO DEC that contains two sections : (1) An analog
to-digital converter with a transfer characteristic 
conforming to the A-law companding code and (2) 
a digital-to-analog converter that also conforms to 
the A-law code. 

PIN CONNECTION (top view) 

December 1988 

ANALOG INPUT 1 

V+ 2 

V-3 

NC4 

MASTER CLOCK 5 

XMIT SYNC6 

XMIT CLOCK 7 

DIGITAL OUTPUT 8 

M5156 

A-LAW COMPANDING CODEC 

These two sections form a coder-decoder designed 
to meet the needs of the telecommunications indus
try for per-channel voice-frequency CODECs used 
in digital switching and transmission systems. Digi
tal input and output are in serial format. Actual trans
mission and reception of 8-bit data words contain
ing the analog information is done at a 64kb/s 
through 2.1 Mb/s rate with analog signal sampling 
occuring at an 8kHz rate. A sync pulse input is pro
vided for synchronizing transmission and reception 
of multi-channel information being multiplexed over 
a single transmission line. 

DIP-16 

ORDER CODES: M5156FI (Ceramic) 

16-+VREF 

15 -VREF 

14 ANALOG GROUND 

13 ANALOG OUTPUT 

12 DIGITAL INPUT 

11 .DIGITAL GI'IOUND 

10 RCV CLOCK 

9 ·RCV SYNC 
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M5156 

BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 

PCM SYSTEM BLOCK DIAGRAM 

r--------
1 

+ VREF AND- VREF 

Input. Pins 16 and 15. These positive and negative 
reference voltages provide the conversion referen
ces for the digital-to-analog converters in the 
M5156. + VREF and - VREF must maintain 
1 OOppMJOC regulation over the operating tempera-

ture range. Variation of the reference directly affects 
system gain. 

ANALOG INPUT 

Input. Pin 1. Voice-frequency analog signals that are 
bandwidth-limited to 4kHz are input at this pin. Typi
cally, they are then sampled at an 8kHz rate. (See 
figure 1). The analog input must remain between+ 
VREF and - VREF for accurate conversion. The rec
ommended input interface circuit is shown in figure 
6. 

MASTER CLOCK 

Input. Pin 5. This signal provides the basic timing 
and control signals required for all internal conver
sions. It does not have to be synchronized with RCV 
SYNC, RCV CLOCK, XMIT SYNC or XMIT CLOCK 
and is not internally related to them. 

XMIT SYNC 

Input. Pin 6. This input is synchronized with XMIT 
CLOCK. When XMIT SYNC goes high, the digital 
output is activated and the NO conversion begins 
on the next positive edge of MASTER CLOCK. The 

2/11 ------------- liii ~~~~m~::~~~~ 
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conversion by MASTER CLOCK can be asynchron
ous with XMIT CLOCK. The serial output data is 
clocked out by the positive edges of XMIT CLOCK. 
The negative edge of XMIT SYNC causes the digi
tal output to become three-state. XMIT SYNC must 
go low for at least one master clock period prior to 
the transmission of the next digital word. (see 
figure 9). 

XMITCLOCK 

Input. Pin 7. The on-chip 8-bit output shift register of 
the M5156 is unloaded at the clock rate present on 
this pin. Clock rates of 64kHz-2.1 MHz can be used 
for XMIT CLOCK. The positive edge of the INTER
NAL CLOCK transfers the data from the master to 
the slave of a master-slave flip-flop. (See figure 2). 
If the positive edge of XMIT SYNC occurs after the 
positive edge of XMIT CLOCK, XMIT SYNC will 
determine when the first positive edge of internal 
clock will occur. In this event, the hold time for the 

Figure 1 :AID, D/A Conversion Timing. 

M5156 

first clock pulse is measured from the positive edge 
of XMIT SYNC. 

RCV SYNC 

Input. Pin 9. This input is synchronized with RCV 
CLOCK and serial data is clocked in by RCV 
CLOCK. Duration of the RCV SYNC pulse is ap
proximately 8 RCV CLOCK periods. The conversion 
from digital-to-analog starts after the negative edge 
of the RCV SYNC pulse. (see figure 1 ). The nega
tive edge of RCV SYNC should occur before the 9th 
positive clock edge of insure that only eight bits are 
clocked in. RCV SYNC must stay low for 17 MAS
TER CLOCKS (min.) before the next digital word is 
to be received (see figure 1 0). 

RCV CLOCK 

Input. Pin 10. The on-chip 8-bit shift register for the 
M5156 is loaded at the clock rate present on this 
pin. Clock rates of 64kHz-2.1 MHz can be used for 

,.. 125.sec----------~~ 

__j XMIT SYNC 'L-------------------,-
k-~15·20•sec:~ 

---~ SA~:~~liNT~,:EOLD \\!.--~-------------------{ 
~ 32 MASTER CLOCKS rC-------

ENABLE SAR 
SAR REQUIRES 

=1 28 MASTER CLOCKS 

----------------~! RCV. SYNC 

I ANALOG OUTPUT UPDATED 
------------------------~ 

Figure 2 : Data Input/Output Timing. 

XMIT ~ ~~~':'= .:::":~ETRANSFER 
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------~)( VALID DATA 
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RCV --.1 200na k- FROM MASTER 10 SLAVE 

INTERNAL I 
CLOCK . 

:j 1-- SOna REQUIRED 10 LOAD MASTER 

----J>< VALID INCOMING DATA 

DIGITAL 
OUT 

XMITSYNC 

XMITCLOCK 

DIGITAL 
IN 

RCVSYNC 

RCV CLOCK 

M5156 

INTERNAL CLOCK 
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M5156 

RCV CLOCK. Valid data should be applied to the 
digital input before the positive edge of the internal 
clock. (See figure 2). This set up time, tRos, allows 
the data to be transferred into the master of a mas
ter-slave flip-flop. The positive edge of the internal 
clock transfers the data to the slave of the master
slave flip-flop. A hold time, tRoH, is required to com
plete this transfer. If the rising edge of RCV SYNC 
occurs after the first rising edge of RCV CLOCK, 
RCV SYNC will determine when the first positive 
edge of internal clock will occur. In this event, the 
set-up and hold times for the first clock pulse should 
be measured from the positive edge of RCV SYNC. 

DIGITAL OUTPUT 

Output. Pin 8. The M5156 output register stores the 
8-bit encoded sample of the analog input. This 8-bit 
word is shifted out under control of XMIT SYNC and 
XMIT CLOCK. When XMIT SYNC is low, the DIGI
TAL OUTPUT is an open circuit. When XMIT SYNC 
is high, the state of the DIGITAL OUTPUT is deter
mined by the value of the output bit in the serial shift 
register. The output is composed of a Sign Bit, 3 
Chord Bits, and 4 Step Bits. The Sign Bit indicates 
the polarity of the analog input while the Chord and 
Step Bits indicate the magnitude. In the first two 
Chords, the Step Bit has a value of 1.2mV. In the 
third Chord, the Step Bit has a value of 2.4mV. This 
doubling of the step value continues for each of the 
five successive Chords. 

Each Chord has a specific value and the Step Bits, 
16 in each Chord, specify the displacement from 
that value (refer to table 1 ). Thus the output, wich 
follows the A-law, has resolution that is proportional 
to the input level rather than to full scale. This pro
vides the resolution of a 12-bit AID converter at low 
input levels and that of a 16-bit converter as the input 
approaches full scale. The transfer characteristic of 
the AID converter (A-law Encoder) is shown in 
figure 3. 

DIGITAL INPUT 

Input. Pin 12. The M5156 input register accepts the 
8-bit sample of an analog value and loads it under 
control of RCV SYNC and RVC CLOCK. The timing 
diagram is shown in figure 11. When RCV SYNC 
goes high, the M5156 uses RCV CLOCK to clock 
the serial data into its input register. RCV SYNC 
goes low to indicate the end of serial inputr data. 
The eight bits of the input data have the same func
tions described for the DIGITAL OUTPUT. The 
transfer characteristic of the D/A converter (A-law 
Decoder) is shown in figure 4. 
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Table 1 : Digital Output Code : A Law. 

Chord Code Chord Value Step Value 

1. 101 O.OmV 1.221mV 
2. 100 20.1mV 1.221mV 
3. 111 40.3mV 2.44mV 
4. 110 80.6mV 4.88mV 
5. 001 161.1mV 9.77mV 
6. 000 332mV 19.53mV 
7. 011 645mV 39.1mV 
8. 010 1.289V 78.1mV 

EXAMPLE: 
1 110 0111 = + 80.6mV + (2 x 4.88mV) 
Sign Bit Chord Step Bits 
lithe sign bit were a zero, then both plus signs would 
be changed to minus signs. 

Figure 3 : AID Converter (A-law encoder) 
Transfer Characteristic. 

"' 5 

10101010 ~~~~~~~~--. 

1 010 0101 1-+-1-H--1-1-+-H..-F'I-+-+-1 
1 011 0101 1-+-1-H--f-.,1-+-¥-!-+-+-+-+-1 
1000 o1o1 H--HH--H--hiH-+-t-+-1-1 
10010101 1-+-HI-l--H~+-+-+-l--l--+-l 
1110 0101 1-+-HI-l--H-+++-+-H--H 
1111 0101 H-+..JH--H-+-H-+-t-+-1-1 e: 

g 11 01 0101 } 1100 0101 1-+-1-1-+-H-+-++-+-l--l--+-l 
~ 0101 0101 ~H--\-H--H-+-H-+-+-+-1-1 
5 01110101 t-+-\-H--H-+-H-+-+-+-1-1 
Ci 01100101 1+-HH--H++-++-H--H 

0001 0101 

00000101 
00110101 
0010 0101 
ooto 101 o 4d::J4-.LlH-.Ll.+-LL-l-J 

-VnEF -VREF 0 • VREF •VnEF 
-2- 2 

ANALOG INPUT (VOLTS) 

Figure 4 : D/A Converter (A-law encoder) 
Transfer Characteristic. 
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ANALOG OUTPUT 

Output. Pin 13. The analog output is in the form of 
voltage steps (100% duty cycle) having amplitude 
equal to the analog sample which was encoded. 
This waveform is then filtered with an external low
pass filter with sinx/x correction to recreate the sam
pled voice signal. 

OPERATION OF CODEC WITH 64kHz 
XMIT/RCV. CLOCK FREQUENCIES 

XMIT/RCV SYNC must not be allowed to remain at 
a logic "1" state. XMIT SYNC is required to be at a 
logic "0" state for one master clock period (min.) be
fore the next digital word is transmitted. RCV SYNC 
is required to be at a logic "0" state for 17 master 
clock periods (min.) before the next digital word is 
received (see figures 9 and 1 0). 

OFFSET NULL 

The offset null feature of the M5156 eliminates long
term drift errors and conversion errors due to tem
perature changes by going through an offset adjust
ment cycle before every conversion, thus guaran
teeing accurate ND conversion for inputs near 
ground. There is no offset adjust of the output am
plifier because, since the output is intended to be 
AC-coupled to the external filter, the resultant DC 
error (VoFFSET o) will have no effect. The sign bit is 
not used to null the analog input. Therefore, for an 
analog input of 0 volts, the sign bit will be stable. 

Figure 5 : System Characteristics Test Configuration. 

M5156 

PERFORMANCE EVALUATION 

The equipment connections shown in figure 5 can 
be used to evaluate the performance of the M5156. 
An analog signal provided by the HP3552A Trans
mission Test Set is connected to the Analog Input 
(pin 1) of the M5156. The Digital Output of the 
CODEC is tied back to the Digital Input and the 
Analog Output is fed through a low-pass filter to the 
HP2552A. Remaining pins of the M5156 are con
nected as follows : 

(1) RCV SYNC is tied to XMIT SYNC 
(2) XMIT CLOCK is tied to MASTER CLOCK. The 

signal is inverted and tied to RCV CLOCK. 

The following timing signals are required : 

(1) MASTER CLOCK = 2.048MHz 
(2) XMIT SYNC repetition rate= 8kHz 
(3) XMIT SYNC width= 8 XMIT CLOCK periods 
When all the above requirements are met, the setup 
of figure 5 permits the measurement of synchron
ous system performance over a wide range of 
analog inputs. 
The data register and ideal decoder provide a 
means of checking the encoder portion of the 
M5156 independently of the decoder section. To 
test the system in the asynchronous mode, MAS
TER CLOCK should be separated from XMIT 
CLOCK and MASTER CLOCK should be separated 
from RCV CLOCK. XMIT CLOCK and RCV CLOCK 
are separated also. 

IDEAL 
DECODER 

ANALOGJ-!1,::_3 _______ 0\ 
I """'!"" SYSTEM 

I 
L ___ l 

NouT 

I HP3552A 

1.--------, 
!.---_J 

L _______ _ 

Note : The odeal decoder consists of a dogttal decompander and a 13-btt precision DAC. 

ENCODER 
ONLY 

5111 
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M5156 

ABSOLUTE MAXIMUM RATINGS 

Parameter Value Unit 

DC Supply Voltage, V+ + 6 v 
DC Supply Voltage, V- -6 v 
Ambient Operating Temperature, T A 0 to 70 oc 
Storage Temperature -55 to+ 125 oc 
Package Dissipation at 25°C (derated 9mW/°C when soldered into PCB) 500 mW 

Digital Input - 0.5V ~ V1N ~ V+ 

Analog Input V- ~ V1N ~ V+ 

+ VREF - 0.5V ~ + VREF ~ V+ 

- VREF V- ~- VREF ~ + 0.5 v 
Stressed above those listed under "Absolute Max1mum Ratings" may cause permanent damage to the dev1ce. This IS a stress rating only and 
functional operation of the device at these or any other condition abolve those indicated m the operational section of th1s specifJcatJon is not im
plied Exposure to absolute max1mum rat1ng condrtron for extended penods may affect dev1ce reiJabJiity. 

ELECTRICAL OPERATING CHARACTERISTICS 

POWER SUPPLY 

Symbol Parameter 

V+ Posit1ve Supply Voltage 

V- Negative Supply Voltage 

+ VREF Positive Reference Voltage 

- VREF Negative Reference Voltage 

Min. 

4.75 

-5.25 

2.375 

-2.625 

Typ. Max. Unit Notes 

5.0 5.25 v 
-5.0 -4.75 v 
2.5 2.625 v 1 

-2.5 - 2.375 v 1 

TEST CONDITIONS : V+ = 5.0V, V- =- 5.0V, + VREF = 2.5V,- VREF =- 2.5V, TA = 0°C to 70°C 

DC CHARACTERISTICS 

Symbol Parameter Min. Typ. Max. Unit Notes 

RINAS Analog Input Resistance During Sampling 2 kQ 2 

RINANS Analog Input Resistance Non-samplmg 100 MQ 

GINA Analog Input Capacitance 150 250 pF 2 

VoFFSET/1 Analog Input Offset Voltage ± 1 ±8 mV 2 

RouT A Analog Output Resistance 1 50 Q 

louT A Analog Output Current 0.25 0.5 mA 

VoFFSETIO Analog Output Offset Voltage +50 ± 850 mV 

I INLOW Logic Input Low Current (V 1N = 0.8V) Digital Input, 
Clock Input, Sync Input ± 0.1 ± 10 flA 3 

I IN HIGH Logic Input High Current (V1N = 2.4V) Digital Input, 
Clock Input, Sync Input -0.25 -0.8 mA 3 

Coo Digital Output Capacitance 8 12 pF 

looL Digital Output Leakage Current ± 0.1 ±10 flA 
VouTLOw Digital Output Low Voltage 0.4 v 4 

VouTHIGH Digital Output High Voltage 3.9 v 4 

I+ Positive Supply Current 4 10 mA 5 

1- Negative Supply Current 2 6 mA 5 

I REF+ Positive Reference Current 4 20 flA 
I REF- Negative Reference Current 4 20 flA 
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M5156 

AC CHARACTERISTICS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

GTx Gain Tracking Transmit Analog Input = + 3 to- 40dBmO -.2 0.0 + .2 dB 
CCITT G712 Method 2 Analog Input =- 40 to- 50dBmO -.4 ± 0.1 +.4 dB 

Analog Input =- 50 to- 55dBmO - 1.25 ± 0.2 + 1.25 dB 
Relative to - 1 0 dBmO 

GTR Gam Trackmg Receive Input Level = + 3 to- 40dBmO - .2 0.0 + .2 dB 
CCITT G712 Method 2 Input Level =- 40 to- 50dBmo -.4 ± 0.1 +.4 dB 

Input Level =- 50 to - 55dBmO - 1.25 ± 0.2 + 1.25 dB 
Relative to - 1 0 dBmO 

GTEE Gain Tracking End to End Analog Input = + 3 to- 40dBmO - 0.4 ± 0.1 + 0.4 dB 
CCITT G712 Method 2 Analog Input =- 40 to - 50dBmO -0.8 ± 0.1 + 0.8 dB 

Analog Input =- 50 to - 55dBmO -2.5 ± 0.2 + 2.5 dB 
Relative to - 1 0 dBmO 

SD1x Signal to Distortion Analog Input =- 3dBmO 30 dB 
Transmit Analog Input =- 6 to- 27dBmO 36 dB 
CCITT G712 Method 1 Analog Input =- 34dBmO 34 dB 

Analog Input =- 40dBmO 30 dB 
Analog Input =- 55dBmO 15 dB 

Narrow Band Noise Input 

SD1R Signal to Distortion Receive Input Level =- 3dBmO 30 dB 
CCITT G712 Method 1 Input Level =- 6 to - 27dBmO 37 dB 

Input Level =- 34dBmO 35 dB 
Input Level =- 40dBmO 31 dB 
Input Level =- 55dBmO 16 dB 

Narrow Band Noise Input 

SD2x Signal to Distortion Analog Input = 0 to- 30dBmO 37 dB 
Transmit Analog Input =- 40dBmO 31 dB 
CCITT G712 Method 2 Analog Input =- 45dBmO 25 dB 

SD2R S1gnal to Distortion Rece1ve Input Level = 0 to- 30dBmO 37 dB 
CCITT G712 Method 2 Input Level =- 40dBmO 31 dB 

Input Level =- 45dBmO 25 dB 

SDEE Signal to Distortion End to Analog Input = 0 to - 30dBmO 35 39 ~~ 
uu --

End Analog Input =- 40dBmO 29 34 db 
CCITT G712 Method 2 Analog Input =- 45dBmO 24 29 dB 

Nx Idle Channel Noise Analog Input = OVolts -68 dB mOp 
Transmit 

NR Idle Channel Noise Receive Digital Input = + 0 Code -90 dB mOp 

NEE Idle Channel Noise End to Analog Input = OVolts -80 -68 dB mOp 
End 

CTRx Crosstalk Receive to Analog In =- 50dBmO at 2600Hz -80 dB 
Transmit Digital Input= OdBmO at 1008Hz 

Digital 

CTxR Crosstalk Transmit to Analog In= OdBmO at 1008Hz -80 dB 
Receive Digital Input = + 0 Code 

TLP Transmission Level Point 600Q +4 dB 

Notes : 1.- VREF and- VREF must be matched w1th1n ±1 % 1n order to meet system requirements. 
2. Sampling is accomplished by chargrng an Internal capacitor; therefore, the des1gner should avo1d excess1ve source 1mpedance In-

put related dev1ce characterrst1cs are derrved us1ng the Recommended Analog Input Crrcu1t. See f1gure 6. 
3. When a trans1t1on from a .. , .. to a "0" takes place, the user must s1nk the .. , .. current unt1l read1ng the "0" level 
4. Driv1ng 30pF with IOH = - 1 00 ~A, loL- 500 ~A 
5. Results 1n 30mW typ1cal power d1Ss1pat1on (clocks applied) under normal operating condrtrons 
6. ThiS delay IS necessary to avo1d overlapping Clock and Sync. 
7. Th1s frrst b1t of data IS loaded when Sync and Clock are both "1" during bit time 1 as shown on RCV timing diagram 
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Figure 6 : Recommended Analog Input Circuit. 
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TIMING SPECIFICATIONS (refer to figures 7 and 8) 

# Symbol Parameter Min. Typ. Max. Unit Notes 

1 FM Master Clock Frequency 1.5 2.048 2.1 MHz 

2 FR. Fx XMIT, RCV Clock Frequency 0.064 2.048 2.1 MHz 

3 PWcLK Clock Pulse Width (MASTER, XMIT, RCV) 200 ns 

4 IRe, IFC Clock Rise, Fall Time 25%01 
(MASTER, XMIT, RCV) PWcLK ns 

5 IRs, IFs Sync Rise, Fall Time 25%of 
(XMIT, RCV) PWcLK ns 

6 IDIR, to!F Data Input Rise, Fall Time 25% of ns 
PWcLK 

_8_ 
7 twsx. !wsR Sync Pulse Width (XMIT RCV) Fx(FR) j.IS 

8 Ips Sync Pulse Period (XMIT, RCV) 125 J.IS 

9 !xes XMIT Clock-to-XMIT Sync Delay 50% of 
IFc (tRs) ns 6 

10 !xcsN XMIT Clock-toXMIT Sync (negative edge) Delay 200 ns 

11 txss XMIT Sync Set-up Time 200 ns 

12 lxoo XMIT Data Delay 0 200 ns 4 

13 lxoP XMIT Data Present 0 200 ns 4 

14 lxoT XMIT Data Three State 150 ns 4 

15 loaF Digital Output Fall Time 50 100 ns 4 

16 IocR Digital Output Rise Time 50 100 ns 4 

17 !sAC RVC Sync-to-RCV Clock Delay 50% of 
IRe (IFs) ns 6 

18 lADS RCV Data Set-up Time 50 ns 7 

19 tAcH RCV Data Hold Time 200 ns 7 

20 IRes RCV Clock·lo·RCV Sync Delay 200 ns 

21 lAss RCV Sync Set-up Time 200 ns 7 

22 I sAO RCV Sync-to-analog Output Delay 7 j.IS 

23 SLEW+ Analog Output Positive Slew Rate 1 V/J.IS 

24 SLEW- Analog Output Negative Slew Rate 1 V/j.IS 

25 DROOP Analog Output Droop Rate 25 j.IV/J.IS 
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Figure 7 :Transmitter Section Timing. 

2 4V 
1 4V 

X MIT SYNC 0 4V 
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PCM DATA PRESENT 

Note: All rise and fall limes are measured from 0.4V and 2.4V. All delay limes are measured from 1.4V. 

Figure 8 : Receiver Section Timing. 

Note: All nse and fall limes are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 

M5156 
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Figure 9 : 64kHz Operation, Transmitter Section Timing. 

8 

_j XMITSYNC 

PCM DATA PRESENT 

Note: All rise and fall times are measured from 0.4V and 2 4V. All delay t1mes are measured from 1 4V. 

Figure 10: 64kHz Operation, Receiver Section Timing. 

8 

_j RCVSYNC 

Note: All nse and lall times are measured from 0.4V and 2.4V. All delay t1mes are measured from 1.4V. 
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Figure 11 : M5156 Single-ended Signal to Distortion. 
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Figure 12: M5156 Single-ended Gain Tracking. 
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ETC5057 
ETC5054 

SERIAL INTERFACE CODEC/FIL TER 

• COMPLETE CO DEC AND FILTERING SYS
TEM (COMBO) INCLUDING : 
_ Transmit high-pass and low-pass filtering 
_ Receive low-pass filter with sin x/x correction 
- Active RC noise filters 
_ A-law or Jl-law compatible COder and 

DECoder 
_ Internal precision voltage reference 
_ Serial 1/0 interface 
_ Internal auto-zero circuitry 

• A-LAW, 16-PINS-ETC5057 
• Jl-LAW WITHOUT SIGNALING, 16-PINS

ETC5054 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS 
• ± 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 

60mW 
• POWER-DOWN STANDBY-TYPICALLY 3 mW 
• AUTOMATIC POWER-DOWN 
• TTL OR CMOS COMPATIBLE DIGITAL INTER

FACES 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 
• SECOND SOURCE OF TP3057, TP3054 

DESCRIPTION 
The ETC5057/ETC5054 family consists of A-law 
and j.!-law monolithic PCM CODEC/filters utilizing 
the AID and D/A conversion architecture shown in 
figure 1, and a serial PCM interface. 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-capacitor band-pass filter that 
rejects signals below 200 Hz and above 3400 Hz. 
Also included are auto-zero circuitry and a compan
ding coder which samples the filtered signal and en
codes it in the companded A-law or jl-law PCM 
format. The decode portion of each device consists 
of an expanding decoder, which reconstructs the 
analog signal from the companded A-law or j.!-law 
code, a low-pass filter which corrects for the sin x/x 
response of the decoder output and rejects signals 
above 3400 Hz and is followed by a single-ended 
power amplifier capable of driving low impedance 

September 1988 

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 64kHz 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 standard formats. 

DIP16 
(Ceramic) J 
(Plastic) N 

ORDER CODES : ETC5057J 
ETC5054J 
ETC5057N 
ETC5054N 

PIN CONNECTION 

GSx 

TSx 

BCLKx 
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ETC5057·ETC5054 

Figure 1 : Block Diagram. 
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ETC5057-ETC5054 

PIN DESCRIPTION 

Name Pin 
Type* 

No Function Description 

Vee s 1 Negative Power Vee=- 5 V ± 5% 
Supply 

GNDA GND 2 Analog Ground All signals are referenced to this pin. 

VFRO 0 3 Receiver Filter Output Analog Output of the Receive Filter 

Vee s 4 Positive Power Supply Vee=+ 5 V ± 5% 

FSR I 5 Receive Frame Sync Enables BCLKR to shift PCM data into DR. FSR is an 8 
Pulse kHz pulse train. See figures 2,3 and 4 for timing details. 

DR I 6 Receive Data Input PCM data is shifted into DR following the FSR leading 
edge. 

BCLKR/CLKSEL I 7 Shift-in Clock Shifts data into DR after the FSR 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 BCLKx 
is used for both transmit and receive directions 
(see table 1). This input has an internal pull-up. 

MCLKR/PDN I 8 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 I 9 Transmit Master Clock Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous with MCLKR. 

BCLKx I 10 Shift out Clock Shift out the PCM data on Dx. May vary from 64 kHz to 
2.048 MHz, but must be synchronous with MCLKx. 

Dx 0 11 Transmit Data Output The TRI-STATE® PCM data output which is enabled 
by FSx. 

FSx I 12 Transmit Frame Sync Enables BCLKx to shift out the PCM data on Dx. FSx is 
Pulse an 8 kHz pulse train. See figures 2, 3 and 4 for timing 

details. 

TSx 0 13 Transmit Time Slot Open drain output which pulses low during the encoder 
time slot. Recommended to be grounded if not used. 

GSx 0 14 Gain Set Analog output of the transmit input amplifier. Used to set 
gain externally. 

VFxl- I 15 Inverting Amplifier Inverting input of the transmit input amplifier. 
Input 

VFxl + I 16 Non-inverting Amplifier Non-inverting input of the transmit input amplifier. 
Input 

• I :Input, o: Output, S: Power Supply. 
TRI-STATE® is a trademark of National Semiconductor Corp. 
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FUNCTIONAL DESCRIPTION 

POWER-UP 

When power is first applied, power-on reset circuitry 
initializes the COMBO 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, a logi
cal low level or clock must be applied to the 
MCLKR/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 MCLKRIPDN pin 
high ; the alternative is to hold both FSx and FSR in
puts continuously low. The device will power-down 
approximately 2 ms after the last FSx or FSR pulse. 
Power-up will occur on the first FSx or FSR pulse. 
The TRI-STATE PCM data output, Ox, 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 MCLKRIPDN pin can 
be used as a power-down control. A low level on 
MCLKRIPDN 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 trans
mit and receive circuits. A bit clock must also be ap
plied to BCLKx and the BCLKR/CLKSEL can be 
used to select the proper internal divider for a mas
ter clock of 1.536 MHz, 1.544 MHz or 2.048 MHz. 
For 1.544 MHz operation, the device automatically 
compensates for the 193 rd 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 frequencies of operation which can be selected, 
depending on the state of BCLKRICLKSEL. In this 
synchronous mode, the bit clock, BCLKx, may be 
from 64 kHz to 2.048 MHz, but must be synchron
ous with MCLKx. 

Table 1: SeleCtion of Master Clock Frequencies. 

Master Clock Frequency 

BCLKR/CLKSEL 
Selected 

ETC 5057 ETC 5054 

Cloked 2.048 MHz 1.536 MHz or 
1.544 MHz 

0 1.536 MHz or 2.048 MHz 
1.544 MHz 

1 (or open circuit) 2.048 MHz 1.536 MHz or 
1.544 MHz 
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Each FSx pulse begins the encoding cycle and the 
PCM data from the previous encode cycle is shifted 
out of the enabled Ox output on the positive edge of 
BCLKx. AlterS bit clock periods, the TRI-STATE Ox 
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 BCLKR if run
ning). 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 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 MCLKR/PDN pin. This will automatically 
connect MCLKxto all internal MCLKR functions (see 
Pin Description). For 1.544 MHz operation, the de
vice automatically compensates for the 193 rd 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 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 64 kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO 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 FSR, 
must be one bit clock period long, with timing rela
tionships specified in figure 3. With FSx high during 
a falling edge of BCLKx, the next rising edge of 
BCLKx enables the Ox TRI-STATE output buffer, 
which will output the sign bit. The following seven 
rising 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 (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 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 FSR, must be three or more bit clock 
periods long, with timing relationships specified in 
figure 4. Based on the transmit frame sync, FSx, the 



COMBO will sense whether short or long frame sync 
pulses are being used. For 64 kHz operation, the 
frame sync pulse must be kept low for a minimum 
of 160 ns (see fig. 2). 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 BCLKx rising edges clock out the remaining 
seven bits. The Ox output is disabled by the falling 

· BCLKx edge following the eighth rising edge, or by 
FSx going low, whichever comes later. A rising edge 
on the receive frame sync pulse, FSR, 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 sync 
pulse in synchronous or asynchronous mode. 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal resistors, see figure 5. 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 unity-gain filter consisting of RC active pre-filter, 
followed by an eighth order switched-capacitor 
bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and
hold circuit. The A/D is of companding type accord
ing to A-law (ETC5057) or Jl·law (ETC5054) coding 
conventions. A precision voltage reference is 
trimmed in manufacturing to provide an input over-

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GNDA 

Vss Vss to GNDA 

VtN Vour Voltage at Any Analog Input or Output 

Voltage at Any Digital Input or Output 

Toper Operating Temperature Range 

Tstg Storage Temeperature Range 

Lead Temperature (soldering, 10 seconds) 

ETC5057-ETC5054 

load (!MAX) of nominally 2.5 V peak (see table of 
Transmission Characteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and 
then the successive-approximation encoding cycle 
begins. The 8-bit code is then loaded into a buffer 
and shifted out through Ox at the next FSx pulse. 
The total encoding delay will be approximately 
165 J.l.S (due to the transmit filter) plus 125 J.l.S (due 
to encoding delay), which totals 290 J.l.S. Any offset 
voltage 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 Jl·law (ETC5054) and the 5th order 
low pass filter corrects for the sin x/x attenuation due 
to the 8 kHz sample and hold. The filter is then fol
lowed by a 2nd order RC active post-filter and power 
amplifier capable of driving ja 600 Q load to a level 
of 7.2 dBm. The receive section is unity-gain. Upon 
the occurence of FSR, the data at the DR input is 
clocked in on the falling edge of the next eight 
BCLKR (BCLKx) periods. At the end of the decoder 
time slot, the decoding cycle begins, and 10 J.l.S later 
the decoder DAC output is updated. The total 
decoder delay is - 10 JlS (decoder update) plus 
110 J.l.S (filter delay) plus 62.5 JlS (1 /2 frame), which 
gives approximately 180 J.l.S. 

Value Unit 

7 v 
-7 v 

Vee + 0.3 to Vee- 0.3 v 
Vee+ 0.3 to GNDA- 0.3 v 

- 25 to+ 125 oc 
- 65 to+ 150 oc 

300 oc 
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ELECTRICAL CHARACTERISTICS 
Vee= 5.0 V ± 5 %, Vss =- 5.0 V ± 5 %, GNDA = 0 V, TA = 0 ·c to 70 ·c (unless otherwise noted) ; Typical 
characteristics specified at Vee= 5.0 V, Vss =- 5.0 V, TA = 25 ·c ; all signals are referenced to GNDA. 

DIGITAL INTERFACE 

Symbol Parameter Min. 

VIL Input Low Voltage -
V1H Input High Voltage 2.2 

VoL Output Low Voltage 
IL = 3.2 rnA Dx -
IL = 3.2 rnA, Open Drain TSx -

VoH Output High Voltage 
IH = 3.2 mA Dx 2.4 

IlL Input Low Current (GNDA ,; V1N ,; V1L, all digital inputs) - 10 

I1H Input High Current (VIH ,; V1N ,; Vee) except BCLKR/BCLKSEL -10 

loz Output Current in High Impedance State (TRI-STATE) 
(GNDA,; Vo,; Vee) Dx -10 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter 

I1XA Input Leakage Current (- 2.5 V,; V,; + 2.5 V) VFxl + or VFxl -

R1XA Input Resistance (- 2.5 ,; V ,; + 2.5 V) VFxl + or VFxl -

RoXA Output Resistance (closed loop, unity gain) 

RLXA Load Resistance GSx 

CLXA Load Capacitance GSx 

VoXA Output Dynamic Range (RL ~ 1 o kn) GSx 

AvXA Voltage Gain (VFxl • to GSx) 

FuXA Unity Gain Bandwidth 

VosXA Offset Voltage 

VcMXA Common-mode Voltage 

CMRRXA Common-mode Rejection Ratio 

PSRRXA Power Supply Rejection Ratio 

ANALOG INTERFACE WITH RECEIVE FILTER (all devices) 

Symbol 

RoRF 

RLRF 

CLRF 

VOSRO 
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Parameter 

Output Resistance 

Load Resistance (VFRO = ± 2.5 V) 

Load Capacitance 

Output DC Offset Voltage 

ru SGS·THOMSON '!'!I ~~©Uil@~~~©'iiliil©ll!~~:® 

VFRO 

Min. 

-200 

10 

-
10 

-
± 2.8 

5000 

1 

-20 

-2.5 

60 

60 

Min. 

-
600 

-
-200 

Typ. Max. Unit 

- 0.6 v 
- - v 

v 
- 0.4 
- 0.4 

v 
- -
- 10 J.lA 
- 10 f!A 

J.lA 
- 10 

Typ. Max. Unit 

- 200 nA 

- - Mn 

1 3 n 

- - kQ 

- 50 pF 

- - v 
- - VN 

2 - MHz 

- 20 mV 

- 2.5 v 
- - dB 

- - dB 

Typ. Max. Unit 

1 3 n 

- - n 

- 500 pF 

- 200 mV 



ELECTRICAL CHARACTERISTICS (continued) 

POWER DISSIPATION (all devices) 

Symbol Parameter 

I ceO Power-down Current 

Is sO Power-down Current 

lcc1 Active Current 

Iss 1 Active Current 

TIMING SPECIFICATIONS 

Symbol Parameter 

1/lpM Frequency of Master Clocks MCLKx and MCLKR 
Depends on the device used and the 
BCLKR/CLKSEL pin. 

lwMH Width of Master Clock High MCLKx and MCLKR 

IWML Width of Master Clock Low MCLKx and MCLKR 

IRM Rise Time of Master Clock MCLKx and MCLKR 

IFM Fall Time of Master Clock MCLKx and MCLKR 

Ips Period of Bit Clock 

lwsH Width of Bit Clock High (V 1H = 2.2 V) 

twsL Width of Bit Clock Low (VIL = 0.6 V) 

IRS Rise Time of Bit Clock (Ips = 488 ns) 

tFs Fall Time of Bit Clock (Ips = 488 ns) 

lssFM Set-up Time from BCLKx High to MCKLx Falling Edge 
(first bit clock after the leading edge of FSx) 

tHSF Holding Time from Bit Clock Low to the Frame Sync 
(long frame only) 

lsFB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 

tHSFI Hold Time from 3rd Period of Bit Clock FSx or FSR 
Low to Frame Sync (long frame only) 

tozF Delay time to valid data from FSx or BCLKx, whichever comes 
later and delay time from FSx to data output disabled. 
(CL = 0 pF to 150 pF) 

to so Delay Time from BCLKx High to Data Valid 
(Load= 150 pF plus 2 LSTTL loads) 

tozc Delay Time from BCLKx Low to Data Output Disabled 

lsos Set-up Time from DR Valid to BCLKR/X Low 

tHSD Hold Time from BCLKRtX Low to DR Invalid 

IHOLD Holding Time from Bit Clock High to Frame Sync 
(short frame only) 

Min. 

-
-
-
-

Min. 

-

-
-

160 

160 

-
-

485 

160 

160 

-
-

100 

0 

80 

100 

20 

0 

50 

50 

50 

0 

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

ETC5057-ETC5054 

Typ. Max. Unit 

0.5 1.5 rnA 

0.05 0.3 rnA 

6.0 9.0 rnA 

6.0 9.0 rnA 

Typ. Max. Unit 

1.536 - MHz 

1.544 -
2.048 -

- - ns 

- - ns 

- 50 ns 

- 50 ns 

488 15.725 ns 

- - ns 

- - ns 

- 50 ns 

- 50 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 165 ns 

- 180 ns 

- 165 ns 

- - ns 

- - ns 

- - ns 
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ETC5057-ETC5054 

TIMING SPECIFICATIONS (continued) 

Symbol Parameter Min. Typ. Max. 

tsF Set-up Time from FSxiR to BCLKxiR Low 80 - -
(short frame sync pulse) · Note 1 

tHF Hold Time from BCLKxiR Low to FSxrR Low 100 - -
(short frame sync pulse) · Note 1 

txoP Delay Time. To TSx Low (load = 150 pF plus 2 LSTTL loads) - - 140 

twFL Mmimum Width of the Frame Sync Pulse (low level) 160 - -
(64 k bitls operating mode) 

Note : 1. For short frame sync tim1ng FSx and FSR must go high while their respective bit clocks are h1gh. 

Figure 2 : 64 k bits/s TIMING DIAGRAM (see next page for complete timing). 

BCU<x 
BCLKR --~ 
~~: __ _ lj ' -- l.. \ _____________ -
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twrt- ..___ 
I 

~: :X~__.X\..._... _ __JX\..._... _ __JX ........ __ r=_----~---'X..__ 

Unit 

ns 

ns 

ns 

ns 



Figure 3 : Short Frame Sync Timing. 
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Figure 4 : Long Frame Sync Timing. 

10/15 

80 

X 
0 



ETC5057-ETC5054 

TRANSMISSION CHARACTERISTICS 
(all devices) TA = 0 ·c to 70 ·c. Vee= 5 V ± 5 %, Vss =- 5 V ± 5 %, GNDA = 0 v, f = 1.02 kHz, VrN = 0 dBmO 
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 dBmO 

tMAX Max Overload Level VpK 
3.14 dBmO (A LAW) - 2.492 -
3.17 dBmO (U LAW) 2.501 

: - - ' 
GxA Transmit Gain, Absolute (T A = 25 oc, Vee = 5 V, V88 =- 5 V) 

/ 

/dB 
Input at GSx = 0 dBmO at 1 020 Hz - 0.15 - 0.15 

GxR Transmit Gain, Relative to GxA dB 
I= 16Hz - - -40 
I= 50 Hz - - -30 
I= 60Hz - - -26 
I= 180Hz -2.8 - -0.2 
I= 200Hz -1.8 - -0.1 
I = 300 Hz - 3000 Hz -0.15 - 0.15 
I= 3300Hz -0.35 - 0.05 
I= 4000Hz -0.7 - 0 
f =3400Hz - - -14 
f = 4600 Hz and up, measure response from 0 Hz to 4000 Hz - - -32 

GxAT Absolute Transmit Gain Variation with Temperature dB 
(T A = 0 °C to + 70 °C) -0.1 - + 0.1 

GxAV Absolute Transmit Gain Variation with Supply Voltage dB 
(Vee= 5 V ± 5%, Vas=- 5 V ± 5 %) -0.05 - + 0.05 

GxRL Transmit Gain Variations with Level dB 
Sinusoidal Test Method Reference Level =- 10 dBmO 
VFxl + =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
VFxl + =- 50 dBmO to- 40 dBmO - 0.4 - 0.4 
VFxl + =-55 dBmO to- 50 dBmO - 1.2 - 1.2 

GRA Receive Gain, Absolute (T A = 25 oc, Vee = 5 V, V88 =- 5 V) dB 
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz -0.15 - 0.15 

GAR Receive Gain, Relative to GRA dB 
I= 0 Hz to 3000 Hz -0.15 - 0.15 
I= 3300Hz -0.35 - 0.05 
I= 3400 Hz -0.7 - 0 
I= 4000Hz - - - 14 

GRAT Absolute Receive Gain Variation with Temperature dB 
(T A = 0 oc to + 70 °C) - 0.1 - + 0.1 

GRAV Absolute Receive Gain Variation with Supply Voltage dB 
(Vee= 5 V ± 5 %, Vas =- 5 V ± 5 %) -0.05 - + 0.05 

GRRL Receive Gain Variations with Level dB 
Sinusoidal Test Method ; Reference input PCM code 
corresponds to an ideally encoded - 1 0 dBmO signal 
PCM level =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
PCM level =- 50 dBmO to - 40 dBmO -0.4 - 0.4 
PCM level =- 55 dBmO to - 50 dBmO - 1.2 - 1.2 

VRo Receive Output Drive Level (RL = 600 Q) -2.5 - 2.5 v 
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TRANSMISSION CHARACTERISTICS (continued) 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (! ~ 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
f ~ 500 Hz - 600 Hz 
f ~ 600 Hz - 800 Hz 
f ~ 800 Hz - 1 000 Hz 
f ~1000Hz-1600Hz 
f ~1600Hz-2600Hz 
f ~ 2600 Hz - 2800 Hz 
f ~ 2800 Hz - 3000 Hz 

DRA Receive Delay, Absolute (! ~ 1600 Hz) 

DRR Receive Delay, Relative to DRA 
I ~ 500 Hz - 1 ODD Hz 
f ~1000Hz-1600Hz 
f ~1600Hz-2600Hz 
I ~ 2600 Hz - 2800 Hz 
I ~ 2800 Hz - 3000 Hz 

NOISE 

Symbol Parameter 

Nxp Transmit Noise, P Message Weighted (A LAW, VFxl • ~ 0 V) 

NRP Receive Noise, P Message Weighted 
(U LAW, PCM Code Equals Positive Zero ) 

Nxc Transmit Noise, C Message Weighted U LAW (VFXI + ~ 0 V) 

NRc Receive Noise, C Message Weighted 
(U LAW, PCM Code Equals Alternating Positive and Negative 
Zero) 

NRs Noise, Single Frequency 
f ~ 0 kHz to 100 kHz, Loop Around Measurement, 
VFxl + ~ 0 Vrms 

PPSRx Positive Power Supply Rejection, Transmit 
VFxl • ~ 0 Vrms, Vee~ 5.0 Voc + 100 mVrms, 
f ~ 0 kHz - 50 kHz 

NPSRx Negative Power Supply Rejection, Transmit 
VFxl • = 0 Vrms, Vss =- 5.0 Voc + 100 mVrms, 
f = 0 kHz - 50 kHz 

PPSRR Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, Vee = 5.0 Voc + 100 mVrms) 
I = 0 Hz - 4000 Hz 
f = 4 kHz - 25 kHz 
f = 25 kHz - 50 KHZ 

NPSRR Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, 

Vss =- 5.0 Voc + 100 mVrms) 
f = 0 Hz - 4000 Hz 
f = 4 kHz - 25 kHz 
f = 25 kHz - SO kHz 
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Min. Typ. Max. Unit 

- 290 315 ~s 

J.IS 
- 195 220 
- 120 145 
- 50 75 
- 20 40 
- 55 75 
- 80 105 
- 130 155 

- 180 200 J.IS 

~s 
-40 -25 -
-30 -20 -

- 70 90 
- 100 125 
- 145 175 

Min. Typ. Max. Unit 

- -74 -69 dB MOp 
(note 1) 

dB mOp 
- -82 -79 

- 12 15 dBrnCO 

dBrnCO 
- 8 11 

dBmO 

- - -53 

dBp 
40 - -

dBp 
40 - -

40 - - dBp 
40 - - dB 
36 - - dB 

40 - - dBp 
40 - - dB 
36 - - dB 



ETC5057-ETC5054 

TRANSMISSION CHARACTERISTICS (continued) 

Symbol Parameter Min. Typ. Max. 

sos Spurious out-of band signals at the channel output. 
Loop around measurement, 0 dBmO, 300 Hz - 3400 Hz input 
applied to VFxl +, measure individual image signals at VFRO 
4600 Hz - 7600 Hz - - -32 
7600 Hz - 8400 Hz - - -40 
8400 Hz - 100,000 Hz - - -32 

DISTORTION 

Symbol Parameter Min. Typ. Max. 

STDx Signal to Total Distortion (sinusoidal test method) 
or 

STDR Transmit or Receive Half-channel 
Level = 3 dBmO 33 - -

= 0 dBmO to - 30 dBmO 36 - -
=- 40 dBmO XMT 29 - -

RCV 30 - -
=-55 dBmO XMT 14 - -

RCV 15 - -

SFDx Single Frequency Distortion, Transmit - - -46 

SFDR Single Frequency Distortion, Receive - - -46 

IMD lntermodulation Distortion - - -41 
Loop Around Measurement, 

VFxl ' =- 4 dBmO to- 21 dBmO, 
Two Frequencies in the Range 300 Hz - 3400 Hz 

CROSSTALK 

Symbol Parameter Min. Typ. Max. 

CTx-R Transmit to Receive Crosstalk, 0 dBmO Transmit Level 
f = 300 Hz- 3400 Hz, DR =Steady PCM Mode - -90 -75 

CTR-X Receive to Transmit Crosstalk, o dBmO Receive Level 
f = 300 Hz- 3400 Hz, VFxl = 0 V - -90 -70 

(note 2) 

Notes : 1. Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due to the decoding law. 
2. CTA-x rs measured with a- 40 dBmO activating signal applred at VFxl'. 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 
j.!Law 

(includes even bit inversion) 

V1N (at GSx) = + Full-scale 1 0 1 0 1 0 1 0 10000000 

V1N (at GSx) = 0 V 11 1 0 1 0 1 0 1 111 1 11 1 11 
0 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 

V1N (at GSx) =- Full-scale 00101010 00000000 

Unit 

dB 

Unit 

dBp 

dB 

dB 

dB 

Unit 

dB 

dB 
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APPLICATIONS INFORMATION 

POWER SUPPLIES 

While the pins of the ETC5050 family are well pro
tected against electrical misuse, 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 pres
ent, an extra long ground pin in the connector is use
ful. 

All ground connections to each device should meet 
at a common point as close as possible to the GNDA 
pin. 

T-PAD ATTENUATOR 

R1 ~ 21 

I POWER IN 
Where : N ~ \ POWER OUT 
and: /21 
s~v Z2 

,----
Also : Z ~ V Zsc . Zoe 

•fl 

11(] 

Where Zsc ~ impedance with short circuit termina
tion 

and Zoe~ impedance with open circuit termination. 
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7T. PAD ATTENUATOR 

Rs ~J z;z2 (N2~ 1) 
R3~Z1 (N2-N;~~+ 1 ~ 
This minimizes the interaction of ground return cur
rents flowing through a common bus impedance. 
0.1 ~-tF supply decoupling capacitors should be con
nected from this common ground point to Vee and 
Vss. 

For best performance, the ground point of 
beach/FILTER on a card should be connected to a 
common card. This common ground point should be 
decoupled to Vee and Vss with 1 0 ~-tF capacitors. 

RECEIVE GAIN ADJUSTMENT 

For applications where a ETC5050 family 
CODEC/filter receive output must drive a 600 n 
load, but a peak swing lower then± 2.5 Vis required, 
the receive gain can be easily a adjusted by insert
ing a matched T-pad or n-pad at the output. Table 
II lists the required resistor values for 600 n termi
nations. 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 tolerable to allow a small 
deviation of the input impedance from nominal while 
still maintaining a good return loss. For example a 
30 dB return loss against 600 n is obtained if the 
output impedance of the attenuator is in the range 
282 Q to 319 Q (assuming a perfect transformer). 



Table 2 : Attenuator Tables for Z1 = Z2 = 300 n 
(all values in Q). 

dB R1 R2 R3 R4 

0.1 1.7 26 k 3.5 52 k 
0.2 3.5 13 k 6.9 26 k 
0.3 5.2 8.7 k 10.4 17.4 k 
0.4 6.9 6.5 k 13.8 13 k 
0.5 8.5 5.2 k 17.3 10.5 k 
0.6 10.4 4.4 k 21.3 8.7 k 
0.7 12.1 3.7 k 24.2 7.5 k 
0.8 13.8 3.3 k 27.7 6.5 k 
0.9 15.5 2.9 k 31.1 5.8 k 
1.0 17.3 2.6 k 34.6 5.2 k 
2 34.4 1.3 k 70 2.6 k 
3 51.3 850 107 1.8 k 
4 68 650 144 1.3 k 
5 84 494 183 1.1k 
6 100 402 224 900 
7 115 380 269 785 
8 129 284 317 698 
9 143 244 370 630 
10 156 211 427 527 
11 168 184 490 535 
12 180 161 550 500 
13 190 142 635 473 
14 200 125 720 450 
15 210 110 816 430 
16 218 98 924 413 
18 233 77 1.17 k 386 
20 246 61 1.5 k 366 

Figure 5 : Typical Synchronous Application. 

ETC5057-ETC5054 
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ETC5054FN 
ETC5057FN 

SERIAL INTERFACE CODEC/FIL TER 

• COMPLETE CO DEC AND FILTERING SYS
TEM (combo) INCLUDING : 
_ Transmit high-pass and low-pass filtering. 
_ Receive low-pass filter with sin x/x correction. 
_ Active RC noise filters. 
_ f.l-law or A-law compatible COder and DECo-

der. 
_ Internal precision voltage reference. 
_ Serial 1/0 interface. 
- Internal auto-zero circuitry. 

• A-LAW 20 PINS ETC5057FN 
• f.l-LAW WITHOUT SIGNALING, 20 PINS 

ETC5054FN 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS 
• 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 60 

mW 
• POWER-DOWN STANDBY MODE- TYPICAL

LY3mW 
• AUTOMATIC POWER-DOWN 
• TTL OR CMOS COMPATIBLE DIGITAL INTER

FACES 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 
• SECOND SOURCE OF TP3057FN, TP3054FN 

DESCRIPTION 

The ETC5057/ETC5054 family consists of A-law 
and f.l-law monolithic PCM CODEC/filters utilizing 
the AID 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-capacitor band
pass filter that rejects signals below 200 Hz and 
above 3400 Hz. Also included are auto-zero circui
try and a companding coder which samples the fil
tered signal and encodes it in the companded A-law 
or f.l-law PCM format. The decode portion of each 
device consists of an expanding decoder, which re
constructs the analog signal from the companded 
A-law or f.l-law code, a low-pass filter which corrects 
for the sin x/x response of the decoder output and 
rejects signals above 3400 Hz and is followed by a 
single-ended power amplifier capable of driving low 

December 1988 

impedance loads. The devices require 1.536 MHz, 
1.544 MHz, or2.048 MHz transmit and receive mas
ter 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 standard 
formats. 

PLCC20 

ORDER CODES : ETC5054FN 
ETC5057FN 

PIN CONNECTIONS 
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ETC5054/5057FN 

BLOCK DIAGRAM 
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ETC5054/5057FN 

PIN DESCRIPTION 

Name Pin No Function Description 
Type • 

Vas s 1 Negative Vas =- 5 V ± 5 %. 
Power Supply 

GNDA GND 2 Analog Ground All signals are referenced to this pin. 

VFRO 0 3 Receive Filter Analog Output of the Receive Filter 
Output 

Vee s 5 Positive Power Vee=+ 5 V ± 5 %. 
Supply 

FSR I 6 Receive Frame Enables BCLKR to shift PCM data into DR. FSR is an 8 kHz 
Sync Pulse pulse train. See figures 1, 2 and 3 for timing details. 

DR I 7 Receive Data PCM data is shifted into DR following the FSR leading edge. 
Input 

BCLKR/CLKSEL I 8 Shift-in Clock Shifts data into DR after the FSR 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 BCLKx is 
used for both transmit and receive directions (see table 1 ). 
This input has an internal pull-up. 

MCLKR/PDN I 9 Receive 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 I 12 Transmit Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
Master Clock asynchronous with MCLKR. 

BCLKx I 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 0 15 Transmit The TRI-STATE® PCM data output which is enabled 
Data Output by FSx. 

FSx I 16 Transmit Frame Enables BCLKx to shift out the PCM data on Dx. FSx is an 
Sync Pulse 8 kHz pulse train. See figures 1, 2 and 3 for timing details. 

TSx 0 17 Transmit Open drain output which pulses low during the encoder 
Time Slot time slot. Recommended to be grounded if not used. 

GSx 0 18 Gain Set Analog output of the transmit input amplifier. Used to set 
gain externally. 

VFxl- I 19 Inverting Inverting Input of the Transmit Input Amplifier. 
Amplifier Input 

VFxl + I 20 Non-inverting Non-inverting Input of the Transmit Input Amplifier. 
Amplifier Input 

• I : Input, 0 :Output, S : Power Supply. 
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ETC5054/5057FN 

FUNCTIONAL DESCRIPTION 

POWER-UP 

When power is first applied, power-on reset circui
try initializes the COMBO and places it into the po
wer-down mode. All non-essential circuits are deac
tivated and the Dx and VFRO outputs are put in high 
impedance states. To power-up the device, a logi
cal low level or clock must be applied to the 
MCLKRIPDN pin and FSx and/or FSR pulses must 
be present. Thus, 2 power-down control modes are 
available. The first is to pull the MCLKRIPDN pin 
high ; the alternative is to hold both FSx and FSR in
puts continuously low. The device will power-down 
approximately 2 ms after the last FSx or FSR 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 MCLKRIPDN 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 device. In either case, MCLKx will 
be selected as the master clock for both the trans
mit and receive circuits. A bit clock must also be ap
plied to BCLKx and the VCLKRICKSEL 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 com
pensates for the 193rd clock pulse each frame. With 
a fixed level on the BCLKRICLKSEL pin, BCLKx will 
be selected as the bit clock for both the transmit and 
receive directions. Table 1 indicates the frequencies 
of operation which can be selected, depending on 
the state of BCLKRICLKSEL. In this synchronous 
mode, the bit clock, BCLKx, may be from 64 kHz to 
2.048 MHz, but must be synchronous with MCLKx. 

Table 1 : Selection of Master Clock Frequencies. 

Master Clock 
BCLKRiCLKSEL Frequency Selected 

ETC5057 ETC5054 

Clocked 2.048 MHz 1.536 MHz or 
1.544 MHz 

0 1.536 MHz or 2.048 MHz 
1.544 MHz 

1 (or open circuit) 2.048 MHZ 1.536 MHz or 
1.544 MHz 

4/15 

90 

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 positive edge of 
BCLKx. After 8 bit clock periods, the TRI-STATE Dx 
output is returned to a high impedance state. With 
and FSR pulse, PCM data is latched via the DR in
put on the negative edge of BCLKx (or BCLKR if run
ning). FSx and FSR must be synchronous with 
MCLKXJR. 

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 syn
chronous. For best transmission performance, ho
wever, MCLKR should be synchronous with MCLKx, 
which is easily achieved by applying only static lo
gic levels to the MCLKRIPDN pin. This will automa
tically connect MCLKx to all internal MCLKR func
tions (see pin description). For 1.544 MHz opera
tion, the device automatically compensates for the 
193rd clock pulse each frame. FSx starts each en
coding cycle and must be synchronous with MCLKx 
and BCLKx. FSR starts each decoding cycle and 
must be synchronous with BCLKR. BCLKR must be 
a clock, the logic levels shown in table 1 are not va
lid in asynchronous mode. BCLKx and BCLKR may 
operate from 64kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync 
pulse or a long frame sync pulse. Upon power ini
tialization, the device assumes a short frame mode. 
In this mode, both frame sync pulses, FSx and FSR, 
must be one bit clock period long, with timing rela
tionships specified in figure 2. With FSx high during 
a falling edge of BCLKx the next rising edge of 
BCLKx enables the Dx TRI-STATE output buffer, 
which will output the sign bit. The following seven ri
sing 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 (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 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 FSR, must be three or more bit clock 
periods long, with timing relationships specified in fi
gure 3. Based on the transmit frame sync, FSx, the 



COMBO will sense whether short or long frame sync 
pulses are being used. For 64 kHz operation, the 
frame sync pulse 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 BCLKx 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, which-ever comes later. A rising 
edge on the receive frame sync pulse, FSR, will 
cause the PCM data at DR to be latched in on the 
next eight falling edges of BCLKR (BCLKx in syn
chronous mode). 

Both devices may utilize the long frame sync pulse 
in synchronous or asynchronous mode. 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal 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 active pre-filter, 
followed by an eighth order switched-capacitor 
bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and
hold circuit. The ND is of companding type accor
ding to A-law (ETC5057) or f!-law (ETC5054) co
ding conventions. A precision voltage reference is 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GNDA 

Vss Vas to GNDA 

VrN. VouT Voltage at any Analog Input or Output 

Voltage at Any Digital Input or Output 

Toper Operating Temperature Range 

Tstg Storage Temperature Range 

Lead Temperature (soldering, 10 seconds) 

ETC5054/5057FN 

trimmed in manufacturing to provide an input over
load (!MAX) of nominally 2.5 V peak (see table of 
transmission charcteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and 
then the successive-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 
f!S (due to the transmit filter) plus 125flS (due to en
coding delay}, which totals 290f!S. Any offset vol
tage due to the filters or comparator is cancelled by 
sign bit integration. 

RECEIVER 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 jl-law (ETC5054) and the 5th order 
low pass filter corrects for the sin x/x attenuation due 
to the 8 kHz sample and hold. The filter is then fol
lowed by a 2nd order RC active post-filter and po
wer amplifier capable of driving a 600Q load to a le
vel of 7.2 dBm. The receive section is unity-gain. 
Upon the occurence of FSR, the data at the DR in
put is clocked in on the falling edge of the next eight 
BCLKR (BCLKx) periods. At the end of the decoder 
'time slot, the decoding cycle begins, and 10flS later 
the decoder DAC output is updated. The total deco
der delay is -1 Of!S (decoder update) plus 11 Of!S (fil
ter delay) plus 62.5f!S (1/2 frame), which gives ap
proximately 180flS. 

Value Unit 

7 v 
-7 v 

Vee + 0.3 to Vss- 0.3 v 
Vee + 0.3 to GNDA- 0.3 v 

-25 to+ 125 oc 
- 65 to+ 150 oc 

300 oc 

~ SGS·THOMSON 
A.""'! I li!iiD©Im©~~rn©li'rro©lllD©® 
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ETC5054/5057FN 

ELECTRICAL OPERATING CHARACTERISTICS Vee= 5.0 V ± 5%, V66 =- 5.0 V ± 5% 
GNDA = 0 V, TA = 0 'C to 70 'C (unless otherwise noted) ; Typical Characteristics Specified at 
T A = 25 'C ; all signals are referenced to GNDA. 

Symbol Parameter Min. Typ. Max. 

VIL Input Low Voltage 0.6 

VIH Input High Voltage 2.2 

VoL Output Low Voltage 
Dx 0.4 

IL =3.2 rnA 0.4 
IL = 3.2 rnA, Open Drain TSx 

VoH Output High Voltage 
Dx 2.4 

IH =3.2 rnA 

IlL Input Low Current (GNDA ,;:; V1N ,;:; all digital inputs) -10 10 

I1H Input High Current (V1H s; V1N s; Vee) Except -10 10 
BCLKR/CLKSEL 

loz Output Current in High Impedance State (TRI-STATE) 
Dx -10 10 

(GNDA,;:; Vo,;:; Vee) 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. 

I1XA Input Leakage Current VFxl + or VFxl- -200 200 
(- 2.5 V,;:; V,;:; + 2.5 V) 

RIXA Input Resistance VFxl + or VFxl- 10 
(- 2.5 V < V < + 2.5 V) 

RoXA Output Resistance (closed loop, unity gain) 1 3 

RLXA Load Resistance GSx 10 

CLXA Load Capacitance GSx 50 

VoXA Output Dynamic Range (RL ~ 10 kn) GSx ± 2.8 

AvXA Voltage Gain (VFxl • to GSx) 5000 

FuXA Unity Gain Bandwidth 1 2 

VosXA Offset Voltage -20 20 

VcMXA Common-mode Voltage -2.5 2.5 

CMRRXA Common-mode Rejection Ratio 60 

PSRRXA Power Supply Rejection Ratio 60 

ANALOG INTERFACE WITH RECEIVE FILTER (all devices) 

Symbol Parameter Min. Typ. Max. 

RoRF Output Resistance VFRO 1 3 

RLRF Load Resistance (VFRO = + 2.5 V) 600 

CLRF Load Capacitance 500 

VOSRO Output DC Offset Voltage -200 200 
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Unit 

v 
v 

v 

v 

rtA 

rtA 

rtA 

Unit 

nA 

Mn 

n 

kn 

pF 

v 
VN 

MHz 

mV 

v 
dB 

dB 

Unit 

Q 

n 

pF 

mV 



ETC5054/5057FN 

POWER DISSIPATION (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

IceD Power-down Current 0.5 1.5 rnA 

I saO Power-down Current 0.05 0.3 rnA 

lcc1 Active Curr~nt 6.0 9.0 rnA 

las 1 Active Current 6.0 9.0 rnA 

TIMING SPECIFICATIONS All timing parameters are measured at VoH = 2.0 V and VoL= 0.7 V. See 
"definitions" and "timing convertions" sections for that method information. 

Symbol Parameter Min. Typ. Max. Unit 

1/lpM Frequency of master clocks 1.536 
Depends on the device used and the MHz 
BCLKR/CLKSEL Pin 1.544 
MCLKx and MCLKR 2.048 

lwMH Width of Master Clock High MCLKx and MCLKR 160 ns 

IWML Width of Master Clock Low MCLKx and MCLKR 160 ns 

lAM Rise Time of Master Clock MCLKx and MCLKR 50 ns 

IFM Fall T1me of Master Clock MCLKx and MCLKR 50 ns 

Ips Period of Bit Clock 485 488 15.725 ns 

!waH Width of Bit Clock High {V1H = 2.2 V) 160 ns 

!wsL Width of Bit Clock Low (VIL = 0.6 V) 160 ns 

IRs Rise Time of Bit Clock {Ips = 488 ns) 50 ns 

!Fa Fall Time of Bit Clock {Ips = 488 ns) 50 ns 

!ssFM set-up time from BCLKx high to MCLKx falling edge. 
100 ns 

(first bit clock after the leading edge of FSx) 

IHsF Holding Time from Bit Clock Low to the Frame Sync 
0 ns 

(long frame only) 

lsFB Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns 

IHBFI Hold Time from 3rd Period of Bit Clock 
FSx or FSR 100 ns 

Low to Frame Sync (long frame only). 

lozF Delay time to valid data from FSx or BCLKx, whichever 
comes later and delay time from FSx to data output disabled. 20 165 ns 
{CL = 0 pF to 150 pF) 

to so Delay time from BCLKx high to data valid. 0 180 ns 
(load = 150 pF plus 2 LSTTL loads) 

!ozc Delay time from BCLKx low to data output disabled. 50 165 ns 

lsos Set-up time from DR valid to BCLKRrx low. 50 ns 

IHBD Hold time from BCLKRrx low to DR invalid. 50 ns 

lHOLD Holding Time from Bit Clock High to Frame Sync 0 ns 
(short frame only) 

!sF Set-up Time from FSxrR to BCLKxrR Low 80 ns 
(short frame sync pulse) - Note 1 

IHF Hold Time from BCLKxrR Low to FSxrR Low 
(short frame sync pulse) - Note 1 

100 ns 

!xop Delay Time to TSxlow (load= 150 pF plus 2 LSTTL loads) 140 ns 

IWFL Minimum Width of the Frame Sync Pulse (low level) 
(64 k biVs operating mode) 

160 ns 

. . Note : 1 . For short frame sync t1m1ng. FSx and FSR must go h1gh wh1le their respect1ve b1t clocks are h1gh . 
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ETC5054/5057FN 

Figure 1 : 64 k bits/s TIMING DIAGRAM. 
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ETC5054/5057FN 

TRANSMISSION CHARACTERISTICS (all devices) TA = O'C to 70'C, Vee = 5V ± 5%, Vss =- 5V ± 5%, 
GNDA = OV, f = 1.02kHz, V1N = OdBmO transmit input amplifier connected for unity--9ain non-inverting. (un
less otherwise specified). 

AMPLITUDE RESPONSE 

Symbol Parameter Min. Typ. Max. Unit 

Absolute levels - nominal o dBmO level is 4 dBm 
1.2276 Vrms 

(600 Q) 0 dBmO 

tMAX Max Overload Level 
3.14 dBmO (A LAW) 2.492 VpK 
3.17 dBmO (U LAW) 2.501 

GxA Transmit Gain, Absolute (T A = 25 °C, Vee = 5 V, Vee =- 5 V) -0.15 0.15 dB 
Input at GSx = 0 dBmO at 1020 Hz 

GxR Transmit Gain, Relative to GxA 
f =16Hz -40 
f =50 Hz -30 
f =60Hz -26 
f =180Hz -2.8 -0.2 
f =200Hz -1.8 -0.1 dB 
f = 300 Hz - 3000 Hz -0.15 0.15 
f =3300Hz -0.35 0.05 
f =3400Hz ETC 5057, ETC 5054 -0.7 0 
f =4000Hz -14 
f = 4600 Hz and up, Measure Reponse from 0 Hz to 4000 Hz -32 

GxAT Absolute Transmit Gain Variation with Temperature 
-0.1 0.1 dB 

(T A = 0 °C to + 70 °C) 

GxAv Absolute Transmit Gain Variation with Supply Voltage 
-0.05 0.05 dB 

(Vee= 5 V ± 5 %, Vee =- 5 V ± 5 %) 

GxRL Transmit Gain Variations with Level 
Sinusoidal Test Method Reference Level =- 10 dBmO 

VFxl+ =- 40 dBmO to + 3 dBmO -0.2 0.2 dB 
VFxl+ =- 50 dBmO to - 40 dBmO -0.4 0.4 
VFxl+ =- 55 dBmO to - 50 dBmO -1.2 1.2 

GRA Receive Gain, Absolute (T A = 25 °C, Vee = 5 V, Vee =- 5 V) -0.15 0.15 dB 
Input = Digital Code Sequence for 0 dBMO Signal at 1020 Hz 

GRR Receive Gain, Relative to GRA 
f = 0 Hz to 3000 Hz -0.15 0.15 
f =3300Hz -0.35 0.05 dB 
f =3400Hz -0.7 0 
f =4000Hz -14 

GRAT Absolute Receive Gain Variation with Temperature ± 0.1 dB 
(T A = 0 °C to + 70 °C) 

GRAV Absolute Receive Gain Variation with Supply Voltage ± 0.05 dB 
(Vee = 5 V ± 5 %, Vee =- 5 v ± 5 %) 

GRRL Receive Gain Variations with Level 
Sinusuoidaltest method ; reference input PCM code 
corresponds to an ideally encoded - 1 0 dBmO signal dB 
PCM Level = - 40 dBmO to + 3 dBmO -0.2 0.2 
PCM Level = - 50 dBmO to - 40 dBmO -0.4 0.4 
PCM Level = - 55 dBmO to - 50 dBmO -1.2 1.2 

VRo Receive Output Drive Level (RL = 600 Q) -2.5 2.5 v 
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ETC5054/5057FN 

TRANSMISSION CHARACTERISTICS (continued). 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (f = 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
f = 500 Hz-600 Hz 
f = 600 Hz-800 Hz 
f = 800Hz-1000Hz 
f = 1000Hz-1600Hz 
f = 1600 Hz-2600Hz 
f = 2600 Hz-2800 Hz 
f = 2800 Hz-3000 Hz 

DRA Receive Delay, Absolute (f =1600Hz) 

DAR Receive Delay, Relative to DRA 
f = 500 Hz-1000 Hz 
f = 1000Hz-1600Hz 
f = 1600 Hz-2600 Hz 
f = 2600 Hz-2800 Hz 
f = 2800 Hz-3000 Hz 

NOISE 

Symbol Parameter 

Nxp Transmit Noise, P Message Weighted 
(ETC5057, VFxl + = 0 V) 

NAP Receive Noise, P Message Weighted 
(ETC5057, PCM code equals positive zero) 

Nxc Transmit Noise, C Message Weighted 
(ETC5054, VFxl • = 0 V) 

NRc Receive Noise, C Message Weighted 
ETC5054, PCM Code Equals Alternating Positive and 
Negative Zero 

NRs Noise, Single Frequency 
f = 0 kHz to 100 kHz, Loop around Measurement, 
VFxl + = 0 Vrms 

PPSRx Positive Power Supply Rejection, Transmit (note 2) 
-50 d8mOVFx1• Vee = 5.0 Voc + 100 mVrms, 
f = 0 kHz-50 kHz 

NPSRx Negative Power Supply Rejection, Transmit (note 2) 
-50 d8mOVFx1+ Vss =- 5.0 Voc + 100 mVrms, 
f = 0 kHz-50 kHz 

PPSRR Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, V cc = 5.0 V oc + 100 mVrms) 
f = 0 Hz-4000Hz 
f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 

NPSRR Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, Vee=- 5.0 Voc + 100 mVrms) 
f = 0 Hz-4000Hz 
f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 
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Min. Typ. Max. Unit 

290 315 I!S 

195 220 
120 145 
50 75 I!S 
20 40 
55 75 
80 105 
130 155 

180 200 I!S 

-40 -25 
-30 -20 I!S 

70 90 
100 125 
145 175 

Min. Typ. Max. Unit 

-74 
-69 

dBmOp 
(note 1) 

-82 -79 dBmOp 

12 15 dBrnCO 

8 11 dBrnCO 

-53 dBmO 

40 dBp 

40 dBp 

40 dBp 
40 dB 
36 dB 

40 dBp 
40 dB 
36 dB 



TRANSMISSION CHARACTERISTICS (continued). 

NOISE (continued) 

Symbol Parameter 

sos Spurious out-of-band S1gnals at the Channel Output 
Loop around measurement, 0 dBmO, 300 Hz-3400 Hz input 
applied to DR, measure individual image signals at DX 
4600 Hz-7600 Hz 
7600 Hz-8400 Hz 
8400 Hz-100,000 Hz 

DISTORTION 

Symbol Parameter 

STDx Signal to Total Distortion (sinusoidal test method) 
or 

STDR Transmit or Receive Half-channel 
Level = 3.0 dBmO 

= 0 dBmO to - 30 dBmO 
=- 40 dBmO XMT 

RCV 
=-55 dBmO XMT 

RCV 

SFDx Single Frequency Distortion, transmit 

SFDR Single Frequency Distortion, receive 

IMD lntermodulation Distortion 
Loop Around Measurement, VFxl + =- 4 dBmO to 
- 21 dBmO, two Frequencies in the Range 300 Hz-3400 Hz 

CROSSTALK 

Symbol Parameter 

CTx.R Transmit to Receive Crosstalk, OdBmO Transmit Level 
f = 300 Hz-3400 Hz, DR =Steady PCM Code 

CTR·X Receive to Transmit Crosstalk, OdBmO Receive Level 
I = 300 Hz-3400 Hz, VFxl = 0 V 

Notes : 1 Measured by extrapolation from the distortiOn test results. 

Min. 

Min. 

33 
36 
29 
30 
14 
15 

Min. 

2 PPSRX, NPSRX, CTR-X are measured With a -50dBmO act1vat1ng s1gnal applied at VFxl+ 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 
(including even bit inversion) 

V1N (at GSx) = + Full-scale 1 0 1 0 1 0 1 0 1 0 

I 
1 1 0 1 0 1 0 1 

I 
1 1 

V1N (at GSx) = 0 V 0 1 0 1 0 1 0 1 0 1 

V1N (at GSx) =- Full-scale 0 0 1 0 1 0 1 0 0 0 

ETC5054/5057FN 

Typ. Max. Unit 

- 32 dB 
- 40 dB 
- 32 dB 

Typ. Max. Unit 

dBp 

-46 dB 

-46 dB 

-41 dB 

Typ. Max. Unit 

-90 -75 dB 

-90 -70 
dB 

(note 2) 

J.!Law 

0 0 0 0 0 0 

1 1 1 1 1 1 
1 1 1 1 1 1 

0 0 0 0 0 0 
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ETC5054/5057FN 

APPLICATION INFORMATION 

POWER SUPPLIES 

While the pins at the ETC5050 family are well pro
tected against electrical misuse, 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 in
to 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 
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. 
0.1 F supply decoupling capacitors should be 
connected from this common ground point to Vee 
and Vss as close to the device as possible. 

For best performance, the ground point of each CO
DEC/FILTER on a card should be connected to a 
common card ground in star formation, rather than 

Figure 4 : T -PAD Attenuator. 

1{2 

II(] 
. (R1 + R2 ) Note 1 : XMIT gam= 20 x log -R-2- (R1 + R2) > 10kQ 

Figure 5 : n-PAD Attenuator. 

t>-UMJ rr-~1--~ I r, 

"! ~ ~ !" /IIQ:o; 
I t--_...-+-___, 
~-----_j 

. {R1 + R2 ) 
Note 1 : XMIT ga1n = 20 x log '\-R-2- (R1 + R2) > 10kQ 
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via a ground bus. This common ground point should 
be decoupled to Vee and Vss with 1 OJ.tF capacitors. 

RECEIVE GAIN ADJUSTMENT 

For applications where a ETC5050 family CO
DEC/filter receive output must drive a 600Q load, 
but a peak swing lower then± 2.5V is required, the 
receive gain can be easily adjusted by inserting a 
matched T-pad or n-pad at the output. Table II 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 ne
cessary to use unequal values for the R1 orR4arms 
of the attenuators to achieve a precise attenuation. 
Generally it is tolerable to allow a small deviation of 
the input impedance from nominal while still main
taining a good return loss. For example a 30dB re
turn loss against 600Q is obtained if the output im
pedance of the attenuator is in the range 282Q to 
319Q (assuming a perfect transformer). 

Table 2 : Attenuator Tables For 
Z1 = Z2 = 300 Q (all values in Q). 

dB R1 R2 R3 R4 

0.1 1.7 26k 3.5 52k 
0.2 3.5 13k 6.9 26k 
0.3 5.2 8.7k 10.4 17.4k 
0.4 6.9 6.5k 13.8 13k 
0.5 8.5 5.2k 17.3 10.5k 
0.6 10.4 4.4k 21.3 8.7k 
0.7 12.1 3.7k 24.2 7.5k 
0.8 13.8 3.3k 27.7 6.5k 
0.9 15.5 2.9k 31.1 5.8k 
1.0 17.3 2.6k 34.6 5.2k 
2 34.4 1.3k 70 2.6k 
3 51.3 850 107 1.8k 
4 68 650 144 1.3k 
5 84 494 183 1.1 k 
6 100 402 224 900 
7 115 380 269 785 
8 129 284 317 698 
9 143 244 370 630 

10 156 211 427 527 
11 168 184 490 535 
12 180 161 550 500 
13 190 142 635 473 
14 200 125 720 450 
15 210 110 816 430 
16 218 98 924 413 
18 233 77 1.17k 386 
20 246 61 1.5k 366 



Figure 6 :Typical Synchronous Application. 

( Rl+R2) Note! :XM!Tgaon=20XIog -R-2- (Rl +R2}>1Dkfi 

ETC5054/5057FN 

ANALOG 
INTERFACE 

-t 
DIGITAL 

INTERFACE 
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ETC5057-X 
ETC5054-X 

EXTENDED TEMPERATURE RANGE 
SERIAL INTERFACE CODEC/FIL TER 

• -40 'C TO+ 85 'C OPERATION 
• COMPLETE CO DEC AND FILTERING SYS

TEM (COMBO) INCLUDING : 
_ Transmit high-pass and low-pass filtering 
_ Receive low-pass filter with sin x/x correction 
_ Active RC noise filters 
_ A-law or 11-law compatible COder and 

DECoder 
_ Internal precision voltage reference 
_ Serial 1/0 interface 
_ Internal auto-zero circuitry 

• A-LAW, 16-PINS- ETC5057 
• 11-~AW WITHOUT SIGNALING, 16-PINS -

ETC5054 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS 
• ± 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 

60mW 
• POWER-DOWN STANDBY-TYPICALLY 3 mW 
• AUTOMATIC POWER-DOWN 
• TTL OR CMOS COMPATIBLE DIGITAL INTER

FACES 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 
• SECOND SOURCE OF TP3057, TP3054 

DESCRIPTION 

The ETC5057/ETC5054 family consists of A-law 
and 11-law monolithic PCM CODEC/filters utilizing 
the ND and D/A conversion architecture shown in 
figure 1, and a serial PCM interface. 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-capacitor band-pass filter that 
rejects signals below 200 Hz and above 3400 Hz. 
Also included are auto-zero circuitry and a compan
ding coder which samples the filtered signal and en
codes it in the companded A-law or 11-law PCM 
format. The decode portion of each device consists 
of an expanding decoder, which reconstructs the 
analog signal from the companded A-law or 11-law 
code, a low-pass filter which corrects for the sin x/x 
response of the decoder output and rejects signals 
above 3400 Hz and is followed by a single-ended 

September 1988 

power amplifier capable of driving low impedance 
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 64kHz 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 standard formats. 

DIP16 
(Ceramic) 

ORDER CODES: ETC5057J-X 
ETC5054J-X 

PIN CONNECTION 

vF.o 
Vee 
FSR 

o. 
BCLKR!CLKSEL 7 
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ETC5057-X-ETC5054-X 

Figure 1 : Block Diagram. 

R2 

R1 

Analog 1n 

+sv -sv 

ETC5057-X 
ETC5054-X 

Vee Vss GNDA 
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TIMING 
AND 

eDNTRDL 

MCLKx MeLKRI BCLKX SeLKRI FSR FSx 
PDN eLKSEL 

ox 

o, 



ETC5057·X·ETC5054·X 

PIN DESCRIPTION 

Name Pin No Function Description 
Type* 

Vss s 1 Negative Power Vss =- 5 ± 5% 
Supply 

GNDA GND 2 Analog Ground All signals are referenced to this pin. 

VFRO 0 3 Receiver Filter Output Analog Output of the Receive Filter 

Vee s 4 Positive Power Supply Vee=+ 5 ± 5% 

FSR I 5 Receive Frame Sync Enable BCLKR to shift PCM data into DR. FSR is an 8 
Pulse kHz pulse train. See figures 2,3 and 4 for timing details. 

DR I 6 Receive Data Input PCM data is shifted into DR following the FSR leading 
edge. 

BCLKR/CLKSEL I 7 Shift-in Clock Shifts data into DR after the FSR 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 BCLKx 
is used for both transmit and receive directions (see 
table 1 ). This input has an internal pull-up. 

MCLKR/PDN I 8 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 I 9 Transmit Master Clock Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous with MCLKR. 

FSx I 12 Transmit Frame Sync Enables BCLKx to shift out the PCM data on Dx. FSx is 
Pulse an 8 kHz pulse train. See figures 2, 3 and 4 for timing 

details. 

BCLKx I 10 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 0 11 Transmit Data Output The TRI-STATE® PCM data output which is enabled 
by FSx. 

TSx 0 13 Transmit Time Slot Open drain output which pulses low during the encoder 
time slot. Must be grounded if not used. 

GSx 0 14 Gain Set Analog output of the transmit input amplifier. Used to set 
gain externally. 

VFxl- I 15 Inverting Amplifier Inverting input of the transmit input amplifier. 
Input 

VFxl + I 16 Non-inverting Amplifier Non-inverting input of the transmit input amplifier. 
Input 

• I : Input, o : Output, S : Power Supply. 
TRI·STATE ®is a trademark of National Semiconductor Corp. 
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ETC5057·X·ETC5054·X 

FUNCTIONAL DESCRIPTION 
POWER-UP 

~~e~ power is first applied, power-on reset circuitry 
1n1!1allzes the COMBO and places it into the power
down mode. All non-essential circuits are deacti
~ated and the Dx and VFRO outputs are put in high 
Impedance states. To power-up the device, a logi
cal low level or clock must be applied to the 
MCLKRIPDN pin and FSx and/or FSR pulses must 
be present. Thus, 2 power-down control modes are 
available. The first is to pull the MCLKRIPDN pin 
high ; the alternative is to hold both FSx and FSR in
puts continuously low. The device will power-down 
approximately 2 ms after the last FSx or FSR pulse. 
Power-up will occur on the first FSx of FSR pulse. 
The TRI-STATE PCM data output, Ox, 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 MCLKxand the MCLKR/PDN pin can 
be used as a power-down control. A low level on 
MCLKRIPDN 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 trans
mit and receive circuits. A bit clock must also be ap
plied to BCLKx and the BCLKR/CLKSEL can be 
used to select the proper internal divider for a mas
ter clock of 1.536 MHz, 1.544 MHz or 2.048 MHz. 
For 1.544 MHz operation, the device automatically 
compensates for the 193 rd clock pulse each frame. 

With a f!xed level on the BCLKR/CLKSEL pin, 
BCLKx w1ll be selected as the bit clock for both the 
transmit and receive directions. Table 1 indicates 
the frequencies of operation which can be selected 
depending on the state of BCLKRICLKSEL. In thi~ 
synchronous mode, the bit clock, BCLKx, may be 
from 64 kHz to 2.048 MHz, but must be synchron
ous with MCLKx. 

Table 1. Selection of Master Clock Frequencies. 

Master Clock Frequency 

BCL~/CLKSEL 
Selected 

ETC 5057 ETC 5054 

Clocked 2.048 MHz 1.536 MHz or 
1.544 MHz 

0 1.536 MHz or 2.048 MHz 
1.544 MHZ 

1 (or open circuit) 2.048 MHz 1.536 MHz or 
1.544 MHz 
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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 positive edge of 
BCLKx. After8 bit clock periods, the TRI-STATE 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 BCLKR if run
ning). 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 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 MCLKR/PDN pin. This will automatically 
c~nnect ~C~Kxto all internal MCLKR functions (see 
P1n Descnpt1on). For 1.544 MHz operation, the de
vice automatically compensates for the 193 rd 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 syn
chronous with BCLKR. BCLKR must be a clock the 
logic levels shown in Table 1 are not valid in a'syn
chronous mode. BCLKx and BCLKR may operate 
from 64 kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO 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 FSR, 
must be one bit clock period long, with timing rela
tions~ips specified in figure 3. With FSx high during 
a fall1ng edge of BCLKx, the next rising edge of 
BC_LKx ~nables the Dx TRI-STATE output buffer, 
"':'~1ch w1ll output the sign bit. The following seven 
ns1ng edges clock out the remaining seven bits, and 
the next falling edge disables the Ox output. With 
FSR high during a falling edge of BCLKR (BCLKx in 
synchronous mode), the next falling edge of BCLKR 
latches in th~ sign bit. The following seven falling 
edges latch 1n 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 FSR, must be three or more bit clock 
~eriods long, with timing relationships specified in 
f1gure 4. Based on the transmit frame sync. FSx, the 



COMBO will sense whether short or long frame sync 
pulses are being used. For 64 kHz operation, the 
frame sync pulse must be kept low for a minimum 
of 160 ns (See Fig. 2). 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 BCLKx 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 
FSxgoing low, whichever comes later. A rising edge 
on the receive frame sync pulse, FSR, 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 sync pulse 
in synchronous or asynchronous mode. 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal resistors, see figure 5. 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-capaci
tor bandpass filter clocked at 256 kHz. The output 
of this filter directly drives the encoder sample-and
hold circuit. The ND is of companding type accord
ing to A-law (ETC5057) or 11-law (ETC5054) coding 
conventions. A precision voltage reference is 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GNDA 

Vss Vss to GNDA 

V1N. Vour Voltage at Any Analog Input or Output 

Voltage at Any Digital Input or Output 

Toper Operating Temperature Range 

Tstg Storage Temeperature Range 

Lead Temperature (soldering, 10 seconds) 

ETC5057-X-ETC5054-X 

trimmed in manufacturing to provide an input over
load (!MAX) of nominally 2.5 V peak (see table of 
Transmission Characteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and 
then the successive-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 !lS (due to the transmit filter) plus 125 !lS (due 
to encoding delay), which totals 290 !lS. Any offset 
voltage 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 11-law (ETC5054) and the 5th order 
low pass filter corrects for the sin x/x attenuation due 
to the 8 kHz sample and hold. The filter is then fol
lowed by a 2nd order RC active post-filter and power 
amplifier capable of driving a 600 Q load to a level 
of 7.2 dBm. The receive section is unity-gain. Upon 
the occurence of FSR, the data at the DR input is 
clocked in on the falling edge of the next eight 
BCLKR (BCLKx) periods. At the end of the decoder 
time slot, the decoding cycle begins, and 10 !lS later 
the decoder DAC output is updated. The total 
decoder delay is - 10 !lS (decoder update) plus 
110 !lS (filter delay) plus 62.5 !lS (1 /2 frame), which 
gives approximately 180 !lS. 

Value Unit 

7 v 
-7 v 

Vee + 0.3 to Vss- 0.3 v 
Vee + 0.3 to GNDA- 0.3 v 

- 40 to+ 125 oc 
-55 to+ 150 oc 

300 oc 
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ETC5057-X-ETC5054-X 

ELECTRICAL CHARACTERISTICS 

Vee= 5.0 V ± 5 %, Vss =- 5 V ± 5 %, GNDA = 0 V, TA =- 40 OCto 85 OC (unless otherwise noted) ; Typi
cal characteristics specified at Vee= 5.0 V, Vss =- 5.0 V, TA = 25 oc ; all signals are referenced to GNDA. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

VrL Input Low Voltage - - 0.6 v 
VrH Input High Voltage 2.2 - - v 
VoL Output Low Voltage v 

IL = 3.2 mA Dx - - 0.4 
I L = 3.2 mA, Open Drain TSx - - 0.4 

VoH Output High Voltage v 
IH =- 3.2 mA Dx 2.4 - -

lrL Input Low Current (GNDA ~ VrN ~ VrL. all digital inputs) -10 - 10 J,JA 

lrH Input High Current {VrH ~ VrN ~Vee) except BCLKR/CLKSEL -10 - 10 J,JA 

loz Output Current in High Impedance State (TRI-STATE) J,JA 
(GNDA ~ Vo ~Vee) Dx - 10 - 10 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

lrXA Input Leakage Current (- 2.5 V ~ V ~ + 2.5 V) VFxl • or VFxl - -200 - 200 nA 

RrXA Input Resistance (- 2.5 ~ V ~ + 2.5 V) VFxl • or VFxl - 10 - - Mn 

RoXA Output Resistance (closed loop, unity gain) - 1 3 n 

RLXA Load Resistance GSx 10 - - kn 

CLXA Load Capacitance GSx - - 50 pF 

VoXA Output Dynamic Range (RL <: 10 kf.l) GSx ± 2.8 - - v 
AvXA Voltage Gain (VFxl • to GSx) 5000 - - VN 

FuXA Unity Gain Bandwidth 1 2 - MHz 

VosXA Offset Voltage -20 - 20 mV 

VcMXA Common-mode Voltage -2.5 - 2.5 v 
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 n 

RLRF Load Resistance (VFRO = ± 2.5 V) 600 - - n 

CLRF Load Capacitance - - 500 pF 

VOSRO Output DC Offset Voltage -200 - 200 mV 

6/15 

108 



ELECTRICAL CHARACTERISTICS (continued} 

POWER DISSIPATION (all devices) 

Symbol Parameter 

I ceO Power-down Current 

Is sO Power-down Current 

lcc1 Active Current 

Iss 1 Active Current 

TIMING SPECIFICATIONS 

Symbol Parameter 

1/lpM Frequency of Master Clocks 
Depends on the device used and the 
BCLKRICLKSEL pin. 
MCLKx and MCLKR 

IWMH Width of Master Clock High MCLKx and MCLKR 

lwML Width of Master Clock Low MCLKx and MCLKR 

IRM Rise Time of Master Clock MCLKx and MCLKR 

IFM Fall Time of Master Clock MCLKx and MCLKR 

Ips Period of Bit Clock 

lwsH Width of Bit Clock High (VIH = 2.2 V) 

lwsL Width of Bit Clock Low (V1L = 0.6 V) 

IRB Rise Time of Bit Clock (Ips = 488 ns) 

IFs Fall Time of Bit Clock (Ips = 488 ns) 

lssFM Set-up Time from BCLKx High to MCKLx Falling Edge 
(first bit clock after the leading edge of FSx) 

IHBF Holding Time from Bit Clock Low to the Frame Sync 
(long frame only) 

tsFS Set-up Time from Frame Sync to Bit Clock Low (long frame only) 

IHBFI Hold Time from 3rd Period of Bit Clock FSx or FSR 
Low to Frame Sync (long frame only) 

lozF Delay time to valid data from FSx or BCLKx, whichever comes 
later and delay time from FSx to data output disabled. 
(CL = 0 pF to 150 pF) 

loso Delay Time from BCLKx High to Data Valid 
(Load= 150 pF plus 2 LSTTL loads) 

lozc Delay Time from BCLKx Low to Data Output Disabled 

lsos Set-up Time from DR Valid to BCLKRtX Low 

IHBD Hold Time from BCLKRtx Low to DR Invalid 

I HOLD Holding Time from Bit Clock High to Frame Sync 
(short frame only) 

ETC5057-X-ETC5054-X 

Min. Typ. Max. Unit 

- 0.5 - mA 

- 0.05 0.4 mA 

- 6.0 11.0 mA 

- 6.0 11.0 mA 

Min. Typ. Max. Unit 

- 1.536 - MHz 

- 1.544 -
- 2.048 -

160 - - ns 

160 - - ns 

- - 50 ns 

- - 50 ns 

485 488 15, 725 ns 

160 - - ns 

160 - - ns 

- - 50 ns 

- - 50 ns 

100 - - ns 

0 - - ns 

80 - - ns 

100 - - ns 

20 - 165 ns 

0 - 180 ns 

50 - 165 ns 

50 - - ns 

50 - - ns 

0 - - ns 

Note : For short frame sync timing FSX and FSR must go h1gh wh1le the1r respective bit clocks are h1gh. 
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ETC5057-X-ETC5054-X 

TIMING SPECIFICATIONS (continued) 

Symbol Parameter Min. Typ. Max. 

!sF Set-up Time from FSxtR to BCLKX!R Low 80 - -
(short frame sync pulse) - Note 1 

IHF Hold Time from BCLKx!R Low to FSxtR Low 100 - -
(short frame sync pulse) - Note 1 

txoP Delay Time TSx Low (load= 150 pF plus 2 LSTTL loads) - - 140 

lwFL Minimum Width of the Frame Sync Pulse (low level) 160 - -
(64 k bills operating mode) 

Note : 1. For short frame sync t1m1ng Fsx and FSA must go high while their respectwe bit clocks are high. 

Figure 2 : 64 k bits/s TIMING DIAGRAM (see next page for complete timing). 
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Figure 3 : Short Frame Sync Timing. 
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ETC5057·X·ETC5054·X 

Figure 4 : Long Frame Sync Timing. 
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ETC5057-X-ETC5054-X 

TRANSMISSION CHARACTERISTICS 
(all devices) TA=-40 'Cto 85 'C, Vcc=5 V±5 %, VBB=-5 V±5%, GNDA= OV, I= 1.02 kHz, V1N = 0 dBmO 
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 fl}. Vrms 
0 dBmO - 1.2276 -

tMAX Max Overload Level VpK 
3.14 dBmO (A LAW) - 2.492 -
3.17 dBmO (U LAW) - 2.501 -

GxA Transmit Gain, Absolute (TA = 25 oc, Vee = 5 V, Vss =- 5 V) dB 
Input at GSx = 0 dBmO at 1020Hz - 0.15 - 0.15 

GxR Transmit Gain, Relative to GxA dB 
f =16Hz - - -40 
f =50 Hz - - -30 
f =60Hz - - -26 
f =180Hz -2.8 - -0.2 
f =200Hz - 1.8 - -0.1 
f = 300 Hz - 3000 Hz - 0.15 - 0.15 
f =3200Hz -0.35 - 0.20 
f = 3300 Hz -0.35 - 0.05 
f =3400Hz -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 - 0.15 - 0.15 dB 

GxAv Absolute Transmit Gain Variation with Supply Voltage dB 
(Vee = 5 V ± 5 %, V8 s =- 5 V ± 5 %) -0.05 - 0.05 

GxRL Transmit Gain Variations with Level dB 
Sinusoidal Test Method Reference Level =- 10 dBmO 
VFxl + =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
VFxl + =-50 dBmO to- 40 dBmO - 0.4 - 0.4 
VFxl + =-55 dBmO to- 50 dBmO - 1.2 - 1.2 

GRA Receive Gain, Absolute (T A = 25 oc, Vee = 5 V, Vss =- 5 V) dB 
Input = Digital Code Sequence for o dBmO Signal at 1020 Hz -0.15 - 0.15 

GRR Receive Gain, Relative to GRA dB 
f = 0 Hz to 3000 Hz -0.15 - 0.15 
f =3200Hz -0.35 - 0.2 
f =3300Hz -0.35 - 0.05 
f =3400Hz -0.7 - 0 
f = 4000 Hz - - - 14 

GRAT Absolute Receive Gain Variation with Temperature - - ± 0.15 dB 

GRAY Absolute Receive Gain Variation with Supply Voltage dB 
(Vee= 5 V ± 5 %, Vss =- 5 V ± 5 %) - - ± 0.05 

GRRL Receive Gain Variations with Level dB 
Sinusoidal Test Method ; Reference input PCM code 
corresponds to an ideally encoded - 1 0 dBmO signal 
PCM level =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
PCM level =- 50 dBmO to - 40 dBmO -0.4 - 0.4 
PCM level =- 55 dBmO to - 50 dBmO - 1.2 - 1.2 

VRo Receive Output Drive Level (RL = 600 Q) -2.5 - 2.5 v 
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ETC5057-X-ETC5054-X 

TRANSMISSION CHARACTERISTICS (continued) 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (! = 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
f = 500 Hz - 600 Hz 
f = 600 Hz - BOO Hz 
I = 800 Hz - 1 000 Hz 
f =1000Hz-1600Hz 
f =1600Hz-2600Hz 
f = 2600 Hz - 2800 Hz 
I = 2800 Hz - 3000 Hz 

DRA Receive Delay, Absolute (I= 1600Hz) 

DRR Receive Delay, Relative to DRA 
f = 500 Hz - 1 000 Hz 
f =1000Hz-1600Hz 
I= 1600Hz-2600Hz 
I = 2600 Hz - 2800 Hz 
f = 2800 Hz - 3000 Hz 

NOISE 

Symbol Parameter 

Nxp Transmit Noise, P Message Weighted (ETC 5057, VFxl + = 0 V) 

NRP Receive Noise, P Message Weighted - ETC 5057 
U LAW, PCM Code Equals Positive Zero 

Nxc Transmit Noise, C Message Weighted (ETC 5054, VFXI + = 0 V) 

NRc Receive Noise, C Message Weighted ETC 5054 
U LAW, PCM Code Equals Alternating Positive and 
Negative Zero 

NRs Noise, Single Frequency 
f = 0 kHz to 100kHz, Loop Around Measurement, 
VFxl + = 0 Vrms 

PPSRx Positive Power Supply Rejection, Transmit 
VFxl + = 0 Vrms, Vee= 5.0 Voc + 100 mVrms, 
f = 0 kHz - 50 kHz 

NPSRx Negative Power Supply Rejection, Transmit 
VFxl + = 0 Vrms, Vss =- 5.0 V Voc + 100 mVrms, 
I = 0 kHz - 50 kHz 

PPSRR Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, Vee= 5.0 Voc + 100 mVrms) 
f = 0 Hz - 4000 Hz 
f = 4 kHz - 25 kHz 
f = 25 kHz - 50 KHZ 

NPSRR Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, 

Vss =- 5.0 Voc + 100 mVrms) 
I = 0 Hz - 4000 Hz 
I = 4 kHz - 25 kHz 
f = 25 kHz - 50 kHz 
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Min. Typ. Max. Unit 

- 290 315 ~s 

~s 

- 195 220 
- 120 145 
- 50 75 
- 20 40 
- 55 75 
- 80 105 
- 130 155 

- 180 200 ~s 

~s 

-40 -25 -
-30 -20 -

- 70 90 
- 100 125 
- 145 175 

Min. Typ. Max. Unit 

- -74 -69 dB mOp 
(note 1) 

dB mOp 
- -82 -79 

- 12 16 dBrnCO 

dBrnCO 
- 8 11 

dBmO 

- - -53 

dBp 
40 - -

dBp 
40 - -

40 - - dBp 
40 - - dB 
36 - - dB 

40 - - dBp 
40 - - dB 
36 - - dB 



ETC5057·X-ETC5054·X 

TRANSMISSION CHARACTERISTICS (continued) 

Symbol Parameter Min. Typ. Max. Unit 

sos Spurious out-of band signals at the channel output. 
Loop around measurement, 0 dBmO, 300 Hz - 3400 Hz input dB 
applied to VFxl •, measure individual image signals at VFRO 
4600 Hz - 7600 Hz - - -32 
7600 Hz - 8400 Hz - - -40 
8400 Hz - 100,000 Hz - - -32 

DISTORTION 

Symbol Parameter Min. Typ. Max. Unit 

STDx Signal to Total Distortion (sinusoidal test method) dBp 
or 

STDR Transmit or Receive Half-channel 
Level = 3 dBmO 33 - -

= 0 dBmO to - 30 dBmO 36 - -
=- 40 dBmO XMT 29 - -

RCV 30 - -
=-55 dBmO XMT 14 - -

RCV 15 - -
SFDx Single Frequency Distortion, Transmit - - -46 dB 

SFDR Single Frequency Distortion, Receive - - -46 dB 

IMD lntermodulation Distortion - - -41 dB 
Loop Around Measurement, 

VFxl • =- 4 dBmO to- 21 dBmO, 
Two Frequencies in the Range 300 Hz - 3400 Hz 

CROSSTALK 

Symbol Parameter Min. Typ. Max. Unit 

CTx-R Transmit to Receive Crosstalk, 0 dBmO Transmit Level dB 
f = 300 Hz - 3400 Hz, DR = Steady PCM Mode - - -65 

CTR-X Receive to Transmit Crosstalk, 0 dBmo Receive Level dB 
f = 300 Hz- 3400 Hz, VFxl = 0 V - - -65 

(note 2) 

Notes : 1. Measured by extrapolation from the distortion test result. 
2. CT R·X is measured with a- 40 dBmO activating signal applied at VFxl•. 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 
J.!Law 

(includes even bit inversion) 

VrN (at GSx) = + Full-scale 10101010 10000000 

VrN (at GSx) = 0 V 111010101 
01010101 

111111111 
01111111 

VrN (at GSx) =- Full-scale 00101010 00000000 
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ETC5057·X·ETC5054-X 

APPLICATIONS INFORMATION 

POWER SUPPLIES 

While the pins of the ETC5050 family are well pro
tected against electrical misuse, 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 pres
ent, an extra long ground pin in the connector is use
ful. 

All ground connections to each device should meet 
at a common point as close as possible to the GNDA 
pin. 

T-PAD ATTENUATOR 

R1 = Z1 

N 
R2=-2~ (--) 

N2-1 

POWER IN 
Where : N = POWER OUT 

and: 

s =' I Z1 
V Z2 

Also:Z=VZse·Zoe 
Where Zse = impedance with short circuit termina
tion 

and Zoe= impedance with open circuit termination. 
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7l- PAD ATTENUATOR 

R3 =J¥- (N2~ 1) 

R4=Z1 (N2-~2~S1+1) 
This minimizes the interaction of ground return cur
rents flowing through a common bus impedance. 
0.1 J.LF supply decoupling capacitors should be con
nected from this common ground point to Vee and 
Vss. 

For best performance, the ground point of 
beach/FILTER on a card should be connected to a 
common card. This common ground point should be 
decoupled to Vee and Vss with 10 J.LF capacitors. 

RECEIVE GAIN ADJUSTMENT 

For applications where a ETC5050 family 
CODEC/filter receive output must drive a 600 n 
load, but a peak swing lower then± 2.5 Vis required, 
the receive gain can be easily adjusted by inserting 
a matched T-pad om-pad at the output. Table II lists 
the required resistor values for 600 n 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 attenu
ation. Generally it is tolerable to allow a small devi
ation of the input impedance from nominal while still 
maintaining a good return loss. For example a 30 dB 
return loss against 600 n is obtained if the output 
impedance of the attenuator is in the range 282 n 
to 319 n (assuming a perfect transformer). 



Table 2 : Attenuator Tables for Z1 = Z2 = 300 Q 
(all values in Q). 

dB R1 R2 R3 R4 

0.1 1.7 26 k 3.5 52 k 
0.2 3.5 13 k 6.9 26 k 
0.3 5.2 8.7 k 10.4 17.4 k 
0.4 6.9 6.5 k 13.8 13 k 
0.5 8.5 5.2 k 17.3 10.5 k 
0.6 10.4 4.4 k 21.3 8.7 k 
0.7 12.1 3.7 k 24.2 7.5 k 
0.8 13.8 3.3 k 27.7 6.5 k 
0.9 15.5 2.9 k 31.1 5.8 k 
1.0 17.3 2.6 k 34.6 5.2 k 
2 34.4 1.3 k 70 2.6 k 
3 51.3 850 107 1.8 k 
4 68 650 144 1.3 k 
5 84 494 183 1.1 k 
6 100 402 224 900 
7 115 380 269 785 
8 129 284 317 698 
9 143 244 370 630 
10 156 211 427 527 
11 168 184 490 535 
12 180 161 550 500 
13 190 142 635 473 
14 200 125 720 450 
15 210 110 816 430 
16 218 98 924 413 
18 233 77 1.17 k 386 
20 246 61 1.5 k 366 

Figure 5 : Typical Synchronous Application. 
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ETC5056 

PARALLEL DATA INTERFACE CODEC/FIL TER 

• COMPLETE CO DEC AND FILTERING SYS
TEM INCLUDING : 
_ TRANSMIT HIGH PASS AND LOW PASS 

FILTERING 
_ RECEIVE LOW PASS FILTER WITH SIN x/x 

CORRECTION 
- RECEIVE POWER AMPLIFIER 
_ ACTIVE RC NOISE FILTERS 
_ A-LAW COder AND DECoder 
- INTERNAL PRECISION VOLTAGE REFE

RENCE 
_ INTERNAL AUTO-ZERO CIRCUITRY 

• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 
SPECIFICATIONS 

• ± 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 

60mW 
• POWER DOWN STANDBY MODE- TYPICAL-

LY3mW 
• HIGH SPEED TRI-STATE® DATA BUS. 
• 2 LOOPBACK TEST MODES 
• SECOND SOURCE OF TP3056 

DESCRIPTION 

The ETC5056 family is a A-law monolithic PCM CO
DEC/filters utilizing the AID and D/A conversion 
architecture shown in figure 1, parallel I/O data bus 
interface. The device is fabricated using double-po
ly CMOS process. 

The encode portion consists of an input gain adjust 
amplifier, an active RC pre-filter which eliminates 
very high frequency noise prior to entering a swit
ched-capacitor 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 PCM format.. 

The decode portion consists of an expanding deco
der, which reconstructs the analog signal from the 
companded A-law code, a low-pass filter which cor
rects for the sin x/x response of the decoder output 
and rejects signals above 3400 Hz and is followed 
by a single-ended power amplifier capable of driving 
low impedance loads. 

September 1988 

The ETC5056 is especially designed to be used with 
a line interface controller providing local time and 
space switching in a distributed control switching 
system. 

DIP20 
(Ceramic) 

ORDER CODES : ETC5056J 

Vas 
GNDA 

VFRO 

VccA 
cs 

087 

086 

085 

084 

GNOO 

PIN CONNECTION 

VFxr• 

VFxi

GSx 

Vcco 
PCM/CNTL 

CLK 

DBO 

OBI 

082 

083 
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ETC5056 

Figure 1 : Block Diagram. 
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ETC5056 

PIN DESCRIPTION 

Name Pin 
Type* 

N' Description 

Vss s 1 Negative power supply pin. Vss =- 5 V ± 5% 

GNDA GND 2 Analog ground. All analog signals are referenced to this pin. 

VFRO 0 3 Analog output of the receive power amplifier. This output can drive a 600 Q load to 
± 2.5 V. 

VccA s 4 Positive power supply voltage pin for the analog circuitry. VccA = 5 V ± 5 %. Must be 
connected to Vcca. 

cs I 5 Device chip select input which controls READ write and TRI-STATE® operations on 
the data bus. CS does not control the state of any analog functions. 

DB7 1/0 6 Bit 7 110 on the data bus. The PCM LSB. 

DB6 1/0 7 Bit 6 1/0 on the data bus. 

DB5 1/0 8 Bit 5 1/0 on the data bus. 

DB4 1/0 9 Bit 4 1/0 on the data bus. 

GNDD GND 10 Digital ground. All digital signals are referenced to this pin. 

DB3 1/0 11 Bit 3 1/0 on the data bus. 

DB2 1/0 12 Bit 2 1/0 on the data bus. 

DB1 1/0 13 Bit 1 1/0 on the data bus. 

DBO 110 14 Bit 0 1/0 on the data bus. This is the PCM sign bit. 

CLK I 15 The clock input for switched-capacitor filter and CODEC. Clock frequency must be 
768 kHz. 772 kHz. 1.024 MHz or 1.28 MHz and must be synchronous with the 
system clock input. 

PCM/CNTL I 16 This control input determines whether the information on the data bus is PCM data 
or control data. 

Vee a s 17 Positive power supply pin for the bus drivers. V cco = 5 V ± 5 %. Must be connected 
to VccA· 

GSx 0 18 Analog output of the transmit input amplifier. Used to externally set gain. 

VFxl- I 19 Inverting input of the transmit input amplifier. 

VFxl+ I 20 Non-inverting input of the transmit input amplifier. 

• I :Input, 0 ·Output, S : Power Supply. 
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ETC5056 

FUNCTIONAL DESCRIPTION 

CLOCK AND DATA BUS CONTROL 

The CLK input signal provides timing for the encode 
and decode logic and the switched-capacitor filters. 
It must be one of the frequencies listed in Table 1 
and must be correctly selected by control bits CO 
and C1. 

CLK also functions as a READ/WRITE control si
gnal, with the device reading the data bus on a po
sitive half-clock cycle and writing the bus on a ne
gative half-clock cycle, as shown in figure 4. 

POWER-UP 

When power is first applied, power-on reset circui
try initializes the CODEC/filter and sets it in the po
wer-down mode. All non-essential circuits are deac
tivated and the data bus outputs, DBO-DB?, and re
ceive power amplifier output, VFRO, are in high im
pedance states. 

The ETC5056 is powered-up via a command to the 
control register (see Control Register Functions). 
This sets the device in the standby mode with all cir
cuitry activated, but encoding and decoding do not 
begin until PCM READ and PCM WRITE chip se
lects occur. 

Table 1 : Control Bit Functions. 

Control Bits Function 

CO, C1 Select Clock Frequency 

co C1 Frequency 

0 X 1.024 MHz 

1 0 0.768 MHz or 0.772 MHz 

1 1 1.28 MHz 

C2, C3 Digital and Analog Loopback 

C2 C3 Mode 

1 X Digital Loopback 

0 1 Analog Loopback 

0 0 Normal 

C4 Power-down/power-up 

1 = Power-down 
0 =Power-up 

cs ETC5056 
0 = A-law without Even Bit Inversion 
1 =A-law with Even Bit Inversion 

C6, C7 Don't Care 

DATA BUS ASSIGNEMENT 

The parallel 1/0 data bus is defined as follows : 
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Data Type DBO 087 

PCM Sign Bit LSB 

Control Data co C7 

READING THE BUS 

If CLK is low when CS goes low, bus data is gated 
in during the next positive half-clock cycle of CLK 
and latched on the negative-going__!Lansition. If 
PCM/CNTL is low during the falling CS transition, 
then the bus data is defined as PCM voice data, 
which is latched into the receive register. This also 
functions as an internal receive frame synchroniza
tion pulse to start a decode cycle and must occur 
once per receive frame ; i.e., at an 8 KHz rate. 

If PCM/CNTL is high during the falling CS transition, 
the bus data is latched into the control register. This 
does not effect frame synchronization. 

WRITING THE BUS 

If CLK is high when CS goes low, at the next falling 
transition of CLK, the bus drivers are enabled and 
either the PCM transmit data or the contents of the 
control register .m:g_gated into the bus, depending 
on the level of PCM/CNTL at the CS transition. If 
PCM/CNTL is low during the CS falling transition, 
the transmit register data is written to the bus. An in
ternal transmit frame synchronization pulse is also 
generated to start an encode cycle, and this must 
occur once per transmit frame; i.e., a tan 8KHz rate. 

If PCM/CNTL is high during the CS falling transition, 
the control register data is written to the bus. This 
does not affect frame synchronization. 

The receive register contents may also be written 
back to the bus, as described in the Digital Loop
back section. 

Except during a WRITE cycle, the bus drivers are in 
TRI-STATE mode. 

CONTROL REGISTER FUNCTIONS 

Writing to the control register allows the user to set 
the various operating states of the ETC5056. The 
control register can also be read back via the data 
bus to verify the current operating mode of the de
vice. 

1. CLK Select. 
Since one of three distinct clock frequencies may 
be used, the actual frequency must be known by 



the device for proper operation of the switched
capacitor filters. This is achieved by writting 
control register bits CO and C1, normally in the 
same WRITE cycle that powers-up the device, 
and before any PCM data transfers take place. 

2. Digital Loopback. 
In order to establish that a valid path has been se
lected through a network, it is sometimes desira
ble to be able to send data through the network 
to its destination, then loop it back through the 
network return path to the originating source 
where the data can be verified. This loopback 
function can be performed in ETC5056 by setting 
control register bit C2 to 1. With C2 set, the PCM 
data in the receive register will be written back in
to the data bus during the next PCM WRITE cy
cle. In the digitalloopback mode, the receive sec
tion is set to an idle channel condition in order to 
maintain a low impedance termination at VFRO. 

3. Analog Loopback. 
In the analog loopback mode, the transmit filter 
input is switched from the gain adjust amplifier to 
the receive power amplifier output, forming a uni
ty-gain loop from the receive register back to the 
transmit register. This mode is enterred by setting 
control register bits C2 to 0 and C3 to 1 . The re
ceive power amplifier continues to drive the load 
in this mode. 

4. Power-Down/Power-Up. 
The ETC5056 may be put in the power-down 
mode by setting control register bit C4 to 1. 
Conversely, setting bit C4 to 0 power up the de
vice. 

TRANSMIT FILTER AND ENCODE SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex-

Figure 2 :Transmit Gain Adjustement. 

GNDA 

(
Rt + R2 ) 

Non inverting transmit gain = 20 log" ----;:;;--

ETC5056 

ternal resistors, see figure 2. 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 unity-gain filter consisting of a 2 nd order RC ac
tive pre-filter, followed by an 8th order switched-ca
pacitor bandpass filter clocked at 256 KHz. 

The output of this filter directly drives the encoder 
sample-and-hold circuit. The AID is of companding 
type according to A-law (ETC5056) coding 
schemes. A precision voltage reference is trimmed 
in manufacturing to provide an input overload (tmax) 
of nominally 2.5 V peak (see table of Transmission 
Characteristics). Any offset voltage due to the filters 
or comparator is cancelled by sign bit integration in 
the auto-zero circuit. 

The total encoding delay referenced to a PCM 
WRITE chip select will be approximately 165 !lS 
(due to the transmit filter) plus 125 !lS (due to endo
ding delay}, which totals 290 l.lS. 

DECODER AND RECEIVE FILTER SECTION 

The receive section consists of an expanding DAC 
which drives a 5 th order switched-capacitor low 
pass filter clocked at 256 KHz. The decoder is of A
law (ETC5056) coding law and the 5 th order low 
pass filter corrects for the sin x/x attenuation due to 
the 8KHz sample/hold. The filter is then followed by 
a 2 nd order RC active post-filter. The power ampli
fier output stage is capable of driving a 600 Q load 
to a level of 7.2 dBm. The receive section has uni
ty-gain. Following a PCM READ chip select, the de
coding cycle begins, and 10 !lS later the decoder 
DAC output is updated. The total decoder delay is 
- 1 0 l.lS (decoder update) plus 110 !lS (filter delay) 
plus 62.5 !lS (1/2 frame), which gives approximate
ly 180 !lS. 

Out gain to provrde peak overload level = tma~ at Gsx (see transmission characteristics) 
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ETC5056 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

GNDD to GNDA ± 0.3 v 
Vee VeeA or Veeo to GNDD or GNDA ± 7.0 v 

VrN. Vour Voltage at Any Input or Output Vee + 0.3 to Vss - 0.3 v 
Voltage at Any Digital Input or Output Vee + 0.3 to GNDD- 0.3 v 

Toper Operating Temperature Range - 25 to+ 125 oc 
Tstg Storage Temperature Range - 60 to+ 150 oc 

Lead Temperature (soldering, 10 seconds) 300 oc 

ELECTRICAL OPERATING CHARACTERSITICS 
Vee= 5.0 V ± 5 %, Vss =- 5 V ± 5 %, GNDA = 0 V, TA = 0 OCto 70 OC (unless otherwise noted); Typical 
characteristics specified at Vee= 5.0 V, Vss =- 5.0 V, TA = 25 oc, all signals are referenced to GNDA. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

VrL Input Low Voltage - - 0.6 v 
VrH Input High Voltage 2.2 - - v 
VoL Output Low Voltage v 

IL = 2.5 mA, DBO-DB7 - - 0.4 

VoH Output High Voltage v 
IH =- 2.5 mA, DBO-DB7 2.4 - -

lrL Input Low Current (GNDA ~ VrN ~ VrL. all digital inputs) -10 - 10 J.IA 

lrH Input High Current (VrH ~ VrN ~Vee) -10 - 10 J.IA 

loz Output Current in High impedance State (TRI-STATE) !lA 
(GNDD ~ Vo ~Vee), DBO-DB7 -10 - 10 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

lrXA Input Leakage Current (- 2.5 V,; V,; + 2.5 V) VFxl+ or VFxl- -200 - 200 nA 

RrXA Input Resistance (- 2.5 V ~ V ~ + 2.5 V) VFxl+ or VFxl- 10 - - MQ 

RoXA Output Resistance (closed loop, unity gain) - 1 3 Q 

RLXA Load Resistance GSx 10 - - kQ 

CLXA Load Capacitance GSx - - 50 pF 

VoXA Output Dynamic Range (RL <! 10 kQ) GSx ± 2.8 - - v 
AvXA Voltage Gain (VFxl• to GSx) 5000 - - VN 

FuXA Unity Gain Bandwidth 1 2 - MHz 

VosXA Offset Voltage -20 - 20 mV 

VcMXA Common-mode Voltage -2.5 - 2.5 v 
CMRRXA Common-mode Rejection Ratio 60 - - dB 
PSRRXA Power Supply Rejection Ratio 60 - - dB 
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ELECTRICAL OPERATING CHARACTERSITICS (continued) 

ANALOG INTERFACE WITH RECEIVE FILTER (all devices) 

Symbol Parameter 

RoRF Output Resistance VFRO 

RLRF Load Resistance (VFRO = ± 2.5 V) 

CLRF Load Capacitance 

VOSRO Output DC Offset Voltage 

POWER DISSIPATION (all devices) 

Symbol Parameter 

I ceO Power-down Current 

Is sO Power-down Current 

lcc1 Active Current 

lss1 Active Current 

TIMING SPECIFICATIONS 

Symbol Parameter 

tpc Period of Clock 

lwcH W1dth of Clock High 

twcL Width of Clock Low 

IRe Rise Time of Clock 

lFc Fall Time of Clock 

lscs Set-up Time of CLK High or Low 

lHCS Hold Time from CS Low Ia CLK 

lwcs Width of Chip Select 

lsPCM Set-up Time of PCM/CNTL 

lHPCM Hold Time of PCM/CNTL 

tso1 Set-up Time of Data in 

I HOI Hold Time of Data in 

looo Delay Time of Data Out Valid (CL = 0 pF to 200 pF) 

looz Delay Time to Data Output Disabled (CL = 0 pF to 200 pF) 

Min. 

-

600 

-

-200 

Min. 

-

-

-

-

Min. 

760 

330 

330 

-

-

100 

100 

100 

0 

100 

50 

20 

90 

20 

ETC5056 

Typ. Max. Unit 

1 3 Q 

- - Q 

- 500 pF 

- 200 mV 

Typ. Max. Unit 

0.5 1.5 mA 

0.05 0.3 rnA 

6.0 9.0 mA 

6.0 9.0 mA 

Value 
Unit 

Typ. Max. 

- - ns 

- - ns 

- - ns 

- 50 ns 

- 50 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 260 ns 

- 80 ns 
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ETC5056 

Figure 4 : Timing Waveforms for ETC5056. 
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ETC5056 

TRANSMISSION CHARACTERSITICS 
(all devices) TA= 0 "C to 70 "C, Vee= 5 V±5 %,Vss =- 5 V±5 %, GNDA = 0 v, f = 1.02 kHz, VJN = 0 dBmO 
transmit input amplifier connected for unity-gain non-inverting (unless otherwise specified). 

AMPLITUDE RESPONSE 

Symbol 

tMAX 

GxA 

GxR 

GxAT 

GxAv 

GxRL 

GRA 

GRR 

GRAT 

GRAV 

GRRL 

VRo 

Parameter 

Absolute Levels - Nominal 0 dBmO level is 4 dBm (600 n). 
0 dBmO ETC5056 

Max Overload Level 
3.17 dBmO 

Transmit Gain, Absolute (T A = 25 °C, Vee = 5 V, Vee =- 5 V) 
Input at GSx = 0 dBmO at1020 Hz 

Transmit Gain, Relative to GxA 
f =16Hz 
f =50 Hz 
f =60Hz 
f =180Hz 
f =200Hz 
f = 300 Hz - 3000 Hz 
f =3300Hz 
f =3400Hz 
f =4000Hz 
f = 4600 Hz and up, measure response from 0 Hz to 4000 Hz 

Absolute Transmit Gain Variation with Temperature 
(T A = 0 °C to + 80 °C) 

Absolute Transmit Gain Variation with Supply Voltage 
(Vee =5 V± 5%, Vss =-5 V± 5 %) 

Transmit Gain Variations with Level 
Sinusoidal Test Method Reference Level =- 10 dBmO 
VFxl + =- 40 dBmO to + 3 dBmO 
VFxl + =-50 dBmO to- 40 dBmO 
VFxl + =-55 dBmO to- 50 dBmO 

Receive Gain, Absolute (T A = 25 oc, Vee = 5 V, Vee =- 5 V) 
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz 

Receive Gain, Relative to GRA 
f= 0 Hz to 3000 Hz 
f =3300Hz 
f =3400Hz 
f =4000Hz 

Absolute Receive Gain Variation with Temperature 
(T A = 0 oc to + 70 °C} 

Absolute Receive Gain Variation with Supply Voltage 
(Vee= 5V±5%,Vee=-5V±5%) 

Receive Gain Variations with Level 
Sinusoidal Test Method ; Reference input PCM code 
corresponds to an ideally encoded - 10 dBmO signal 
PCM level =- 40 dBmO to + 3 dBmO 
PCM level =- 50 dBmO to - 40 dBmO 
PCM level =- 55 dBmO to - 50 dBmO 

Receive Output Drive Level (RL = 600 kQ) 

~ SGS·ntOMSON 
~..,I ~D©IlD®mll.lre'ii'Dil@lllO©$ 

Min. Typ. Max. Unit 

Vrms 
- 1.2276 -

VpK 
- 2.501 -

dB 
-0.15 - 0.15 

dB 
- - -40 
- - -30 
- - -26 

-2.8 - -0.2 
-1.8 - -0.1 
-0.15 - -0.15 
-0.35 - + 0.05 
-0.7 - 0 

- - -14 
- - -32 

dB 
- 0.1 - + 0.1 

dB 
-0.05 - + 0.05 

dB 

-0.2 - 0.2 
- 0.4 - 0.4 
-1.2 - 1.2 

-0.15 - 0.15 dB 

dB 
-0.15 - 0.15 
-0.35 - 0.05 
-0.7 - 0 

- - -14 

dB 
-0.1 - + 0.1 

dB 
-0.05 - + 0.05 

dB 

-0.2 - 0.2 
-0.4 - 0.4 
-1.2 - 1.2 

-2.5 - 2.5 v 
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ETC5056 

TRANSMISSION CHARACTERSITICS (continued) 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (I~ 1600Hz) 

DxR Transmit Delay, Relative to DxA 
I ~ 500 Hz - 600 Hz 
I ~ 600 Hz - BOO Hz 
I ~ BOO Hz - 1000 Hz 
I~ 1000Hz-1600Hz 
I~ 1600Hz-2600Hz 
I ~ 2600 Hz - 2BOO Hz 
f ~ 2BOO Hz - 3000 Hz 

ORA Receive Delay, Absolute (f ~1600Hz) 

ORR Receive Delay, Relative to DRA 
f ~ 500 Hz - 1000 Hz 
I~ 1000Hz-1600Hz 
f ~1600Hz-2600Hz 
I ~ 2600 Hz - 2BOO Hz 
f ~ 2BOO Hz - 3000 Hz 

NOISE 

1>ymbol Parameter 

I Nxp Transmit Noise, P Message Weighted (VFxl • ~o V) 

NRP Receive Noise, P Message Weighted 
(PCM Code Equals Positive Zero) 

NRs Noise, Single Frequency 
f ~ o kHz to 1 00 kHz, Loop Around Measurement, 
VFxl • ~ 0 Vrms 

PPSRx Positive Power Supply Rejection, Transmit 
VFxl + ~ 0 Vrms, Vee~ 5.0 Voc + 100 mVrms, 
I ~ 0 kHz - 50 kHz 

NPSRx Negative Power Supply Rejection, Transmit 
VFxl + ~ 0 Vrms, V88 ~- 0.5 Voc + 100 mVrms, 
f ~ 0 kHz - 50 kHz 

PPSRR Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, Vee ~ 5.0 Voc + 100 mVrms) 
f ~ 0 Hz - 4000 Hz 
f ~ 4 kHz - 25 kHz 
f ~ 25 kHz - 50 KHZ 

NPSRR Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, 

Vss ~- 5.0 Voc + 100 mVrms) 
I ~ 0 Hz - 4000 Hz 
f ~ 4 kHz - 25 kHz 
f ~ 25 kHz - 50 kHz 
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Min. Typ. Max. Unit 

- 290 315 ~s 

~s 

- 195 220 
- 120 145 
- 50 75 
- 20 40 
- 55 75 
- BO 105 
- 130 155 

- 1BO 200 ~s 

~s 
-40 -25 -

-30 -20 -
- 70 90 
- 100 125 
- 145 175 

Min. Typ. Max. Unit 

- -74 -69 dB MOp 
(note 1) 

dB mOp 
- - B2 -79 

dBmO 

- - -53 

dBp 
40 - -

dBp 
40 - -

40 - - dBp 
40 - - dB 
36 - - dB 

40 - - dBp 
40 - - dB 
36 - - dB 



TRANSMISSION CHARACTERISTICS (continued) 

Symbol Parameter 

sos Spurious out-of band signals at the channel output. 
Loop around measurement, 0 dBmO, 300 Hz- 3400 Hz input 
applied to VFxl +, measure individual image signals at VFRO 
4600 Hz - 7600 Hz 
7600 Hz - 8400 Hz 
8400 Hz - 100,000 Hz 

DISTORTION 

Symbol Parameter 

STDx Signal to Total Distortion (sinusoidal test method) 
or 

STDR Transmit or Receive Half-channel 
Level = 3 dBmO 

= 0 dBmO to - 30 dBmO 
=- 40 dBmO XMT 

RCV 
=-55 dBmO XMT 

RCV 

SFDx Single Frequency Distortion, Transmit 

SFDR Single Frequency Distortion, Receive 

IMD lntermodulation Distortion 
Loop Around Measurement, 

VFxl + =- 4 dBmO to- 21 dBmO, 
Two Frequencies in the Range 300 Hz- 3400 Hz 

CROSSTALK 

Symbol Parameter 

CTx-R Transmit to Receive Crosstalk, 0 dBmO Transmit Level 
f = 300 Hz- 3400Hz, DR =Steady PCM Mode 

CTR-X Receive to Transmit Crosstalk, 0 dBmO Receive Level 
I = 300 Hz- 3400 Hz, VFxl = 0 V 

Notes : 1. Measured by extrapolation of the SiN ratio result 1n the first segment of the encoder 
2. CT R-x is measured w1th a- 40 dBmO activating Signal applied at VFxl'. 

ETC5056 

Min. Typ. Max. Unit 

dB 

- - -32 
- - -40 
- - -30 

Min. Typ. Max. Unit 

dBp 

33 - -
36 - -
29 - -
30 - -
14 - -
15 - -
- - -46 dB 

- - -46 dB 

- - - 41 dB 

Min. Typ. Max. Unit 

dB 
- -90 -75 

dB 
- -90 -70 

(note 2) 
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ETC5056 

ENCODING FORMAT AT DATA BUS OUTPUT 

TRUE A-Law, C5 = 0 
(includes even bit inversion) 

MSB LSB 

v,N = + Full-scale 1 0 1 0 1 0 1 0 

v,N = o v 1 1 0 1 0 1 0 1 
0 1 0 1 0 1 0 1 

V1N =- Full-scale 0 0 1 0 1 0 1 0 

SIGN + MAGNITUDE A-LAW, C5 = 1 
(before even bit inversion) 

V1N = + Full-scale 1 1 1 1 1 1 1 1 

v,N = o v 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

v,N =- Full-scale 0 1 1 1 1 1 1 1 
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ETC5067 
ETC5064 

SERIAL INTERFACE CODEC/FIL TER 
WITH RECEIVE POWER AMPLIFIER 

• COMPLETE CO DEC AND FILTERING SYS
TEM INCLUDING : 
_ Transmit high-pass and low-pass filtering 
_ Receive low-pass filter with sin x/x correction 
_ Active RC noise filters 
_ 11-law or A-law compatible COder and 

DECoder 
_ Internal precision voltage reference 
_ Serial 1/0 interface 
_ Internal auto-zero circuitry 
_ Receive push-pull power amplifiers 

• 11-LAW ETC5064 
• A-LAW ETC5067 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS 
• ± 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 

70mW 
• POWER-DOWN STANDBY MODE - TYPI

CALLY 3 mW 
• AUTOMATIC POWER-DOWN 
• TTL OR CMOS COMPATIBLE DIGITAL INTER

FACES 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 

DESCRIPTION 
The ETC5064 (j.t-law) and ETC5067 (A-law) are 
monolithic PCM CODEC/FIL TEiRS utilizing the ND 
and D/A conversion architecture shown in figure 1, 
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 600 Q load. 

Also included is an Analog Loopback switch 
and TS"x output. 

September 1988 

DIP20 
(Ceramic)J 
(Plastic) N 

ORDER CODES : ETC5067J 
ETC5064J 
ETC5067N 
ETC5064N 

PIN CONNECTIONS 

Vas 
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ETC5067-ETC5064 

Figure 1 : Block Diagram. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R2 

ETC!i067 

ETC5064 

TIMING 
AND 

CONTROL 

I +SV-SV 

L~~~-------------- . 
Vee Vg8 GNDA MeLKx BeLKx MeLKR/BeLKR/ FSR 

PDN eLKSEL 

2/15 

132 

ox 

TSx 

FSx 



ETC5067-ETC5064 

PIN DESCRIPTION 

Name Pin 
Type* 

No Description 

VPO + 0 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 I 4 Inverting Input to the Receive Power Amplifier. Also powers down both amplifiers 
when connected to VBB· 

VFRO 0 5 Analog Output of the Receive Filter. 

Vee s 6 Positive Power Supply Pin. Vee = + 5 V ± 5% 

FSR I 7 Receive Frame Sync Pulse which enable BCLKR to shift PCM data into DR. 
FSR is an 8 kHz pulse train. See figures 2 and 3 for timing details. 

DR I 8 Receive Data Input. PCM data is shifted into DR following the FSR leading edge. 

BCLKRiCLKSEL I 9 The bit Clock which shifts data into DR after the FSR 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 BCLKx is used for both 
transmit and receive directions (see table 1 ). This input has an internal pull-up. 

MCLKR/PDN I 10 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 I 11 Transmit Master Clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous with MCLKR. 

BCLKx I 12 The bit clock which shifts out the PCM data on Ox. May vary from 64 kHz to 
2.048 MHz, but must be synchronous with MCLKx. 

Ox 0 13 The TRI-STATE® PCM data output which is enabled by FSx. 

FSx I 14 Transmit frame sync pulse input which enables BCLKx to shift out the PCM data 
on Ox. FSx is an 8 kHz pulse train. See figures 2 and 3 for timing details. 

TSx 0 15 Open drain output which pulses low during the encoder time slot. Must to be 
grounded if not used. 

ANLB I 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. The input has an internal' pull down. 

GSx 0 17 Analog output of the transmit input amplifier. Used to set gain externally. 

VFxl- I 18 Inverting input of the transmit input amplifier. 

VFxl + I 19 Non-inverting input of the transmit input amplifier. 

Vss s 20 Negative Power Supply Pin. V66 =- 5 V ± 5% 

• I :Input, 0: Output, S :Power Supply 
TRI·STATE ® is a trademark of National Semiconductor Corp. 
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ETC5067-ETC5064 

FUNCTIONAL DESCRIPTION 
POWER-UP 

~~e~ power is first applied, power-on reset circuitry 
rmtrahzes the COMBO and places it into the power
down mode. All non-essential circuits are deacti
~ated and the Dx and VFRO outputs are put in high 
rmpedance states. To power-up the device, a logi
cal low level or clock must be applied to the 
MCLKRIPDN pin and FSx and/or FSR pulses must 
be present. Thus, 2 power-down control modes are 
a~ailable. The first is to pull the MCLKRIPDN pin 
hrgh ; the alternative is to hold both FSx and FSR in
puts continuously low. The device will power-down 
approximately 2 ms after the last FSx or FSR pulse. 
Power-up will occur on the first FSx or FSR pulse. 
The TRI-STATE PCM .data output, Ox, 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 
MCLKRIPDN 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 trans
mit and receive circuits. A bit clock must also be ap
plied to BCLKx and the BCLKR/CLKSEL can be 
used to select the proper internal divider for a mas
ter clock of 1.536 MHz, 1.544 MHz or 2.048 MHz. 
For 1.544 MHz operation, the device automatically 
compensates for the 193 rd clock pulse each frame. 

With a f!xed level on the BCLKR/CLKSEL pin, 
BCLKx wrll be selected as the bit clock for both the 
transmit and receive directions. Table 1 indicates 
the frequencies of operation which can be selected 
depending on the state of BCLKRICLKSEL. In thi~ 
synchronous mode, the bit clock, BCLKx, may be 
from 64 KHz to 2.048 MHz, but must be synchron
ous with MCLKx. 

Table 1: Selection of Master Clock Frequencies. 

Master Clock Frequency 

BCLKR/CLKSEL 
Selected 

ETC 5067 ETC 5064 

Clocked 2.048 MHz 1.536 MHz or 
1.544 MHz 

0 1.536 MHz or 2.048 MHZ 
1.544 MHz 

1 (or open circuit) 2.048 MHz 1.536 MHz or 
1.544 MHz 
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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 positive edge of 
BCLKx. After8 bit clock periods, the TRI-STATE Ox 
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 BCLKR if run
ning). 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 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, 
whi.ch is easily achieved by applying only static 
!ogre levels to the MCLKR/PDN pin. This will auto
matically connect MCLKx to all internal MCLKR 
functions (see Pin Description). For 1.544 MHz 
operation, the device automatically compensates 
for the 193 rd 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 BCLKR. BCLKR must 
be a clock, the logic levels shown in Table 1 are not 
valid in asynchronous mode. BCLKx and BCLKR 
may operate from 64 KHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync 
P.ul~e ~r a long frame sync pulse. Upon power in
rtralrzatron, the device assumes a short frame mode. 
In this mo'de, both frame sync pulses, FSx and FSR, 
must be one bit clock period long, with timing rela
tions~ips specified in figure 3. With FSx high during 
a fallrng edge of BCLKx, the next rising edge of 
BCLKx enables the Ox TRI-STATE output buffer 
":'~ich will output the sign bit. The following seve~ 
rrsrng edges. clock out the remaining seven bits, and 
the next fallrng edge disables the Ox output. With 
FSR high during a falling edge of BCLKR (BCLKx in 
synchronous mode}, the next falling edge of BCLKR 
latches in th~ sign bit. The following seven falling 
edges latch rn 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 FSR, must be three or more bit clock 
~eriods long, with timing relationships specified in 
frgure 4. Based on the transmit frame sync. FSx, the 



COMBO will sense whether short or long frame sync 
pulses are being used. For 64 KHz operation, the 
frame sync pulses must be kept low for a minimum 
of 160 ns (see fig. 2). 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 BCLKx rising edges clock out the remaining 
seven bits. The Dx output is disabled by the falling 
BCLKx edge following the eight rising edge, or by 
FSx going low, whichever comes later. A rising edge 
on the receive frame sync pulse, FSR, 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 sync 
pulse in synchronous or asynchronous mode. · 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal resistors, see figure 5. 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-capaci
tor bandpass filter clocked at 256 KHz. The output 
of this filter directly drives the encoder sample-and
hold circuit. The ND is of companding type accord
ing to A-law (ETC5067) or 11-law (ETC5064) coding 
conventions. A precision voltage reference is 
trimmed in manufacturing to provide an input over
load (!MAX) of nominally 2.5 V peak (see table of 
Transmission Characteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and 
then the successive-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 1J.S (due to the transmit filter) plus 125 IJ.S (due 
to encoding delay), which totals 290 IJ.S. Any offset 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GNDA 

Vee Vee to GNDA 

V1N Vour Voltage at Any Analog Input or Output 

Voltage at Any Digital Input or Output 

Toper Operating Temperature Range 

Tstg Storage Temeperature Range 

Lead Temperature (soldering, 10 seconds} 

ETC5067-ETC5064 

voltage 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 
(ETC5067) or 11-law (ETC5064) and the 5 th order 
low pass filter corrects for the sin x/x attenuation due 
to the 8 kHz sample and hold. The filter is then fol
lowed by a 2nd order RC active post-filter and power 
amplifier capable of driving a 600 n load to a level 
of 7.2 dBm. The receive section is unity-gain. Upon 
the occurence of FSR, the data at the DR input is 
clocked in on the falling edge of the next eight 
BCLKR (BCLKx) periods. At the end of the decoder 
time slot, the decoding cycle begins, and 10 IJ.S later 
the decoder DAC output is updated. The total 
decoder delay is -10 IJ.S (decoder update) plus 
110 IJ.S (filter delay) plus 62.51J.S (1 /2 frame), which 
gives approximately 180 IJ.S. 

RECEIVE POWER AMPLIFIERS 
Two inverting mode power amplifiers are provided 
for directly driving a matched line interface tranfor
mer. The gain of the first power amplifier can be ad
justed to boost the ± 2.5 V peak output signal from 
the receive filter up± 3.3 V peak into an unbalanced 
300 n load, or 4.0 V into an unbalanced 15 k load. 
The second power amplifier is internally connected 
in unity-gain inverting mode to give 6 dB of signal 
gain for balanced loads. 

Maximum power transfer to a 600 n subscriber line 
termination is obtained by differentially driving a bal
anced transformer with a .Y2 : 1 turns ratio, as shown 
in figure 5. A total peak power of 15.6 dBm can be 
delivered to the load plus termination. 
Both power amplifiers can be powered down inde
pendently from the PDN input by connecting the VPI 
input to Vss, saving approximately 12 mW of power. 

Value Unit 

7 v 
-7 v 

Vee+ 0.3 to Vee- 0.3 v 
Vee + 0.3 to GNDA- 0.3 v 

-25 to+ 125 oc 
-65 to+ 150 oc 

300 oc 
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ETC5067-ETC5064 

ELECTRICAL OPERATING CHARACTERISTICS 
Vee= 5.0 V ± 5 %, Vss =- 5 V ± 5 %, GNDA = 0 V, TA = 0 ·c to 70 ·c (unless otherwise noted); Typical 
characteristics specified at Vee= 5.0 V, Vss =- 5.0 V, TA = 25 ·c ; all signals are referenced to GNDA. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

V1L Input Low Voltage - - 0.6 v 
VIH Input High Voltage 2.2 - - v 
VoL Output Low Voltage v 

IL = 3.2 rnA Dx - - 0.4 
IL = 3.2 rnA, Open Drain TSx - - 0.4 

VoH Output High Voltage v 
IH =- 3.2 rnA Dx 2.4 - -

I1L Input Low Current (GNDA :> V1N :> V1L, all digital inputs, - 10 - 10 !lA 
except BCLKR) 

IIH Input High Current (V1H :> V1N :>Vee) except ANLB - 10 - 10 !lA 

loz Output Current in High Impedance State (TRI-STATE) !lA 
(GNDA :> Vo :>Vee) Dx -10 - 10 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

IIXA Input Leakage Current (- 2.5 V ~ V ~ + 2.5 V) VFxl + or VFxl- -200 - 200 nA 

R1XA Input Resistance (- 2.5 ~ V ~ + 2.5 V) VFxl + or VFxl 10 - - MQ 

RoXA Output Resistance (closed loop, unity gain) - 1 3 Q 

RLXA Load Resistance GSx 10 - - kQ 

CLXA Load Capacitance GSx - - so pF 

VoXA Output Dynamic Range (RL;;, 10 kQ) GSx ± 2.8 - - v 
AvXA Voltage Gain (VFxl + to GSx) 5000 - - VN 

FuXA Unity Gain Bandwidth 1 2 - MHz 

VosXA Offset Voltage -20 - 20 mV 

VcMXA Common-mode Voltage -2.5 - 2.5 v 
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 + ± 2.5 V) 10 - - kQ 

CLRF Load Capacitance - - 25 pF 

VOSRO Output DC Offset Voltage -200 - 200 mV 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 

ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices) 

Symbol Parameter 

IPI Input Leakage Current (- 1.0 V ,;; VPI ,;; 1.0 V) 

RIPI Input Resistance (- 1.0 V ,;; VPI ,;; 1.0 V) 

VI OS Input Offset vOltage 

ROP Output Resistance (inverting unity-gain at VPO • or VPO -) 

Fe Unity-gain Bandwidth, Open Loop (VPO -) 

CLP Load Capacitance (VPO + or VPO to GNDA) 
RL:0:1500Q 
RL = 600 Q 
RL = 300 Q 

GAp+ Gain VPO- to VPO + to GNDA, Level at VPO- = 1.77 Vrms 
(+ 3 dBmO) 

PSRRp Power Supply Rejection of Vee or Vas (VPO- connected to VPI) 
0 kHz-4kHz 
0 kHz- 50 kHz 

POWER DISSIPATION (all devices) 

Symbol Parameter 

I ceO Power-down Current 

Is sO Power-down Current 

lcc1 Active Current 

lss1 Active Current 

ALL TIMING SPECIFICATIONS 

Symbol Parameter 

1/!pM Frequency of Master Clocks 
MCLKx and MCLKR 
Depends on the device used and the 
BCLKR/CLKSEL pin. 

lwMH Width of Master Clock High MCLKx and MCLKR 

IWML Width of Master Clock Low MCLKx and MCLKR 

lAM Rise Time of Master Clock MCLKx and MCLKR 

IFM Fall Time of Master Clock MCLKx and MCLKR 

Ips Period of Bit Clock 

!waH Width of B1t Clock High {VIH = 2.2 V) 

twsL Width of Bit Clock Low {VIL = 0.6 V) 

IRs Rise Time of Bit Clock (Ips = 488 ns) 

IFB Fall Time of Bit Clock {Ips = 488 ns) 

lssFM Set-up Time from BCLKx High to MCKLx Falling Edge 
(first bit clock after the leading edge of FSx) 

IHBF Holding Time from Bit Clock Low to the Frame Sync 
(long frame only) 

lsFB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 

Min. 

- 100 

10 

-25 

-
-

-
-

-
-

60 
36 

Min. 

-

-
-

-

Min. 

-
-

-
160 

160 

-
-

485 

160 

160 

-
-

100 

0 

80 

ETC5067-ETC5064 

Typ. Max. Unit 

- 100 nA 

- - MQ 

- -25 mV 

1 - Q 

400 - kHz 

pF 
- 100 
- 500 
- 1000 

- 1 - VN 

dB 
- -
- -

Typ. Max. Unit 

0.5 1.5 mA 

0.05 0.3 mA 

7.0 10.0 mA 

7.0 10.0 mA 

Typ. Max. Unit 

1.536 - MHz 
2.048 -

1.544 -

- - ns 

- - ns 

- 50 ns 

- 50 ns 

488 15,725 ns 

- - ns 

- - ns 

- 50 ns 

- 50 ns 

- - ns 

- - ns 

- - ns 

Note : For short frame sync timing FSx and FSR must go h1gh wh1le therr respective b1t clocks are h1gh. 

7/15 

137 



ETC5067-ETC5064 

ALL TIMING SPECIFICATIONS (continued) 

Symbol Parameter Min. Typ. Max. Unit 

IHBFI Hold Time from 3rd Period of Bit Clock FSx or FSR 100 - - ns 
Low to Frame Sync (long frame only) 

lozF Delay time to valid data from FSx or BCLKx. whichever comes 20 - 165 ns 
later and delay time from FSx to data output disabled. 
(CL = 0 pF to 150 pF) 

loso Delay Time from BCLKx High to Data Valid 0 - 150 ns 
(Load= 150 pF plus 2 LSTTL loads) 

lozc Delay Time from BCLKx Low to Data Output Disabled 50 - 165 ns 

lsos Set-up Time from DR Valid to BCLKRtX Low 50 - - ns 

IHBD Hold Time from BCLKRtx Low to DR Invalid 50 - - ns 

tHOLD Holding Time from Bit Clock High to Frame Sync 0 - - ns 
(short frame only) 

lsF Set-up Time from FSxm to BCLKxm Low 80 - - ns 
(short frame sync pulse) - Note 1 

IHF Hold Time from BCLKxm Low to FSxtR Low 100 - - ns 
(short frame sync pulse) - Note 1 

lxoP Delay Time TSx Low (load = 150 pF plus 2 LSTTL loads) - - 140 ns 

lwFL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns 
(64 k bills operating mode) 

Note : 1. For short frame sync. t1m1ng FSx and FSR must go high while the1r respective b1t clocks are high. 

Figure 2 : 64 k bits/s TIMING DIAGRAM (see next page for complete timing). 

\_-- --=--=---- ---- _l_ 
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Figure 3 : Short Frame Sync Timing. 
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ETC5067·ETC5064 

Figure 4 : Long Frame Sync Timing. 
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ETC5067 -ETC5064 

TRANSMISSION CHARACTERISTICS 
(all devices) T A= 0 ·c to 70 ·c. Vee= 5 V ± 5 %, Vas=- 5 V ± 5 %,GNDA = 0 v, f = 1.02 kHz, V1N = 0 dBmO 
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). Vrms 
0 dBmO - 1.2276 -

I MAX Max Overload Level VpK 
3.14 dBmO ETC5067 - 2.492 -
3.17 dBmO ETC5064 - 2.501 -

GxA Transmit Gain, Absolute (T A = 25 °C, Vee = 5 V, V88 =- 5 V) dB 
Input at GSx = 0 dBmO at 1 020 Hz -0.15 - 0.15 

GxR Transmit Gain, Relative to GxA dB 
f =16Hz - - -40 
I= 50 Hz - - -30 
I= 60Hz - - -26 
I= 180Hz -2.8 - -0.2 
I= 200Hz -1.8 - -0.1 
I = 300 Hz - 3000 Hz -0.15 - 0.15 
f =3300Hz -0.35 - 0.05 
I= 3400Hz -0.7 - 0 
f =4000Hz - - -14 
f = 4600 Hz and up, measure response from 0 Hz to 4000 Hz - - -32 

GxAT Absolute Transmit Gain Variation with Temperature dB 
(T A = 0 °C to + 70 °C) -0.1 - 0.1 

GxAv Absolute Transmit Gain Variation with Supply Voltage dB 
(Vee= 5 V ± 5 %, Vss =- 5 V ± 5 %) -0.05 - 0.05 

GxRL Transmit Gain Variations with Level dB 
Sinusoidal Test Method Reference Level =- 10 dBmO 
VFxl + =- 40 dBmO to+ 3 dBmO -0.2 - 0.2 
VFxl + =-50 dBmO to- 40 dBmO -0.4 - 0.4 
VFxl + =- 55 dBmO to- 50 dBmO -1.2 - 1.2 

GRA Receive Gain, Absolute (TA = 25 oc, Vee = 5 V, Vss =- 5 V) -0.15 - 0.15 dB 
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz 

GAR Receive Gain, Relative to GRA dB 
f= o Hz to 3000 Hz -0.15 - 0.15 
f =3300Hz -0.35 - 0.05 
f =3400Hz -0.7 - 0 
f =4000Hz - - -14 

GRAT Absolute Receive Gain Variation with Temperature dB 
(T A = 0 'C to + 70 °C) -0.1 - 0.1 

GRAY Absolute Receive Gain Variation with Supply Voltage dB 
(Vee= 5V±5%,Vss=-5V±5%) -0.05 - 0.05 

GRRL Receive Gain Variations with Level dB 
Sinusoidal Test Method ; Reference input PCM code 
corresponds to an ideally encoded - 10 dBmO signal 
PCM level =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
PCM level =- 50 dBmO to - 40 dBmO -0.4 - 0.4 
PCM level =- 55 dBmO to - 50 dBmO -1.2 - 1.2 

VRo Receive Filter Output at VFRO RL = 10 kQ -2.5 - 2.5 v 
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ETC5067 -ETC5064 

TRANSMISSION CHARACTERISTICS (continued) 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (f = 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
f = 500 Hz - 600 Hz 
f = 600 Hz - 800 Hz 
f = 800 Hz - 1 000 Hz 
f =1000Hz-1600Hz 
f =1600Hz-2600Hz 
f = 2600 Hz - 2800 Hz 
f = 2800 Hz - 3000 Hz 

ORA Receive Delay, Absolute (f = 1600 Hz) 

ORR Receive Delay, Relative to ORA 
f = 500 Hz - 1 000 Hz 
f =1000Hz-1600Hz 
f =1600Hz-2600Hz 
f = 2600 Hz - 2800 Hz 
f = 2800 Hz - 3000 Hz 

NOISE 

Symbol Parameter 

Nxp Transmit Noise, P Message Weighted (ETC5067, VFxl + = 0 V) 

NRP Receive Noise, P Message Weighted 
(ETC5067, PCM Code Equals Positive Zero) 

Nxc Transmit Noise, C Message Weighted (ETC5064, VFXI + = 0 V) 

NRc Receive Noise, C Message Weighted 
(ETC5064, PCM Code Equals Alternating Positive and 
Negative Zero) 

NRs Noise, Single Frequency 
f = 0 kHz to 100 kHz, Loop Around Measurement, 
VFxl + = 0 Vrms 

PPSRx Positive Power Supply Rejection, Transmit 
VFxl + = 0 Vrms, Vee = - 5.0 Voe + 100 mVrms, 
f = 0 kHz - 50 kHz 

NPSRx Negative Power Supply Rejection, Transmit 
VFxl + = 0 Vrms, Vss =- 5.0 Voc + 100 niVrms, 
f = 0 kHz - 50 kHz 

PPSRR Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, Vee = 5.0 Voc + 100 mVrms) 
f = 0 Hz - 4000 Hz 
f = 4 kHz - 25 kHz 
f = 25 kHz - 50 KHZ 

NPSRR Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, Vss =- 5.0 Voe + 100 mVrms) 
f = 0 Hz - 4000 Hz 
f = 4 kHz - 25 kHz 
f = 25 kHz - 50 kHz 
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Min. Typ. Max. Unit 

- 290 315 (lS 

(lS 

- 195 220 
- 120 145 
- 50 75 
- 20 40 
- 55 75 
- 80 105 
- 130 155 

- 180 200 (lS 

(lS 

-40 -25 -
-30 -20 -

- 70 90 
- 100 125 
- 145 175 

Min. Typ. Max. Unit 

- -74 -69 dBmOp 
(note 1) 

dBmOp 
- -82 -79 

- 12 15 dBrnCO 

dBrnCO 
- 8 11 

dBmO 

- - -53 

dBp 
40 - -

dBp 
40 - -

40 - - dBp 
40 - - dB 
36 - - dB 

40 - - dBp 
40 - - dB 
36 - - dB 



ETC5067-ETC5064 

TRANSMISSION CHARACTERISTICS (continued) 

Symbol Parameter Min. Typ. Max. Unit 

sos Spurious out-of band signals at the channel output. dB 
Loop around measurement, 0 dBmO, 300 Hz - 3400 Hz input 
applied to VFxl •, measure individual image signals at VFRO 
4600 Hz - 7600 Hz - - -32 
7600 Hz - 8400 Hz - - -40 
8400Hz- 100,000 Hz - - -32 

DISTORTION 

Symbol Parameter Min. Typ. Max. Unit 

STDx Signal to Total Distortion (sinusoidal test method) dBp 
or 

STDR Transmit or Receive Half-channel 
Level = 3 dBmO 33 - -

= 0 dBmO to - 30 dBmO 36 - -
=- 40 dBmO XMT 29 - -

RCV 30 - -
=-55 dBmO XMT 14 - -

RCV 15 - -
SFDx Single Frequency Distortion, Transmit - - -46 dB 

SFDR Single Frequency Distortion, Receive - - -46 dB 

IMD lntermodulation Distortion - - -41 dB 
Loop Around Measurement, 

VFxl + =- 4 dBmO to- 21 dBmO, 
Two Frequencies in the Range 300 Hz - 3400 Hz 

CROSSTALK 

Symbol Parameter Min. Typ. Max. Unit 

CTx-R Transmit to Receive Crosstalk, 0 dBmO Transmit Level dB 
f = 300 Hz- 3400 Hz, DR =Steady PCM Mode - -90 -75 

CTR-X Receive to Transmit Crosstalk, 0 dBmO Receive Level dB 
f = 300 Hz- 3400 Hz, VFxl = 0 V - -90 -70 

(note 2) 

POWER AMPLIFIERS 

Symbol Parameter Min. Typ. Max. Unit 

VoL Maximum 0 dBmO level for better than± 0.1 dB linearity over the Vrms 
range 10 dBmO to + 3 dBmO (balanced load, RL connected 
between VPO • and VPO -). 

RL = 600 Q 3.3 - -
RL=1200Q 3.5 - -
RL = 30 kQ ' 

4.0 - -
S/Dp Signal/Distortion RL = 600 Q, 0 dBmO 50 - - dB 

Notes : 1. Measured by extrapolation from the distortion test result 
2. CT R·X is measured with a- 40 dBmO activating signal applied at VFxl•. 
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ETC5067·ETC5064 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 11Law 
(including even bit inversion) 

V,N (at GSx) = + Full-scale 1 0 1 0 1 0 1 0 10000000 

V,N (at GSx) = 0 V { 1 1 0 1 0 1 0 1 
0 1 0 1 0 1 0 1 

{ 1 1 1 1 1 1 1 1 
01 1 1 1 1 1 1 

V1N (at GSx) =- Full-scale 00101010 00000000 

APPLICATIONS INFORMATION 

POWER SUPPLIES 

While the pins of the ETC5060 family are well pro
tected against electrical misuse, 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 pres
ent, an eX1ra 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 
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pin. This minimizes the interaction of ground return 
currents flowing through a common bus impedance. 
0.1 ~tF supply decoupling capacitors should be con
nected from this common ground point to Vee and 
Vss as close to the device as possible. 
For best performance, the ground point of each 
CODEC/FIL TER 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 Vee and Vss with 10 ~tF capacitors. 
For best performance either, TS x should be 
grounded if not used. 



ETC5067 -ETC5064 

Figure 5 : Typical Asynchronous Application. 

Notes: ( 
R1 + R2 ) 

1. Transmit Gam= 20 x log -R-
2
-- (R1 + R2);, 10 kil. 

(
2 X R3 ) 

2. Rece1ve gain = 20 x log ~ R4 s 1 0 kn. 
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ETC5064FN 
ETC5067FN 

SERIAL INTERFACE CODEC/FIL TER WITH RECEIVE 
POWER AMPLIFIER 

• COMPLETE CO DEC AND FILTERING SYS
TEM INCLUDING : 
_ TRANSMIT HIGH-PASS AND LOW-PASS 

FILTERING 
_ RECEIVE LOW-PASS FILTER WITH SIN 

XIX CORRECTION 
_ ACTIVE RC NOISE FILTER 
_ f!·LAW OR A-LAW COMPATIBLE CODER 

AND DECODER 
- INTERNAL PRECISION VOLTAGE REF-

ERENCE 
_ SERIAL 1/0 INTERFACE 
- INTERNAL AUTO-ZERO CIRCUITRY 
_ RECEIVE PUSH-PULL POWER AMPLI-

FIERS 
• f!·LAW 20 PINS ETC5064FN 
• A-LAW 20 PINS ETC5067FN 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITI 

SPECIFICATIONS 
• ± 5V OPERATION 
• LOW OPERATING POWER-TYPICALLY ?OmW 
• POWER-DOWN STANDBY MODE-TYPICALLY 

3mW 
• AUTOMATIC POWER-DOWN 
• TIL OR CMOS COMPATIBLE DIGITAL INTER

FACES 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 

DESCRIPTION 
The ETC5064 (f!·law) and ETC5067 (A-law) are 
monolithic PCM CODEC/FIL TERS utilizing the ND 
and D/A conversion architecture shown in the block 
diagram below and a serial PCM interface. The de
vices are fabricated using double-poly CMOS pro
cess. 

Similar to the ETC5050 family, these devices fea
ture and 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 ± 6.6V 
across a balanced 600Q load. 

Also included is an Analog Loopback switch and a 
TSx output. 

December 1988 

PLCC20 

ORDER CODES : ETC5064FN 
ETC5067FN 

PIN CONNECTION 

-
7 - : - a -
D D ro X 
a z a ro ~ 

" "' " " " 
J 2 1 20 19 

9 10 11 12 13 

N~BETC5854FN-B1 
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ETC5064/5067FN 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GNDA 

Vas Vas to GNDA 

V1N. VouT Voltage at any Analog Input or Output 

Voltage at Any Digital Input or Output 

Toper Operating Temperature Range 

Tslg Storage Temperature Range 

Lead Temperature (soldering 10 seconds) 

BLOCK DIAGRAM 

VFxJ-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R2 

ETC-054FN 
ETC"067FN 

Value 

7 
-7 

Vee + 0.3 to Vas- 0.3 

Vee + 0.3 to GNDA- 0.3 

- 25 to+ 125 

- 65 to+ 150 

300 

I +SV-SV 

Lir-$-4--------------- ·: --$- . _ , 
Vee Vas GNDA MCLKx BCLKx MCLKA BCLKR FSR 

PDN CLI<SEL 
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Unit 

v 
v 
v 
v 
·c 
·c 
·c 



ETC5064/5067FN 

PIN DESCRIPTION 

Name Pin No Description 
Type 

VPO+ 0 1 The non-inverted Output of the receive power amplifier. 

GNDA GND 2 Analog Ground. All signal are referenced to this pin. 

VPO- 0 3 The inverted output to the receive power amplifier. 

VPI I 4 Inverting input to the receive power amplifier. Also powers down both amplifiers 
when connected to Vss. 

VFRO 0 5 Analog Output of the Receive Filter 

Vee s 6 Positive Power Supply Pin. Vee = + 5 V ± 5% 

FSR I 7 Receive frame sync pulse which enables BCLKR to shift PCM data into DR. FSR 
is an 8 kHz pulse train. 
See figures 1 and 2 for timing details. 

DR I 8 Receive Data Input. PCM data is shifted into DR following the FSR leadrng edge. 

BCLKR/CLKSEL I 9 The bit clock which shifts data into DR after the FSR 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 BCLKx is used for both 
transmit and receive directions (see table 1). This input has an internal pull-up. 

MCLKR/PDN I 10 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 I 11 Transmit Master Clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous with MCLKR. 

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

Dx 0 13 The tri-state PCM data output which is enabled by FSx. 

FSx I 14 Transmit frame sync pulse input which enables BCLKx to shift out the PCM data 
on Dx.FSx is an 8 kHz pulse train, see figures 1 and 2 timing details. 

TSx 0 15 Open drain output which pulses low during the encoder time slot. Must to be 
grounded it not used. 

ANLB I 16 Analog Loopback Control Input. Must be set a 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 theVPO + output of the receive 
power amplifier. This input has an internal pull-down. 

GSx 0 17 Analog Output of the Transmit Input Amplifier. Used to externally set gain. 

VFxl- I 18 Inverting Input of the Transmit Input Amplifier. 

VFxl + I 19 Non-inverting Input of the Transmit Input Amplifier. 

Vss s 20 Negative Power Supply Pin. Vss =- 5 V ± 5 

• I : Input, 0 : Output, S : Power Supply 

3/15 

149 



ETC5064/5067FN 

FUNCTIONAL DESCRIPTION 

POWER-UP 

~~e~ power is first applied, power-on reset circuitry 
lmliahzes the COMBO 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, a logi
cal low level or clock must be applied to the 
MCLKR/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 MCLKRIPDN pin 
high ; the alternative is to hold both FSx and FSR in
puts continuously low. The device will power-down 
approximately 2ms after the last FSx pulse. The 
TRI-STATE PCM data output, Ox, 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 device. In either case, MCLKx will 
be selected as the master clock for both the trans
mit and receive circuits. A bit clock must also be ap
plied to BCLKx and the BCLR/CLKSEL can be used 
to select the proper internal divider for a master 
clock of 1.536MHz, 1.544MHz or 2.048MHz. For 
1.544MHz operation, the device automatically com
pensates 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 
synchronous mode, the bit clock, BCLKx, may be 
from 64kHz to 2.048MHz, but must be synchronous 
with MCLKx. 

Table 1 : Selection of Master Clock Frequencies. 

Master Clock 
BCLKR/CLKSEL Frequency Selected 

ETC5067 ETC5064 

Clocked 2.048 MHz 1.536 MHz or 
1.544 MHz 

0 1.536 MHz or 2.048 MHz 
1.544 MHz 

1 (or open circuit) 2.048 MHz 1.536 MHz or 
1.544 MHz 
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Each FSx pulse begins the encode 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 TRI-STATE Dx 
output is returned to a high impedance state. With 
an FSR pulse, PCM data is latched via the DR input 
the negative edge of BCLKx (or on BCKLR if run
ning). FSx and FSR must be synchronized with 
MCLKX!R. 

ASYNCHRONOUS OPERATION 

For asynchronous operation, separate transmit and 
receive clocks may be applied. MCLKx and MCLKR 
must be 2.048MHz for the ETC5067, or 1 .536MHz, 
1.544MHz 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 MCLKRIPDN pin. This will automatically 
connect MCLKx to all internal MCLKR functions (see 
pin description). For 1.544MHz operation, the de
vice automatically compensates for the 193 rd clock 
pulse each frame. FSx starts each encoding cycle 
and must be synchronous with MCLKx and BCLKx. 
FSR starts each decoding sycle 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 2.048MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync 
pulse or a long frame sync pulse. Upon power ini
tialization, the device assumes a short frame mode. 
In this mode, both frame sync pulses. FSx and FSR, 
must be one bit clock period long, with timing rela
tions~ips specified in figure 3 with FSR high during 
a falling edge of BCLKR, the next rising edge of 
BC_LKx ~nables the Dx TRI-STATE output buffer, 
wh1ch w1ll output the sign bit. The following seven ri
sing 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 (BCLKx in 
synchronous mode), the next falling edge of BCLKR 
latches in th~ sign bit. The following seven falling 
edges latch 1n 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 FSR, must be three or more bit clock 
periods long, with timing relationships specified in 



figure 3. Based on the transmit frame sync FSx, the 
COMBO will sense whether short or long frame sync 
pulses are being used. For 64kHz operation, the 
frame sync pulse must be kept low for a minimum 
of 160ns (see fig. 1 ). The Ox TRI-STATE output buff
er is enabled with the rising edge of FSx or the ris
ing edge of BCLKx, whichever comes later, and the 
first bit clocked out is the sign bit. The following 
seven BCLKX 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 
FSxgoing low, whichever comes later. A rising edge 
on the receive frame sync pulse, FSR, 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 sync 
pulse in synchronous or asynchronous mode. 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal resistors, see figure 4. The low noise and wide 
bandwidth allow gains in excess of 20dB 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 clocked at 256kHz. The output of this 
filter directly drives the encoder sample-and-hold 
circuit. The AID is of companding type according to 
A-law (ETC5067) or ~-t-law (ETC5064) coding 
conventions. A precision voltage reference is trim
med in manufacturing to provide an input overload 
(!MAX) of nominally 2.5V peak (see table of Trans
mission Characteristics). The FSx frame sync pulse 
controls the sampling of the filter output, and then 
the successive-approximation encoding cycle be
gins. The 8-bit code is then loaded into a buffer and 
shifted out through Ox at the next FSx pulse. The 
total encoding delay will be approximately 165~-ts 
(due to the transmit filter) plus 125~-ts (due to enco
ding delay), which totals 290~-ts. Any offset voltage 

ETC5064/5067FN 

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) or ~-t-law (ETC5064) and the 5th order 
low pass filter corrects for the sin x/x attenuation due 
to the 8kHz sample and hold. The filter is then fol
lowed by a 2 nd order RC active post-filter and power 
amplifier capable of driveing a 600Q load to a level 
of 7.2dBm. The receive section is unity-gain. Upon 
the occurence of FSR, the data at the DR input is 
clocked in on the falling edge of the next eight 
BCLKR (BCKLx) periods. At the end of the decoder 
time slot. the decoding cycle begins, and 1 0~-ts later 
the decoder DAC output is updated. The total 
decoder delay is - 1 0~-ts (decoder up-date) plus 
110~-ts (filter delay) plus 62.5118 (1/2 frame), which 
gives approximately 180flS. 

RECEIVE POWER AMPLIFIERS 

Two inverting mode power amplifiers are provided 
for directly driving a matched line interface transfor
mer. The gain of the first power amplifier can be ad
justed to boost the ± 2.5V peak output signal from 
the receive filter up± 3.3V peak into an unbalanced 
300Q load, or±4.0V into an unbalanced 15kQ 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 
--12 : 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 Vss saving approximately 12mW 
of power. 
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ELECTRICAL OPERATING CHARACTERISTICS Vee= 5.0 V ± 5%, V88 =- 5%, GNDA = 0 V, 
T A = 0 'C to 70 'C (unless otherwise noted) ; typical characteristics specified at V cc = 5.0V, 
V88 =- 5.0V, TA = 25 'C ; all signals are referenced to GNDA. 

DIGITAL INTERFACE (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

VIL Input Low Voltage 0.6 v 
V1H Input High Voltage 2.2 v 
VoL Output Low Voltage 

Dx 0.4 
IL = 3.2 mA v 
IL = 3.2 mA, Open Drain TSx 0.4 

VoH Output High Voltage 
Dx 2.4 v 

IH =3.2 mA 

I1L Input Low Current (GNDA :;:; V1N :;:; V1L) all Digital Inputs 
-10 10 (.lA Except BCLKR 

I1H Input High Current (VJH :;:; V1N :;:; Vee) Except ANLB 
-10 10 (.lA 

loz Output Current in High Impedance State (TRI-STATE) 
Dx -10 10 (.!A (GNDA:;:; Vo :;:; Vee) 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

I1XA Input Leakage Current 
VFxl + or VFxl - -200 200 nA (- 2.5 V :;:; V :;:; + 2.5 V) 

R1XA Input Resistance 
VFxl + or VFxl-(- 2.5 V,;; V,;; + 2.5 V) 10 MQ 

RoXA Output Resistance (closed loop, umty gain) 1 3 Q 

RLXA Load Resistance GSx 10 kQ 

CLXA Load Capacitance GSx 50 pF 

VoXA Output Dynamic Range (RL ;;, 10 kQ) GSx -2.8 + 2.8 v 
AvXA Voltage Gam (VFxl + to GSx) 5000 VN 

FuXA Unity Gain Bandwidth 1 2 MHz 

VosXA Offset Voltage -20 20 mV 

VcMXA Common-mode Voltage -2.5 2.5 v 
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 = ± 2.5 V) 10 kQ 

CLRF Load Capacitance 25 pF 

VOSRO Output DC Offset Voltage -200 200 mV 
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ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

IPI Input Leakage Current (- 1.0 V $ VPI $ 1.0 V) -100 100 nA 

RIP! Input Resistance (- 1.0 $ VPI $ 1.0 V) 10 MQ 

VI OS Input Offset Voltage -25 25 mV 

ROP Output Resistance (invertmg unity-gain at VPO + or VPO -) 1 Q 

Fe Unity""i)ain Bandwidth, Open Loop (VPO -) 400 kHz 

CLP Load Capacitance (VPO + or VPO- to GNDA) 
RL :2 1500 Q 100 

pF RL = 600 Q 500 
RL=300Q 1000 

GAp+ Gain VPO- to VPO + to GNDA, Level at VPO- = 1. 77 Vrms -1 VN 
(+ 3 dBmO) 

PSRRp Power Supply Rejection of Vee or Vss 
(VPo- connected to VPI) dB 
0 kHz-4kHz 60 
0 kHz- 50 kHz 36 

POWER DISSIPATION (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

IceD Power-down Current 0.5 1.5 mA 

Is sO Power-down Current 0.05 0.3 mA 

lcc1 Active Current 7.0 10.0 mA 

Iss 1 Active Current 7.0 10.0 mA 
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TIMING SPECIFICATIONS All timings parameters are measured at VoH = 2.0 V and VoL= 0.7 V. 

Symbol Parameter Min. Typ. Max. Unit 

1/lpM Frequency of master c I o c k s M C L Kx and MCLKR 1.536 
Depends on the device used and the MHz 
BCLKR/CLKSEL Pin 1.544 

2.048 

lwMH Width of Master Clock High MCLKx and MCLKR 160 ns 

lwML Width of Master Clock Low MCLKx and MCLKR 160 ns 

IRM Rise Time of Master Clock MCLKx and MCLKR 50 ns 

IFM Fall Time of Master Clock MCLKx and MCLKR 50 ns 

Ips Period of Bit Clock 485 488 15.725 ns 

lwsH Width of Bit Clock High (ViH = 2.2 V) 160 ns 

twsL Width of Bit Clock Low (ViL = 0.6 V) 160 ns 

lAB Rise Time of Bit Clock (Ips = 488 ns) 50 ns 

IFB Fall Time of Bit Clock (Ips = 488 ns) 50 ns 

lssFM Set-up time from BCLKx high to MCLKx falling edge. 
100 ns 

(first bit clock after the leading edge of FSx) 

IHSF Holding Time from Bit Clock Low to the Frame Sync 
0 ns 

(long frame only) 

lsFS Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns 

IHSFi Hold Time from 3rd Period of Bit Clock 
FSx or FSR 100 ns 

Low to Frame Sync (long frame only) 

lozF Delay Time to valid data from FSx or BCLKx, whichever 
comes later and delay time from FSX to data output disabled 20 165 ns 
(CL = 0 pF to 150 pF) 

loso Delay Time from BCLKx high to data valid 
0 180 ns 

(load = 150 pF plus 2 LSTTL loads) 

lozc Delay Time from BCLKx low to data output disabled 50 165 ns 

lsos Set-up Time from DR valid to BCLKArx low 50 ns 

IHSD Hold Time from BCLKArx low to DR invalid 50 ns 

tHOLD Holding Time from Bit Clock High to Frame Sync 
0 ns (short frame only) 

I sF Set-up Time from FSxrA to BCLKx!A Low 
80 ns (short frame sync pulse) - Note 1 

IHF Hold Time from BCLKxrA Low to FSxrA Low 
100 

(short frame sync pulse) - Note 1 ns 

txoP Delay Time to TSx low (load= 150 pF plus 2 LSTTI loads) 140 ns 

twFL Minimum Width of the Frame Sync Pulse (low level) 
160 

(64 bit/s operating mode) ns 

Note : 1.For short frame sync t1m1ng. FSx and FSR must go h1gh while the1r respective bit clocks are high. 
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Figure 1 : 64 k bits/s TIMING DIAGRAM. (see next page for complete timing) 

BCLK1 

BCl.Kn 

\ ________________ s=-
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Figure 2 : Short Frame Sync Timing. 
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TRANSMISSION CHARACTERISTICS (all devices) TA = O'C to 70'C, Vee= 5V ± 5%, Vas=- 5V ± 5%, 
GNDA = OV, f = 1.02kHz, V1N = OdBmO, transmit input amplifier connected for unity-gain non-inverting. (un
less 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 dBmO 

tMAX Max Overload Level 
3.14 dBmO ETC5067 2.492 VpK 
3.17 dBmO ETC5064 2.501 

GxA Transmit Gain, Absolute (T A = 25 oc, Vee = 5 V, V88 =- 5 V) 
dB 

Input at Gsx = 0 dBmO at 1020Hz -0.15 0.15 

GxR f =16Hz -40 
I= 50 Hz -30 
I= 60Hz -26 
f =200Hz -1.8 -0.1 
f = 300 Hz - 3000 Hz -0.15 0.15 dB 
f =3300Hz -0.35 0.05 
f = 3400 Hz -0.7 0 
I= 4000Hz -14 
f = 4600 Hz and up, Measure Reponse from 0 Hz to 4000 Hz -32 

GxAT Absolute Transmit Gain Variation with Temperature -0.1 0.1 dB 
(T A = 0 oc to + 70 °C) 

GxAv Absolute Transmit Gain Variation with Supply Voltage -0.05 0.05 dB 
(Vee= 5 V ± 5%, Vss =- 5 V ± 5%) 

GxRL Transmit Gain Variation with Level 
Sinusoidal Test Method Reference Level =- 1 o dBmO 

VFxl + =- 40 dBmO to + 3 dBmO -0.2 0.2 dB 
VFxl + =- 50 dBmO to - 40 dBmO -0.4 0.4 
VFxl + =-55 dBmO to- 50 dBmO -1.2 1.2 

GRA Receive Gain, Absolute (T A = 25 oc, Vee = 5 V, Vss =- 5 V) -0.15 0.15 dB 
Input= Digital Code Sequence for 0 dBMO Signal at 1020Hz 

GRR Receive Gain, Relative to GRA 
f = o Hz to 3000 Hz -0.15 0.15 
I= 3300 Hz -0.35 0.05 dB 
f =3400Hz -0.7 0 
I= 4000Hz -14 

GRAT Absolute Receive Gain Variat1on with Temperature -0.1 0.1 dB 
(T A = 0 °C to + 70 °C) 

GRAV Absolute Receive Gain Variation with Supply Voltage 
-0.05 0.05 dB 

(V cc = 5 V ± 5 %, Vss =- 5 v ± 5 %) 

GRRL Receive Gain Variation with Level 
Sinusuoidal test method ; reference input PCM code 
corresponds to an ideally encoded - 10 dBmO signal dB 
PCM Level =- 40 dBmO to + 3 dBmO -0.2 0.2 
PCM Level =- 50 dBmO to - 40 dBmO -0.4 0.4 
PCM Level =- 55 dBmO to - 50 dBmO -1.2 1.2 

VRo Rece1ve F11ter Output at VRRO RL = 10 kQ -2.5 2.5 v 
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TRANSMISSION CHARACTERISTICS (continued). 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (f = 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
f = 500 Hz-600 Hz 
f = 600 Hz-800 Hz 
f = 800Hz-1000Hz 
f = 1000Hz-1600Hz 
f = 1600 Hz-2600Hz 
f = 2600 Hz-2800 Hz 
f = 2800 Hz-3000 Hz 

ORA Receive Delay, Absolute (f = 1600 Hz) 

ORR Receive Delay, Relative to ORA 
f = 500Hz-1000Hz 
f = 1000Hz-1600Hz 
f = 1600 Hz-2600 Hz 
f = 2600 Hz-2800 Hz 
f = 2800 Hz-3000 Hz 

NOISE 

Symbol Parameter 

Nxp Transmit Noise, P Message Weighted 
(ETC5067, VFxl + = 0 V) 

NRP Receive Noise, P Message Weighted 
(ETC5067, PCM code equals positive zero) 

Nxc Transmit Noise, C Message Weighted 
(ETC5064, VFxl + = 0 V) 

NRc Receive Noise, C Message Weighted 
(ETC5064, PCM Code Equals Alternating Positive and 
Negative Zero) 

NRs Noise, Single Frequency 
f = 0 kHz to 1 00 kHz, Loop around Measurement, 
VFxl + = 0 V 

PPSRx Positive Power Supply Rejection, Transmit (note 2) 
Vee = 5.0 Voc + 100 mVrms, f = 0 kHz-50 kHz 

NPSRx Negative Power Supply Rejection, Transmit (note 2) 
Vas= 5.0 Voc + 100 mVrms, f = 0 kHz-50 kHz 

PPSRR Positive Power Supply Rejection, Receive (PCM code equals 
positive zero, Vee= 5.0 Voc + 100 mVrms) 

f = 0 Hz-4000Hz 5067 
f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 

NPSRR Negative Power Supply Rejection, Receive (PCM code equals 
positive zero, Vas=- 5.0 Voc + 100 mVrms) 

f = 0 Hz-4000Hz 5067 
f = 4 kHz-25 kHz 
f = 25 kHz-50 kHz 

sos Spurious out-of-band Signals at the Channel Output 
Loop around measurement, 0 dBmO, 300 Hz-3400 Hz input 
applied to DR, measure individual image signals at Dx 
4600 Hz-7600 Hz 
7600 Hz-8400 Hz 
8400 Hz-1 00,000 Hz 

ETC5064/5067FN 

Min. Typ. Max. Unit 

290 315 f.lS 

195 220 
120 145 
50 75 
20 40 f.lS 

55 75 
80 105 
130 155 

180 200 f.lS 

-40 -25 
-30 -20 f.lS 

70 90 
100 125 
145 175 

Min. Typ. Max. Unit 

-74 -69 
dB mOp 

(note 1) 

-82 -79 dBmDp 

12 15 dBrnCO 

8 11 dBrnCO 

-53 dBmO 

40 dBp 

40 dBp 

40 dBp 
40 dB 
36 dB 

40 dBp 
40 dB 
36 dB 

- 32 
-40 
- 32 
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TRANSMISSION CHARACTERISTICS (continued}. 

DISTORTION 

Symbol Parameter 

STDx Signal to Total Distortion (sinusoidal test method) 
or 

STDR Transmit or Receive Half-channel 
Level ; 3.0 dBmO 

; 0 dBmO to - 30 dBmO 
;- 40 dBmO 

;-55 dBmO 

SFDx Single Frequency Distortion, Transmit 

SFDR Single Frequency Distortion, Receive 

IMD lntermodulation Distortion 
Loop Around Measurement, VFxl + ; - 4 dBmO to 

XMT 
RCV 
XMT 
RCV 

- 21 dBmo, two Frequencies in the Range 300 Hz-3400 Hz 

CROSSTALK 

Symbol Parameter 

CTx.R Transmit to Receive Crosstalk, OdBmO Transmit 
I ; 300 Hz-3400 Hz, DR ; Steady PCM Code 

CTR·X Receive to Transmit Crosstalk, OdBmO Rece1ve Level 
I ; 300 Hz-3400 Hz, VFxl ; 0 V 

POWER AMPLIFIERS 

Symbol Parameter 

VoL Maximum 0 dBmO Level for Better than ± 0.1 dB Linearity Over 
the Range 1 0 dBmO to + 3 dBmO 
(balanced load, RL connected between VPO + and VPO -) 

RL; 600 Q 
RL ;1200Q 
RL; 30 kQ 

S/Dp Signal/Distortion RL ; 600 Q, o dBmO 

Notes : 1. Measured by extrapolation from the distortion test results 

Min. 

33 
36 
29 
30 
14 
15 

Min. 

Min. 

3.3 
3.5 
4.0 

50 

2 PPSRX, NPSRX, CTR-X measured with a -SOdBmO activating s1gnal applied at VFxl+ 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 
(including even bit inversion) 

V1N (at GSx) ; + Full-scale 1 0 1 0 1 0 1 0 1 

I 
1 1 0 1 0 1 0 1 

I 
1 

V1N (at GSx) ; 0 V 0 1 0 1 0 1 0 1 0 

V1N (at GSx) ; - Full-scale 0 0 1 0 1 0 1 0 0 
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Typ. Max. Unit 

dBp 

-46 dB 

-46 dB 

-41 dB 

Typ. Max. Unit 

-90 -75 dB 

-70 
-90 

(note 2) 
dB 

Typ. Max. Unit 

Vrms 

dB 

J.1Law 

0 0 0 0 0 0 0 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

0 0 0 0 0 0 0 



APPLICATION INFORMATION 

POWER SUPPLIES 

While the pins at the ETC5060 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 pres
ent, 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 

Figure 4 :Typical Asynchronous Application. 

600 

300 

ETC5064/5067FN 

pin. This minimizes the interaction of ground return 
currents flowing through a common bus impedance. 
0.111F supply decoupling capacitors should be con
nected from this common ground point to Vee and 
Vss as close to the device as possible. 

For best performance, the ground point of each 
CODEC/FIL TER 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 Vee and Vss with 1 D11F capacitors. 
For best performance, TSX should be grounded if 
not used. 

R2 

R1 

Dx 
BCLKx 

MCKLx 

Note 1 : Transm1t gam= 20 x log ( l!.~~i~), IR 1 ... R21? 10 k!! 

Note 2 : Rece1ve ga1n- 20 x log ( 2 ~:3 ) , R4? 10 kO 
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ETC50S64 
ETC50S67 

SYNCHRONOUS SERIAL INTERFACE CODEC/FIL TER WITH 
RECEIVE POWER AMPLIFIER 

• COMPLETE CO DEC AND FILTERING SYS
TEM (combo) INCLUDING : 
- TRANSMIT HIGH-PASS AND LOW-PASS 

FILTERING 
_ RECEIVE LOW-PASS FILTER WITH SIN 

XIX CORRECTION 
_ ACTIVE RC NOISE FILTERS 
- !l-LAW OR A-LAW COMPATIBLE CODER 

AND DECODER 
_ INTERNAL PRECISION VOLTAGE REFE-

RENCE 
- SERIAL 1/0 INTERFACE 
_ INTERNAL AUTO-ZERO CIRCUITRY 
_ RECEIVE PUSH-PULL POWER AMPLI-

FIERS 
• !l-LAW ETC50S64 
• A-LAW ETC50S67 
• MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS 
• ± 5 V OPERATION 
• LOW OPERATING POWER - TYPICALLY 

?OmW 
• POWER-DOWN STANDBY MODE - TYPI

CALLY 3 mW 
• AUTOMATIC POWER-DOWN 
• TTL OR CMOS COMPATIBLE DIGITAL INTER

FACE 
• MAXIMIZES LINE INTERFACE CARD CIRCUIT 

DENSITY 
• IDEAL FOR DIGITAL TELEPHONE SET APPLI

CATION 

DESCRIPTION 
The ETC50S64 (IJ.-Iaw) and ETC50S67 (A-Law) are 
synchronous monolithic PCM CODEC/FIL TERS 
utilizing the ND and D/A conversion architecture 
shown in the block diagram below, and a serial PCM 
interface. The devices are fabricated using double
poly CMOS process. Similar to ETC505X -family, 
these devices feature an additional Receive Power 
Amplifier to provide push-pull balanced output drive 
capability. The receive gain can be adjusted by 
means of two external resistors for an output level 
of up to± 6.6 V across a balanced 600 n load. 

January 1989 

DIP16 
(Plastic) 

ORDER CODES : ETC50S67N 
ETC50S64N 

PIN CONNECTION 

UPDI' I UBB 

GND UFXI 'I 

UPDI-1 UFX I- I 

UP! GSX 

UFRD FS 

ULC OX 

OR BCLK 

PON MCLK 

nBBETC5BS64-BI 
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BLOCK DIAGRAM 

A2 

----------------------------1 

A3 

VPI 

A4 
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ETC50S64/ETCSOS67 

PIN DESCRIPTION 

Pin 
Name Type No Description 

(*) 

VPO+ 0 1 The Non-inverted Output to the Receive Power Amplifier. 

GND GND 2 Ground. All signals are referenced to this pin. 

VPO- 0 3 The Inverted Output of the Receive Power Amplifier. 

VPI I 4 Inverting input to the receive power amplifier. Also powers down both amplifiers 
when connected to Vas. 

VFRO 0 5 Analog Output of the Receive Filter. 

Vee s 6 Positive Power Supply Pin. Vee = + 5 V ± 5 %. 

DR I 7 Receive Data Input. PCM data is shifted into DR following the FSR leading edge. 

PDN I 8 Power Down Selection. Must be connected continuously low in operation. When PDN 
is connected continuously high, the device is powered down. 

MCLK I 9 Master Clock. Must be 2.048 MHz for ETC50S67 and 1.536 or 1.544 MHz for 
ETC50S64. 

BCLK I jQ Bit clock which shifts out the PCM data on Dx and shifts PCM data into DR. May 
vary from 64 kHz to 2.048 MHz, but must be synchronous with MCLK. 

Dx 0 jj The tri-state PCM data output which is enabled by FS. 

FS I 12 Frame sync. pulse, which enables BCLK to shift out the PCM data on DX, and to 
shift PCM data into DR. FS is a 8KHz pulse train. 

GSx 0 13 Analog Output of the Transmit Input Amplifier. Used to externally set gain. 

VFxl- I 14 Inverting Input of the Transmit Input Amplifier. 

VFxl+ I 15 Non-inverting Input of the Transmit Input Amplifier. 

Vas s 16 Negative Power Supply Pin. Vas =- 5 V ± 5 %. 
(") I: Input, 0: Outputs, S: Power supply. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GND 

Vas Vas to GND 

V1N. Vour Voltage at any Analog Input or Output 

Voltage at any Digital Input or Output 

Taper Operating Temperature Range 

Tstg Storage Temperature Range 

Lead Temperature (soldering, 10 seconds) 

FUNCTIONAL DESCRIPTION 

POWER-UP 

When power is first applied, power-on reset circuitry 
initializes the COMBO 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, a logi
cal low level or clock must be applied to the PDN pin 
and FS pulses must be present. Thus, 2 power-

Value Unit 

7 v 
-7 v 

Vee + 0.3 to Vas- 0.3 v 
Vee + 0.3 to GND- 0.3 v 

-25 to+ 125 oc 
- 65 to+ 150 oc 

300 oc 

down control modes are available. The first is to pull 
the PDN pin high ; the alternative is to hold FS input 
continuously low. The device will power-down ap
proximately 2 ms after the last FS pulse. Power-up 
will occur on the first FS pulse. The TRI-STATE 
PCM data output, DX, will remain in the high imped
ance state until the second FS pulse. 
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OPERATION 

A clock must be applied to MCLK (2.048 MHz for 
ETC50S67, 1.544 or 1.536 for ETC50S64) and the 
PDN pin can be used as a power-down control. A 
low level on PDN powers up the device and a high 
level powers down the device. A bit clock must also 
be applied to BCLK. For 1.544 MHz operation, the 
device automatically compensates for the 193rd 
clock pulse each frame. The bit clock, BCLK may be 
from 64 kHz to 2.048 MHz, but must be synchron
ous with MCLK. Each FS pulse begins the encod
ing cycle and the PCM data from the previous 
encode cycle is shifted out of the enabled DX out
put on the positive edge of BCLK. After 8 bit clock 
periods, the TRI-STATE Dx output is returned to a 
high impedance state. With an FS pulse. PCM data 
is latched via the DR input on the negative edge of 
BCLK. FS must be synchronous with MCLK. 

SHORT FRAME SYNC OPERATION 

The COMBO 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 FS sync pulse must be one bit period 
long, with timing relationships specified in figure 2. 
With FS high during a falling edge of BCLK, the next 
rising edge of BCLK enables the DX TRI-STATE 
output buffer, which will output the sign bit. The fol
lowing seven rising edges clock out the remaining 
seven bits, and the next falling edge disables the DX 
output. With FS high during a falling edge of BCLK, 
the next falling edge of BCLK latches in the sign bit. 
The following seven falling edges latch in the seven 
remaining bits. 

LONG FRAME SYNC OPERATION 

To use the long frame mode, FS must be three or 
more bit clock periods long, with timing relationships 
specified in figure 3. Based on FS the COMBO will 
sense whether short or long frame sync pulses are 
being used. For 64 kHz operation, the frame sync 
pulse 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 FS or the rising edge of BCLK, 
whichever comes later, and the first bit clocked out 
is the sign bit. The following seven BCLK rising 
edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLK edge follow
ing the eighth rising edge or by FS going low, which
ever comes later. A rising edge on the receive frame 
sync pulse, FS, will cause the PCM data at DR to be 
latched in on the next eight falling edges of BCLK. 

TRANSMIT SECTION 

The transmit section input is an operational ampli
fier with provision for gain adjustment using two ex
ternal resistor, see figure 5. 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-capaci
tor bandpass filter clocked at 256 kHz. The output 
of this filter directly drives the encoder sample-and
hold circuit. The AID is of companding type accord
ing to A-law (ETC50S67) or 11-law (ETC50S64) 
coding conventions. A precision voltage reference 
is trimmed in, manufacturing to provide on input 
overload (!MAX) of nominally 2.5 V peak (see table 
of Transmission Characteristics). The FS frame 
sync pulse controls the sampling of the filter output, 
and then the successive-approximation encoding 
cycle begins. The 8-bit code is then loaded into a 
buffer and shifted out through Dx at the next FS 
pulse. The total encoding delay will be approximate
ly 1651l8 (due to the transmit filter) plus 12511S (due 
to encoding delay), which totals 290 11s. Any offset 
voltage 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 
(ETC50S67) or 11-law (ETC50S64) and the 5 th 
order low pass filter corrects for the sin x/x attenua
tion due to the 8 kHz sample and hold. The filter is 
then followed by a 2 nd order RC active post-filter 
and power amplifier capable of driving a 600 Q load 
to a level of 7.2 dBm. The receive section is unity
gain. Upon the occurence of FS, the data at the DR 
input is clocked in on the falling edge of the next 
eight BCLK periods. At the end of the decoder time 
slot, the decoding cycle begins, and 1 0 11later the 
decoder DAC output is updated. The total decoder 
delay is- 10 llS (decoder update) plus 110 llS (filter 
delay) plus 62.511s (1/2 frame), which gives approxi
mately 180 llS· 

RECEIVE POWER AMPLIFIERS 

Two inverting mode power amplifiers are provided 
for directly driving a matched line interface transfor
mer. The gain of the first power amplifier can be ad
justed to boost the ± 2.5 V peak output signal from 
the receive filter up± 3.3 V peak into an unbalanced 
300 Q load, or ± 4.0 V into an unbalanced 15 kQ 
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load. The second power amplifier is internally con
nected in unity-gain inverting mode to give 6 dB of 
signal gain for balanced loads. Maximum power 
transfer to a 600 Q subscriber line termination is ob
tained by differentially driving a balanced transfor
mer with a .,J2 : 1 turns ratio. A total peak power of 

ETC50S64/ETC50S67 

15.6 dBm can be delivered to the load plus termina
tion. Both power amplifiers can be powered down 
independently form the PDN input by connecting the 
VPI input to Vss saving approximately 12 mW of 
power. 

ELECTRICAL OPERATING CHARACTERISTICS Vee= 5.0 V±5%, V88 =-5 V±5%, GND = 0 V, 
TA = 0 'C to 70 'C (unless otherwise noted) ; typical characteristics specified at Vee= 5.0 V, V88 = -5.0 V, 
T A = 25 'C ; all signals are referenced to GND. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

VtL Input Low Voltage - - 0.6 v 
VtH Input High Voltage 2.2 - - v 
VoL Output Low Voltage v 

ltL =3.2 rnA Dx - - 0.4 

VoH Output High Voltage v 
IH =- 3.2 rnA Dx 2.4 - -

ltL Input Low Current (GND :;; VtN :;; VtL all digital inputs except - 10 - 10 JJA 
BCLK) 

ltH Input High Current (VtH :;; VtN :;; Vee) -10 - 10 JJA 
loz Output Current in High Impedance State (TRI-STATE) 

(GND:;; Vo:;; Vee) Dx -10 - 10 JJA 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 

Symbol Parameter Min. Typ. Max. Unit 

ltXA Input Leakage Current -200 - 200 nA 
(- 2.5 V :;; V :;; + 2.5 V) VFxl+ or VFxl-

RtXA Input Resistance 10 - - MQ 
(- 2.5 V :;; V :;; + 2.5 V) VFxl+ or VFxl-

RoXA Output Resistance (closed loop, unity gain) - 1 3 Q 

RLXA Load Resistance GSx 10 - - kQ 

CLXA Load Capacitance GSx - - 50 pF 

VoXA Output Dynamic Range (RL ~ 10 kQ) GSx ±2.8 - - v 
AvXA Voltage Gain (VFxl• to GSx) 5000 - - VN 

FuXA Unity Gain Bandwidth 1 2 - MHz 

VosXA Offset Voltage -20 - 20 mV 

VcMXA Common-mode Voltage -2.5 - 2.5 v 
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 = ± 2.5 V) 10 - - kQ 

CLRF Load Capacitance - - 25 pF 

VOSRO Output DC Offset Voltage -200 - 200 mV 
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ETC50S6~ETC50S67 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices) 

Symbol Parameter 

IPI Input Leakage Current (- 1.0 V ~ VPI ~ 1.0 V) 

RIP I Input Resistance (- 1.0 V ~ VPI ,;; 1.0 V) 

VIOS Input Offset Voltage 

ROP Output Resistance (inverting unity-gain at vpo• or VPO-) 

Fe Unity-gain Bandwidth, open loop (VPO-) 

CLP Load Capacitance (VPO+ or VPO to GND) 
RL ~ 1500 Q 

RL =600 n 
RL =300 n 

GAp+ Gain VPO- to VPO+ to GND, Level at VPO- = 1.77 
Vrms (+ 3 dBmO) 

PSRRp Power Supply Rejection of Vee or Vee 
(VPo- connected to VPI) 

0 kHz-4kHz 
0 kHz- 50 kHz 

POWER DISSIPATION (all devices) 

Symbol Parameter 

I ceO Power-Down Current 

-leeO Power-Down Current 

- lcc1 Active Current 

lee1 Active Current 
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Min. Typ. Max. Unit 

-100 - 100 nA 

10 - - Mn 
-25 - 25 mV 

- 1 - n 
- 400 - kHz 

pF 
- - 100 
- - 500 
- - 1000 

- -1 - VN 

dB 

60 - -
36 - -

Min. Typ. Max. Unit 

- 0.5 2.0 mA 

- 0.05 0.5 mA 

- 7.0 12.0 mA 

- 7.0 12.0 mA 



ETC50S64/ETC50S67 

TIMING SPECIFICATIONS. All timing parameters are measured at VoH = 2.0 V and VoL= 0.7 V. See 
"definitions" and "timing conventions" section for test method information. 

Symbol Parameter Min. Typ. Max. Unit 

1/lpM Frequency of Master Clock MCLK - 1.536 - MHz 
ETC50S64 - 1.544 -
ETC50S67 - 2.048 -

lwMH Width of Master Clock High MCLK 160 - - ns 

IWML Width of Master Clock Low MCLK 160 - - ns 

IRM Rise Time of Master Clock MCLK - - 50 ns 

IFM Fall Time of Master Clock MCLK - - 50 ns 

Ips Period of Bit Clock 485 488 15.725 ns 

twsH Width of Bit Clock High (VIH = 2.2 V) 160 - - ns 

!wsL Width of Bit Clock Low (VIL = 0.6 V) 160 - - ns 

IRs Rise Time of Bit Clock (Ips = 488 ns) - - 50 ns 

IFs Fall Time of Bit Clock (Ips = 488 ns) - - 50 ns 

lssFM Set-up time from BCLK high to MCLK falling edge. 100 - - ns 
(first bit clock after the leading edge of FS) 

IHSF Holding Time from Bit Clock Low to the Frame Sync 0 - - ns 
(long frame only) 

lsFS Set-up Time from Frame Sync to Bit Clock Low (long frame only) 80 - - ns 

IHBFI Hold Time from 3rd Period of Bit Clock FS 100 - - ns 
Low to Frame Sync (long frame only) 

tozF Delay Time to Valid Data from FS or BCLK Whichever Comes 20 - 165 ns 
Later and Delay Time from FS to Data Output Disabled 
(CL = 0 pF to 150 pF) 

to so Delay Time from BCLK High to Data Val1d 0 - 180 ns 
(load = 150 pF plus 2 LSTTL loads) 

tozc Delay Time from BCLK Low to Data Output Disabled 50 - 165 ns 

lsos Set-up Time from DR Valid to BCLK Low 50 - - ns 

1HSD Hold Time from BCLK Low to DR Invalid 50 - - ns 

I HOLD Holding Time from Bit Clock High to Frame Sync 0 - - ns 
(short frame only) 

I sF Set-up Time from FS to BCLK Low 80 - - ns 
(short frame sync pulse) - Note 1 

IHF Hold Time from BCLK Low to FS Low 100 - - ns 
(short frame sync pulse) Note 1 

IWFL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns 
(64k bitls operating mode) 

. . 
Note : 1. For short frame sync t1m1ng FS must go h1gh wh1le bit clock IS h1gh . 
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ETC50564/ETC50567 

Figure 1 : 64 k bits/s TIMING DIAGRAM. 
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Figure 2 : Short Frame Sync Timing. 
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ETC50S64/ETC50S67 

Figure 3 : Long Frame Sync Timing. 
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ETC50564/ETC50567 

TRANSMISSION CHARACTERISTICS (all devices) TA = 0 'C to 70 oc, Vee= 5 V ± 5%, V88 =- 5 V 
± 5 %, GND = 0 V, f = 1.02 kHz, V 1N = 0 dBmO 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 n) o dBmo - 1.2276 - Vrms 

tMAX Max Overload Level VpK 
3.14 dBmO ETC50S67 - 2.492 -
3.17 dBmO ETC50S64 - 2.501 -

GxA Transmit Gain, Absolute (T A = 25 •c, Vee = 5 V, Vee =- 5 V) dB 
Input at GSx = 0 dBmO at 1020 Hz -0.15 - 0.15 

GxR Transmit Gain, Relative to GxA dB 
f =16Hz - - -40 
f =50Hz - - -30 
f =60Hz - - -26 
f = 180_Hz -2.8 - -0.2 
!=200Hz -1.8 - -0.1 
f = 300 Hz-3000Hz -0.15 - 0.15 
f =3300Hz -0.35 - 0.05 
f =3400Hz -0.7 - 0 
f =4000Hz - - -14 
f = 4600 Hz and up, measure reponse from OHz to 4000 Hz - - -32 

GxAT Absolute Transmit Gain Variation with Temperature dB 
(T A = o oc to + 70 •c) -0.1 - 0.1 

GxAv Absolute Transmit Gain Variation with Supply Voltage dB 
(V cc = 5 V ± 5 "!o, Vee =- 5 V ± 5 "!o) -0.05 - -0.05 

GxRL Transmit Gain Variation with Level dB 
Sinusoidal Test Method Reference Level =- 1 0 dBmO 

VFxl• =- 40 dBmO to + 3 dBmO -0.2 - 0.2 
VFxl• =-50 dBmO to- 40 dBmO -0.4 - 0.4 
VFxl• =-55 dBmO to- 50 dBmo -1.2 - 1.2 

GRA Receive Gain, Absolute (T A = 25 •c, Vee = 5 V, Vee =- 5 V) -0.15 - 0.15 dB 
Input = Digital Code Sequence for OdBmO Signal at 1020 Hz 

GRR Receive Gain, relative to GRA dB 
f=0Hzto3000Hz -0.15 - 0.15 
f =3300Hz -0.35 - 0.05 
f =3400Hz -0.7 - 0 
f =4000Hz - - -14 

GRAT Absolute Receive Gain Variation with Temperature dB 
(T A = o oc to + 70 •c) -0.1 - 0.1 

GRAV Absolute Receive Gain Variation with Supply Voltage dB 
(Vee = 5 V ± 5 "!o, Vee =- 5 V ± 5 "!o) -0.05 - 0.05 

GRRL Receive Gain Variation with Level dB 
Sinusuoidal Test Method ; reference input PCM code 
corresponds to an ideally encoded - 10 dBmO signal 
PCM Level = - 40 dBmO to + 3 dBmO -0.2 - 0.2 
PCM Level =- 50 dBmO to - 40 dBmO -0.4 - 0.4 
PCM Level = - 55 dBmO to - 50 dBmO -1.2 - 1.2 

VRo Receive Filter Output at VFRO, RL = 10 kn -2.5 - 2.5 v 
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ETC50S64/ETC50S67 

TRANSMISSION CHARACTERISTICS (continued) 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter 

DxA Transmit Delay, Absolute (I= 1600 Hz) 

DxR Transmit Delay, Relative to DxA 
I = 500 Hz-600 Hz 
I = 600 Hz-800 Hz 
I= 800Hz-1000Hz 
I= 1000Hz-1600Hz 
I = 1600 Hz-2600Hz 
I = 2600 Hz-2800 Hz 
I = 2800 Hz-3000 Hz 

DRA Receive Delay, Absolute (I = 1600 Hz) 

DRR Receive Delay, Relative to DRA 
I= 500 Hz-1 000 Hz 
I= 1000Hz-1600Hz 
I = 1600 Hz-2600 Hz 
I = 2600 Hz-2800 Hz 
I = 2800 Hz-3000 Hz 
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Min. 

-

-
-

-
-
-
-
-

-

-40 
-30 

-
-
-

Typ. Max. Unit 

290 315 !lS 

!lS 
195 220 
120 145 
50 75 
20 40 
55 75 
80 105 
130 155 

180 200 !lS 

!lS 
-25 -
-20 -
70 90 
100 125 
145 175 



ETC50S64/ETC50S67 

NOISE 

Symbol Parameter Min. Typ. Max. Unit 

Nxp Transmit Noise, P Message Weighted - -74 -67 dBmOp 
(ETC50S67, VFxl+ = 0 V) (note 1) 

NRP Receive Noise, P Message Weighted dB mOp 
(ETC50S67, PCM code equals positive zero) - -82 -79 

Nxc Transmit Noise, C Message Weighted dBmCO 
(ETC50S64, VFXI+ = 0 v) - 12 15 

NRc Receive Noise, C Message Weighted dBmCO 
(ETC50S64, PCM code equals alternating positive and negative - 8 11 
zero) 

NRs Noise, Single Frequency dBmO 
f = 0 kHz to 1 00 kHz, Loop around Measurement, 
VFxl+ = 0 V - - -53 

PPSRx Positive Power Supply Rejection, Transmit (note 2) dBp 
Vee= 5.0 Voc + 100 mVrms, f = 0 kHz-50 kHz 40 - -

NPSRx Negative Power Supply Rejection, Transmit (note 2) dBp 
Vee=- 5.0 Voc + 100 mVrms, f = 0 kHz-50 kHz 40 - -

PPSRR Positive Power Supply Rejection, receive 
(PCM code equals positive zero, Vee= 5.0 Voc + 100 mVrms) 
I = 0 Hz-4000Hz 40 - - dBp 
f = 4 kHz-25 kHz 40 - - dB 
f = 25 kHz-50 kHz 36 - - dB 

NPSRR Negative Power Supply Rejection, receive 
(PCM code equals positive zero, Vee =- 5.0 Voc + 100 mVrms) 
f = 0 Hz-4000Hz 
I = 4 kHz-25 kHz 40 - - dBp 
f = 25 kHz-50 kHz 40 - - dB 

36 - - dB 

sos Spurious out-of-band Signals at the Channel Output 
Loop around measurement, 0 dBmO, 300 Hz-3400 Hz input 
applied to DR, measure individual image signals at DX 
4600Hz-7600Hz - - -32 dB 
7600 Hz-8400 Hz - - -40 dB 
8400 Hz-100,000 Hz - - -32 dB 
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ETC50564/ETC50567 

TRANSMISSION CHARACTERISTICS (continued) 

DISTORTION 

Symbol Parameter 

STDx Signal to Total Distortion (sinusoidal test method) 
or 

STDR Transmit or Receive Half-channel 
Level = 3.0 dBmO 

= 0 dBmO to - 30 dBmO 
= -40 dBmO 

=-55 dBmO 

SFDx Single Frequency Distortion, transmit 

SFDR Single Frequency Distortion, receive 

IMD lntermodulation Distortion 
Loop Around Measurement, VFxl + = - 4 dBmO to 
- 21 dBmO, two Frequencies in the Range 300 Hz-3400 Hz 

CROSSTALK 

Symbol Parameter 

CTx-R Transmit to Receive Crosstalk, OdBmO Transmit 
f = 300 Hz-3400 Hz, DR = Steady PCM Code 

CTR-X Receive to Transmit Crosstalk, OdBmO Receive Level 
f = 300 Hz-3400 Hz, VFxl = 0 V 

POWER AMPLIFIERS 

Symbol Parameter 

VoL Maximum 0 dBmO Level for better than± 0.1 dB Linearity 
over the Range 1 0 dBmO to + 3 dBmO (balanced load, RL 
connected between VPO+ and vpo-) 

RL = 600 Q 
RL = 1200 Q 
RL = 30 kQ 

S/Dp Signal/Distortion RL = 600 Q, OdBmO 

Notes : 1. Measured by extrapolation from the distortion test result. 

Min. 

33 
36 

XMT 29 
RCV 30 
XMT 14 
RCV 15 

-

-

-

Min. 

-

-

Min. 

33 
3.5 
4.0 

50 

2. PPSRX, NPSRX, CTR-X measured w1th a- 50 dBmO activating s1gnal applied at VFxl+. 

ENCODING FORMAT AT Dx OUTPUT 

A-Law 
(including even bit inversion) 

V1N (at GSx) = + Full-scale 1 0 1 0 1 0 1 0 1 

V1N (at GSx) = 0 V I 
1 1 0 1 0 1 0 1 

I 
1 

0 1 0 1 0 1 0 1 0 

V1N (at GSx) =-Full-scale 0 0 1 0 1 0 1 0 0 
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Typ. Max. Unit 

dBp 

- -
- -
- -
- -

- -
- -

- -46 dB 

- -46 dB 

- -41 dB 

Typ. Max. Unit 

dB 
-90 -75 

dB 
-90 -70 

(note 2) 

Typ. Max. Unit 

Vrms 

- -

- -
- -

- - dB 

[LLaw 

0 0 0 0 0 0 0 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

0 0 0 0 0 0 0 



APPLICATION INFORMATION 

POWER SUPPLIES 

While the pins at the ETC5056 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 pres
ent, 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 GND 

ETC50S64/ETC50S67 

pin. This minimizes the interaction of ground return 
currents flowing through a common bus impedance. 
0.1 11F supply decoupling capacitors should be con
nected from this common ground point to Vee and 
Vss as close to the device as possible. 
For best performance, the ground point of each 
CODEC/FIL TER 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 Vee and Vss with 10 11F capacitors. 
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M5913 
M5914 

COMBINED SINGLE CHIP PCM CODEC AND FILTER 

• M5914 ASYNCHRONOUS CLOCK, 8th BIT SI-
GNALING, LOOP BACK TEST CAPABILITY 

• M5913 SYNCHRONOUS CLOCKS ONLY 
• AT&T D3/D4 AND CCITI COMPATIBLE 
• TWO TIMING MODES : 

FIXED DATA RATE MODE: 1.536 MHz, 1.544 
MHz, 2.048 MHz 
VARIABLE DATA MODE: 64kHz- 4.096 MHz 

• PIN SELECTABLE 11-LAW OR A-LAW OPERA
TION 

• NO EXTERNAL COMPONENTS FOR SAMPLE 
AND HOLD AND AUTO ZERO FUNCTIONS 

• LOW POWER DISSIPATION: 
0.5 mW POWER DOWN 70 mW OPERATING 

• EXCELLENT POWER SUPPLY REJECTION 

DESCRIPTION 
The M5913 and M5914 are fully integrated PCM 
(pulse code modulation) codecs and transmiVre
ceive filter using CMOS silicon gate technology. 

The primary applications for the M5913 and M5914 
are telephone systems : 

-Switching- M5913-Digital PBX's and Central Of
fice Switching Systems 

BLOCK DIAGRAM 

December 1988 

_ Transmission- M5914-D3/D4 Channel Banks 
_ Concentration- M5913 and M5914-Subscriber 

Carrier and Concentrators. 

The wide dynamic range of the M5913 and M5914 
(78 dB) and the minimal conversion time make them 
ideal products for other applications such as : 

Voice Store and Forward - Digital Echo Cancellers 
-Secure Communications Systems- Satellite Earth 
Stations. 

DIP20 
(Plastic and Ceramic) 

DIP24 
(Plastic and Ceram1c) 

ORDER CODES : 

M5913B1 
M5914B1 

,, 
lSI IOCL~1 
5IC.xi&S[l 

M5913F1 
M5914F1 

1/21 

179 



M5913/M5914 

PIN NAMES 

Vas Power(- 5 V) GSx Gain Control 
PWRO+, PWRO- Power Ampl1f1er Outputs VFxl-, VFxl+ Analog Inputs 

Qfu3 Gain Setting Input for Receive Channel GRDA Analog Ground 
PDN Power Down Select NC No Connect 

CLKSEL Master Clock Select SIGx Transmit Digital Signaling Input 
LOOP Analog Loop Back ASEL !l or A-law Select 
SIGR Signaling Bit Output TSx Digital Output - Timeslot Strobe 

DCLKR 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 

Vee Power(+ 5 V) CLKR Receive Master Clock 

PIN CONNECTION 

VBB Vee 

VBB 
r, 20 vee PWRO+ GSx 

PWRO + 19 GSx 
PWRO- VFx 1-

PWRO- 1 8 VFx 1-
GSR VFx J,.. 

GSR 17 V F X I+ PDN GRDA 

PDN 15 GRDA 
eLKSEL Ne 

M5913 
eLKSEL 1 5 ASEL LOOP SIGx/ASEL 

DCLKR 11. TSx/DCLK X SIGR fSx/DCLKx 

DR 1 3 Dx DCLKR Dx 

FS R l 9 1 1 FS X DR FSx 

GRDD L 10 11 eLK X FSR CLKx 

s- 7 54 6 GRDD CLKR 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee W1th Respect GRDD, GRDA = 0 V - 0.6 to 7 v 
Vas With Respect GRDD, GRDA = 0 V 0.6 to- 7 v 

GRDD, GRDA In Such Case : 0 ~Vee ~ + 7 V,- 7 V ~ Vss ~ 0 V ± 0.3 v 
V11o Analog Inputs, Analog Outputs and Digital Inputs Vas- 0.3 ~ V1NNouT ~Vee+ 0.3 v 

Vo DIG Digital Outputs GRDD ·- 0.3 00: VouT 00: Vee + 0.3 v 
Top Temperature Range - 10 to 80 oc 
Tslg Storage Temperature - 65 to 150 oc 
P1ot Power Dissipation 1 w 
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M5913/M5914 

PIN DESCRIPTIONS 

Symbol Function 

Vss Most negative supply, input voltage is - 5 V ± 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 Gam Setting Network on the Output Power Amplifier. Transmission level can be 
adjusted over a 12 dB range depending on the voltage at GSR. 

PDN Power Down Select. When PDN rs 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 = V88 ................................................................................. 2.048 MHz 
CLKSEL = GRDD .............................................................................. 1.544 MHz 
CLKSEL = V cc ................................................................................... 1.536 MHz 

LOOP Analog Loopback. When this pin is TTL high, the receive output (PWRO+) is internally connected 
to VFxl+, GSR is internally connected top PWRO-, and VFxl- Os internally connected to GSx. 
A 0 dBmO digital signal input at DR is returned as a+ 3 dBmO digital signal outupt at Dx. 

SIGR Signaling 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. 

DCLKR Selects the frxed or variable data rate mode. When DCLKR is connected to V88 , the fixed data rate 
mode is selected. When DCLKR is not connected to Vss, the device operates in the variable data 
rate mode. In this mode DCLKR, becomes the receive data clock which operates a TTL levels from 
64 kB to 4.096 MB 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 8 KHz 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 variable data rate mode this signal must remain high for 
the entire length of the timeslot. The receive channel enters the standby state whenever FSR is TTL 
low for 30 milliseconds. 

GRDD Digital Ground for all Internal Logic Circuits. Not Internally Tied to GRDA. 

CLKR Recerve master and data clock for the frxed data rate mode ; receive master clock only in vanable 
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 8 KHz 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 FS x 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 : CLKx in fixed data rate mode and DCLKx in variable data rate mode. 

TSx/DCLKx Transmit channel timeslot strobe (output) or data clock (mput) for the transmit channel. In variable 
data rate mode, this pin becomesjhe transmit data clock which operates at TTL levels from 64 KB 
to 4.096 MB data rates. 
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PIN DESCRIPTIONS (continued) 

Symbol Function 

SIGx/ASEL A dual purpose selects ~-law and p1n. When connected to Vss. A-law operatiOn is selected. When it 
is not connected to V8 s this 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 No Connect 

GRDA Analog Ground Return 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. Internally, this is the voice signal input to the 
transmit filter. 

Vee Most Positive Supply, Input Voltage is + 5 V ± 5 %. 

FUNCTIONAL DESCRIPTION 

The M5913 and M5914 provide the analog-to-digi
tal and the digital-to-analog conversions and the 
transmit and receive filtering necessary to interface 
a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed 
(TOM) system. They are intended be used at the 
analog termination of a PCM line or trunk. 

Figure 3 :Typical Line Terminations. 

SWITCHING 

---------=---@TELEPHONE SET 

TRANSMISSION 
HIGHWAYS 

CONTROL HIGHWAYS 

rFrABXtCO sWiTCHING SYSTEM--

U'l OFF-HOOK/ROTARY DIAL PULSES --~ 

I 
-

I 
I 

SUPERVISION 
PROTECTION 

BATTERY 
FEED 

RINGING 

1 

,....-
2W/t.W 

---1 
HYBRID 
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RING CONTROL 

L _____ _ 

r--

M5913 
OR 

M591~ 
COMBO 

-
I 

Functional block diagram of a line C1rcu1t w1th separate s1gnal1ng 
control highways. 
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The following major functions are provided : 
• Bandpass filtering of the analog signals prior to 

encoding and after decoding 
• Encoding and decoding of voice and call pro

gress information 
• Encoding and decoding of the signaling and su

pervision information 

IF~~;a.oO<TELEPHONE SET 

I 
I 
L _____ _ 

TRANSMISSION 
HIGHWAYS 

CONTROL HIGHWAYS 

-s-7s""96-

Functional block d1agram of a line circu1t with borrowed 8th bit si
gnaling. 
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GENERAL OPERATION 

SYSTEM RELIABILITY FEATURES 

I TO DISTANT 
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The combo-chip can be powered up by pulsing FSx 
and/or FSR while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are 
connected. The M5913 and M5914 have internal re
sets on power up (or when Vss or Vee are re-ap
plied) 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 approxima
tely four frames (SOO).IS) after power up or applica
tion of Vss or Vee. After this delay, DX, TS x, and 
signaling will be functional and will occur in the pro
pertimeslot. 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 

Table 1 : Power-down Methods. 

Device Status Power-down Method 

Power Down Mode PDN =TTL low 

Standby Mode FSx and FSR are TTL low. 

Only transmit is on standby. FSx is TTL low. 

Only receive is on standby. FSR is TTL low. 

M5913/M5914 

rcH=E7""u.;"- -------.., 
I I 

:·.:.3J L_ ___ -l 

I 

!CENTRAL 
OFFlCE 

L __________ _Js-nn 

A typical4-wire channel umt with signaling using borrowed 8th bit. 

on/off hook detection, is available almost immedia
tely, while analog information is available after some 
delay. 

On the receive channel, the digital output SIGR is al
so held low for a maximum of four frames after po
wer up or application of Vss or Vee. SIGR will remain 
low thereafter until it is updated by a signaling frame. 
To further enhance system reliability, TS x and Dx 
will be placed in a high impedance state approxima
tely 20).ls after an interruption of CLKx. Similarly, 
SIGR will be held low approximately 20).1S after an 
interruption of CLKR. These interruptions could pos
sibly occur with some kind of fault condition. 

POWER DOWN AND STANDBY MODES 

To minimize power consumption, two power down 
modes are provided in which most M5913/M5914 

Digital Outputs Status 

TSx and Dx are placed in a high impedance state 
and SIGR is placed in a TTL low state within 10 !IS. 

TSx and Dx are placed in a high impedance state 
and SIGR is placed in a TTL low state 30 
milliseconds after FSx and FSR are removed. 

TSx and Dx are placed in a high impedance state 
within 30 milliseconds. 

SIGR is placed in a TTL low state within 30 
milliseconds. 
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M5913/M5914 

functions are disabled. Only the power down, clock, 
and frame sync buffers, which are required to po
wer up the device, are enabled in these modes. As 
shown in Table 1, the digital outputs on the appro
priate channels are placed in a high impedance 
state until the device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump
tion is reduced to an average of 0.5 milliwatts. The 
device is active when the signal is high and inactive 
when it is low. In the absence of any signal, the PDN 
pin floats to TTL high allowing the device to remain 
active continuously. 

The Standby mode leaves the user an option of po
wering either channel down separately or powering 
the entire device down by selectively removing FSx 
and/or FSR. With both channels in the standby state, 
power consumptions is reduced to an average of 1 
rnilliwatts. If transmit only operation is desired, FSx 
should be applied to the device while FSR is held 
low. Similarly, if receive only operation is desired, 
FSR should be applied while FSx is held low. 

FIXED DATA RATE MODE 

Fixed data rate timing, is selected by connecting 
DCLKR to Vss. It employs master clocks CLKx and 
CLKR, framg_§ynchronization clocks FSx and FSR, 
and output TS x. 

CLKx and CLKR serve both as master clocks to ope
rate the codec and filter sections and bit clocks to 
clock the data in and out from the PCM highway. 
FSx and FSR are 8 kHz inputs which set the sam
pling frequency and distinguish between signaling 
and non-signaling frames by their pulse width. A 
frame synchronization pulse which is one master 
clock wide designates a non-signaling frame, while 
a double wide sync pulse enables the signaling 
function. TSx is a times lot strobe/buffer enable out
put which gates the PCM word onto the PCM high
way when an external buffer is used to drive the line. 

Data is transmitted on the highway at Ox 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 eitht falling edges of CLKR. The 
frequency of CLKx and CLKR is selected by the 
CLKSEL pin to be either 1.536, 1.544 or 2.048 MHz. 
No other frequency of operation is allowed in the 
fixed data rate mode. 

VARIABLE DATA RATE MODE 

Variable data rate timing is selected by connecting 
DCLKR to the bit clock for the receive PCM highway 
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rather than to Vss. It employs master clocks CLKx 
and CLKR, bit clocks DCLKR and DCLKx and frame 
synchronization clocks FSR and FSx. 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen
cy of the bit clocks, which can be asynchronous in 
the case of the M5914, or synchronous in the case 
of the M5913 from 64KHz to 4.096 MHz. Master 
clocks inputs are still restricted to 1.536, 1.544, or 
2.048 MHz. 

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 po
sitive transitions of DCLKx. Similary, while FSR is 
high, each PCM bit from the highway is received by 
DR on the next eight consecutive negative transition 
of DCLKR. 

On the transmit side, the PCM word will be repea
ted in all remaining timeslots in the 125 s 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 des
ired, 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 pro
vides no means with which to specify a signaling 
frame. 

SIGNALING 

Signaling can only be performed with the 24-pin de
vice in the fixed data rate timing mode (DCLKR = 
Vss). Signaling frames on the transmit and receive 
sides are independent of one another and are se
lected by a double-width frame sync pulse on the 
appropriate channel. During a transmit signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIGx for 
the least significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G. 733 and output the logi
cal state of the LSB on the SIGR lead until it is up
dated in the next signaling frame. Timing relations
hips for signaling operation are shown in figure 4. 

ASYNCHRONOUS OPERATION 

The M5914 can be operated with asynchronous 
clocks in either the fixed or variable data rate modes. 
In order to avoid crosstalk problems associated with 
special interrupt circuitry the design of the 
M5913/M5914 combochip includes separate digital-
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M5913/M5914 

to-analog converters and voltage references on the 
transmit and receive sides to allow completely inde
pendent operation of the two channels. 

In either timing mode, the master clock, data clock, 
and timeslot strobe must be synchronized at the be
ginning of each frame. Specifically, in variable data 
rate mode the rising edge of CLKx must occur wi
thin tFsD nanoseconds before the rise of FSx, while 
the leading edge of DCLKx must occur within trsox 
nanoseconds of the rise of FSx. Thus, CLKx and 
DCLKx are synchronized once per frame but may 
be of different frequencies. The receive channel 
operates in a similar manner and is completely in
dependent of the transmit timing (refer to Variable 
Data Rate Timing Diagram). This approach requires 
the provision of two separate master clocks, even in 
variable data rate mode, but avoids the use of a syn
chronizer which can cause intermittent data conver
sion errors. 

ANALOG LOOPBACK 

A distinctive feature of the M5914 is its analog loop
back capability. This feature allows the user to send 
a control signal which internally connects the ana
log input and output ports. As shown in figure 5, 
when LOOP is TTL high the receive output 
(PWRO+) is internally connected to VFxl+, GSR in 

internally connected to PWRO- and VFxl- is inter
nally connected to GSx. 

With this feature, the user can test the line circuit re
motely by comparing the digital codes sent into the 
receive channel (DR) with those generated on the 
transmit channel (Ox). Due to the difference in trans
mission levels between the transmit and receive 
sides, aO dBmO code sent into DR will emerge from 
Dx as a + 3 dBmO code, an implicit gain of 3 dB. 
Thus, the maximum signal input level which can be 
tested using analog loopback is 0 dBmO. 

PRECISION VOLTAGE REFERENCE 

No external components are required with the com
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique use the bandgap principle to derive a tem
perature 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 section 
are trimmed independently in the filter stages to a 
final precision value. With this method the combo
chip can achieve manufacturing tolerances of typi
cally ±0.04 dB in absolute gain for each half chan-

Figure 5 : Simplified Block Diagram of M5914 Combship in the Analog Loopback Configuration. 

r ---- -- -- - --., 
VFx 1- GSx r-- LOOP 

b_ Dx 
DIGITIZED 

TRANSMIT PCM 
AID LOOP BACK VOICE 

RESPONSE 

I 
PWRO+ 

I 
DIGITIZED 

D/A 
DR PCfv1 

I TEST 
PWRO- TONE 

I 
I 

L --- - - - -- _j 
COMBO CHIP ANALOG LOOP BACK FUNCTION 5-7 60 1 

8/21 

186 



nel, providing the user a significant margin for error 
in other board components. 

CONVERSION LAWS 

The M5913 and M5914 are designed to operate in 
both 11-law and A-law systems. The user can select 
either conversion law according to the voltage pre
sent on the SIGx/ASEL pin. In each case the coder 

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 2.17 volts, a maximum 
DC offset of 25 mV, a minimum voltage gain of 5000, 
and a unity gain bandwidth of typically 1 MHz. Gain 
of up to 20 dB can be set without degrading the per
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GSx) must be grea
ter than 10 kilohms in parallel with less than 50 pF. 
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 6). 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
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 CCITI 
recommendation G.712. The M5913 and M5914 
specifications meet or exceed digital class 5 central 

Figure 6 :Transmit Filter Gain Adjustment. 

VFxl + 

VFxl-

R2 

M5913/M5914 

and decoder process a companded 8-bit PCM word 
following CCITI recommendation G.711 for 11-law 
and A-law conversion. If A-law operation is desired, 
SIGx should be tied to Vss. Thus, signaling is notal
lowed during A-law operation. If 11= 255-law opera
tion is selected, then SIGx is a TTL level input which 
modifies the LSB on the PCM output in signaling 
frames. 

office switching systems requirements. The trans
mit filter transfer characteristics and specifications 
will be within the limits shown in the relative table. 

A high pass section configuration was chosen to re
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre
quencies and their harmonics, and other low fre
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex
ternal components. 

ENCODING 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sam
ple 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 encoder. This autozero circuit 
uses the sign bit averaging technique. In this way, 
all DC offset is removed from the encoder input wa
veform. 

R2 
GAINol+

Rl 

5-75t.5 
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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 an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 

RECEIVE FILTER 

The receive section of the filter provides passband 
flatness and stopband rejection which fulfills both 
the AT & T D3/D4 specification and CCITT recom
mendation G.712. The filter contains the required 
compensation for the (sin X)/X response of such de
coders. The receive filter characteristics and speci
fications 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. Ei
ther of the two outputs can be used single ended 

(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a brid
ged load directly. The output stage is capable of dri
ving loads as low as 300Q single ended to a level 
of 12 dBM or 600Q differentially to a level of 15 
dBM. 

The receive channel transmission level may be ad
justed 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 maximized ; when it 
is tied to PWRO+, the level is minimized. The out
put transmission level interpolates between 0 and 
-12 dB as GSR is interpolated (with potentiometer) 
between PWRo- and PWRO+. The use of the out
put gain set is illustrated in figure 7. 

Transmission levels are specified relative to the re
ceive channel output under digital milliwatt condi
tions, that is, when the digital input at DR is the eight
code sequence specified in CCITT recommenda
tion G.711. 

OUTPUT GAIN SET : DESIGN CONSIDERATIONS 

(refer to figure 7) 

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 GSR input. A value 

Figure 7 : Gain Setting Configuration. 

2 

greater than 10 KQ and Jess than 1 OOKQ 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 inac
curacies. 
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If VA represents the output voltage without any gain 
setting resistor network connected, you can have : 

Vo =AVA 

1 + (R1/R2) 
where A= 

4 + (R1/R2) 

For design purposes, a useful form is R1/R2 as a 
function of A. 

4A-1 
R1/R2 = 

1-A 

(allowable values for A are those which make R 1/R2 
positive) 

Examples are : 

If A= 1 (maximum output), then 

R1/R2 = oo or V(GSR) = Vo ; 

i.e., GSR is tied to PWRO-

If A= 1/2, then 

R1/R2 = 2 

If A= 1/4 (minimum output) then 

R1/R2 = 0 or V(GSR) = Vo+; 

i.e., GSR is tied to PWRO+ 

DC CHARACTERISTICS (Tamb = 0 'C to 70 oc, Vee=+ 5 ± 5%, Vee=- 5 V ± 5%, GRDA = 0 V, 
unless otherwise specified) Typical values are for Tamb = 25 'C and nominal power supply values. 

DIGITAL INTERFACE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lrL Low Level Input Current GRDD ,;; VrN ,;; VrL (note 1 ) 10 ~A 

lrH High Level Input Current VrH,;; VrN ,;; Vee 10 ~A 

VrL Input Low Voltage, Except 
0.8 v 

CLKSEL 

VrH Input Hrgh Voltage, Except 2.0 v 
CLKSEL 

VoL Output Low Voltage loL = 3.2 mA at Dx TSx 0.4 v 
and SIGR 

VoH Output High Voltage loH = 9.6 mA at Dx 
2.4 v 

loH = 1.2 mA at SIGR 

VrLo Input Low Voltage, CLKSEL2 Vee Vee+0.5 v 
Vrro Input Intermediate Voltage, GRDD 

0.5 v 
CLKSEL -0.5 

VrHo Input High Voltage, CLKSEL Vcc-0.5 Vee v 
Cox Digital Output Capacitance3 5 pF 

CrN Digital Input Capacitance 5 10 pF 

Notes : 1. v,N is the voltage on any dlg1tal pin 
2 SIGx and DCLKR are TIL level inputs between GRDD and Vee; they are also pinstraps for mode selectron when tied to VBB Under 

these condrtrons VrLo is the input low voltage requrrement. 
3 Trmrng parameters are guaranteed based on a 100 pF load capacrtance. Up to eight drgrtal outputs may be connected to a common 

PCM highway wrthout buffering. assuming a board capacrtance of 60 pF 
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DC CHARACTERISTIC (continued) 

POWER DISSIPATION All measurements made at focLK = 2.048 MHz, outputs unloaded. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lcc1 V cc Operatmg Current 6 10 mA 

lee1 Vee Operating Current 6 9 mA 

I ceo Vee Power Down Current PDN ~ V1L ; after 10 J.lS 40 300 J.lA 

Is eo Vss Power Down Current PDN ~ V1L ; after 10 J.lS 40 300 J.lA 

Ices Vee Standby Current FSx, FSR ~ v,L ; after 30 ms 300 600 J.lA 

lsss Vss Standby Current FSx, FSR ~ v,L ; after 30 ms 40 300 J.lA 

Po1 Operating Power Dissipation 60 100 mW 

Poo Power Down Dissipation PDN ~ V1L ; after 10 J.lS 0.4 3 mW 

PsT Standby Power Dissipation FSx, FSR ~ v,L ; after 30 ms 1.7 5 mW 

Notes : 1. V1N IS the voltage on any d1g1tal p1n 
2. SIGx and DCLKR are TIL level mputs between GRDD and Vee, they are also p1nstraps for mode selection when tied to Vas Under 

these conditions VILa IS the input low voltage requ~rement 
3 T1mmg parameters are guaranteed based on a 100 pF based on a 100 pF load capacitance. Up to e1ght d1g1tal outputs may be 

connected to a common PCM highway Without buffenng, assum1ng a board capacitance of 60 pF 

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lsx1 Input Leakage Current 
-2.17V~VIN~2.17V 100 nA 

VFxl+, VFxl-

R1x1 Input Resistance, 
10 MQ 

VFxl+, VFxl-

Vosx1 Input Offset Voltage, 25 mV 
VFxl+, VFxl-

CMRR Common Mode Rejection, 
- 2.17 ~ v,N ~ 2.17 v 55 dB 

VFxl+, VFxl-

AvoL DC Open Loop Voltage 
RL=10KQ 5000 20.000 

Gain, GSx 

fc Open Loop Unity Gain 
1 MHz 

Bandwidth, GSx 

Vox1 Output Voltage Swing GSx RL210kQ 2.17 - 2.17 v 

CLXI Load Capacitance, GSx 50 pF 

RLxl Minimum Load 
10 kQ 

Resistance, GSx 
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DC CHARACTERISTIC (continued) 

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

RoRA Output Resistance, PWRO+, 1 Q 
PWRQ-

VosRA Single Ended Output DC 
Relative to GRDA -150 75 150 mV 

Offset, PWRO+, PWRQ-

CLRA Load Capacitance, PWRO+, 100 pF 
PWRQ-

AC CHARACTERISTICS - TRANSMISSION PARAMETERS 

Unless otherwise noted, the analog input is a 0 dBmO, 1 020 Hz sine wave 1. Input amplifier is set for unity 
gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave 
through an ideal encoder. Receive output is measured single ended, maximum gain configuration2. All out
put levels are (sin X)/X corrected. 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

EmW Encoder Milliwatt Response T amb = 25 °C ; VB s = - 5 V ; -0.15 ± 0.04 0.15 dBmO 
(transmit gain tolerance) Vee =5 V 

EmWrs EmW Variation with ± 5 % Supplies, o to 70 oc -0.12 0.12 dB 
Temperature and Supplies Relative to Nominal Condition 

DmW Digital Milliwatt Response T amb = 25 oc, Vss =- 5 V ; - 0.15 ± 0.04 0.15 dBmO 
(receive gain tolerance) Vee = 5 V 

DmWrs DmW Variation with ± 5 %, o to 70 oc -0.08 0.08 dB 
Temperature and Supplies 

0 TLP1 X Zero Transmission Level Point 
600 n Load 2.76 dBm 

Transmit Channel (OdBmO) 
900 n Load 1.00 dBm 

~-law 

0 TLP2x Zero Transmission Level Point 600 Q Load 2.79 dBm 
Transmit Channel (0 dBmO) 

900 n Load 1.03 dBm 
A-law 

OTLP1R Zero Receive Level Point 600 n Load 5.76 dBm 
Receive Channel (0 dBmO) 

900 n Load 4.00 dBm 
~-law 

OTLP2R Zero Receive Level Point 600 Q Load 5.79 dBm 
Receive Channel (0 dBmO) 

900 n Load 4.03 dBm 
A-law 

Note : 1. 0 dBmO IS def1ned as the zero reference po1nt of the channel under test (0 TLP). Th1s corresponds to an analog Slgnalmput of 1.064 
V'"'' or an output of 1.503 v,.., (~·Law) dual1.068 V,m, or an output 1.516 V,m, (A-Law). 

2. Unity ga1n 1nput amplifier : GSx is connected to VFxl, S1gnal 1nput VFxl+ , Max1mum ga1n output ampl1f1er : GSA 1s connected to 
PWRO, output to PWRO+. 
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AC CHARACTERISTIC (continued) 

GAIN TRACKING 

Reference Level=- 10 dBmO 

Symbol Parameter 

GT1x Transmit Gain Tracking Error 
Sinusoidal Input ; J.t-law 

GT2x Transmit Gain Tracking Error 
Sinusoidal Input ; A-law 

GT1R Receive Gain Tracking Error 
Sinusoidal Input ; J.t-law 

GT2R Receive Gain Tracking Error 
Sinusoidal Input ; A-law 

NOISE 

Symbol Parameter 

Nxc1 Transmit Noise, C-message 
Weighted 

Nxc2 Transmit Noise, C-message 
Weighted with Eighth Bit 
Signaling 

Nxp Transmit Noise, 
Psophometrically Weighted 

NRc1 Receive Noise C-message 
Weighted : Quiet Code 

NRC2 Receiver Noise, C-message 
Weighted : Sign Bit Toggle 

NAP Receive Noise, 
Psophometrically Weighted 

NsF Single Frequency NOISE End 
to End Measurement 

PSRR, V cc Power Supply Rejection, 
Transmit Channel 

PSRR2 Vaa Power Supply Rejection, 
Transmit Channel 

PSRR3 Vee Power Supply RejectiOn, 
Receive Channel 

PSRR4 Vaa Power Supply, Rejection 
Receive Channel 

. (1) No1se free . DX PCM Code stable at 01010101. 
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Test Conditions Min. Typ. Max. Unit 

3 to- 40 dBmO ± 0.2 dB 
- 40 to - 50 dBmO ± 0.4 dB 
- 50 to - 55 dBmO ± 1.0 dB 

3 to- 40 dBmO ± 0.2 dB 
- 40 to - 50 dBmO ± 0.4 dB 
- 50 to - 55 dBmO ± 1.0 dB 

3 to- 40 dBmO ± 0.2 dB 
- 40 to - 50 dBmO ± 0.4 dB 
- 50 to - 55 dBmO ± 1.0 dB 

3 to- 40 dBmO ± 0.2 dB 
- 40 to - 50 dBmO ± 0.4 dB 
- 50 to - 55 dBmO ± 1.0 dB 

Test Conditions Min. Typ. Max. Unit 

VFxl+ = GRDA 0 13 dBrncO 
VFxl- =GSx 

VFxl+ = GRDA 
VFxl- = GSx; 13 18 dBrncO 
6 th Frame Signaling 

VFxl+ = GRDA (1)* -80 dBmOp 
VFxl- = GSx 

DR= 11111111 1 9 dBrncO 
Measure at PWRO+ 

Input to DR is Zero Code with 1 10 dBrncO 
S1gn B1t Toggle at 1 kHz Rate 

DR = Lowest Positive Decode -90 -81 dB mOp 
Level 

CCITT G.712.4.2 -50 DBMO 

Idle Channel ; 200 mV P-P 
Signal on Supply ; 0 to 50 -40 dB 
kHz, Measure at Dx 

Idle Channel ; 200 mV P-P 
Signal on Supply ; 0 to 50 -40 dB 
kHz, Measure at Dx 

Idle Channel ; 200 mV P-P 
Signal on Supply ; Measure -40 dB 
Narrow Band at PWRO+ 
Single Ended, 0 to 50 kHz 

Idle Channel ; 200 mV P-P 
Signal on Supply ; Measure -40 dB 
Narrow Band at PWRO+ 
Single Ended, 0 to 50 kHz 



AC CHARACTERISTIC (continued) 

NOISE (continued) 

Symbol Parameter 

CTTR Crosstalk, Transmit to 
Receive, Single Ended 
Outputs 

CTRT Crosstalk, Receive to 
Transmit, Single Ended 
Outputs 

DISTORTION 

Symbol Parameter 

SD1x Transmit Signal to Distortion, 
11-law Sinusoidal Input ; 
CCITT G, 712-method 2 

SD2x Transmit Signal to Distortion, 
A-law Sinusoidal Input 
CCITT G, 712-method 2 

SD1R Transmit Signal to Distortion, 
f.l·law Sinusoidal Input ; 
CCITT G, 712-method 2 

SD2R Receive Signal to Distortion, 
A-law Sinusoidal Input ; 
CCITT G, 712-method 2 

DPx1 Transmit Single Frequency 
Distortion Products 

DPR1 Receive Single Frequency 
Distortion Products 

IMD1 lntermodulation Distortion, 
End to End Measurement 

IMD2 lntermodulation Distortion, 
End to End Measurement 

sos Spurious out of Band Signals, 
End to End Measurement 

SIS Spurious in Band Signals, 
End to End Measurement 

DAx Transmit Absolute Delay 

Dox Transmit Differential Envelope 
Delay Relative to DAx 

DAR Receive Absolute Delay 

DoR Receive Differential Envelope 
Delay Relative to DAR 

M5913/M5914 

Test Conditions Min. Typ. Max. Unit 

VFxl+ = 0 dBmO, 1.02 kHz, 
DR= Lowest Positive Decode -80 dB 
Level, Measure at PWRO+ 

Ds = 0 dBmO, 1.02 kHz, 
VFxl+ = GRDA, measure at D~ -80 dB 

Test Conditions Min. Typ. Max. Unit 

0 :> VFxl+ :>- 30 dBmO 36 dB 
-40 dBmO 30 dB 
-45 dBmO 25 dB 

0 :> VFxl+ :> - 30 dBmO 36 dB 
-40 dBmO 30 dB 
-45 dBmO 25 dB 

0 s; VFxl+ s; - 30 dBmO 36 dB 
-40 dBmO 30 dB 
-45 dBmO 25 dB 

0 s; VFxl+ s;- 30 dBmO 36 dB 
-40 dBmO 30 dB 
-45 dBmO 25 dB 

AT & T Adivisory # 64 (3.8) -46 dB 
0 dBmO Input Signal 

AT & T Adivisory # 64 (3.8) -46 dB 
0 dBmO Input Signal 

CCITT G.712 (7.1) -35 dB 

CCITT G.712 (7.2) -49 dB 

CCITT G.712 (6.1) -30 dBmO 

CCITT G.712 (9) -40 dBmO 

Fixed Data Rate CLKx = 2.048 
MHz ; 0 dBmO, 1.02 kHz 300 f.lS 
Signal at VFxl+ Measure at D 

f = 500 - 600 Hz 170 f.lS 
f = 600 - 1 000 Hz 95 f.lS 
f = 1000 - 2600 Hz 45 f.lS 
f = 2600 - 2800 Hz 80 f.lS 

Fixed data rate, CLKR = 2.048 
MHZ ; digital input is DMW 190 f.lS 
codes. Measure at PWRO+ 

f = 500 - 600 Hz 10 f.lS 
f = 600 - 1 000 Hz 10 f.lS 
f = 1000-2600 Hz 85 f.lS 
f = 2600 - 2800 Hz 110 f.lS 

15/21 

193 



M5913/M5914 

AC CHARACTERISTIC (continued) 

TRANSMIT FILTER TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, noninverting ; maximum gain output. 

Symbol Parameter Test Conditions Min. Typ. 

GRx Gain Relative to Gain 
0 dBmO Signal Input at VFxl+ 

at 1.02 kHz 

16.67 Hz 

50 Hz 

60Hz 

200Hz - 1.8 

300 to 3000 Hz -0.125 

3300Hz -0.35 

3400Hz -0.7 

4000Hz 

4600 Hz and Above 

Figure 8 :Transmit Filter . 

.. ~-------------------------------------------------, 
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... 

... 

11tH• 
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·>0 

. .. 
10tcH• 

lXPANDtD 
ICALl 

Max. Unit 

-30 dB 

-25 dB 

-23 dB 

- 0.125 dB 

0.125 dB 

0.03 dB 

- 0.10 dB 

-14 dB 

-32 dB 



AC CHARACTERISTIC (continued) 

RECEIVE FILTER TRANSFER CHARACTERISTICS 

Symbol Parameter Test Conditions Min. 

GAR Gain Relative to Gain 0 dBmO Signal Input at DR 
at 1.02 kHz 

below 200Hz 

200Hz -0.5 

300 to 3000 Hz -0.125 

3300Hz -0.35 

3400Hz -0.7 

4000Hz 

4600 Hz and Above 

Figure 9 : Receive Filter. 

dB r---------------------------------------------0 

•> •> 

•1 

-1 

J 

10 -10 

>o ->0 

.JO -30 

-40 

... 
100HI 

M5913/M5914 

Typ. 

EXPANDED 
SCALE 

Max. 

0.125 

0.125 

0.125 

0.03 

-0.1 

-14 

-30 

Unit 

dB 

dB 

dB 

dB 

dB 

dB 

dB 
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AC CHARACTERISTICS - TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Test Conditions 

lev Clock Period, CLKx, CLKR fcLKX = fcLKR = 2.048 MHz 

I eLK Clock Pulse Width CLKx, CLKR 

locLK Data Clock Pulse Width 1 64 kHz o> focLK o£ 2.048 MHz 

tcoc Clock Duty Cycle CLKx. CLKR 

t,, It Clock Rise and Fall Time 

TRANSMIT SECTION, FIXED DATA RATE MODE2 

Symbol Parameter Test Conditions 

lozx Data Enabled on TS Entry 0 < CLQAD < 100 pF 

to ox Data Delay from CLKx 0 < CLQAO'< 100 pF 

IHZX Data Float on TS Exit CLOAD = 0 

I soN Timeslot X to Enable 0 < CLOAD < 100 pF 

tsoFF Timeslot X to Disable CLOAD = 0 

IF SO Frame Sync Delay 

Iss Signal Setup Time 

IsH Signal Hold Time 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Test Conditions 

losR Receive Data Setup 

loHR Receive Data Hold 

IF SO Frame Sync Delay 

lstGR SIGR Update 

Min. Typ. Max. Unit 

488 ns 

195 ns 

195 ns 

40 50 60 % 

5 30 ns 

Min. Typ. Max. Unit 

0 145 ns 

0 145 ns 

60 190 ns 

0 145 ns 

50 190 ns 

0 120 ns 

0 ns 

0 ns 

Min. Typ. Max. Unit 

10 ns 

60 ns 

0 120 ns 

0 2 f!S 
Notes : 1. Dev1ces are ava1lable w1ch operate at data rates up to 4.096 MHz , the mimmum data clock pulse w1dth for these dev1ces IS 110 ns. 

2. T1ming parameters tozx, tHzx, and tsoFF are referenced to a high Impedance state. 
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WAVEFORMS 
Fixed Data Rata Timing - Transmit Timing 

... 
NON SIGNALING 
F'RAM[S 

,., 
SIGNALING 
FRAMES 

•• 

SIG1 

M5913/M5914 

Note : All timing parameters referenced to v," and v~ except tozx, tsOFF and tHzx which reference a high impedance state. 

Receive Timing 

••• 
NON SIGNALING 
FRAMES 

••• SIGNALING 
FRAMES 

•• 

VALlO 

S·8592 

Note : All timing parameters referenced to v,H and VIL. 

~ SGS·ntDMSDN ... "'!I ~UIC!Ii@Jlll.ma:'li'IJII@OOUI!:I\l 

VALID 
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AC CHARACTERISTICS (continued) 

TRANSMIT SECTION, VARIABLE DATA RATE MODE1 

Symbol Parameter Test Conditions 

trsox Timeslot Delay from DCLKx 

tFsO Frame Sync Delay 

loox Data Delay from DCLKx 0 < CLQAO < 100 pF 

looN Timeslot to Dx Active 0 < CLoAD < 100 pF 

looFF Timeslot to Dx Inactive 0 < CLoAD < 100 pF 

fox Data Clock Frequency 

toFSX Data Delay from FSx Irs ox = 80 ns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 

Symbol Parameter Test Conditions 

trsoR Timeslot Delay from DCLKR 

tFSO Frame Sync Delay 

tosR Data Setup Time 

toHR Data Hold Time 

foR Data Clock Frequency 

tsER Timeslot End Receive Time 

64 KB OPERATION, VARIABLE DATA RATE MODE 

Symbol Parameter Test Conditions 

IFSLX Transmit Frame Sync FSx is TTL high for remainder 
Minimum Downtime of frame 

tFSLR Receive Frame Sync Minimum FSR is TTL high for remainder 
Downtime of frame 

locLK Data Clock Pulse Width 

Notes : 1. Timing parameters tooo and tooFF are referenced to a high impedance state. 
2 Device are avalilable which operate at data rates up to 4.096 MHz. 
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Min. Typ. Max. Unit 

-80 80 ns 

0 120 ns 

0 100 ns 

0 50 ns 

0 80 ns 

64 20482 kHz 

0 140 ns 

Min. Typ. Max. Unit 

-80 80 ns 

0 120 ns 

10 ns 

60 ns 

64 20482 kHz 

0 ns 

Min. Typ. Max. Unit 

488 ns 

1952 ns 

10 !lS 
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VARIABLE DATA RATE TIMING 

Transmit Timing Receive Timing 

l 
;? r-~ L '] 

~ J em J_, - [: 
] [J [• l J 

_:;: r 
'] 

[~ [ - [~ c 
'] J [ '] ] J 

r= [_ - [~ [_] 
'] r:~ [:] '] c [: [ '] ~ 
] [~)Jl c -
[~ [~ c _] [J i [~] 

L;l [M [ - c I 

'] '] [; l '] '] -~ 

[: c ~ - [: c 
~ '] ) r r J ] 

'] c K s u '] w ' ~ -~ ~ -~ (] ~ 

"' .. 
u 

Ji: 
( ( 

0 
0 

"' z z 

"' 
u " "' u " ~ ;:; "' ~ 0 u ~ 0 u 0 

AC Testing Input, Output Waveform. 

2.4 
2.0'-TEST /2.0 

o.a¥POINTS~.S 
0.45 s 

21/21 
--------------Lv~~~~~~~--------------

199 





M5917 

SINGLE CHIP PCM CODEC AND FILTER 

• A-LAW, 2.048MHz MASTER CLOCK 
• 300MIL 16-PIN PACKAGE FOR HIGHER LINE

CARD DENSITY 
• AT&T D3/D4 AND CCITT COMPATIBLE 
• VARIABLE TIMING MODE FOR FLEXIBLE 

DIGITAL INTERFACE : SUPPORTS DATA 
RATES FROM 64KB TO 4.096MB 

• FIXED TIMING MODE FOR STANDARD 32-
CHANNEL SYSTEMS : 2.048MHz MASTER 
CLOCK 

• FULLY DIFFERENTIAL ARCHITECTURE EN-
HANCES NOISE IMMUNITY 

• LOW POWER CMOS TECHNOLOGY 
• 0.5mW TYPICAL POWER DOWN 
• 70mW TYPICAL OPERATING 
• ON CHIP AUTO ZERO, SAMPLE AND HOLD, 

AND PRECISION VOLTAGE REFERENCES 

DESCRIPTION 
The M5917 is a limited feature version of Intel's 2913 
and 2914 combination codec/filter chips. They are 

Figure 1 : Pin Connection. 

Vss 

PWRO+ 2 

PWRO- 3 

PDN 

DCLKR 5 

DR 6 

FSR 

GRDD 

March 1989 

fully integrated PCM codecs with transmiVreceive 
filters fabricated in a highly reliable and proven sili
con gate technology. 

The primary applications for the M5917 is in tele
phone systems : 

• Switching - Digital PBX's and Central Office 
Switching Systems 

• Subscriber Instruments - Digital Handsets 
and Office Workstations 

Other possible applications can be found where the 
wide dynamic range (78dB) and minimum conver
sion time (125J.!S) are required for analog to digital 
interface functions : 

• High Speed Modems 

• Voice Store and Forward 

• Secure Communications 

• Digital Echo Cancellation 

16 Vee 

15 GSx 

14 VFxl-

13 GRDA 

12 TSx/DeLKx 

11 Dx 

10 FSx 

CLK 

5-8305 
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Figure 2 : Block Diagram. 

YFx•-

GSx 

PWRO• 

PWRO-

5-75119tl Vee Yea GRDD GADA 

Table 1 : Pin Names. 

Vee 

PWRO+, PWRO-

PDN 

DCLKR 

DR 

FSR 

GRDD 

Vee 
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Power(- 5V) GSx 

Power Amplifier Outputs VFxl-

Power Down Select GRDA 

Receive Variable Data Clock TSx 

Receive PCM Input 

Receive Frame 

Synchronization Clock 

Digital Ground 

Power(+ 5V) 

DCLKx 

Dx 

FSx 

CLK 

~ SGS·THOMSON ... "'!I i1ilD©OOl!i~rn«:"irDI@Il'JU©i!l 

ox 
lsxlDCLM.x 

FSx 
CLK 

PDii 

DR 

DCLKR 

Transmit Gain Control 

Analog Input 

Analog Ground 

Timeslot Strobe/buffer Enable 

Transmit Variable Data Clock 

Transmit PCM Output 

Transmit Frame 

Synchronization Clock 

Master Clock 
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Table 2 : Pin Description. 

Symbol Function 

Vss 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. 

PWRQ- Inverting Output of Power Amplifier. Functionally identical and complementary to PWRO+. 

PDN Power Down Select. When PDN is TTL high, the device is active.When low, the device is 
powered down. 

DCLKR Selects the fixed or variable data rate mode. When DCLKR is connected to Vss, the fixed data 
rate mode is selected. 
When DCLKR is not connected to Vss, the device operates in the variable data rate mode. In 
this mode DCLKR becomes the receive data clock wich operates at TTL levels from 64kB to 
4096MB data rates. 

DR Receive PCM Input. PCM data is clocked in on this lead on eight consecutive negative transitions 
of the receive data clock ; CLK in the fixed data rate mode and DCLKR in variable data rate 
mode. 

FSR 8KHz frame synchronization clock input/timeslot enable, receive channel. In variable data rate 
mode this signal must remain high for the entire length of the timeslot. The receive channel 
enters the standby state whenever FSR is TTL low for 30 miliseconds. 

GRDD Digital Ground for all Internal Logic Circuits. Not internally tied to GADA. 

CLK Master and data clock for the fixed data rate mode ; 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 is an open drain output designed to be used as an enable signal for a 
three-state buffer variable data rate mode, this pin becomes the transmit data clock which 
operates at TTL levels from 64kB to 2.048MB data rates. 

GADA Analog ground return for all internal voice circuits. Not internally connected to GRDD. 

VFxl- Inverting analog input to uncommitted transmit operational amplifier. 

GSx Output terminal of on-chip uncommitted op amp. Internally, this is the voice signal input to the 
transmit filter. 

Vee Most positive supply ; input voltage is + 5 volts ± 5%. 

FUNCTIONAL DESCRIPTION GENERAL OPERATION 

SYSTEM RELIABILITY FEATURES The M5917 provides the analog-to-digital and the 
digital-to-analog conversion and the transmit and 
receive filtering necessary to interface a full duplex 
(4 wires) voice telephone circuit with the PCM high
way of a time division multiplexed (TOM) 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 

• Encoding and decoding of voice and call pro
gress information 

The combochip can be powered up by pulsing FSx 
and/or FSR while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are con
nected. The M5917 has internal resets on power up 
(or when Vas or Vee are re-applied) in order to en
sure validity of the digital outputs and thereby main
tain integrity of the PCM highway. 

On the transmit channel, digital outputs DX and TSx 
are held in a high impedance state for approximate
ly four frames (SOOJlS) after power up or application 
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of Vss or Vee. After this delay, Dx and TSx will be 
functional and will occur in the proper timeslot. The 
analog circuits on the transmit side require approxi
mately 35 milliseconds to reach their equilibrium 
value due to the autozero circuit settling time. 

To enhance system reliability, TSx and Ox will be 
placed in a high impedance state approximately 
2011s after an interruption of CLK. 

POWER DOWN AND STANDBY MODES 
To minimize power consumption, two power down 
modes are provided in which most M5917 functions 
are disabled. Only the power down, clock, and frame 
sync buffers, which are required to power up the de
vice, are enabled in these modes. As shown in table 
3, the digital outputs on the appropriate channels 
are placed in a high impedance state until the de
vice returns to the active mode. 

Table 3 :Power-down Methods. 

Device Status Power-downMethod 

Power Down Mode PDN =TTL low 

Standby Mode FSx and FSR are TTL low. 

Only transmit is on FSx is TTL low. 
standby. 

Only receive is on FSR is TTL low. 
standby. 

FIXED DATA RATE MODE 

Fixed data rate timing, is selected by connecting 
DCLKR to Vss. It employs master clock CLK, frame 
synchronization clocks FSx and FSR, and output TSx. 
CLK serves as the master clock to operate the 
codec and filter sections and as the bit clock to clock 
the data in and out from the PCM highway. FSx and 
FSR are 8kHz inputs which set the sampling fre
quency. TSx is a timeslot strobe/buffer enable out
put 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 CLK following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLK. The 
frequency of CLK must be 2.048MHz. No other fre
quency of operation is allowed in the fixed data rate 
mode. 

VARIABLE DATA RATE MODE 
Variable data rate timing is selected by connecting 
DCLKR to the bit clock for the receive PCM highway 

4/16 

204 

The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump
tion 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 signal, the PDN pin 
floats to TTL high allowing the device to remain ac
tive continuously. 
The Standby mode leaves the user an option of 
powering either channel down separately or power
ing the entire down by selectively removing FSx 
and/or FSR. With both channels in the standby state, 
power consumption is reduced to an average of 
1 mW. If transmit only operation is desired, FSx 
should be applied to the device while FSR is held 
low. Similarly, if receive only operation is desired, 
FSR should be applied while FSx is held low. 

Digital Output Status 

TSx and Dx are placed in a high impedance state within 
10).1S. 

TSx and Dx are placed in a high impedance state within 
30 milliseconds. 

TSx and DX are placed in a high impedance state within 
30 milliseconds. 

rather than to Vss. It employs master clock CLK, bit 
clocks DCLKR and DCLKx, and frame synchroniza
tion. clocks FSR 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. 
The master clock is still restricted to 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 posi
tive transitions of DCLKx. Similarly, while FSR is 
high, each PCM bit from the highway is received by 
DR on the next eight consecutive negative transi
tions of DCLKR. 

On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125s frame as long 
as DCLKx is pulsed and FSx is held high. This fea
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desi-red, 
and is only available in the variable data rate mode. 



PRECISION VOLTAGE REFERENCES 

No external components are required with the com
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique use the bandgap principle to derive a tem
perature 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 section 
are trimmed independently in the filter stages to a 
final precision value. With this method the combo
chip can achieve manufacturing tolerances of typi
cally ± 0.04dB in absolute gain for each half 
channel, providing the user a significant margin for 
error in other board components. 

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 2.17 volts, a maximum 
DC offset of 25mV, a minimum voltage gain of 5000, 
and a unity gain bandwidth of typically 1 MHz. Gain 
of up to 20dB can be set without degrading the per
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GSx) must be 
greater than 10 kilohms in parallel high less than 
50pF. The input signal on lead VFxl can be either 
AC or DC coupled. The input op amp can only be 
used in the inverting mode as shown in figure 3. 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35dB attenuation at 
the sampling frequency. No external components 
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 M5917 specifications 
meet or exceed digital class 5 central office switch
ing systems requirements. The transmit filter trans
fer characteristics and specifications will be within 
the limits shown in figure 4. 

A high pass section configuration was chosen tore
ject low frequency noise from 50 and 60Hz power 
lines, 17Hz European electric railroads, ringing fre
quencies and their harmonics, and other low fre
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 

M5917 

gives low attenuation at 200Hz. This feature allows 
the use of low-cost transformer hybrids without ex
ternal components. 

Figure 3 :Transmit Filter Gain Adjustment. 

R2 GSx 

VFx 1-

R1 

INPUT 

S-8306 

ENCODING 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per
forms 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 auto zero 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 encoder 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. AD/A con
version is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 

RECEIVE FILTER 

The receive section of the filter provides passband 
flatness and stopband rejection which fulfills both 
the AT&T D3/D4 specification and CCITT recom
mendation G. 712. The filter contains the required 
compensation for the (sin x)/x response of such de
coders. The receive filter characteristics and speci
fications will be within the limits shown in figure 5. 
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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 differentially to a level 
of 15dBm. 

Transmission levels are specified relative to the re
ceive channel output under digital milliwatt condi
tions, that is, when the digital input at DR is the 
eight-code sequence specified in CCITT recom
mendation G.711. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee With Respect GRDD, GRDA = OV - 0.6to 7 

Vss With Respect GRDD, GRDA = OV + 0.6to -7 

GRDD, In Such Case : 0 s Vee s + 7V,- 7V s Vss s OV ± 0.3 
GRDA 

VItO Analog Inputs, Analog Outputs and Digital Inputs Vss- 0.3 s V1NNouT s Vee + 0.3 

VooiG Digital Outputs GRDD- 0.3 S VouT S Vee+ 0.3 

Top Temperature Range -10 to+ 80 

Tstg Storage Temperature - 65to + 150 

Ptot Power Dissipation 1 

DC CHARACTERISTICS (TA = 0°Cto 70°C, Vee= +5V ± 5%, Vas=- 5V ± 5%, GRDA = OV, 
GRDD = OV, unless otherwise specified) 
Typical values are for T A = 25°C and nominal power supply values. 

DIGITAL INTERFACE 

Symbol Parameter Test Conditions Min. Typ. Max. 

I1L Low Level Input Current GRDD S V1N S V1L (note 1) 10 

IIH High Level Input Current V1H s V1N s Vee 10 

V1L Input Low Voltage 0.8 

V1H Input High Voltage 2.0 

VoL Output Low Voltage loL = 3.2mA at Dx, TSx 0.4 

VoH Output High Voltage loH = 9.6mA at Dx 2.4 

Cox Digital Output Capacitance2 5 

C1N Digital Input Capacitance 5 10 
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Unit 

v 
v 
v 

v 
v 
oc 
oc 
w 

Unit 

!LA 
!LA 
v 
v 
v 
v 

pF 

pF 
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POWER DISSIPATION All measurements made at focLK = 2.048MHz, outputs unloaded. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lcc1 Vee Operating Current 6 10 mA 

lee1 Vee Operating Current 6 9 mA 

I ceo Vee Power Down Current PDN,;; V1L ; after 10J.1S 40 300 !lA 
Is eo Vee Power Down Current PDN,;; V1L ; after 10J.1S 40 300 !lA 
Ices Vee Standby Current FSx, FSR ,;; V1L ; after 30ms 300 600 !lA 
lees Vee Standby Current FSx, FSR,;; V1L ; after 30ms 40 300 !lA 
Po1 Operating Power Dissipation 60 100 mW 

Poo Power Down Dissipation PDN,;; V1L ; after 10J.1S 0.4 3 mW 

PsT Standby Power Dissipation FSx. FSR ,;; V1L ; after 30ms 1.7 5 mW 

Notes : 1. Y1N IS the voltage on any d1g1tal pin. 
2. T1mmg parameters are guaranteed based on a 1 OOpF load capacitance. Up to eight digital outputs may be connected to a 

common PCM highway without buffering, assum1ng a board capaCitance of 60pf. 
3. With nominal power supply values. 

ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

lex1 Input Leakage Current, VFxl- - 2.17V,;; VIN,;; 2.17V 100 nA 

R1x1 Input Resistance, VFxl- 10 MQ 

Vosx1 Input Offset Voltage, VFxl- 25 mV 

AvoL DC Open Loop Voltage Gain, RL = 10K 5000 20.000 
GSx 

fc Open Loop Unity Gain 1 MHz 
Bandwidth, GSx 

Vox1 Output Voltage Swing GSx RL ~ 10kQ -2.17 2.17 v 
CLxl Load Capacitance, GSx 50 pF 

RLXI Minimum Load Resistance, 10 kQ 
GSx 

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

RoRA Output Resistance, PWRO+, 1 Q 
PWRO-

VosRA Single-ended Output DC Relative to GRDA -150 75 150 mV 
Offset, PWRO+, PWRO-

CLRA Load Capacitance, PWRO+, 100 pF 
PWRO-
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A.C. CHARACTERISTICS- TRANSMISSION PARAMETERS 
Unless otherwise noted, the analog input is a 
OdBmO, 1020Hz sine wave. Input amplifier is set for 
unity gain,2 inverting. The digital input is a PCM bit 
stream generated by passing a OdBmO, 1020Hz 

sine wave through an ideal encoder. Receive out
put is measured single ended. All output levels are 
(sin x)/x corrected. 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

EmW Encoder Milliwatt Response Signal Input of 1.068Vrms -0.15 ± 0.04 + 0.15 dBmO 
(transmit gain tolerance) TA =25°C, Vss =-5V, 

Vee=+ 5V 

EmWTs EmW Variation with ± 5% Supplies, 0 to 70°C - 0.1 + 0.1 dB 
Temperature and Supplies Relative to Nominal Conditions 

DmW Digital Milliwatt Response Measure Relative to OTLPR. -0.15 ± 0.04 + 0.15 dBmO 
(receive gain tolerance) Signal Input per CCITT 

Recommendation G.711. 
Output Signal of 1OOOHz. 
TA =25°C ;Vss =-5V; 
Vee = + 5V 

DmWTs DmW Variation with ± 5% Supplies, 0 to 70°C -0.1 + 0.1 dB 
Temperature and Supplies 

OTLP2x Zero Transmission Level Point Referenced to 600Q + 2.79 dBm 
Transmit Channel (OdBmO) Referenced to 900Q + 1.03 dBm 

OTLP2R Zero Receive Level Point Referenced to SOOn + 5.79 dBm 
Receive Channel (OdBmO) Referenced to 900Q + 4.03 dBm 

Notes : 1. OdBmO IS defined as the zero reference point of the channel under test (OTLP) Th1s corresponds to an analog s1gnal 
1nput of 1.068 volts rms or an output of 1.516 volts rms. 

2 Umty gam 1nput ampl1f1er, s1gnal Input Vfxl-. 

GAIN TRACKING Reference Level =- 1 OdBmO 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

GT2x Transmit Gain Tracking Error + 3 to - 40dBmO 0.2 dB 
Sinusoidal Input. - 40 to - 50dBmO 0.4 dB 

- 50 to - 55dBmO 1.0 dB 

GT2R Receive Gain Tracking Error + 3 to - 40dBmO 0.2 dB 
Sinusoidal Input. - 40 to - 50dBmO 0.4 dB 

- 50 to - 55dBmO 1.0 dB 
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NOISE 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Nxp Transmit Noise, VFxl+ = GRDA, (1 )* -80 dB mOp 
Psophometrically Weighted VFxl- = GSx 

NRP Receive Noise, DR =Lowest Positive Decode -81 dBmOp 
Psophometrically Weighted Level +9 

NsF Single Frequency NOISE End CCITT G.712.4.2 -50 dBmO 
to End Measurement 

PSRR1 V cc Power Supply Rejection, Idle Channel ; 200mV P-P -40 dB 
Transmit Channel Signal on Supply ; 0 to 50kHz, 

Measure at Dx 

PSRR2 V88 Power Supply Rejection, Idle Channel ; 200mV P-P -40 dB 
Transmit Channel Signal on Supply ; 0 to 50kHz, 

Measure at Dx 

PSRR3 Vee Power Supply Rejection, Idle Channel ; 200mV P-P -40 dB 
Receive Channel Signal on Supply ; Measure 

Narrow Band at PWRO+ 
Single Ended, 0 to 50kHz 

PSRR4 Vss Power Supply Rejection, Idle Channel ; 200mV P-P -40 dB 
Receive Channel Signal on Supply ; Measure 

Narrow Band at PWRO+ 
Single Ended, 0 to 50kHz 

CTTR Crosstalk, Transmit to VFxl+ = OdBmO, 1.02kHz, -80 dB 
Receive, Single Ended DR =Lowest Positive Decode 
Outputs Level, Measure at PWRO+ 

CTRT Crosstalk, Receive to D8 = OdBmO, 1.02kHz, -80 d 
Transmit, Single Ended VFxl+ = GRDA, Measure at Dx 
Outputs 

(1) • Noise free : DXPCM Code stable at 01010101. 

9/16 

209 



M5917 

DISTORTION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

SD2x Transmit Signal to Distortion, 0 ::; VFxl+ ::; - 30dBmO 36 dB 
Sinusoidal Input - 40dBmO 30 dB 
CCITT G.712-method 2 - 45dBmO 25 dB 

SD1R Transmit Signal to Distortion, 0 ::; VFxl+::;- 30dBmO 36 dB 
Jl·law Sinusoidal Input ; - 40dBmO 30 dB 
CCITT G.712-method 2 - 45dBmO 25 dB 

SD2R Receive Signal to Distortion, 0 ::; VFxl+ ::; - 30dBmO 36 dB 
Sinusoidal Input ; - 40dBmO 30 dB 
CCITT G.712-method 2 - 45dBmO 25 dB 

DPx1 Transmit Single Frequency AT & T Adivisory = 64 (3.8) -46 dB 
Distortion Products OdBmO Input Signal 

DPR1 Receive Single Frequency AT & T Adivisory = 64 (3.8) -46 dB 
Distortion Products OdBmO Input Signal 

IMD1 lntermodulation Distortion, CCITT G.712 (7.1) -35 dB 
End to End Measurement 

IMD2 lntermodulation Distortion, CCITT G.712 (7.2) -49 dB 
End to End Measurement 

sos Spurious Out of Band Signals, CCITT G.712 (6.1) -30 dBmO 
End to End Measurement 

SIS Spurious in Band Signals, CCITT G.712 (9) -40 dBmO 
End to End Measurement 

DAx Transmit Absolute Delay Fixed Data Rate CLKx = 300 JlS 
2.048MHz ; OdBmO, 1.02kHz 
Signal at VFxl+ Measure at D~ 

Dox Transmit Differential Envelope f = 500 - 600Hz 170 JlS 
Delay Relative to DAx. f = 600- 1000Hz 95 JlS 

f = 1 000 - 2600Hz 45 JlS 
f = 2600 - 2800Hz 80 JlS 

DAR Receive Absolute Delay Fixed data rate, CLKR = 190 JlS 
2.048MHz ; digital input is 
DMW codes. Measure at 
PWRO+ 

DoR Receive Differential Envelope f = 500 - 600Hz 10 JlS 
Delay Relative to DAR f = 600 -1000Hz 10 JlS 

f = 1000 - 2600Hi 85 JlS 
f = 2600 - 2800Hz 110 JlS 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICSinput amplifier is set for unity gain, inverting. 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

GRx Gain Relative to Gain 0 dBmO Signal Input at VFxl-
at 1.02 kHz 

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 4 :Transmit Channel. 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

Symbol Parameter Test Conditions Min. 

GAR Gain Relative to Gain OdBmO Signal Input at DR 
at 1.02kHz 

below 200Hz 

200Hz -0.5 

300 to 3000Hz -0.125 

3300Hz -0.35 

3400Hz -0.7 

4000Hz 

4600Hz and Above 

Fi ure 5 : Receive Channel. 
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AC CHARACTERISTICS- TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Test Conditions 

tcy Clock Period, CLK fcLK = 2.048MHz 

I eLK Clock Pulse Width CLK 

locLK Data Clock Pulse Width 1 64kHz $ focLK $ 2.048MHz 

lcoc Clock Duty Cycle CLK 

1,, It Clock Rise and Fall Time 
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Min. 

488 

195 

195 

40 

5 

Typ. Max. Unit 

+ 0.125 dB 

+ 0.125 dB 

+ 0.125 dB 

+ 0.03 dB 

-0.1 dB 

-14 dB 

-30 dB 

Typ. Max. Unit 

ns 

ns 

ns 

50 60 % 

30 ns 



AC CHARACTERISTICS- TIMING PARAMETERS (continued) 

TRANSMIT SECTION, FIXED DATA RATE MODE2 

Symbol Parameter Test Conditions 

tozx Data Enabled on TS Entry 0 < CLOAD < 1 OOpF 

to ox Data Delay from CLK 0 < CLOAD < 1 OOpF 

IHZX Data Float on TS Exit CLQAD = 0 

!soN Timeslot X to Enable 0 < CLOAD < 1 OOpF 

lsoFF Timeslot X to Disable CLoAD = 0 

IFSD Frame Sync Delay 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Test Conditions 

los A Receive Data Setup 

loHR Receive Data Hold 

IFSD Frame Sync Delay 

M5917 

Min. Typ. Max. Unit 

0 145 ns 

0 145 ns 

60 190 ns 

0 145 ns 

50 190 ns 

0 120 ns 

Min. Typ. Max. Unit 

10 ns 

60 ns 

0 120 ns 

Notes : 1. Dev1ces are available which operate at data rates up to 4.096MHz ; the m1n1mum data clock pulse width for these devices 
1s 110ns. 

2. T1m1ng parameters tozx, tHzx, and tsoFF are referenced to a h1gh impedance state. 

WAVEFORMS 

FIXED DATA RATE TIMING. 

TRANSMIT TIMING 

CLK 

., 

Note :All timing parameters referenced to V1H and V1L except tozx, tsoFF and tHzx which reference a high impedance state. 
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RECEIVE TIMING 

CLK 

CLI\ 

DR 
STABLE 

Note :All timing parameters referenced to V1H and Vll 

AC CHARACTERISITCS - TIMING PARAMETERS (continued) 

TRANSMIT SECTION, VARIABLE DATA RATE MODE1 

Symbol Parameter Test Conditions 

ITS OX Timeslot Delay from DCLKx 

IF so Frame Sync Delay 

loox Data Delay from DCLKx 0 < CLOAO < 1 OOpF 

looN Timeslot to Dx Active 0 < CLOAO < 1 OOpF 

tooFF Timeslot to Dx Inactive 0 < CLOAO < 1 OOpF 

fox Data Clock Frequency 

loFSX Data Delay from FSx hsox =SOns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 

Symbol Parameter Test Conditions 

ITS DR Timeslot Delay from DCLKR 

IF so Frame Sync Delay 

losR Data Setup Time 

loHR Data Hold Time 

;' foR Data Clock Frequency 

lsER Timeslot End Receive Time 
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Min. Typ. Max. Unit 

-80 80 ns 

0 120 ns 

0 100 ns 

0 50 ns 

0 80 ns 

64 20482 kHz 

0 140 ns 

Min. Typ. Max. Unit 

-80 80 ns 

0 120 ns 

10 ns 

60 ns 

64 20482 kHz 

0 ns 



AC CHARACTERISTICS - TIMING PARAMETERS (continued) 

64KB OPERATION, VARIABLE DATA RATE MODE 

Symbol Parameter Test Conditions 

tFSLX Transmit Frame Sync FSx is TTL high for remainder 
Minimum Downtime of frame 

tFSLR Receive Frame Sync FSR is TTL high for remainder 
Minimum Downtime of frame 

tocLK Data Clock Pulse Width 

Notes : 1. Timing parameters looN and looFF are referenced to a high impedance state. 
2. Dev1ce are available which operate at data rates up to 4.096MHz. 

VARIABLE DATA RATE TIMING 

,., 

OCLKx 

ox 

M5917 

Min. Typ. Max. Unit 

488 ns 

1952 ns 

10 J.IS 

Note :All timing parameters referenced to v,H and V" except looN and loFF which reference a high Impedance state. 

15/16 

215 



M5917 

A.C. TESTING INPUT, OUTPUT WAVEFORM 
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2.4 

0.45 

2.0, TEST _....,2.0 

o.a$"POINTS~.e 

5-7594 

A. C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0" timing 
measurements are made at 2.0V for a logic "1" and O.BV for a logic "0". 



TS5070 
TS5071 

PROGRAMMABLE CODEC/FIL TER 
COMBO 2ND GENERATION 

• COMPLETE CO DEC AND FILTER SYSTEM IN
CLUDING: 
_ TRANSMIT AND RECEIVE PCM CHANNEL 

FILTERS 
- 11-LAW OR A-LAW COMPANDING CODER 

AND DECODER 
- RECEIVE POWER AMPLIFIER DRIVES 

300Q 
- 4.096 MHz SERIAL PCM DATA (max) 

• PROGRAMMABLE FUNCTIONS : 
_ TRANSMIT GAIN: 25.4 dB RANGE, 0.1 dB 

STEPS 
- RECEIVE GAIN : 25.4 dB RANGE, 0.1 dB 

STEPS 
_ HYBRID BALANCE CANCELLATION FIL

TER 
- TIME-SLOT ASSIGNMENT : UP to 64 

SLOTS/FRAME 
- 2 PORT ASSIGNMENT (TS5070) 
- 6 INTERFACE LATCHES (TS5070) 
... A or 11-LAW 
_ ANALOG LOOPBACK 
- DIGITAL LOOPBACK 

• DIRECT INTERFACE TO SOLID-STATE SLICs 
• SIMPLIFIES TRANSFORMER SLIC, SINGLE 

WINDING SECONDARY 
• STANDARD SERIAL CONTROL INTERFACE 
• 70 mW OPERATING POWER (typ) 
• 2 mW STANDBY POWER (typ) 
• MEETS OR EXCEEDS ALL CCITI AND LSSGR 

SPECIFICATIONS . 
• TIL AND CMOS COMPATIBLE DIGITAL IN

TERFACES 
• SECOND SOURCE OF TP3070, TP3071/COM

BOII® 

DESCRIPTION 
The TS5070 series are second generation combi
ned PCM CO DEC and Filter devices optimized for 
digital switching applications on subscriber and 
trunk line cards. Using advanced switched capaci
tor techniques the TS5070 and TS5071 combine 
transmit bandpass and receive lowpass channel fil
ters with a companding PCM encoder and decoder. 
The devices are A-law and wlaw selectable and em
ploy a conventional serial PCM interface capable of 
being clocked up to 4.096 MHz. A number of pro-

January 1989 

DIP20 
(Plastic and Ceramic) 

ORDER CODE: TS5071N 
TS5071J 

DIP28L 
(Ceramic) 

ORDER CODE : TS5070J 

PLCC28 

ORDER CODE : TS5070FN 

grammable functions may be controlled via a serial 
control port. 

Channel gains are programmable over a 25.4 dB 
range in each direction, and a programmable filter 
is included to enable Hybrid Balancing to be adjus
ted to suit a wide range of loop impedance condi
tions. Both transformer and active SLIC interface cir
cuits with real or complex termination impedances 
can be balanced by this filter, with cancellation in ex
cess of 30 dB being readily achievable when mea
sured across the passband against standard test 
termination networks. 
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TS5070-TS5071 

To enable COMBO IIG to interface to the SLIC 
control leads, a number of programmable latches 
are included ; each may be configured as either an 

BLOCK DIAGRAM 

UFXI 

ILS 
IL4 

IL3 

IL2 

IL1 
ILB 

UFRD~-+----------------------~ 

GND TSSB?B/71 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Vee to GND 

Vss Vss to GND 

Voltage at VFXI 

V1N Voltage at Any Digital Input 

Current at VFRO 

lo Current at Any Digital Output 

Tstg Storage Temperature Range 

input or an output. The TS5070 provides 6 latches 
and the TS5071 5 latches. 

CI 

f188T55B?B-B1fl 

Value 

7 

-7 

Vee + 0.5 to Vss- 0.5 

Vee + 0.5 to GND- 0.5 

± 100 

±50 

-65, + 150 

DXB 
DX1 

co 

Unit 

v 
v 
v 
v 

rnA 

rnA 

oc 
T1ead Lead Temperature Range (soldering, 10 seconds) 300 oc 
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PIN CONNECTIONS 

PLCC28 
TS5070FN 

m 
0 

X GND 
" 0 u ru 

u m ~ z ~ u ~ z " " " " " UFRO 

4 3 2 1 28 27 25 Uss 

NC 25 IL1 NC 

IL3 24 IL4 IL3 

IL2 23 ILS 
IL2 

FSR 
FSR 

22 FSX 
DR1 

DR1 21 TSX1 
ORB 

ORB 18 28 TSXB 
co 

co 11 19 DX1 
cr 

12 13 14 15 15 17 18 
CCLK 

~ "' I~ " "' "' ru cs ~ ~ ~ ~ X 
u u u 0 

"' ~ 
MR 

t188TS5B?B-82 

PIN DESCRIPTION 

POWER SUPPLY, CLOCK 

Name Pin TS5070 TS5070 
Type J FN 

Vee s 27 27 

Vss s 3 3 

GND s 1 1 

BCLK I 15 16 

MCLK I 16 17 

TS5071 

19 

3 

1 

12 

12 

TS5070· TS5071 

DIP28 DIP20 
TS5070J TS5071J/N 

UFXI 

ucc 

NC 
GND UFXI 

IL8 
UFRO ucc 

IL1 
Vss !L8 

!L4 
IL3 IL1 

ILS IL2 IL4 

FSX FSR FSX 

TSX1 ORB TSX8 

TSX9 CI/0 DXB 

D'l 
CCLK 8CLK/MCLK 

cs MR 
DX8 

MCLK 
!18BT55B?t-81 

BCLK 

tfBBTSSB?B-83 

Function Description 

Positive Power +5V±5% 
Supply 
Negative -5V±5% 
Power Supply 
Ground All analog and digital signals are referenced to 

this pin. 

Bit Clock Bit clock input used to shift PCM data into and 
out of the DR and Dx pins. BCLK may vary from 
64 kHz to 4.096 MHz in 8 kHz increments, and 
must be synchronous with MCLK. 

Master Clock Master clock input used by the switched capacitor 
filters and the encoder and decoder sequencing 
logic. Must be 512kHz, 1. 536/1. 544 MHz, 
2.048 MHz or 4.096 MHz and synchronous with 
BCLK. 
BCLK and MCLK are wired together in the 
TS5071. 
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TS5070-TS5071 

PIN DESCRIPTION (continued) 

TRANSMIT SECTION 

Name Pin TS5070 TS5070 
Type J FN 

FSx I 21 22 

VFxl I 28 28 

DxO 0 17 18 
Dx1 0 18 19 

TSxO 0 19 20 

TSx1 0 20 21 

RECEIVE SECTION 

Name Pin TS5070 TS5070 
Type J FN 

FSR I 7 8 

VFRO 0 2 2 

DRO I 9 10 
DR1 I 8 9 
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TS5071 Function Description 

15 Transmit Normally a pulse or squarewave waveform with 
Frame Sync. an 8 kHz repetition rate is applied to this input to 

define the start of the transmit time-slot assigned 
to this device (non-delayed data mode) or the 
start of the transmit frame (delayed data mode 
using the internal time-slot assigment counter). 

20 Transmit This is a high-impedance input. Voice frequency 
Analog signals present on this input are encoded as an 

A-law or ~t-law PCM bit stream and shifted out 
on the selected Dx pin. 

13 Transmit Data Dx1 is available on the TS5070 only, DxO is 
- available on all devices. These transmit 

data TRI-STATE® outputs remain in the high 
impedance state except during the assigned 
transmit time-slot on the assigned port, during 
wich the transmit PCM data byte is shifted out on 
the rising edges of BCLK. 

14 Transmit TSx1 is available on the TS5070 only. 

- Time-slot TSxO is available on all devices. Normally these 
opendrain outputs are floating in a high 
impedance state except when a time-slot is 
active on one of the Dx outputs, when the 
apppropriate TSx output pulls low to 
enable a backplane line-driver. Should be 
strapped to ground (GND) when not used. 

TS5071 Function Description 

6 Receive Frame Normally a pulse or squrewave waveform with an 
Sync. 8 kHz repetition rate is applied to this input to 

define the start of the receive time-slot assigned 
to this device (non-delayed frame mode) or the 
start of the receive frame (delayed frame mode 
using the internal time-slot assignment counter). 

2 Receive Analog The receive analog power amplifier output, 
capable of driving load impedances as low as 
300 Q (depending on the peak overload level 
required). PCM data received on the assigned DR 
pin is decoded and appears at this output as 
voice frequency signals. 

7 Receive Data DR1 is available on the TS5070 only, DRO is 
- available on all devices. These receive data 

input(s) are inactive except during the assigned 
receive time-slot of the assigned port when the 
receive PCM data is shifted in on the falling 
edges of BCLK. 



PIN DESCRIPTION (continued) 

INTERFACE, CONTROL, RESET 

TS5070-TS5071 

Name Pin TS5070 TS5070 TS5071 Function Description 
Type J FN 

IL5 1/0 22 23 - Interface IL5 through ILO are available on the TS5070, 
IL4 1/0 23 24 16 Latches IL4 through ILO are available on the TS5071. 
IL3 1/0 5 6 4 Each interface Latch 1/0 pin may be individually 
IL2 1/0 6 7 5 programmed as an input or an output determined 
IL1 1/0 24 25 17 by the state of the corresponding bit in the Latch 
ILO 1/0 25 26 18 Direction Register (LDR) . For pins configured as 

inputs, the logic state sensed on each input is 
latched into the interface Latch Register (ILR) 
whenever control data is written to COMBO IIG, 
while CS is low, and the information is shifted out 
on the CO (or Cl/0) pin. When configured as 
outputs, control data written into the ILR appears 
at the corresponding IL pins. 

CCLK I 12 13 9 Control Clock This clock shifts serial control information into or 
out of Cl or CO (or Cl/0) when the CS input is 
low depending on the current instruction. CCLK 
may be asynchronous with the other system 
clocks. 

Cl/0 1/0 - - 8 Control Data This is Control Data 1/0 pin wich is provided on 
Input/output the TS5071. Serial control information is shifted 

into or out of COMBO IIG on this pin when CS is 
low. The direction of the data is determined by 
the current instruction as defined in Table 1. 

Cl I 11 12 - Control Data These are separate controls, availables only on 
Input the TS5070. They can be wired together if 

co 0 10 11 - Control Data required. 
Output 

cs I 13 14 10 Chip Select When this pins is low, control information can be 
written into or out of COMBO IIG via the Cl and 
CO pins (or CliO). 

MR I 14 15 11 Master Reset This logic input must be pulled low for normal 

FUNCTIONAL DESCRIPTION 

POWER-ON INITIALIZATION 

When power is first applied, power-on reset circui
try initializes COMBO JIG and puts it into the power
down state. The gain control registers for the trans
mit and receive gain sections are programmed for 
no output, the hybrid balance circuit is turned off, the 
power amp is disabled and the device is in the non
delayed timing mode. The Latch Direction Register 
(LOR) is pre-set with aiiiL pins programmed as in
puts, placing the SLIC interface pins in a high impe-

operation of COMBO II G. When pulled 
momentarily high, all programmable registers in 
the device are reset to the states specified under 
"Power-on Initialization". 

dance state. The Cl/0 pin is set as an input ready 
for the first control byte of the initialization sequence. 

A reset to these same initial conditions may also be 
forced by driving the MR pin momentarily high. This 
may be done either when powered-up or down. For 
normal operation this pin must be pulled low. 

The desired modes for all programmable functions 
may be initialized via the control port prior to a Po
wer-up command. 
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TS5070-TS5071 

POWER-DOWN STATE 

Following a period of activity in the powered-up state 
the power-down state may be re-entered by writing 
a Power-Down instruction into the serial control port 
as indicated in table 1. The power down instruction 
may be included within any other instruction code. 
It is recommended that the chip be powered down 
before executing any instructions. In the power
down state, all non-essential circuitry is de-activa
ted and the DxD and Dx1 outputs are in the high im
pedance TRI-STATE condition. 

The coefficients stored in the Hybrid Balance circuit 
and the Gain Control registers, the data in the LOR 
and ILR, and all control bits remain unchanged in 
the power-down state unless changed by writing 
new data via the serial control port, which remains 
operational. The outputs of the Interface Latches al
so remain active, maintaining the ability to monitor 
and control a SLIC. 

TRANSMIT FIL TEA AND ENCODER 

The Transmit section input, VFxl, is a high impe
dance summing input which is used as the differen
cing point for the internal hybrid balance cancella
tion signal. No external components are needed to 
set the gain. Following this circuit is a programma
ble gain/attenuation amplifier which is controlled by 
the contents of the Transmit Gain Register (see Pro
grammable Functions section). An active prefilter 
then precedes the 3rd order high-pass and 5th or
der low-pass switched capacitor filters. The NO 
converter has a compressing characteristic accor
ding to the standard CCITT A or j.t255 coding laws, 
which must be selected by a control instruction du
ring initialization (see table 1 and 2). A precision on
chip voltage reference ensures accurate and highly 
stable transmission levels. Any offset voltage arising 
in the gain-set amplifier, the filters or the compara
tor is cancelled by an internal auto-zero circuit. 
Each encode cycle begins immediately following the 
assigned Transmit time-slot. The total signal delay 
referenced to the start of the time-slot is approxima
tely 165 j.tS (due to the Transmit Filter) plus 125 j.tS 
(due to encoding delay), which totals 29D j.lS. Data 
is shifted out on DxD or Dx1 during the selected time 
slot on eight rising edges of BCLK. 

DECODER AND RECEIVE FIL TEA 

PCM data is shifted into the Decoder's Receive 
PCM Register via the DAD or DA1 pin during these
lected time-slot on the 8 falling edges of BCLK. The 
Decoder consists of an expanding DAC with either 
A or j.t255 law decoding characteristic, which is se
lected by the same control instruction used to select 
the Encode law during initialization. Following the 
Decoder is a 5th order low-pass switched capacitor 
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filter with integral Sin x/x correction for the 8 kHz 
sample and hold. A programmable gain amplifier, 
which must be set by writing to the Receive Gain 
Register, is included, and finally a Post-Filter/Power 
Amplifier capable of driving a 3DD Q load to± 3.5 V, 
a 6DD Q load to ± 3.8 V or 15 kQ load to ± 4.D V at 
peak overload. 

A decode cycle begins immediately after each re
ceive time-slot, and 1 D j.lS later the Decoder DAC 
output is updated. The total signal delay is 1 D j.lS 
plus 12D j.tS (filter delay) plus 62.5 j.tS (1 /2 frame) 
which gives approximately 19D j.lS. 

PCM INTERFACE 

The FSx and FSA frame sync inputs determine the 
beginning of the 8-bit transmit and receive time-slots 
respectively. They may have any duration from a 
single cycle of BCLK to a square wave. Two diffe
rent relationships may be established between the 
frame sync inputs and the actual time-slots on the 
PCM busses by setting bit 3 in the Control Register 
(see table 2). Non delayed data mode is similar to 
long-frame timing on the ETC 5D5D/6D series of de
vices :time-slots being nominally coincident with the 
rising edge of the appropriate FS input. The alterna
tive is to use Delayed Data mode which is similar to 
short-frame sync timing, in which each FS input 
must be high at least a half-cycle of BCLK earlier 
than the time-slot. 

The Time-Slot Assignment circuit on the device can 
only be used with Delayed Data timing. When using 
Time-Slot Assignment, the beginning of the first 
time-slot in a frame is identified by the appropriate 
FS input. The actual transmit and receive time-slots 
are then determined by the internal Time-Slot Assi
gnment counters. Transmit and Receive frames and 
time-slots may be skewed from each other by any 
number of BCLK cycles. 
During each assigned transmit time-slot, the selec
ted DxD/1 output shifts data out from the PCM re
gister on the rising edges of BCLK. TSxD (or TSx1 
as appropriate) also pulls low for the first 7 1/2 bit 
times of the time-slot to control the TRI-STATE En
able of a backplane line driver. Serial PCM data is 
shifted into the selected DAD/1 input during each as
signed Receive time slot on the falling edges of 
BCLK. DxD or Dx1 and DAD or DA1 are selectable 
on the TS5D7D only. 

SERIAL CONTROL PORT 

Control information and data are written into or read
back from COMBO IIG via the serial control port 
consisting of the control clock CCLK ; the serial da
ta input/output CliO (or separate input Cl, and out
put CO on the TS5D7D only) ; and the Chip Select 
input CS. All control instructions require 2 bytes, as 



listed in table 1, with the exception of a single byte 
power-up/down command. To shift control data in
to COMBO IIG, CCLK must be pulsed high 8 times 
while CS is low. Data on the Cl or Cl/0 input is shif
ted into the serial input register on the falling edge 
of each CCLK pulse. After all data is shifted in, the 
contents of the input shift register are decoded, and 
may indicate that a 2nd byte of control data will fol
low. This second QW may either be defined by a 
second byte-wide CS pulse or may follow the first 
continuously, i.e. it is not mandatory for CS to return 
high in between the first and second control bytes. 
On the falling edge of the 8th CCLK clock pulse in 
the 2nd control byte the data is loaded into the ap
propriate programmable register. CS may remain 
low continuously when programming successive re-

Table 1 : Programmable Register Instructions. 

TS5070-TS5071 

gisters, if desired. However CS should be set high 
when no data transfers are in progress. 
To readback interface Latch data or status informa
tion from COMBO IIG, the first byte of the apP.ro
priate instruction is strobedJn. during the first CS 
pulse, as defined in table 1. CS must then be taken 
low for a further 8 CCLK cycles, during which the 
data is shifted onto the CO or Cl/0 pin on the rising 
edges of CCLK. When CS is high the CO or Cl/0 
pin is in the high-impedance TRI-STATE, enabling 
the Cl/0 pins of many devices to be multiplexed to
gether. Thus, to summarize, 2-byte READ and 
WRITE instructions may use eith~two 8-bit wide 
CS pulses or a single 16-bit wide CS pulse. 

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

Single Byte Power-up/down p X X X X X 0 X None 

Write Control Register p 0 0 0 0 0 1 X See Table 2 
Read-back Control Register p 0 0 0 0 1 1 X See Table 2 

Write Latch Direction Register p 0 0 1 0 0 1 X See Table 4 
(LDR) p 0 0 1 0 1 1 X See Table 4 
Read Latch Direction Register 

Write Latch Content Register (ILR) p 0 0 0 1 0 1 X See Table 5 
Read Latch Content Register p 0 0 0 1 1 1 X See Table 5 

Write Transmit Time-slot/port p 1 0 1 0 0 1 X See Table 6 
Read-back Transmit Time-slot/port p 1 0 1 0 1 1 X See Table 6 

Write Receive Time-slot/port p 1 0 0 1 0 1 X See Table 6 
Read-back Receive Time-slot/port p 1 0 0 1 1 1 X See Table 6 

Write Transmit Gain Register p 0 1 0 1 0 1 X See Table 7 
Read Transmit Gain Register p 0 1 0 1 1 1 X See Table 7 

Write Receive Gain Register p 0 1 0 0 0 1 X See Table 8 
Read Receive Gain Register p 0 1 0 0 1 1 X See Table 8 

Write Hybrid Balance Register * 1 p 0 1 1 0 0 1 X See Table 9 
Read Hybrid Balance Register * 1 p 0 1 1 0 1 1 X See Table 9 

Write Hybrid Balance Register * 2 p 0 1 1 1 0 1 X See Table 10 
Read Hybrid Balance Register * 2 p 0 1 1 1 1 1 X See Table 10 

Write Hybrid Balance Register * 3 p 1 0 0 0 0 1 X 
Read Hybrid Balance Register * 3 p 1 0 0 0 1 1 X 

Notes : 1. B1t 7 of bytes 1 and 2 1s always the first b1t clocked mto or out of the Cl, CO or CIICO pm. 
2. "P" is the power-up/down control bit, see "Power-up" sect1on ("0" =Power Up "I"= Power Down). 

X= Don't Care. 

PROGRAMMABLE FUNCTIONS 

POWER-UP/DOWN CONTROL 
Following power-on initialization, power-up and po
wer-down control may be accomplished by writing 
any of the control instructions listed in table 1 into 
COMBO IIG with the "P" bit set to "0" for power-up 
or "1" for power-down. Normally it is recommended 
that all programmable functions be initially program 

med while the device is powered down. Power 
state control can then be included with the last 
programming instruction or the separate single
byte instruction. Any of the programmable regis
ters may also be modified while the device is po
wered-up or down be setting the "P" bit as indica
ted. When the power up or down control is ente-
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red as a single byte instruction, bit one (1) must 
be set to a 0. 

When a power-up command is given, all de-activa
ted circuits are activated, but the TRI-STATE PCM 
output(s), DxO (and Dx1 }, will remain in the high im
pedance state until the second FSx pulse after po
wer-up. 

CONTROL REGISTER INSTRUCTION 

The first byte of a READ or WRITE instruction to the 
Control Register is as shown in table 1. The second 
byte functions are detailed in table 2. 

MASTER CLOCK FREQUENCY SELECTION 

A Master clock must be provided to COMBO IIG for 
operation of the filter and coding/decoding func
tions. The MCLK frequency must be either 512kHz, 
1.536 MHz, 1.544 MHz, 2.048 MHz, or 4.096 MHz 
and must be synchronous with BCLK. Bits F1 and 
Fa (see table 2) must be set during initialization to 
select the correct internal divider. 

Table 2 : Control Register Byte 2 Functions. 

Bit Number 

7 6 5 4 3 2 

F1 FO MA lA DN DL 

0 0 
0 1 
1 0 
1 1 

0 X 
1 0 
1 1 

0 
1 

0 
1 
0 

... • = State at power-on m1tlahzat10n (bit 4 = 0). 

Table 3 :Coding Law Conventions. 

CODING LAW SELECTION 

Bits "MA" and "lA" in table 2 permit the selection of 
~255 coding or A-law coding with or without even
bit inversion. 

ANALOG LOOPBACK 

Analog Loopback mode is entered by setting the 
"AL" and "DL" bits in the Control Register as shown 
in table 2. In the analog loopback mode, the Trans
mit input VFxl is isolated from the input pin and in
ternally connected to the VFRO output, forming a 
loop from the Receive PCM Register back to the 
Transmit PCM Register. The VFRO pin remains ac
tive, and the programmed settings of the Transmit 
and Receive gains remain unchanged, thus care 
must be taken to ensure that overload levels are not 
exceeded anywhere in the loop. 

DIGITAL LOOPBACK 

Digital Loopback mode is entered by setting the "DL" 
bit in the Control Register as shown in table 2. This 

1 0 Function 

AL pp 

MCLK ~512kHz 
MCLK ~ 1. 536 or 1. 544 MHz 
MCLK ~ 2. 048 MHz 
MCLK ~ 4. 096 MHz 

Select 11· 255 Law 
A-law, Including Even Bit Inversion 
A-Law, No Even Bit Inversion 

Delayed Data Timing 
Non-delayed Data Timing 

0 Normal Operation 
X Digital Loopback 
0 Analog Loopback 

0 Power Amp Enabled in PDN 
1 Power Amp Disabled in PDN 

!1255 Law 
True A-law Including A-law Without 

Even Bit Inversion Even Bit Inversion 
MSB LSB MSB LSB MSB LSB 

V1N ~ + Full Scale 10 0 0 0 0 0 0 01 0 1 0 1 0 1 01 1 1 1 1 1 1 

V1N ~ 0 V 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0 0 0 
01 1 1 1 1 1 1 1 0 1 0 1 0 1 0 10 0 0 0 0 0 0 

V1N ~- Full Scale 00 0 0 0 0 0 0 00 0 1 0 1 0 1 00 1 1 1 1 1 1 
Note :The MSB IS always the first PCM bit shifted m or out of COMBO IIG. 
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mode provides another stage of path verification by 
enabling data written into the Receive PCM Regis
ter to be read back from that register in any Trans
mit time-slot at DxO or Dx1. 

For Analog Loopback as well as for Digital Loopback 
PCM decoding continues and analog output ap
pears at VFRO. The output can be disabled by pro 
gramming "no output" in the Receive Gain Register 
(see table 8). 

INTERFACE LATCH DIRECTIONS 

Immediately following power-on, all Interface 
Latches assume they are inputs, and therefore all 
IL pins are in a high impedance state. Each IL pin 
may be individually programmed as a logic input or 
output by writing the appropriate instruction to the 
LOR, see table 1 and 4. Bits Ls-Lo must be set by 
writing the specific instruction to the LOR with the L 
bits in the second byte set as specified in table 4. 
Unused interface latches should be programmed as 
outputs. 

Table 4 : Byte 2 Functions of Latch Direction 
Register. 

Bit Number 
7 I 6 I 5 I 4 I 3 I 2 I 1 I 

LO I L 1 I L2 I L3 I L4 I L5 I X I 
LN Bit IL Direction 

0 Input 
1 Output 

• = State at power-on initialization. 

0 

X 

Note : LS should be programmed as an output tor the TS5071. 

TS5070-TS5071 

INTERFACE LATCH STATES 

Interface Latches configured as outputs assume the 
state determined by the appropriate data bit in the 
2-byte instruction written to the Latch Content Re
gister (ILR) as shown in tables 1 and 5. Latches 
configured as inputs will sense the state applied by 
an external source, such as the Off-Hook detect out
put of a SLIC. All bits of the ILR, i.e. sensed inputs 
and the programmed state of outputs, can be read 
back in the 2nd byte of a READ from the ILR. It is 
recommended that, during initialization, the state of 
IL pins to be configured as outputs should first be 
programmed, followed immediately by the Latch Di
rection Register. 

Table 5 : Interface Latch Data Bit Order. 

Bit Number 
716151413121110 

DO I D1 I D2 I D3 I D4 I D5 I X I X 

TIME-SLOT ASSIGNMENT 

COMBO IIG can operate in either fixed time-slot or 
time-slot assignment mode for selecting the Trans
mit and Receive PCM time-slots. Following power
on, the device is automatically in Non-Delayed Ti
ming mode, in which the time-slot always begins 
with the leading (rising) edge of frame sync inputs 
FSx and FSR. Time-Slot Assignment may only be 
used with Delayed Data timing : see figure 6. FSx 
and FSR may have any phase relationship with each 
other in BCLK period increments. 

Table 6 : Byte 2 of Time-slot and Port Assignment Instructions. 

Bit Number 

7 6 5 4 3 2 1 0 
EN PS T5 T4 T3 T2 T1 TO 

{note 1) (note 2) 

0 X X X X X X X 

Assign One Binary Coded Time-slot from 0-63 

1 0 
Assign One Binary Coded Time-slot from 0-63 

Assign One Binary Coded Time-slot from 0-63 

1 1 
Assign One Binary Coded Time-slot from 0-63 

Notes : 1. The "PS" bit MUST always be set to 0 for the TSS071. 
2. TS is the MSB of the time-slot assignment. 

* = State at power-on initialization. 

Function 

Disable Dx Outputs (transmit instruction) • 
Disable DR Inputs (receive instruction) • 

Enable DxO Output, Disable Dx1 Output (Transmit 
instruction) 
Enable ORO Input, Disable DR1 Input (receive 
instruction) 

Enable Dx1 Output, Disable DxO Output (Transmit 
instruction) 
Enable DR1 Input, Disable DRO Input (receive 
instruction) 
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Alternatively, the internal time-slot assignment 
counters and comparators can be used to access 
any time-slot in a frame, using the frame sync inputs 
as marker pulses for the beginning of transmit and 
receive time-slot 0. In this mode, a frame may 
consist of up to 64 time-slots of 8 bits each. A time
slot is assigned by a 2-byte instruction as shown in 
table 1 and 6. The last 6 bits of the second byte in
dicate the selected time-slot from 0-63 using straight 
binary notation. A new assignment becomes active 
on the second frame following the end of the Chip 
Select for the second control byte. The "EN" bit al
lows the PCM inputs DR0/1 or outputs Dx0/1 as ap
propriate, to be enabled or disabled. 
Time-Slot Assignment mode requires that the FSx 
and FSR pulses must conform to the delayed timing 
format shown in figure 6. 

PORT SELECTION 
On the TS5070 only, an additional capability is avai
lable : 2 Transmit serial PCM ports, DxO and Dx1 
and 2 receive serial PCM ports, DRO and DR1, are 
provided to enable two-way space switching to be 
implemented. Port selections for transmit and re-

Table 7 : Byte 2 of Transmit Gain Instructions. 

Bit Number 

7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 
0 0 0 0 0 0 1 0 
1 0 1 1 1 1 1 1 
1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 

... 
• = state at power lnl!lahzatlon. 

RECEIVE GAIN INSTRUCTION BYTE 2 

The receive gain can be programmed in 0.1 dB 
steps by writing to the Receive Gain Register as de
fined in table 1 and 8. Note the following restriction 
on output drive capability : 
a) 0 dBmO levels :s; 1.97 Vrms at VFRO may be dri

ven into a load of ~ 15 kn to GND, 
b) 0 dBmO levels :s; 1.86 Vrms at VFRO may be dri

ven into a load of ;:.: 600 n to GND, 

ceive are made within the appropriate time-slot as
signment instruction using the "PS" bit in the second 
byte. 

On the TS5071, only ports DxO and DRO are availa
ble, therefore the "PS" bit MUST always be set to 0 
for these devices. 

Table 6 shows the format for the second byte of both 
transmit and receive time-slot and port assignment 
instructions. 

TRANSMIT GAIN INSTRUCTION BYTE 2 

The transmit gain can be programmed in 0.1 dB 
. steps by writing to the Transmiteain Register as de

fined in tables 1 and 7. This corresponds to a range 
of 0 dBmO levels at VFxl between 1 .619 Vrms and 
0.087 Vrms (equivalent to+ 6.4 dBm to -19.0 dBm 
in 600 Q). To calculate the binary code for byte 2 of 
this instruction for any desired input 0 dBmO level in 
Vrms, take the nearest integer to the decimal num
ber given by : 

200 X log1o (V/ vQ.6) + 191 

and convert to the binary equivalent. Some exam
ples are given in table 7. 

OdBmO Test Level at VFxl 
In dBm (into 600 0) In Vrms 

No Output 

-19 0. 087 
-18.9 0. 088 

0 0. 775 

+ 6.3 1. 60 
+ 6.4 1. 62 

c) 0 dBm levels :s; 1. 71 Vrms at VFRO may be driven 
into a load of~ 300 n to GND. 

To calculate the binary code for byte 2 of this instruc
tion for any desired output 0 dBmO level in Vrms, 
take the nearest integer to the decimal number gi
ven by: 

200 X logto (V/..J0.6) + 174 

and convert to the binary equivalent. Some exam
ples are given in table 8. 
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Table 8 : Byte 2 of Receive Gain Instructions. 

Bit Number 

7 6 5 4 

0 0 0 0 

0 0 0 0 
0 0 0 0 

1 0 1 0 

1 1 1 1 

1 1 1 1 

1 1 1 1 

Notes : 1 Maximum level into 300 n 
2. Maximum level into 600 n. 

HYBRID BALANCE FILTER 

3 2 1 

0 0 0 

0 0 0 
0 0 1 

1 1 1 

0 0 1 

1 0 1 

1 1 1 

0 

0 

1 
0 

0 

1 

0 

1 

The Hybrid Balance Filter on COMBO IIG is a pro
grammable filter consisting of a second-order Bi
Quad section, Hybal1, followed by a first-order sec
tion, Hybal2, and a programmable attenuator. Either 
of the filter sections can be bypassed if only one is 
required to achieve good cancellation. A selectable 
180 degree inverting stage is included to compen
sate for interface circuits which also invert the trans
mit input relative to the receive output signal. The 
Bi-Quad is intended mainly to balance low frequen
cy signals across a transformer SUC, and the first 
order section to balance midrange to higher audio 
frequency signals. The attenuator can be program
med to compensate for VFRO to VFxl echos in the 
range of - 2.5 to - 8.5 dB. 

As a Bi-Quad, Hybal1 has a pair of low frequency 
zeroes and a pair of complex conjugate poles. When 
configuring the Bi-Quad, matching the phase of the 
hybrid at low to midband frequencies is most criti
cal. Once the echo path is correctly balanced in 
phase, the magnitude of the cancellation signal can 
be corrected by the programmable attenuator. 

Table 9 : Hybrid Balance Register 1 Byte 2 Instruction. 

Bit State 

TS5070-TS5071 

OdBmO Test Level at VFRO 

In dBm (into 600 Q) In Vrms 

No Output· (low Z to GND) 

- 17. 3 0. 106 
- 17. 2 0. 107 

0 0. 775 

+ 6. 9 (note 1) 1. 71 

+ 7.6 (note 2) 1. 86 

+ 8.1 (note 3) 1. 97 

3. RL;, 15 kfl. 
• =State at power on Initialization. 

The Bi-Quad mode of Hybal1 is most suitable for 
balancing interfaces with transformers having high 
inductance of 1.5 Henries or more. An alternative 
configuration for smaller transformers is available by 
converting Hybal1 to a simple first-order section with 
a single real low frequency pole and 0 Hz zero. In 
this mode, the pole frequency may be programmed. 

Many line interfaces can be adequately balanced by 
use·of the Hybal1 section only, in which case the 
Hybal2 filter should be de-selected to bypass it. 

Hybal2, the higher frequency first-order section, is 
provided for balancing an electronic sue, and is al
so helpful with a transformer sue in providing ad
ditional phase correction for mid and high-band fre
quencies, typically 1 kHz to 3.4 kHz. Such a correc
tion is particularly useful if the test balance impe
dance includes a capacitor of 100 nF or less, such 
as the loaded and non-loaded loop test networks in 
the United States. Independent placement of the 
pole and zero location is provided. 

Function 

0 Disable Hybrid Balance Circuit Completely. 
7 No internal cancellation is provided. • 

1 Enable Hybrid Balance Cancellation Path 

0 Phase of the internal cancellation signal assumes inverted phase of the echo 

6 
path from VFRO to VFxl. 

1 Phase of the internal cancellation signal assumes no phase inversion in the line 
interlace. 

5 
0 Bypass Hybal 2 Filter Section 

1 Enable Hybal 2 Filter Section 

G4-GO Attenuation Adjustment for the Magnitude of the Cancellation Signal. Range is 
- 2.5 dB (00000) to- 8.5 dB (11 000). 

• = State at power on initialization. 
Settling= Please refer to soflware TS5077-2 
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Figure 1 shows a simplified diagram of the local 
echo path for a typical application with a transformer 
interface. The magnitude and phase of the local 
echo signal, measured at VFxl are a function of the 
termination impedance Zr, the line transformer and 
the impedance of the 2 W loop, ZL. If the impedance 

reflected back into the transformer primary is ex
pressed as ZL' then the echo path transfer function 
from VFRO to VFxl is : 

H(W) = ZL' /(Zr + ZL') 

Figure 1 : Simplified Diagram of Hybrid Balance Circuit. 

r---~-----------------------------

2 
L 

UFRO 
I { _________________________________ _ 

PROGRAMMING THE FILTER 

On initial power-up the Hybrid Balance filter is disa
bled. Before the hybrid balance filter can be pro
grammed it is necessary to design the transformer 
and termination impedance in order to meet system 
2 W input return loss specifications, which are nor
mally measured against a fixed test impedance (600 
or 900 Q in most countries). Only then can the echo 
path be modeled and the hybrid balance filter pro
grammed. Hybrid balancing is also measured 
against a fixed test impedance, specified by each 
national Telecom administration to provide ade
quate control of talker and listener echo over the ma
jority of their network connections. This test impe
dance is ZL in figure 1. The echo signal and the de
gree of transhybrid loss obtained by the program
mable filter must be measured from the PCM digi
tal input DRO, to the PCM digital output DxO, either 
by digital test signal analysis or by conversion back 
to analog by a PCM CODEC/Filter. 
Three registers must be programmed in COMBO 
IIG to fully configure the Hybrid Balance Filter as fol
lows: 
Register 1 : select/de-select Hybrid Balance Filter 

invert/non-invert cancellation signal 
select/de-select Hybal2 filter section at
tenuator setting. 
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Register 2 : select/de-select Hybal1 filter 
set Hybal1 to Bi-Quad or 1st order 
program pole and zero frequency. 

Table 10 : Hybrid Balance Register 2 Byte 2 
Instruction. 

Bit Number Function 
7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 By Pass Hybal 
1 Filter 

X X X X X X X X Pole/zero 
Setting 

Register 3 : program pole frequency in Hybal2 filter 
program zero frequency in Hybal2 filter 
settings = Please refer to software 
TS5077-2. 

Standard filter design techniques may be used to 
model the echo path and design a matching hybrid 
balance filter configuration. Alternatively, the fre
quency response of the echo path can be measu
red and the hybrid balance filter programmed to re
plicate it. 

An Hybrid Balance filter design guide and software 
optimization program are available under license 
from SGS-Thomson Microelectronics (order 
TS5077-2). 



APPLICATION INFORMATION 
Figure 2 shows a typical application of the TS5070 
together with a transformer SLIC. 

The design of the transformer is greatly simplified 
due to the on-chip hybrid balance cancellation filter. 
Only one single secondary winding is required (see 
application note AN.091 - Designing a subscriber 
line card module using the TS5070/COMBO JIG). 
Figures 3 and 4 show an arrangement with SG$
Thomson monolithic SLICS. 

POWER SUPPLIES 

While the pins of the TS5070 and TS5071/COMBO 
IIG devices are well protected against electrical mi
suse, it is recommended that the standard CMOS 
practice of applying GND to the device before any 
other connections are made should always be folio-

TS5070-TS5071 

wed. In applications where the printed circuit card 
may be plugged into a hot socket with power and 
clocks already present, an extra long ground pin on 
the connector should be used and a Schottky diode 
connected between Vss and GND. To minimize 
noise sources all ground connections to each de
vice should meet at a common point as close as pos
sible to the GND pin in order to prevent the interac
tion of ground return currents flowing through a com
mon bus impedance. Power supply decoupling ca
pacitors of 0.1 !!F should be connected from this 
common device ground point to Vee and Vss as 
close to the device pins as possible. Vee and Vss 
should be de coupled with low effective series resis
tance capacitors of at least 1 0 !!F near the card edge 
connector. 
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TS5070-TS5071 

ELECTRICAL OPERATING CHARACTERISTICS 

Unless otherwise noted, limits in BOLD characters 
are guaranteed forVcc = + 5 V±5%; Vss = -5 V 
± 5 %. TA = 0 ·c to 70 ·c by correlation with 100 % 
electrical testing at TA = 25 ·c. All other limits are 

assured by correlation with other production tests 
and/or product design and characterisation. All si
gnals referenced to GND. Typicals specified at 
Vcc=+5V, vss = -5 v, TA = 25 ·c. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

VIL Input Low Voltage All Digital Inputs 0.7 v 
V1H Input high Voltage All Digital Inputs 2.0 

VoL Output Low Voltage DxO and Dx1, TSxO, TSx1 and CO, 0.4 v 
IL = 3. 2 rnA 
All Other Digital Outputs, IL = 1 rnA 

VoH Output high Voltage DxO and Dx1 and CO, IL =- 3.2 rnA 
All other digital outputs except 

TSx, IL =- 1 rnA 2.4 v 
All Digital Outputs, IL =- 100 ~ Vcc-D.5 v 

ilL Input Low Current all Digital Inputs (GND < V1N < V1L) - 10 10 ~ 
i1H Input High Current all Digital inputs Except MR (VIH < V1N <Vee) - 10 10 ~ 
I1H Input High Current on MR - 10 100 ~ 

loz Output Current in High Impedance State (TRI-STATE) - 10 10 ~ 
DxO and Dx1, CO and Cl/0 (as an input) 
IL5- ILO as Inputs 
(GND < Vo <Vee) 

ANALOG INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

ivFXI Input Current VFxl (- 3.3 V < VFxl < 3.3 V) - 10 10 ~ 
RvFxl Input Resistance VFxl (- 3.3 V < VFxl < 3.3 V) 390 620 kQ 

VOSx Input offset voltage at VFxl OdBmO= - 19 dBm 20 mV 
OdBmO = + 6.4 dBm 200 mV 

RLvFRO Load Resistance at VFRO (- 3.5 V < VFRO < 3.5 V) 300 Q 

CLvFRO Load Capacitance 200 pF 
CLvFRO from VFRO to GND 

ROvFRO Output Resistance VFRO (steady zero PCM code applied to ORO 1 3 Q 
or DR1) 

VosR Output Offset Voltage at VFRO (alternating± zero PCM code -200 200 mV 
applied to ORO or DR1, OdBmO = 8.1 dBm) 
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TS5070-TS5071 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

POWER DISSIPATION 

Symbol Parameter 

ICCO Power Down Current (CCLK, Cl/0, Cl = 0.4 V, CS = 2.4 V) 
Interface latches set as outputs with no load. 
All Other Inputs active, Power Amp Disabled 

-IS SO Power Down Current (as above) 

ICC1 Power Up Current 
(CCLK, Cl/0, Cl = 0.4 V, CS = 2.4 V) 
No Load on Power Amp 
Interface latches set as outputs with no load. 

-ISS1 Power Up Current (as above) 

TIMING SPECIFICATIONS 

Min. Typ. Max. Unit 

.3 1.5 rnA 

.1 0.3 rnA 

7 10 rnA 

7 1 0 rnA 

Unless otherwise noted, limits in BOLD characters 
are guaranteed for Vee = + 5 V ± 5 % ; 
Vss = s v ± 5 %. TA = o ·c to 70 ·c by correlation with 
1 00% electrical testing at T A= 25 oc. All other limits 
are assured by correlation with other production 
tests and/or product design and characterization. All 
signals referenced to GND. Typicals specified at 

Vee=+ 5 V, Vss = 5 V, TA = 25 oc. All timing pa
rameters are measured at VoH = 2.0 V and 
VoL= 0.7 V. 

See Definitions and Timing Conventions section for 
test methods information. 

MASTER CLOCK TIMING 

Symbol Parameter Min. Typ. Max. Unit 

fMCLK Frequency of MCLK (selection of frequency is programmable, 512 kHz 
see table 2) 1.536 MHz 

1.544 MHz 
2.048 MHZ 
4.096 MHz 

twMH Period of MCLK High (measured from V1H to V1H, see note 1) 80 ns 

twML Period of MCLK Low (measured from V1L to VJL, see note 1 ) 80 ns 

tAM Rise Time of MCLK (measured from V1L or VIH) 30 ns 

tFM Fall Time of MCLK (measured from V1H to V1L) 30 

tHBM Hold Time, BCLK Low to MCLK High (TS5070 only) 50 ns 

twFL Period of FSx or FSR Low 2 [.lS 
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TS5070-TS5071 

TIMING SPECIFICATIONS (continued) 

PCM INTERFACE TIMING 

Symbol Parameter 

fscLK Frequency of BCLK (may vary from 64 kHz to 4.096 MHz in 8 
kHz increments, TS5070 only) 

twsH Period of BCLK High (measured from V1H to VIH) 

twsL Period of BCLK Low {measured from V1L to V1L) 

tRB Rise Time of BCLK (measured from V1L to VIH) 

tFB Fall Time of BCLK (measured from V1H to V1L) 

tHBF Hold Time, BCLK Low to FSXIR High or Low 

tsFB Setup Time FSxiR High to BCLK Low 

to so Delay Time, BCLK High to Data Valid (load= 100 pF plus 2 
LSTTL loads) 

tosz Delay Time from BCLK8 Low to Dx disabled (if FSx already low) ; 
FSx Low to Dx Disabled (if BCLK8 low) ; 
BCLK9 High to Dx Disabled (if FSx still high) ; 

losr Delay Time, from BCLK and FSx Both High to TSx Low (load = 
100 pF plus 2 LSTTL loads) 

tzsr Delay Time from BCLK8 low to TSx Disabled (if FSx already low) ; 
FSx Low to TSx Disabled (if BCLK8 low) ; 
BCLK9 High to TSx Disabled (if FSx still high) ; 

loFD Delay Time, FSx High to Data Valid (load = 100 pF plus 2 LSTTL 
loads, applies if FSx rises later than BCLK rising edge in 
non-delayed data mode only) 

lsos Setup Time , DR 0/1 Valid to BCLK Low 

I HOB Hold Time, BCLK Low to DR 0/1 Invalid 

Min. Typ. Max. 

64 4.096 

80 

80 

30 

30 

0 

30 

80 

15 80 

60 

15 60 

80 

30 

10 
Note: 1. Applies only to MCLK frequenc1es 2: 1.536 MHz. At 512kHz a 50:50 ± 2% duty cycle must be used. 

Figure 5: Non Delayed Data Timing (long frame mode). 

MCLK 

8CLK 

FSX 

DXB/1 

fSXB/1 

FSR ~--------- -------------------------------~----
t508 tHBD 

ORB/1 

tt89 TSSil~B -liSA 

Unit 

kHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 6 : Delayed Data Timing (short frame mode). 

MCLK 

8CLK 

'" 

TSx0/1 

"' 

SERIAL CONTROL PORT TIMING 

Symbol Parameter Min. Typ. Max. Unit 

fccLK Frequency of CCLK 2.048 MHz 

twcH Period of CCLK High (measured from V1H to VIH) 160 ns 

lwcL Period of CCLK Low (measured from V1L to V1L) 160 ns 

IRe Rise Time of CCLK (measured from V1L to V1H) 50 ns 

I Fe Fall Time of CCLK (measured from V1H to VIL) 50 ns 

IHcs Hold Time, CCLK Low to CS Low (CCLK1) 10 ns 

IHSC Hold Time, CCLK Low to CS High (CCLK8) 100 ns 

I sse Setup Time, CS Transition to CCLK Low 70 ns 

Iss co Setup Time, CS Transition to CCLK High (to insure CO is not 50 ns 
enabled for single byte) 

I soc Setup Time, Cl (CliO) Data in to CCLK low 50 ns 

IHCO Hold Time, CCLK Low to Cl (CliO) Invalid 50 ns 

loco Delay Time, CCLK High to CO (CliO) Data Out Valid 50 ns 
(load = 100 pF plus 2 LSTTL loads) 

loso Delay Time, CS Low to CO (CliO) Valid 50 ns 
(applies only if separate CS used for byte 2) 

looz Delay Time, CS or CCLK9 High to CO (CliO) High Impedance 15 80 ns 
(applies to earlier of CS high or CCLK9 high) 

INTERFACE LATCH TIMING 

Symbol Parameter Min. Typ. Max. Unit 

IsLe Setup Time, IL Valid to CCLK 8 of Byte 1 Low. IL as Input 100 ns 

IHCL Hold Time, IL Valid from CCLK 8 of Byte 1 Low. IL as Input 50 ns 

locL Delay Time, CCLK 8 of Byte 2 Low to IL. CL = 50 pF. IL as Output 200 ns 

MASTER RESET PIN 

Parameter 

Duration of Master Reset High 
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TS5070-TS5071 

TRANSMISSION CHARACTERISTICS 
Unless otherwise noted, limits printed in BOLD cha
racters are guaranteed for Vee=+ 5 V ± 5 % ; Vss 
=- 5 V ± 5 %, TA = 0 ·c to 70 ·c by correlation with 
100 % electrical testing at T A = 25 ·c. f = 
1015.625 Hz, VFxl = 0 dBmO, DRO or DR1 = 0 dBmO 
PCM code, Hybrid Balance filter disabled. All other 

limits are assured by correlation with other produc
tion tests and/or product de-sign and characteriza
tion. All signals referenced to GND. dBm levels are 
into 600 ohms. Typicals specified at Vee= + 5 V, 
Vss = 5 V, TA = 25 "C. 

AMPLITUDE RESPONSE 

Symbol Parameter Min. Typ. Max. Unit 

Absolute levels 

The nominal 0 dBm 0 levels are : 
VFxl 0 dB Tx Gain 1.618 Vrms 

25.4 dB Tx Gain 86.9 mVrms 

VFRO 0 dB Rx Attenuation (RL ~ 15 kQ) 1.968 Vrms 
0.5 dB Rx Attenuation (RL ~ 600 Q) 1.858 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 Q) 1.714 Vrms 

25.4 dB Rx Attenuation 105.7 mVrms 

Maximum Overload 

The nominal overload levels are : 

A-law 
VFxl 0 dB Tx Gain 2.323 Vrms 

25.4 dB Tx Gain 124.8 mVrms 

VFRO o dB Rx Attenuation (RL ~ 15 kQ) 2.825 Vrms 
0.5 dB Rx Attenuation (RL ~ 300 Q) 2.667 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 Q) 2.461 Vrms 

25.4 dB Rx Attenuation 151.7 mVrms 

J.L·Iaw 
VFxl 0 dB Tx Gain 2.332 Vrms 

25.4 dB Tx Gain 125.2 mVrms 

VFRO 0 dB Rx Attenuation (RL ~ 15 kQ) 2.836 Vrms 
0.5 dB Rx Attenuation (RL ~ 600 Q) 2.677 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 Q) 2.470 Vrms 

25.4 dB Rx Attenuation 152.3 mVrms 

Transmit Gain Absolute Accurary 

GXA Transmit Gain Programmed for 0 dBmO = 6.4 dBm, A-law 
Measure Deviation of Digital Code from Ideal 0 dBmO PCM Code 
at Dx0/1, f = 1015.625 Hz 
T A = 25 oc, Vee = 5 V, Vss =- 5 V - 0.15 0.15 dB 

Transmit gain Variation with Programmed Gain 

GXAG - 19 dBm s 0 dBmO s 6.4 dBm 

Calculate the Deviation from the Programmed Gain Relative to 
GXA - 0.1 0.1 dB 
i.e., GXAG = Gaetual - Gprog - GXA 
TA =25 oc, Vee =5 V, Vss =-5 V 
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TS5070-TS5071 

AMPLITUDE RESPONSE (continued) 

Symbol Parameter Min. Typ. Max. Unit 

GXAF Transmit Gain Variation with Frequency 

Relative to 1015.625 Hz (note 2) 
-19 dBm:;;; 0 dBmO:;;; 6.4 dBm 
DRO (or DR1) = 0 dBmO Code 
f =60Hz -26 dB 
f =200Hz -1.8 -0.1 dB 
f = 300 Hz to 3000 Hz -0.15 0.15 dB 
f =3400Hz -0.7 0 dB 
f =4000Hz - 14 dB 
f ~ 4600 Hz Measure Response at Alias Frequency from 0 kHz -32 dB 
to 4kHz 
0 dBmO = 6.4 dBm 
VFxl =- 4 dBmO (note 2) 
f = 62.5 Hz - 24.9 dB 
f = 203.125 Hz - 1.7 - 0.1 dB 
f = 2093.750 Hz - 0.15 0.15 dB 
f = 2984.375 Hz - 0.15 0.15 dB 
f = 3296.875 Hz - 0.15 0.15 dB 
f = 3406.250 Hz - 0.7 0 dB 
f = 3984.375 Hz - 13.5 dB 
f = 4593.750 Hz, Measure 3406.25 Hz - 32 dB 
f = 5015.625 Hz, Measure 2984.375 Hz - 32 dB 
f = 10015.625 Hz, Measure 2015.625 Hz - 32 dB 

GXAT Tansmit Gain Variation with Temperature 

Measured Relative to GxA. Vee= 5 V, Vss =- 5 V 
-19 dBm:;;; 0 dBmO:;;; 6.4 dBm -0.1 0.1 dB 

GXAV Transmit Gain Variation with Supply 
.. 

Voo=5V±5~~s=-5V±5% 
Measured Relative to GXA 
T A = 25 °C, 0 dBmO = 6.4 dBm - 0.05 0.05 dB 

GXAL Transmit Gain Variation with Signal Level 

Sinusoidal Test Method, Reference Level = 0 dBmO 
VFxl =- 40 dBmO to + 3 dBmO - 0.2 0.2 dB 
VFxl =-50 dBmO to- 40 dBmO - 0.4 0.4 dB 
VFxl =-55 dBmO to- 50 dBmO - 1.2 1.2 dB 

GRA Receive Gain Absolute Accuracy 

0 dBmO = 8.1 dBm, A·law 
Apply 0 dBmO PCM Code to DRO or DR1 Measure VFRO - 0.15 0.15 dB 
T A = 25 °C, Vee = 5 V, Vss =- 5 V 

GRAG Receive Gain Variation with Programmed Gain 

- 17.3 dBm:;;; 0 dBmO:;;; 8.1 dBm 
Calculate the Deviation from the Programmed Gain Relative to - 0.1 0.1 dB 
GRA 
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AMPLITUDE RESPONSE (continued) 

Symbol Parameter Min. Typ. Max. Unit 

i.e. GRAG = Gactual - Gprog - GRA 
T A = 25 'C. Vee = 5 V, Vss =- 5 V 

GRAT Receive Gain Variation with Temperature 

Measured Relative to GRA 
Vee =5 V, Vss =-5 V -0.1 0.1 dB 
- 17.3 dBm,; 0 dBmO,; 8.1 dBm 

GRAV Receive Gain Variation with Supply 

Measured Relative to GRA 
Vee= 5 V ± 5 %, Vss =- 5 V ± 5% - 0.05 0.05 dB 
T A = 25 'C, 0 dBm 0 = 8.1 dBm 

GRAF Receive Gain Variation with Frequency 

Relative to 1015.625 Hz, (note 2) 
ORO or 0R1 = 0 dBmO Code 
- 17.3 dBm s 0 dBmO,; 8.1 dBm 
I= 200Hz -0.25 0.15 dB 
I = 300 Hz to 3000 Hz -0.15 0.15 dB 
I= 3400Hz -0.7 0 dB 
I= 4000Hz -14 dB 
GR = 0 dBmO = 8.1 dBm 
GX =ORO=- 4 dBmO 
I = 296.875 Hz - 0.15 0.15 dB 
I = 1906.250 Hz - 0.15 0.15 dB 
I = 2812.500 Hz - 0.15 0.15 dB 
I = 2984.375 Hz - 0.15 0.15 dB 
I = 3406.250 Hz - 0.7 0 dB 
I = 3984.375 Hz - 13.5 dB 

GRAL Receive Gain Variation with Signal Level 

Sinusoidal Test Method Reference Level = 0 dBmO 
ORO =- 40 dBmO to + 3 dBmO - 0.2 0.2 dB 
ORO =- 50 dBmO to- 40 dBmO - 0.4 0.4 dB 
ORO =- 55 dBmO to- 50 dBmO - 1.2 1.2 dB 
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ENVELOPPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter Min. Typ. Max. Unit 

DXA Tx Delay Absolute 315 f!S 

f =1600Hz 

DXR Tx Delay, Relative 

f = 500 - 600 Hz 220 f!S 
f = 600 - 800 Hz 145 f!S 
f = 800 - 1 000 Hz 75 f!S 
f = 1000- 1600Hz 40 f!S 
f = 1600-2600 Hz 75 f!S 
f = 2600 - 2800 Hz 105 f!S 
f = 2800 - 3000 Hz 155 f!S 

ORA Rx Delay, Absolute 

f =1600Hz 200 f!S 

ORR Rx Delay, Relative 

f = 500 - 1 000 Hz -40 f!S 
f = 1000- 1600Hz -30 f!S 
f = 1600-2600 Hz 90 f!S 
f = 2600 - 2800 Hz 125 f!S 
f = 2800 - 3000 Hz 175 f!S 
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NOISE 

Symbol Parameter Min. Typ. Max. Unit 

NXC Transmit Noise, C Message Weighted 
11-law Selected (note 3) 12 15 dBrnCO 
o dBmO = 6.4 dBm 

NXP Transmit Noise, Psophometric Weighted 
A-law Selected (note 3) -74 - 67 dB mOp 
0 dBmO = 6.4 dBm 

NRC Receive Noise, C Message Weighted 
11-law Selected 
PCM code is alternating positive 8 11 dBrnCO 

NRP Receive Noise, Psophometric Weighted 
A-law Selected 
PCM Code Equals Posilive Zero -82 - 79 dB mOp 

NRS Noise, Single Frequency 
f = 0 kHz to 100kHz, Loop Around Measurement VFxl = 0 Vrms -53 dBmO 

PPSRX Positive Power Supply Rejection Transmit 
Vee = 5 Voe + 100 mVrms 30 dBp 
f =kHz- 50 kHz (note 4) 

NPSRX Negative Power Supply Rejection Transmit 
Vss =- 5 VDC + 100 mVrms 30 dBp 

PPSRR Positive Power Supply Rejection Receive 
PCM Code Equals Positive Zero 
Vee = 5 Voe + 100 mVrms 
Measure VFRO 
I = 0 Hz - 4000 Hz 30 dBp 
f = 4 kHz - 25 kHz 40 dB 
f = 25 kHz - 50 kHz 36 dB 

NPSRR Negative Power Supply Rejection Receive 
PCM Code Equals Positive Zero 
V ss =- 5 V oc + 1 00 mVrms 
Measure VFRO 
f = 0 Hz - 4000 Hz 30 dBp 
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 dBmO 300 Hz to 3400Hz input PCM applied at ORO (DR1) 
4600 Hz - 7600 Hz -30 dB 
7600 Hz - 8400 Hz -40 dB 
8400 Hz - 100 000 Hz -30 dB 
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DISTORTION 

Symbol Parameter Min. Typ. 

STDX Signal to Total Distortion Transmit 
Sinusoidal Test Method 
Half Channel 

Level ~ 3 dBmO 33 
- 30 dBmO to 0 dBmO 36 
-40 dBmO 29 
-45 dBmO 25 

STDR Signal to Total Distortion Receive 
Sinusoidal Test Method 
Half Channel 

Level ~ 3 dBmO 33 
- 30 dBmO to 0 dBmO 36 
-40 dBmO 30 
-45 dBmO 25 

SFDX Single frequency Distortion Transmit 

SFDR Single Frequency Distortion Receive 

IMD lntermodulation Distortion Transmit or Receive Two Frequencies 
in the Range 
300 Hz - 3400 Hz 

CROSSTALK 

Symbol Parameter Min. Typ. 

CTX-R transmit to Receive Crosstalk, 
0 dBmO Transmit Level 
f ~ 300 - 3400 Hz -90 
DR ~ Steady PCM Code 

CTR-X Receive to transmit Crosstalk, 
0 dBmO Receive Level 
f ~ 300- 3400 Hz, (note 4) -90 

Notes : 1. Applies only to MCLK frequencies<: 1 536 MHz At 512kHz A 50·50 ± 2% duty cycle must be used. 
2 A multi-tone test technique is used (peaklrms,; 9 5 dB) 
3 Measured by extrapolation from distortion test result at- 50 dBmO 
4 PPSRX, NPSRX and CTR-X are measured with a- 50 dBmO activation signal applied to VFxl. 

Max. Unit 

dBp 
dBp 
dBp 
dBp 

dBp 
dBp 
dBp 
dBp 

- 46 dB 

- 46 dB 

- 41 dB 

Max. Unit 

-75 dB 

-70 dB 

A signal is Valid if it is above v,H or below VIL and invalid if it is between v,l and v,H. For the purpose of the specificatiOn 
the following conditions apply : 
a) All input signals are defined as v,l = 0.4 v. v,H = 2.7 v. IR < 10 ns, IF 10 ns 
b)'" is measured from v,L to V'"· IF is measured from v," to v,L 
c) Delay Times are measured from the mput signal Valid to the clock input 1nvalid 
d) Setup T1mes are measured from the data 1nput Valid to the clock mput mvahd 
e) Hold T1mes are measured from the clock s1gnal Valid to the data input mvahd 
f) Pulse widths are measured from v,L to v,L or from v," to v," 
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DEFINITIONS AND TIMING CONVENTIONS 

DEFINITIONS 

VoH 

VoL 

Threshold Region 
Valid Signal 

Invalid signal 

VJH is the D.C. input level above which an input level is guaranteed to appear as a logi
cal one. This parameter is to be measured by performing a functional test at reduced 
clock speeds and nominal timing (i.e. not minimum setup and hold times or output 
strobes), with the high level of all driving signals set to VJH and maximum supply vol
tages applied to the device. 

VJL is the D.C. input level below which an input level is guaranteed to appear as a logi
cal zero the device. This parameter is measured in the same manner as VJH but with all 
driving signal low levels set to VJL and minimum supply voltage applied to the device. 

VoH is the minimmum D.C. output level to which an output placed in a logical one state 
will converge when loaded at the maximum specified load current. 
VoL is the maximum D.C. output level to which an output placed in a logical zero state 
will converge when loaded at the maximum specified load current. 
The threshold region is the range of input voltages between VJL and VJH. 
A signal is Valid if it is in one of the valid logic states. (i.e. above VJH or below VJL). In ti
ming specifications, a signal is deemed valid at the instant it enters a valid state. 

A signal is invalid if it is not in a valid logic state, i.e., when it is in the threshold region 
between VJL and VJH. In timing specifications, a signal is deemed Invalid at the instant 
it enters the threshold region. 

TIMING CONVENTIONS 
For the purpose of this timing specifications the following conventions apply : 
Input Signals All input signals may be characterized as: VL = 0.4 V, VH = 2.4 V, tR < 10 ns, tF < 10 ns. 

Period 

Rise Time 

Fall Time 

Pulse Width High 

Pulse Width Low 

Setup Time 

Hold Time 

Delay Time 
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The period of the clock signal is designated as tPxx where xx represents the mnemo
nic of the clock signal being specified. 
Rise times are designated as tRyy, where yy represents a mnemonic of the signal whose 
rise time is being specified, tRyy is measured from VJL to VJH. 
Fall times are designated as tFyy, where yy represents a mnemonic of the signal whose 
fall time is being specified, tFyy is measured from VJH to VJL. 
The high pulse width is designated as tWzzH, where zz represents the mnemonic of the 
input or output signal whose pulse width is being specified. High pulse width are mea
sured from VJH to VJH. 
The low pulse is designated as tWzzL' where zz represents the mnemonic of the input 
or output signal whose pulse width is being specified. Low pulse width are measured 
from VJL to VJL. 
Setup times are designated as tSwwxx where ww represents the mnemonic of the in
put signal whose setup time is being specified relative to a clock or strobe input repre
sented by mnemonic xx. Setup times are measured from the ww Valid to xx Invalid. 
Hold times are designated as THwwxx where ww represents the mnemonic of the in
put signal whose hold time is being specified relative to a clock or strobe input repre
sented by the mnemonic xx. Hold times are measured from xx Valid to ww Invalid. 
Delay times are designated as TDxxyy [H/L], where xx represents the mnemonic of the· 
input reference signal and yy represents the mnemonic of the output signal whose ti
ming is being specified relative to xx. The mnemonic may optionally be terminated by 
an H or L to specify the high going or low going transition of the output signal. Maximum 
delay times are measured from xx Valid to yy Valid. Minimum delay times are measu
red from xx Valid to yy Invalid. This parameter is tested under the load conditions spe
cified in the Conditions column of the Timing Specifications section of this datasheet. 



ST5075 
ST5076 

PROGRAMMABLE CODEC I FILTER 
FOR ISDN AND DIGITAL PHONE APPLICATIONS 

• COMPLETE CODEC AND FIL TEA SYSTEM IN
CLUDING: 
- TRANSMIT AND RECEIVE PCM CHANNEL 

FILTERS 
- 11-LAW OR A-LAW COMPANDING CODER 

AND DECODER 
- RECEIVE POWER AMPLIFIER DRIVES 

300Q 
- 4.096 MHz SERIAL PCM DATA (max) 

• PROGRAMMABLE FUNCTIONS : 
- TRANSMIT GAIN : 25.4 dB RANGE, 0.1 dB 

STEPS 
- RECEIVE GAIN : 25.4 dB RANGE, 0.1 dB 

STEPS 
- TIME-SLOT ASSIGNMENT : UP to 64 

SLOT/FRAME 
- 2 PORT ASSIGNMENT (ST5075) 
- 6 INTERFACE LATCHES (ST5075) 
_ 4 INTERFACE LATCH (ST5076) 
- A or 11-LAW 
- ANALOG LOOPBACK 
- DIGITAL LOOPBACK 

• STANDARD SERIAL CONTROL INTERFACE 
• 70 mW OPERATING POWER (typ) 
• 2 mW STANDBY POWER (typ) 
• MEETS OR EXCEEDS ALL CCITT AND LSSGR 

SPECIFICATIONS 
• TTL AND CMOS COMPATIBLE DIGITAL IN

TERFACES 
• SECOND SOURCE OF TP3075, 

TP3076/COMBO II ® 

DESCRIPTION 
The ST5075/76 series are second generation com
bined PCM CODEC and Filter devices optimized for 
digital switching applications on subscriber and 
trunk line cards. Using advanced switched capaci
tor techniques the ST5075/76 combines transmit 
bandpass and receive lowpass channel filters with 
a companding PCM encoder and decoder. The de
vices are A-law and 11-law selectable and employ a 
conventional serial PCM interface capable of being 
clocked up to 4.096 MHz. A number of programm-

March 1989 

ADVANCE DATA 

able functions may be controlled via a serial control 
port. 

Channel gains are programmable over a 25.4 dB 
range in each direction. 

DIP20 
(Plastic) 

ORDER CODE : ST5076N 

PLCC28 

ORDER CODE : ST5075FN 
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A number of programmable latches are included ; 
each may be configured as either an input or an out-

put. The ST5075 provides 61atches and the ST5076 
41atches. 

ucc 

____________________ L _________________ _ 
+SU 

UF>O 

I 

D><B 

DX1 

TSXI3 
TSJ<i 
FSX 
BCLK 
FSR 

UFRO --T--+----cC 

DRB 

DR1 

MCLK 

MR 

CONTROL if--_.;...... ~~LK 
INTERFACE LATCHES~-------------~ 

REGISTER ~~ 

-su 
--:c----1------------~ 

ILS IL3 IL1 GND uss 
IL4 IL2 IUl f188ST5(J75-B1fl 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Vee to GND 7 

Vss Vss to GND -7 
Voltage at VFXI Vee + 0.5 to Vss- 0.5 

VIN Voltage at Any Digital Input Vee + 0.5 to GND- 0.5 

Current at VFRO ± 100 

lo Current at Any Digital Output ±50 

T stg Storage Temperature Range - 65, + 150 

T1ead Lead Temperature Range (soldering, 1 0 seconds) 300 

2/23 

246 

Unit 

v 
v 
v 
v 

rnA 

rnA 

oc 
oc 



PIN CONNECTIONS 

PLCC28 

4 3 2 

NC 

IL3 

IL2 

FSR 

DR1 

ORB 18 

CD 11 

12 13 u 

~ ~ I~ ~ 
u 
u 

PIN DESCRIPTION 

POWER SUPPLY, CLOCK 

1 

15 

"' L 

Name Pin ST5075 ST5076 Type 

Vee s 27 19 
Vss s 3 3 
GND s 1 1 

BCLK I 16 12 

MCLK I 17 13 

28 

16 

~ 
~ 

a 

ST5075/76 

DIP20 

~ 

GND UFXI 
2? 26 IJFRO IJCC 

25 IL1 IJss ILB 
24 IL4 

IL3 IL1 
23 ILS 

IL2 FSX 
22 

21 
FSR TSX1 

28 DR1 DX1 

19 CD MCLK 
1? CI BCLK 
~ ~ CCLK cs 
~ X 

a 
L 

ffBBSTSB?S-8411 
neosr5e?:>-e:;n 

Function Description 

Positive Power Supply +5V±5% 
Negative Power Supply -5V±5% 
Ground All analog and digital signals are referenced to this 

pin. 

Bit Clock Bit clock input used to shift PCM data into and out of 
the DR and Dx pins. BCLK may vary from 64 kHz to 
4.096 MHz in 8 kHz increments, and must be 
synchronous with MCLK. 

Master Clock Master clock input used by the switched capacitor 
filters and the encoder and decoder sequencing logic. 
Must be 512 kHz, 1.536/1.544 MHz, 2.048 MHz or 
4.096 MHz and synchronous with BCLK. 
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PIN DESCRIPTION (continued) 

TRANSMIT SECTION 

Name Pin ST5075 ST5076 Function 
Type 

FSx I 22 16 Transmit Frame Sync. 

VFxl I 28 20 Transmit Analog 

DxO 0 18 Transmit Data 
Dx1 0 19 14 

TSxO 0 20 Transmit Time-slot 
TSx1 0 21 15 

RECEIVE SECTION 

Name Pin ST5075 ST5076 Function 
Type FN 

FSR I 8 6 Receive Frame Sync. 

VFRO 0 2 2 Receive Analog 

ORO I 10 Receive Data 
DR1 I 9 7 
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Description 

Normally a pulse or squarewave waveform with an 
8 kHz repetition rate is applied to this input to define 
the start of the transmit time-slot assigned to this 
device (non-delayed data mode) or the start of the 
transmit frame (delayed data mode using the internal 
time-slot assignment counter). 

This is a high-impedance input. Voice frequency 
signals present on this input are encoded as an 
A-law or Jl-law PCM bit stream and shifted out on 
the selected Dx pin. 

DxO is available on the ST5075 only, Dx1 is available 
on all devices. These transmit data TRI-STATE® 
outputs remain in the high impedance state except 
during the assigned transmit time-slot on the 
assigned port, during wich the transmit PCM 
data' byte is shifted out on the rising edges of BCLK. 

TSxO is available on the ST5075 only. 
TSx1 is available on all devices. Normally these 
opendrain outputs are floating in a high impedance 
state except when a time-slot is active__2!! one of 
the Dx outputs, when the appropriate TSx outputs 
pulls low to enable a blackplane line-driver. Should 
be strapped to ground (GND) when not used. 

Description 

Normally a pulse or squarewave waveform with an 
8 kHz repetition rate is applied to this input to define 
the start of the receive time-slot assigned to this 
device (non-delayed frame mode) or the start of the 
receive frame(delayed frame mode using the internal 
time-slot assignment counter). 

The receive analog power amplifier output, capable 
of drivmg load impedances as low as 300 Q 
(depending on the peak overload level required). 
PCM data received on the assigned DR pin is 
decoded and appears at this output as voice 
frequency signals. 

ORO is available on the ST5075 only, DR1 is available 
on all devices. These receive data input(s) are 
inactive except during the assigned receive time-slot 
of the assigned port when the receive PCM data is 
shifted in on the falling edges of BCLK. 



PIN DESCRIPTION (continued) 

INTERFACE, CONTROL, RESET 

Name Pin ST5075 ST5076 Function 
Type FN 

IL5 1/0 23 - Interface Latches 
IL4 1/0 24 -
IL3 1/0 6 4 
IL2 1/0 7 5 
IL1 1/0 25 17 
ILO 1/0 26 18 

CCLK I 13 10 Control Clock 

Cl I 12 9 Control Data Input 

co 0 11 8 Control Data Output 

cs I 14 11 Chip Select 

MR I 15 - Master Reset 

FUNCTIONAL DESCRIPTION 

POWER-ON INITIALIZATION 

When power is first applied, power-on reset circuitry 
initializes COMBO IIG and puts it into the power
down state. The gain control registers for the trans
mit and receive gain sections are programmed for 
not output, the power amp is disabled and the de
vice is in the non-delayed timing mode. The Latch 
Direction Register (LDR) is pre-set with all IL pins 
programmed as inputs, placing the sue interface 
pins in a high impedance state. The CO pin is TRI
STATE condition. 

ST5075/76 

Description 

IL5 through ILO are available on the ST5075, 
IL3 through ILO are available on the ST5076. 
Each Interface Latch 1/0 pin may be individually 
programmed as an input or an output determined by 
the state of the corresponding bit in the Latch 
Direction Register (LDR). For pins configured as 
inputs, the logic state sensed on each input is 
latched into the Interface Latch Register (ILR) 
whenever control data is written to COMBO IIG, 
while CS is low, and the information is shifted out on 
the CO pin. When configured as outputs, control data 
written into the ILR appears at the corresponding IL 
pins. 

This clock shifts serial control information into or out 
of Cl or CO when the CS input is low depending on 
the current instruction. CCLK may be asynchronous 
with the other system clocks. 

Serial control information is shifted into COMBO II on 
this pin when CS is low. 
Serial control or status information is shiftted out of 
COMBO II on this pin CS is low. 

When this pin is low, control information can be 
written into or out of COMBO IIG via the Cl and CO 
pins. 

This logic input must be pulled low for normal 
operation of COMBO IIG. When pulled momentarily 
high, all programmable registers in the device are 
reset to the states specified under "Power-on 
Initialization". Not available on ST5076. 

A reset to these same initial conditions may also be 
forced by driving the MR pin momentarily high 
(ST5075 only). This may be done either when 
powered-up or down. For normal operation this pin 
must be pulled low. 

The desired modes for all programmable functions 
may be initialized via the control port prior to a 
Power-up command. 
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POWER-DOWN STATE 

Following a period of activity in the powered-up state 
the power-down state may be re-entered by writing 
a Power-Down instruction into the serial control port 
as indicated in table 1. The power down instruction 
may be included within any other instruction code. 
It is recommended that the chip be powered down 
before executing any instructions. In the power
down state, all non-essential circuitry is de-activated 
and the DxO and Dx1 outputs are in the high imped
ance TRI-STATE condition. 

The coefficients stored in the Gain Control registers, 
the data in the LOR and ILR, and all control bits re
main unchanged in the power-down state unless 
changed by writing new data via the serial control 
port, which remains operational. The outputs of the 
Interface Latches also remain active. 

TRANSMIT FILTER AND ENCODER 

The Transmit section input, VFxl is a high imped
ance input. No external components are needed to 
set the gain. Following this circuit is a programmable 
gain/attenuation amplifier which is controlled by the 
contents of the Transmit Gain Register (see Pro
grammable Functions section). An active prefilter 
then precedes the 3rd order high-pass and 5th order 
low-pass switched capacitor filters. The AID con
verted has a compressing characteristic according 
to the standard CCITT A or 11255 coding laws, which 
must be selected by a control instruction during in
itialization (see table 1 and 2). A precision on-chip 
voltage reference ensures accurate and highly 
stable transmission levels. Any offset voltage aris
ing in the gain-set amplifier, the filters or the com
parator is cancelled by an internal auto-zero circuit. 

Each encode cycle begins immediately following the 
assigned Transmit time-slot. The total signal delay 
referenced to the start of the time-slot is approxi
mately 165 11s (due to the Transmit Filter) plus 
125 11s (due to encoding delay}, which totals 290 11s. 
Data is shifted out on DxO or Dx1 during the selected 
time slot on eight rising edges of BCLK. 

DECODER AND RECEIVE FILTER 

PCM data is shifted into the Decoder's Receive 
PCM Register via the DRO or DR1 pin during these
lected time-slot on the 8 falling edges of BCLK. The 
Decoder consists of an expanding DAC with either 
A or 11255 law decoding characteristic, which is se
lected by the same control instruction used to select 
the Encode law during initialization. Following the 
Decoder is a 5th order low-pass switched capacitor 
filter with integral Sin x/x correction for the 8 kHz 
sample and hold. A programmable gain amplifier, 
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which must be set by writing to the Receive Gain 
Register, is included, and finally a Post-Filter/Power 
Amplifier capable of driving a 300 Q load to± 3.5 V, 
a 600 Q load to ± 3.8 V or 15 kQ load to ± 4.0 V at 
peak overload. 

A decode cycle begins immediately after each re
ceive time-slot, and 10 11s later the Decoder DAC 
output is updated. The total signal delay is 10 11s 
plus 120 11s (filter delay) plus 62.5 ~ts (1 /2 frame) 
which gives approximately 190 11s. 

PCMINTERFACE 

The FSx and FSR frame sync inputs determine the 
beginning of the 8-bittransmit and receive time-slots 
respectively. They may have any duration from a 
single cycle of BCLK to a square wave. Two differ
ent relationships may be established between the 
frame sync inputs and the actual time-slots on the 
PCM busses by setting bit 3 in the Control Register 
(see table 2). Non delayed data mode is similar to 
long-frame timing on the ETC 5050/60 series of de
vices :time-slots being nominally coincident with the 
rising edge of the appropriate FS input. The alterna
tive is to use Delayed Data mode which is similar to 
short-frame sync timing, in which each FS input 
must be high at least a half-cycle of BCLK earlier 
than the time-slot. 

The Time-Slot Assignment circuit on the device can 
only be used with Delayed Data timing. When using 
Time-Slot Assignment, the beginning of the first 
time-slot in a frame is identified by the appropriate 
FS input. The actual transmit and receive time-slot 
are then determined by the internal Time-Slot As
signment counters. Transmit and Receive frames 
and time-slots may be skewed from each other by 
any number of BCLK cycles. 

During each assigned transmit time-slot, the se
lected Dx0/1 output shifts data out from the PCM 
register on the rising edges of BCLK. TSxO (orTSx1 
as appropriate) also pulls low for the first 7 1/2 bit 
times of the time-slot to control the TRI-STATE 
Enable of a backplane line driver. Serial PCM data 
is shifted into the selected DR0/1 input during each 
assigned Receive time slot on the falling edges of 
BCLK. DxO or Dx1 and DRO or DR1 are selectable 
on the ST5075 only. 

SERIAL CONTROL PORT 

Control information and data are written into or read
back from COMBO IIG via the serial control port con
sisting of the control clock CCLK ; the serial data 
i.o.Q.ut Cl, and output CO and the Chip Select input 
CS. All control instructions require 2 bytes, as listed 
in table 1, with the exception of a single byte power-



up/down command. To shift control data into 
COMBO JIG, CCLK must be pulsed high 8 times 
while CS is low. Data on the Cl input is shifted into 
the serial input register on the falling edge of each 
CCLK pulse. After all data is shifted in, the contents 
of the input shift register are decoded, and may in
dicate that a 2nd byte of control data will follow. This 
second byj§_may either be defined by a second 
byte-wide CSpulse or may followJb.e first continu
ously, i.e. it is not mandatory for CS to return high 
in between the first and second control bytes. On 
the falling edge of the 8th CCLK clock pulse in the 
2nd control byte the data is loaded into the appro
priate programmable register. CS may remain low 
continuously when programming successive regis-

Table 1 : Programmable Register Instructions. 

ST5075/76 

ters, if desired. However CS should be set high 
when no data transfers are in progress. · 

To readback interface Latch data or status informa
tion from COMBO JIG, the first byte of the_ID2propri
ate instruction is strobed in during the first CS pulse, 
as defined in table 1. CS must then be taken low for 
a further 8 CCLK cycles, during which the data is 
shifted onto the CO pin on the rising edges of CCLK. 
When CS is high the CO pin is in the high-imped
ance TRI-STATE, enabling the Cl and CO pins of 
many devices to be multiplexed together. Thus, to 
summarize, 2-byte READ and WRITE ins-tructions 
may use either two 8-bit wide CS pulses or a single 
16-bit wide CS pulse. 

Function Byte1 Byte2 
7 6 5 4 3 2 1 0 

Single Byte Power-up/down p X X X X X 0 X None 

Write Control Register p 0 0 0 0 0 1 X See Table 2 
Read-back Control Register p 0 0 0 0 1 1 X See Table 2 

Write Latch Direction Register (LDR) p 0 0 1 0 0 1 X See Table 4 
Read Latch Direction Register p 0 0 1 0 1 1 X See Table 4 

Write Latch Content Register (ILR) p 0 0 0 1 0 1 X See Table 5 
Read Latch Content Register p 0 0 0 1 1 1 X See Table 5 

Write Transmit Time-slot/port p 1 0 1 0 0 1 X See Table 6 
Read-back Transmit Time-slot/port p 1 0 1 0 1 1 X See Table 6 

Write Receive Time-slot/port p 1 0 0 1 0 1 X See Table 6 
Read-back Receive Time-slot/port p 1 0 0 1 1 1 X See Table 6 

Write Transmit Gain Register p 0 1 0 1 0 1 X See Table 7 
Read Transmit Gain Register p 0 1 0 1 1 1 X See Table 7 

Write Receive Gain Register p 0 1 0 0 0 1 X See Table 8 
Read Receive Gain Register p 0 1 0 0 1 1 X See Table 8 

Notes : 1. 81t 7 of bytes 1 and 2 1s always the f~rst bit clocked 1nto or out of the Cl or CO pin 
2. ''P" is the power-up/down control bit, see "Power-up" section ("0" = Power-Up, 1 = Power Down). 

X = Don't Care. 

PROGRAMMABLE FUNCTIONS 

POWER-UP/DOWN CONTROL 

Following power-on initialization, power-up and 
power-down control may be accomplished by writ
ing any of the control instructions listed in table 1 
into COMBO IIG with the "P" bit set to "0" for power
up or "1" for power-down. Normally it is recom
mended that all programmable functions be initially 
programmed while the device is powered down. 
Power state control can then be included with the 
last programming instruction or the separate single
byte instruction. Any of the programmable registers 
may also be modified while the device is powered
up or down be setting the "P" bit as indicated. When 

the power up or down control is entered as a single 
byte ins-truction, bit one must be set to a 0. 

When a power-up command is given, all de-acti
vated circuits are activated, but the TRI-STATE 
PCM output(s), DxO (and Dx1), will remain in the 
high impedance state until the second FSx pulse 
after power-up. 

CONTROL REGISTER INSTRUCTION 

The first byte of a READ or WRITE instruction to the 
Control Register is as shown in table 1. The second 
byte functions are detailed in table 2. 
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MASTER CLOCK FREQUENCY SELECTION 

A Master clock must be provided to COMBO IIG for 
operation of the filter and coding/decoding func
tions. The MCLK frequency must be either 512kHz, 
1.536 MHz, 1.544 MHz, 2.048 MHz, or 4.096 MHz 
and must be synchronous with BCLK. Bits F1 and 
Fo (see table 2) must be set during initialization to 
select the correct internal divider. 

CODING LAW SELECTION 

Bits "MA" and "lA" in table 2 permit the selection of 
11255 coding or A-law coding with or without even
bit inversion. 

ANALOG LOOPBACK 

Analog Loopback mode is entered by setting the 
"AL" and "DL" bits in the Control Register as shown 
in table 2. In the analog loopback rnode, the Trans
mit input VFxl is isolated from the input pin and in
ternally connected to the VFRO output, forming a 

Table 2 :Control Register Byte 2 Functions. 

Bit Number 

7 6 5 4 3 2 

F1 FO MA lA DN DL 

0 0 
0 1 
1 0 
1 1 

0 X 
1 0 
1 1 

0 
1 

0 
1 
0 

(*)=State at power on rmtrahzatron (brt 4 = 0). 

!1255 Law 

loop frorn the Receive PCM Register back to the 
Transmit PCM Register. The VFRO pin remains ac
tive, and the programmed settings of the Transmit 
and Receive gains remain unchanged, thus care 
must be taken to ensure that overload levels are not 
exceeded anywhere in the loop. 

DIGITAL LOOPBACK 

Digital Loop back mode is entered by setting the "DL" 
bit in the Control Register as shown in table 2. This 
mode provides another stage of path verification by 
enabling data written into the Receive PCM Regis
ter to be read back from that register in any Trans
mit time-slot at DxO or Dx1. 

For Analog Loopback as well as for Digital Loopback 
PCM decoding continues and analog output ap
pears at VFRO. The output can be disabled by pro
gramming "no output" in the Receive Gain Register 
(see table 8). 

1 0 Function 

AL PP 
MCLK =512kHz 
MCLK = 1.536 or 1.544 MHz 
MCLK = 2.048 MHz (') 
MCLK = 4.096 MHz 

Select 11· 255 Law (*) 
A-law, Including Even Bit Inversion 
A-Law, No Even Bit Inversion 

Delayed Data Timing 
Non-delayed Data Timing (*) 

0 Normal Operation (*) 
X Digital Loopback 
0 Analog Loopback 

0 Power Amp Enabled in PDN 
1 Power Amp Disabled in PDN (*) 

True A-law Including A-law Without 
Even Bit Inversion Even Bit Inversion 

MSB LSB MSB LSB MSB LSB 

VrN = + Full Scale 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 

VrN = 0 V 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0 0 0 
0 1 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 

VrN =- Full Scale 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 1 1 1 1 

Note: The MSB rs always the frrst PCM brt shrfted rn or out of COMBO IIG 
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iNTERFACE LATCH DIRECTIONS 

Immediately following power-on, all Interface Lat
ches assume they are inputs, and therefore all IL 
pins are in a high impedance state. Each IL pin may 
be individually programmed as a logic input or out
put by writing the appropriate instruction to the LDR, 
see table 1 and 4. Bits Ls-Lo must be set by writing 
the specific instruction to the LDR with the L bits in 
the second byte set as specified in table 4. Unused 
interface latches should be programmed as outputs. 

Table 4 :Byte 2 Functions of Latch Direction 
Register. 

LN Bit IL Direction 

0 Input 
1 Output 

*=State at power·on initialization. 
Note : L4 and L5 should be programmed as an output for the 

ST5076. 

INTERFACE LATCH STATES 

Interface Latches configured as outputs assume the 
state determined by the appropriate data bit in the 
2-byte instruction written to the Latch Register (ILR) 

ST5075/76 

as shown in tables 1 and 5. Latches configured as 
inputs will sense the state applied by an external 
source, such as the Off-Hook detect output of a 
SLIC. All bits of the ILR, i.e. sensed inputs and the 
programmed state of outputs, can be read back in 
the 2nd byte of a READ from the ILR. It is recom
mended that, during initialization, the state of IL pins 
to be configured as outputs should first be pro
grammed, followed immediately by the Latch Direc
tion Register. 

Table 5 :Interface Latch Data Bit Order. 

Bit Number 
7 1 6 1 s I 4 1 3 1 2 1 1 1 o 

DO I D1 I D2 I D3 I D4 I D5 I X I X 

TIME-SLOT ASSIGNMENT 

COMBO IIG can operate in either fixed time-slot or 
time-slot assignment mode for selecting the Trans
mit and Receive PCM time-slots. Following power
on, the device in automatically in Non-Delayed 
Timing mode, in which the time-slot always begins 
with the leading (rising) edge of frame sync inputs 
FSx and FSR. Time-Slot Assignment may only be 
used with Delayed Data timing : see figure 6. FSx 
and FSR may have any phase relationship with each 
other in BCLK period increments. 

Table 6 :Byte 2 of Time-slot and Port Assignment Instructions. 

Bit Number 

7 6 5 4 3 2 1 0 
EN PS T5 T4 T3 T2 T1 TO 

(note 1) (note 2) 

0 X X X X X X X 

Assign One Binary Coded Time-slot from 0-63 

1 0 
Assign One Binary Coded Time-slot from 0-63 

Assign One Binary Coded Time-slot from 0-63 

1 1 
Ass1gn One Binary Coded Time-slot from 0-63 

*=State at power-on 1mt1al1zation. 
Notes : 1. The '"PS'" b1t MUST always be set to 1 for the ST5076. 

2. T5 IS the MSB of the time-slot assignment. 

Function 

Disable Dx Outputs (transmit instruction) * 

Disable DR Inputs (receive instruction) * 

Enable DxO Output, Disable Dx1 Output 
(Transmit instruction) 
Enable DRO Input, Disable DR1 Input (receive 
mstruction) 

Enable Dx1 Output, Disable DxO Output 
(Transmit instruction) 
Enable DR1 Input, Disable DRO Input (receive 
instruction) 
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Alternatively, the internal time-slot assignment 
counters and comparators can be used to access 
any time-slot in a frame, using the frame sync inputs 
as marker pulses for the beginning of transmit and 
receive time-slot 0. In this mode, a frame may con
sist of up to 64 time-slots of 8 bits each. A time-slot 
is assigned by a 2-byte instruction as shown in 
table 1 and 6. The last 6 bits of the second byte in
dicate the selected time-slot from 0-63 using straight 
binary notation. A new assignment becomes active 
on the second frame following the end of the Chip 
Select for the second control byte. The "EN" bit 
allows the PCM inputs DR0/1 or outputs Dx0/1, as 
appropriate, to be enabled or disabled. 
Time-Slot Assignment mode requires that the FSx 
and FSR pulses must conform to the delayed timing 
format shown in figure 6. 

PORT SELECTION 

On the ST5075 only, an additional capability is avail
able : 2 Transmit serial PCM ports, DxO and Dx1 are 
2 receive serial PCM ports, DAD and DR1, are pro
vided to enable two-way space switching to be im
plemented. Port selections for transmit and receive 

Table 7 : Byte 2 of Transmit Gain Instructions. 

Bit Number 

7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 
0 0 0 0 0 0 1 0 

1 1 0 0 1 1 0 1 

1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 

• =State at power initialization. 

RECEIVE GAIN INSTRUCTION BYTE 2 

The receive gain can be programmed in 0.1 dB 
steps by writing to the Receive Gain Register as 
defined in table 1 and 8. Note the following restric
tion on output drive capability : 

a) 0 dBmO levels :5 1.97 Vrms at VFRO may be 
driven into a load of<:: 15 kn to GND, 

b) 0 dBmO levels :5 1.86 Vrms at VFRO may be 
driven into a load of <:: 600 n to GND, 
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are made within the appropriate time-slot assign
ment instruction using the "PS" bit in the second 
byte. 

On the ST5076, only ports Dx1 and DR1 are avail
able, therefore the "PS" bit MUST always be set to 1 
for these devices. 

Table 6 shows the format for the second byte of both 
transmit and receive time-slot and port assignment 
instructions. 

TRANSMIT GAIN INSTRUCTION BYTE 2 

The transmit gain can be programmed in 0.1 dB 
steps by writing to the Transmit Gain Register as 
defined in tables 1 and 7. This corresponds to a range 
of 0 dBmO levels at VFxl between 1.375 Vrms and 
0.075 Vrms (equivalent to + 5.0 dBm to - 20.4 dBm 
in 600 Q). To calculate the binary code for byte 2 of 
this instruction for any desired input 0 dBmO level in 
Vrms, take the nearest integer to the decimal num
ber given by : 

200 X log10 (VI \/D.6) + 205 

and convert to the binary equivalent. Some exam
ples are given in table 7. 

0 dBmO Test Level at VFxl 

In dBm (into 600 Q) In Vrms 

No Output 

-20.4 0. 074 
-20.5 0. 075 

0 0. 775 

+ 4.9 1.36 
+ 5.0 1.38 

c) 0 dBmO levels :5 1.71 Vrms at VFRO may be 
driven into a load of<:: 300 n to GND. 

To calculate the binary code for byte 2 of this instruc
tion for any desired output 0 dBmO level in Vrms, 
take the nearest integer to the decimal number 
given by: 

200 X log1o (V/\}Oij) + 174 

and convert to the binary equivalent. Some exam
ples .are given in table 8. 
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Table 8 : Byte 2 of Receive Gain Instruction. 

Bit Number 0 dBmO Test Level at VFRO 

7 6 5 4 

0 0 0 0 

0 0 0 0 
0 0 0 0 

1 0 1 0 

1 1 1 1 

1 1 1 1 

1 1 1 1 

Notes : 1. Maximum level1nto 300 fl. 
2. Maximum level into 600 Q 

3 

0 

0 
0 

1 

0 

1 

1 

APPLICATIONS INFORMATIONS 

2 1 0 In dBm (into 600 Q) In Vrms 

0 0 0 No Output • (low Z to GND) 

0 0 1 -17.3 0. 106 
0 1 0 -17.2 0. 107 

1 1 0 0 0. 775 

0 1 1 + 6. 9 (note 1) 1. 71 

0 1 0 + 7.6 (note 2) 1. 86 

1 1 1 + 8.1 (note 3) 1. 97 

3. RL<: 15 kQ. 
* = State at power on initialization 

Figure 1 shows a typical ISDN phone application of ST5076 together with a ST5420 S Interface device and 
ST5451 HDLC controller. 

Figure 1 : Voice Terminal Application Diagram. 
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POWER SUPPLIES 
While the pins of the ST5075 and TS5076/COMBO 
IIG devices are well protected against electrical 
misuse, it is recommended that the standard CMOS 
practice of applying GND to the device before any 
other connections are made should always be fol
lowed. In applications where the printed circuit card 
may be plugged into a hot socket with power and 
clocks already present, an extra long ground pin on 
the connector should be used and a schottky diode 
connected between Vss and GND. To minimize 

noise sources all ground connections to each de
vice should meet at a common point as close as 
possible to the GND pin in order to prevent the in
teraction of ground return currents flowing through 
a common bus impedance. Power supply decoup
ling capacitors of 0.1 11F should oe connected from 
this common device ground point to Vee and Vss as 
close to the device pins as possible. Vee and Vss 
should be decoupled with low effective series resist
ance capacitors of at least 1 0 11F near the card edge 
connector. 

ELECTRICAL OPERATING CHARACTERISTICS 

Unless otherwise noted, limits in BOLD characters 
are guaranteed for Vee=+ 5 V ± 5% ; Vss =- 5 V 
± 5 %. TA = 0 "C to 70 "C by correlation with 100% 
electrical testing at TA = 25 "C. All other limits are 

assured by correlation with other production tests 
and/or product design and characterisation. All sig
nals referenced to GND. Typicals specified at 
Vee=+ 5 V, Vss =- 5 V, TA = 25 "C. 

DIGITAL INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

VIL Input Low Voltage All Digital Inputs 0.7 v 
V1H Input High Voltage All Digital Inputs 2.0 

VoL Output Low Voltage DxO and Dx1, TSxO, TSx1 and CO, 0.4 v 
IL = 3. 2 rnA 
All Other Digital Outputs, IL = 1 rnA 

VoH Output High Voltage DxO and Dx1 and CO, IL =- 3.2 rnA 
All other digital outputs except 

TSx, IL =- 1 rnA 2.4 v 
All Digital Outputs, IL =- 100 11A Vcc-D.5 v 

I1L Input Low Current all Digital Inputs (GND < V1N < VIL) - 10 1 0 llA 

I1H Input High Current all Digital Inputs Except MR (V1H < V1N <Vee) - 10 10 11A 

I1H Input High Current on MR - 10 100 llA 

loz Output Current in High Impedance State (TRI-STATE) - 10 1 0 !lA 
DxO and Dx1, CO 
IL5- ILO as Inputs 
(GND < Vo <Vee) 

ANALOG INTERFACE 

Symbol Parameter Min. Typ. Max. Unit 

lvFXI Input Current VFxl (- 3.3 V < VFxl < 3.3 V) - 1.0 1.0 J.LA 

RvFxl Input Resistance VFxl (- 3.3 V < VFxl < 3.3 V) 1.0 MQ 

VOSx Input offset voltage at VFxl OdBmO= - 20.4 dBm 20 mV 
OdBmO = + 5.0 dBm 200 mV 

RLvFRO Load Resistance at VFRO (- 3.5 V < VFRO < 3.5 V) 300 Q 

CLvFRO Load Capacitance 200 pF 
CLvFRO from VFRO to GND 

ROvFRo Output Resistance VFRO (steady zero PCM code applied to ORO 1 3 Q 
or DR1) 

VosR Output Offset Voltage at VFRO (alternating± zero PCM code - 200 200 mV 
applied to ORO or DR1, OdBmO = 8.1 dBm) 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 

POWER DISSIPATION 

Symbol Parameter 

ICCO Power Down Current (CCLK, Cl = 0.4 V, CS = 2.4 V) 
Interface latches set as outputs with no load. 
All Other Inputs active, Power Amp Disabled 

-IS SO Power Down Current (as above) 

ICC1 Power Up Current _ 
(CCLK, Cl = 0.4 V, CS = 2.4 V) 
No Load on Power Amp 
Interface latches set as outputs with no load. 

-ISS1 Power Up Current (as above) 

TIMING SPECIFICATIONS 

ST5075/76 

Min. Typ. Max. Unit 

.3 1.5 rnA 

.1 0.3 rnA 

7 1 0 rnA 

7 1 0 rnA 

Unless otherwise noted, limits in BOLD characters 
are guaranteed for Vee = + 5 V ± 5 % ; 
Vss = 5 V ± 5 %. T A = 0 "C to 70 "C by correlation 
with 100% electrical testing at TA = 25 "C. All other 
limits are assured by correlation with other pro
duction tests and/or product design and charac
terization. All signals referenced to GND. Typicals 

specified at Vee=+ 5 V, Vss = 5 V, TA = 25 "C. All 
timing parameters are mesured at VoH = 2.0 V and 
VoL= 0.7 V. 

See Definitions and Timing Conventions section for 
test methods information. 

MASTER CLOCK TIMING 

Symbol Parameter Min. Typ. Max. Unit 

fMCLK Frequency of MCLK (selection of frequency is programmable, 512 kHz 
see table 2) 1.536 MHz 

1.544 MHz 
2.048 MHz 
4.096 MHz 

twMH Period of MCLK High (measured from V1H to V1H, see note 1) 80 ns 

IWML Period of MCLK Low (measure'tl from V1L to V1L. see note 1 ) 80 ns 

tRM Rise Time of MCLK (measured from V1L or V1H) 30 ns 

tFM Fall Time of MCLK (measured from V1H to V1L) 30 

tHBM Hold Time, BCLK Low to MCLK High 50 ns 

twFL Period of FSx or FSR Low 2 j.lS 
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TIMING SPECIFICATIONS (continued) 

PCM INTERFACE TIMING 

Symbol Parameter 

fscLK Frequency of BCLK (may vary from 64 kHz to 4.096 MHz in 
8 kHz increments) 

twsH Period of BCLK High (measured from V1H to VIH) 

twsL Period of BCLK Low (measured from V1L to VIL) 

IRs Rise Time of BCLK (measured from V1L to VIH) 

IFs Fall Time of BCLK (measured from V1H to V1L) 

IHSF Hold Time, BCLK Low to FSxtR High or Low 

lsFS Setup Time FSxiR High to BCLK Low 

to so Delay Time, BCLK High to Data Valid (load= 100 pF plus 
2 LSTTL loads) 

tosz Delay Time from BCLK8 Low to Dx Disabled (if FSx already low) 
FSx Low to Dx Disabled (if BCLK8 low) 
BCLK9 High to Dx Disabled (if FSx still high) 

losT Delay Time, from BCLK and FSx Both High to TSx Low (load = 
100 pF plus 2 LSTTL loads) 

lzsT Delay Time from BCLK8 low to TSx Disabled (if FSx already low) 
FSx Low to TSx Disabled (if BCLK8 low) 
BCLK9 High to TSx Disabled (if FSx still high) 

loFD Delay Time, FSx High to Data Valid (load= 100 pF plus 2 LSTTL 
loads, applies if FSx rises later than BCLK rising edge in 
non-delayed data mode only) 

I soB Setup Time • DR 0/1 Valid to BCLK Low 

tHoS Hold Time, BCLK Low to DR 0/1 Invalid 

Min. 

64 

80 

80 

0 

30 

15 

15 

30 

10 

Note : 1 Applies only to MCLK frequencies 2: 1 536 MHz. At 512kHz a 50.50 ± 2% duty cycle must be used. 

Figure 5: Non Delayed Data Timing (long frame mode). 

MCLK 

ecu: 

FSX 

O)(B/1 

fS>eB/1 

FSO 

Typ. Max. 

4.096 

30 

30 

80 

80 

60 

60 

80 

------------------------------ -'"----
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Figure 6 : Delayed Data Timing (short frame mode). 

neue 

DX9/1 

DIHl/l 

SERIAL CONTROL PORT TIMING 

Symbol Parameter Min. Typ. Max. Unit 

fccLK Frequency of CCLK 2.048 MHz 

lwcH Period of CCLK High (measured from V1H to V1Hl 160 ns 

lwcL Period of CCLK Low (measured from V1L to VIL) 160 ns 

IRe Rise Time of CCLK (measured from V1L to V1Hl 50 ns 

lFc Fall Time of CCLK (measured from V1H to VIL) 50 ns 

lHcs Hold Time, CCLK Low to CS Low (CCLK1) 10 ns 

lHsc Hold Time, CCLK Low to CS High (CCLKB) 100 ns 

!sse Setup Time, CS Trans1t1on to CCLK Low 70 ns 

lssco Setup Time, CS Transition to CCLK High (to insure CO is not 50 ns 
enabled for single byte) 

!soc Setup T1me, Cl Data in to CCLK low 50 ns 

IHco Hold Time, CCLK Low to Cl Invalid 50 ns 

loco Delay T1me, CCLK High to CO Data Out Valid 50 ns 
(load = 100 pF plus 2 LSTTL loads) 

to so Delay T1me, CS Low to CO Valid 50 ns 
(applies only if separate CS used for byte 2) 

looz Delay Time, CS or CCLK9 High to CO High Impedance 15 80 ns 
(applies to earlier of CS high or CCLK9 high) 

INTERFACE LATCH TIMING 

Symbol Parameter Min. Typ. Max. Unit 

IsLe Setup Time, IL Valid to CCLK 8 of Byte 1 Low. IL as Input 100 ns 

IHCL Hold Time, IL Valid from CCLK 8 of Byte 1 Low. IL as Input 50 ns 

tocL Delay Time, CCLK 8 of Byte 2 Low to IL. CL =50 pF. IL as 200 ns 
Output 

MASTER RESET PIN 

Parameter 

Duration of Master Reset High (ST5075 only) 
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TRANSMISSION CHARACTERISTICS 

Unless otherwise noted, limits printed in BOLD char
acters are guaranteed for Vee = + 5 V± 5 % ; 
Vss =- 5 V± 5%, TA= 0 ·c to 70 ·c by correlation 
with 100 % electrical testing at T A = 25 ·c. 
f = 1015.625 Hz, VFxl = 0 dBmO, DRO or 
DR1 = 0 dBmO PCM code. All other limits are as-

sured by correlation with other production tests 
and/or product design and characterization. All sig
nals referenced to GND. dBm levels are into 
600 ohms. Typicals specified at Vee = + 5 V, 
Vss = 5 V, TA = 25 'C. 

AMPLITUDE RESPONSE 

Symbol Parameter Min. Typ. Max. Unit 

Absolute levels 

The nominal o dBm 0 levels are : 
VFxl 0 dB Tx Gain 1.377 Vrms 

25.4 dB Tx Gain 74.0 mVrms 

VFRO 0 dB Rx Attenuation (RL ~ 15 kn) 1.968 Vrms 
0.5 dB Rx Attenuation (RL ~ 600 n) 1.858 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 Q) 1.714 Vrms 

25.4 dB Rx Attenuation 105.7 mVrms 

Maximum Overload 

The nominal overload levels are : 

A-law 
VFxl 0 dB Tx Gain 1.978 Vrms 

25.4 dB Tx Gain 106.2 mVrms 

VFRO 0 dB Rx Attenuation (RL ~ 15 kn) 2.825 Vrms 
0.5 dB Rx Attenuation (RL ~ 300 Q) 2.667 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 Q) 2.461 Vrms 

25.4 dB Rx Attenuation 151.7 mVrms 

Jl-law 
VFxl 0 dB Tx Gain 1.985 Vrms 

25.4 dB Tx Gain 106.6 mVrms 

VFRO 0 dB Rx Attenuation (RL ~ 15 kn) 2.836 Vrms 
0.5 dB Rx Attenuation (RL ~ 600 0) 2.677 Vrms 
1.2 dB Rx Attenuation (RL ~ 300 n) 2.470 Vrms 

25.4 dB Rx Attenuation 152.3 mVrms 

Transmit Gain Absolute Accurary 

GXA Transmit Gain Programmed for 0 dBmO = 5 dBm, A-Law 
Measure Deviation of Digital Code from Ideal 0 dBmO PCM Code 
at Dx0/1, f = 1015.625 Hz 
TA = 25 oc, Vee= 5 V, Vss =- 5 V -0.15 0.15 dB 

Transmit Gain Variation with Programmed Gain 

GXAG - 20.4 dBm s 0 dBmO s 5 dBm 

Calculate the Deviation from the Programmed Gain Relative to 
GXA -0.1 0.1 dB 
i.e., GXAG = Gactual - Gprog - GXA 
T A = 25 oc, Vee= 5 V, Vss =- 5 V 
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AMPLITUDE RESPONSE (continued) 

Symbol Parameter Min. Typ. Max. Unit 

GXAF Transmit Gain Variation with Frequency 

Relative to 1015.625 Hz (note 2} 
- 20.4 dBm ~ 0 dBmO ~ 5.0 dBm 
DRO (or DR1} = 0 dBmO Code 
f =60Hz -26 dB 
f=200Hz -1.8 -0.1 dB 
f = 300 Hz to 3000 Hz -0.15 0.15 dB 
f =3400Hz -0.7 0 dB 
f =4000Hz -14 dB 
f ~ 4600 Hz Measure Response at Alias Frequency from 0 kHz -32 dB 
to 4kHz 
0 dBmO = 5.0 dBm 
VFxl =- 4 dBmO (note 2) 
f =62.5 Hz - 24.9 dB 
f = 203.125 Hz - 1.7 - 0.1 dB 
f = 2093.750 Hz - 0.15 0.15 dB 
f = 2984.375 Hz - 0.15 0.15 dB 
f = 3296.875 Hz - 0.15 0.15 dB 
f = 3406.250 Hz - 0.7 0 dB 
f = 3984.375 Hz - 13.5 dB 
f = 4593.750 Hz, Measure 3406.25 Hz - 32 dB 
f = 5015.625 Hz, Measure 2984.375 Hz - 32 dB 
f = 10015.625 Hz, Measure 2015.625 Hz - 32 dB 

GXAT Tansmit Gain Variation with Temperature 

Measured Relative to GxA. Vee = 5 V, Vss =- 5 V 
- 20.4 dBm ~ 0 dBmO ~ 5.0 dBm -0.1 0.1 dB 

GXAV Transmit Gain Variation with Supply 

Vee = 5 V ± 5 %, Vss =- 5 V ± 5 % 
Measured Relative to GXA 
T A = 25 °C, 0 dBmO = 5.0 dBm - 0.05 0.05 dB 

GXAL Transmit Gain Variation with Signal Level 

Sinusoidal Test Method, Reference Level = 0 dBmO 
VFxi =- 40 dBmO to + 3 dBmO -0.2 0.2 dB 
VFxi =- 50 dBmO to - 40 dBmO - 0.4 0.4 dB 
VF,I =-55 dBmO to- 50 dBmO - 1.2 1.2 dB 

GRA Receive Gain Absolute Accuracy 

0 dBmO = 8.1 dBm, A-Law 
Apply 0 dBmO PCM Code to ORO or DR1 Measure VFRO - 0.15 0.1'5 dB 
TA = 25 oc, Vee= 5 V, Vss =- 5 V 

GRAG Receive Gain Variation with Programmed Gain 

- 17.3 dBm ~ 0 dBmO ~ 8.1 dBm 
Calculate the Deviation from the Programmed Gain Relative to - 0.1 0.1 dB 
GRA 
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AMPLITUDE RESPONSE (continued) 

Symbol Parameter Min. Typ. Max. Unit 

i.e. GRAG = Gactual - Gprog - GRA 
T A = 25 oc, Vee = 5 V, Vss =- 5 V 

GRAT Receive Gain Variation with Temperature 

Measured Relative to GRA 
Vee =5 V, Vss =-5 V -0.1 0.1 dB 
- 17.3 dBm::; 0 dBmO::; 8.1 dBm 

GRAY Receive Gain Variation with Supply 

Measured Relative to GRA 
Vee= 5 V ± 5%, Vss =- 5 V ± 5% -0.05 0.05 dB 
T A = 25 °C, 0 dBm 0 = 8.1 dBm 

GRAF Receive Gain Variation with Frequency 

Relative to 1015.625 Hz, (note 2) 
DRO or DR1 = 0 dBmO Code 
- 17.3 dBm,; 0 dBmO,; 8.1 dBm 
f =200Hz -0.25 0.15 dB 
f = 300 Hz to 3000 Hz -0.15 0.15 dB 
f =3400Hz -0.7 0 dB 
f =4000Hz -14 dB 
GR = 0 dBmO = 8.1 dBm 
GX = DRO =- 4 dBmO 
f = 296.875 Hz -0.15 0.15 dB 
f = 1906.250 Hz -0.15 0.15 dB 
f = 2812.500 Hz -0.15 0.15 dB 
f = 2984.375 Hz -0.15 0.15 dB 
f = 3406.250 Hz -0.7 0 dB 
f = 3984.375 Hz -13.5 dB 

GRAL Receive Gain Variation with Signal Level 

Sinusoidal Test Method Reference Level = 0 dBmO 
DRO =- 40 dBmO to + 3 dBmO -0.2 0.2 dB 
DRO =- 50 dBmO to- 40 dBmO -0.4 0.4 dB 
DRO =- 55 dBmO to- 50 dBmO -1.2 1.2 dB 
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ENVELOPPE DELAY DISTORTION WITH FREQUENCY 

Symbol Parameter Min. Typ. Max. Unit 

DXA Tx Delay Absolute 315 J.lS 

f =1600Hz 

DXR Tx Delay, Relative 

I = 500 - 600 Hz 220 J.lS 
f = 600 - 800 Hz 145 115 
f = 800 - 1000 Hz 75 115 
f = 1000- 1600Hz 40 115 
f = 1600-2600 Hz 75 J.lS 
f = 2600 - 2800 Hz 105 J.lS 
I = 2800 - 3000 Hz 155 115 

DRA Rx Delay, Absolute 

I= 1600Hz 200 115 
DRR Rx Delay, Relative 

I = 500 - 1 000 Hz -40 J.lS 
f = 1000- 1600Hz -30 115 
I= 1600-2600 Hz 90 115 
I = 2600 - 2800 Hz 125 115 
I = 2800 - 3000 Hz 175 J.lS 
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NOISE 

Symbol Parameter Min. Typ. Max. Unit 

NXC Transmit Noise, C Message Weighted 
J.L-Iaw Selected (note 3) 12 15 dBrnCO 
0 dBmO = 5.0 dBm 

NXP Transmit Noise, Psophometric Weighted 
A-law Selected (note 3) -74 - 67 dB mOp 
0 dBmO = 5.0 dBm 

NRC Receive Noise, Psophometric Weighted 
J.L-Iaw Selected 
PCM code is alternatmg pos1tive 8 11 dBrnCO 

NRP Receive Noise, Psophometric Weighted 
A-law Selected 
PCM Code Equals Positive Zero -82 - 79 dB mOp 

NRS Noise, Single Frequency 
f = 0 kHz to 100 kHz, Loop Around Measurement VFxl = 0 Vrms -53 dBmO 

PPSRX Positive Power Supply Rejection Transmit 
Vee = 5 Voc + 100 mVrms 30 dBp 
f =kHz- 50 kHz (note 4) 

NPSRX Negative Power Supply Rejection Transmit 
Vss =- 5 VDC + 100 mVrms 30 dBp 

PPSRR Positive Power Supply Rejection Receive 
PCM Code Equals Positive Zero 
Vee =5 Voc + 100 mVrms 
Measure VFRO 
f = 0 Hz - 4000 Hz 30 dBp 
f = 4 kHz - 25 kHz 40 dB 
f = 25 kHz - 50 kHz 36 dB 

NPSRR Negative Power Supply Rejection Receive 
PCM Code Equals Positive Zero 
Vss =-5 Voc + 100 mVrms 
Measure VFRO 
f = 0 Hz - 4000 Hz 30 dBp 
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 dBmO 300 Hz to 3400Hz input PCM applied at DRO (DR1) · 
4600 Hz - 7600 Hz - 30 dB 
7600 Hz - 8400 Hz -40 dB 
8400 Hz - 1 00 000 Hz - 30 dB 
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DISTORTION 

Symbol Parameter Min. Typ. 

STDX Signal to Total Distortion Transmit 
Sinusoidal Test Method 
Half Channel, 

Level = 3 dBmO 33 
- 30 dBmO to 0 dBmO 36 
-40 dBmO 29 
-45 dBmO 25 

STDR Signal to Total Distortion Receive 
Sinusoidal Test Method 
Half Channel, 

Level = 3 dBmO 33 
- 30 dBmO to 0 dBmO 36 
-40 dBmO 30 
-45 dBmO 25 

SFDX Single Frequency Distortion Transmit 

SFDR Single Frequency Distortion Receive 

IMD lntermodulation Distortion Transmit or Receive Two Frequencies 
in the Range 
300 Hz - 3400 Hz 

CROSSTALK 

Symbol Parameter Min. Typ. 

CTX-R Transmit to Receive Crosstalk, 
0 dBmO Transmit Level 
f = 300 - 3400 Hz -90 
DR = Steady PCM Code 

CTR-X Receive to transmit Crosstalk, 
0 dBmO Receive Level 
f = 300- 3400 Hz, (note 4) -90 

Notes: 1. 
2. 
3. 
4. 

Applies only to MCLK frequencies 2 1.536 MHz. At 512 kHz A 50:50 ± 2 % duty cycle must be used. 
A multi-lone test technique is used (peaklrms s 9.5 dB). 
Measured by extrapolation from distort1on test result at- 50 dBmO. 
PPSRX, NPSRX and CTR·X are measured with a- 50 dBmO act1vat1on s1gnal applied to VFxl. 

Max. Unit 

dBp 
dBp 
dBp 
dBp 

dBp 
dBp 
dBp 
dBp 

-46 dB 

-46 dB 

-41 dB 

Max. Unit 

-75 dB 

-70 dB 

A signal1s Val1d if it is above v,H or below V" and Invalid if it is between VILand v,H. For the purpose of the specif1cat1on the following 
cond1!1ons apply : 
a) All input signals are defined as V" = 0.4 V, v,H = 2. 7 V, te < 1 0 ns, IF 10 ns 
b) tR IS measured from VrL to VrH, tF rs measured from VrH to VrL 
c) Delay T1mes are measured from the input signal Valid to the clock input invalid 
d) Setup T1mes are measured from the data input Vahd to the clock input invalid 
e) Hold Times are measured from the data signal Valid to the data input invalid 
f) Pulse widths are measured dram VrL to VrL or from VrH to VrH 
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DEFINITIONS AND TIMING CONVENTIONS 

DEFINITIONS 

VJH 

VoH 

VoL 

VJH in the D.C input level above which an input level is guaranteed to appear as a logi
cal one. This parameter is to be measured by performing a functional test at reduced 
clock speeds and nominal timing. (i.e. not minimum setup and hold times or output 
strobes), with the high level of all driving signals set to VJH and maximum supply voltages 
applied to the device. 

VJL is the D.C. input level below which an input level is guaranteed to appear as a logi
cal zero the device. This parameter is measured in the same manner as VJH but with all 
driving signal low levels set to VJL and minimum supply voltage applied to the device. 

VoH is the minimum D.C. output level to which an output placed in a logical one state will 
converge when loaded at the maximum specified load current. 

VoL is the maximum D.C. output level to which an output placed in a logical zero state 
will converge when loaded at the maximum specified load current. 

Threshold Region The threshold region is the range of input voltages between VJL and VJH. 
Valid Signal A signal is Valid if it is in one of the valid logic states. (i.e. above VJH or belowe VJL). In 

timing specifications, a signal is deemed valid at the instant it enters a valid state. 

Invalid signal A signal is invalid if it is not in a valid logic state, i.e., when it is in the threshold region 
between VJL and VJH. In timing specifications, a signal is deemed Invalid at the instant it 
enters the threshold region. 

TIMING CONVENTIONS 

For the purpose of this timing specifications the following conventions apply : 

Input Signals All input signals may be characterized as : VL = 0.4 V, VH = 2.4 V, tR < 10 ns, tF < 10 ns. 
Period 

Rise Time 

Fall Time 

The period of the clock signal is designated as tPxx where xx represents the mnemonic 
of the clock signal being specified. 

Rise times are designated as tRyy, where yy represents a mnemonic of the signal whose 
rise time is being specified, tRyy is measured from VJL to VJH. 
Fall times are designated as tFyy, where yy represents a mnemonic of the signal whose 
fall time is being specified, tFyy is measured from VJH to VJL. 

Pulse Width High The high pulse width is designated as tWzzH, where zz represents the mnemonic of the 
input or output signal whose pulse width is being specified. High pulse widths are 
measured from VJH to VJH. 

Pulse Width Low The low pulse width is designated as tWzzL' where zz represents the mnemonic of the 
input or output signal whose pulse width is being specified. Low pulse widths are 
measured from VJL to VJL. · 

Setup Time Setup times are designated as tSwwxx where ww represents the mnemonic of the input 
signal whose setup time is being specified relative to a clock or strobe input represented 
by mnemonic xx. Setup times are measured from the ww Valid to xx Invalid. 

Hold Time Hold times are designated as THwwxx where ww represents the mnemonic of the input 
signal whose hold time is being specified relative to a clock or strobe input represented 
by the mnemonic xx. Hold times are measured from xx Valid to ww Invalid. 

Delay Time Delay times are designated as TDxxyy [H/L], where xx represents the mnemonic of the 
input reference signal and yy represents the mnemonic of the output signal whose tim
ing is being specified relative to xx. The mnemonic may optionally be terminated by an 
H or L to specify the high going or low going transition of the output signal. Maximum 
delay times are measured from xx Valid to yy Valid. Minimum delay times are measured 
from xx Valid to yy Invalid. This parameter is tested under the load conditions specified 
in the Conditions column of the Timing Specifications section of this datasheet. 
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L3000 
L3010 

SUBSCRIBER LINE INTERFACE CIRCUIT KIT 

MAIN CHARACTERISTICS 
• PROGRAMMABLE DC FEEDING RESIS

TANCE AND LIMITING CURRENT 
(four values available) 

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

_ 1. NORMAL/BOOST BATTERY : DIRECT/ 
REVERSE POLARITY 

_ 2. QUICK OFF-HOOK DETECTION IN CVS 
(1 ms) FOR LOW DISTORTION DIAL 
PULSE DETECTION 

_ 3. GROUND KEY DETECTION 
• TELETAXE SIGNAL INJECTION WITH INTER

NAL FILTER 
• HYBRID FUNCTION 
• RINGING GENERATION WITH QUASI ZERO 

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

• AUTOMATIC RINGING STOP WHEN OFF
HOOK IS DETECTED 

• SERIAL DIGITAL INTERFACE SLD BUS COM
PATIBLE 

• LOW NUMBER OF EXTERNAL COMPO
NENTS 

• POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

• INTEGRATED THERMAL PROTECTION 
• GOOD REJECTION OF THE NOISE ON BAT

TERY VOLTAGE (20dB at 1OHz; 40dB at 1kHz) 

DESCRIPTION 
The SLIC KIT (L3000/L301 0) 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 L3000 line interface circuit 
and the L301 0 control unit 

The kit implements the main features of the 
BORSHT functions : 

_ Battery feed (balance mode) 
_ Ringing 
_ Signalling 
_ Hybrid 

March 1989 

ADVANCE DATA 

The SLIC KIT injects the ringing signal in balanced 
mode and requires a positive supply voltage of typi
cally + 72V to be available on the subscriber card. 

The L3000/L301 0 KIT generates the ringing signal 
internally, avoiding the requirement for expensive 
external circuitry. A low level 1 Vrms input is re
quired. 

This kit is fabricated using a 140V Bipolar technol
ogy for L3000 and a 1 2V Bipolar 12L technology for 
L3010. 

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). 

DIP28 

FLEXIWATT15 

ORDER CODES : 
L301 0 (Dip28) 
L3000 (Fiexiwatt15) 
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L3000/L301 0 

PIN CONNECTION 

TIP 
GND 

uss I RX 
MNT 

UB• 
UDD I ZA 

BGNI) 
UBIM I l8 uoo 
UOUT I TTX2 U IN 

ZAC I TTX1 UBIM 
RPC I TX us-
L:AC AGNO 

ACDC I CRT REF 

IT I RGIN C1 
ROC I C.LK C2 

IL 1 cS IT 

C2 1 Rtu IL 

C1 I OI/0 RING 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

I Vb-1+1 Vb+ I Total Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

Vagnd-Vbgnd Max Voltage between Analog Ground and Battery Ground 

Tl Max Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

L3000 HIGH VOLTAGE 

Max Resistance Junction to Case 
Max Resistance Junction to Ambient 

L3010 LOW VOLTAGE 

Rthla Max Resistance Junction to Amb1ent 

OPERATING RANGE 

Symbol Parameter 

Taper Operating Temperature Range 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

I Vb- 1+1 Vb+ I Total Battery Voltage 

vdd Posit1ve Supply Voltage 

Vss Negative Supply Voltage 

I max Total Line Current (IL + h) 
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Value 

-80 

80 

140 

+ 5.5 

-5.5 

5 

+ 150 

-55 to+ 150 

Min. 

0 

-70 

0 

+ 4.5 

-5.5 

4 
50 

80 

Typ. 

-48 

+ 72 

120 

Unit 

v 

v 

v 

v 

v 

v 

oc 
oc 

oc;w 

Max. Unit 

70 oc 
-24 v 

+ 75 v 
130 v 

+ 5.5 v 

-4.5 v 

85 mA 
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PIN DESCRIPTION (L3000) 

No Name Description 

1 TIP A line termination output with current capability up to 1 OOmA (Ia is the current sourced from 
this pin). 

2 MNT Positive Supply Voltage Monitor 

3 Vs+ Positive Battery Supply Voltage 

4 BGND Battery ground relative to the Vs+ and the V8 - supply voltages. 
It is also the reference ground for TIP and RING signals. 

5 Voo Positive Power Supply + 5V 

6 VIN 2 w1re unbalanced voltage mput. 

7 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. 
- fliter by an external capac1tor the noise on Vs-. 

8 Vs- Negative Battery Supply Voltage 

9 AGND Analog Ground. All input signals and the Voo supply voltage must be referred to this pin. 

10 REF Voltage reference output with very low temperature coefficient. The connected resistor sets 
mternal c1rcu1t b1as current. 

11 C1 Digital signal input (3 levels) that defines device status with pin 12. 

12 C2 Digital signal input (3 levels) that defines device status with pin 11. 

13 IT High precision scaled transversal line current signal. 

IT =l_a__:+:_!_i, 
100 

14 IL Scaled longitudinal line current signal. 

IL=Ia-lb 
100 

15 RING B line termination output with current capability up to 1 OOmA (lb is the current sunk into this 
pin). 
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PIN DESCRIPTION (l3010) 

No Name Description 

1 GND Analog and Digital Ground 

2 vss Negative Supply Voltage, - 5V 

3 VDD Positive Supply Voltage, + 5V 

4 VeiM Battery voltage scaled by 40 input ; from L3000, pin 7. 

5 VOUT Two wire unbalanced output carrying out the following signals reduced by 40 : 
1 ) DC voltage to perform the proper DC characteristic. 
2) Ringing Signal 
3) Voice Signal 
4) Teletax Signal 

6 ZAG AC Line Impedance Synthesis 

7 RPC AC Line Impedance Adjustment. Protection Resistances Compensation 

8 CAC AC Feedback Input 
g ACDC AC - DC Feedback Input 

10 IT Transversal Line Current Input 

IT=Ia+lb 
100 

11 RDC DC Feeding System 

12 IL Longitudinal Line Current Input 

IL = Ia- lb 
100 

13 C2 State Control Signal 2 

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

15 Dl/0 data Input/output of the Serial Digital Interface 

16 R/W Read/write Input of the Serial Digital Interface 

17 cs Chip Select Input 

18 CLK Clock Input of the Serial Digital Interface 

19 RGIN Low Level Ringing Signal Input 

20 CRT Ring Trip Detection and TTX Shaping 

21 TTX Teletaxe Signal Analog Input 

22 TX Transmit Amplifier Output 

23 TIX1 Teletaxe Filter 

24 TIX2 Teletaxe Filter 

25 ZB Two to four wire conversion Circuit Inputs 

26 ZA Two to four wire conversion Circuit Inputs 

27 RX Receiving Input 

28 REF Bias Setting Pin 
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L3000 BLOCK DIAGRAM 
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L3010 BLOCK DIAGRAM 
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L3000/L301 0 

FUNCTIONAL DESCRIPTION 

L3000- HIGH VOLTAGE CIRCUIT 

The L3000 line interface provides a battery feeding 
for telephone lines and ringing injection. The IC con
tains 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 VDD by an exter
nal transistor. 

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 L3000 amplifies both the AC and DC signals 
entering at pin 6 (VIN). 

Separate grounds are provided : 
_ Analog ground as a reference for analog signals 
_ Battery ground as a reference for the output 

stages 

The L3000 can work with a (DC + AC) voltage sig
nal up to 5V between the two grounds. 

Table 1. 

L3010- LOW VOLTAGE CIRCUIT 

The L301 0 Low Voltage Control Unit controls the 
L3000 line interface module, giving the proper infor
mations to set line feed characteristic, to inject the 
ringing and the teletaxe signals and synthesizes the 
line and the balance impedances. 

An on-chip digital serial interface allows the L301 0 
to be directly connected to a SLD Bus Interface or 
to a microprocessor to control all the operations. 

L3010 defines working states of line interface and 
also informs the controller about line status. 

WORKING STATES OF THE KIT 

In order to carry out the different possible oper
ations, the ST sue kit has several different working 
states. Each state is defined by the. voltage respec
tively applied by pins 14 and 13 of L301 0 to the pins 
11 and 12 of L3000. 

Three different voltage levels(- 5, 0, + 5) are avail
able at each connection, so defining nine possible 
states as listed in tab. 1. 

Pin 1 3 of L301 0 I Pin 1 2 of L3000 

Pin 14 of L3010 

Pin 11 of L3000 

NB . Normal Battery 
BB : Boosted Battery 
N P · Normal Polanty 
R P · Reverse Polarity 

+5 

0 

-5 

+ 5 

Stand-by 

Not Used 

Not Used 

Appropriate combinations of two pins define the 
three status of the kit, that are : 

a) Stand-by (SBY) 

b) Conversation (CVS) 

c) Ringing (RING) 

A fourth status Power down (PD) can be set discon
necting the bias resistor (RH) from pin 10 of L3000 
through an external transistor. 

The main difference between Stand-by and Power 
down is that in SBY the power consumption on the 
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0 - 5 

Conversation NB-DP Conversation NB-RP 

Conversation BB-DP Conversation BB-RP 

Ringing DP Ringing RP 

voltage battery VB-(- 48V) is reduced but the SUC 
can recognize yet the On hook/off hook status. In 
PD the power consumption on VB- is reduced to 
zero, but none operation can be performed by the 
sue. 
The SBY status should be used when the telephone 
is in on hook and PD status only in emergency con
dition when it is mandatory to cut any possible dissi
pation but no operation are requested. 



OPERATING MODES 

STAND-BY (SBY) MODE 

In this mode the bias currents of both L3000 and 
L301 0 are reduced as only some parts of the two 
circuits are completely active, control interface and 
current sensors among them. 

The Line Feeding DC Characteristics has two re
gion: 

a) Current limiting region with a DC impedance very 
high (> 20KQ). The value of the limiting line current 
is fixed at 1 OmA. 

b) A low resistive region where the equation for the 
line voltage is equal to 

VuNE ~ ( IVBATI -10) -luNE * ~ (RFs + 2Rp) 
3 

The AC characteristic in Stand-by corresponds to a 
low impedance (2xRP). 

In Stand-by mode the Line Voltage Polarity is just in 
direct condition, that is the TIP wire more positive 
than the RING one. 

The ON/OFF HOOK detection circuit is active and 
provide at the digital interface the ON-HOOK indi
cation when the Transversal lime current is lower 
than 6mA and the OFF-HOOK indication when it is 
higher than 7.5mA. 

When the ST SLIC is in Stand-by mode, the power 
dissipation of L3000 does not exceed 200mW (from 
- 48V) eventually increased of a certain amount if 
some current is flowing into the line. 

Figure 1 : DC Characteristics in Stand-by Mode. 

Iline!mAl 

I line =1!3mA 

ff88L3Bt8-B? 

L3000/L301 0 

The power dissipation of the L301 0 in the same con
dition is typically 120mW. 

CONVERSATION (CVS) MODE 

In conversation Mode it is possible to select between 
two different DC characteristics (Normal and Boost 
battery) and the polarity of the DC Line Voltage. 

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 (> 20KQ) and therefore the sys
tem works like a current generator. The limiting 
current value is defined by programmation via the 
serial digital interface and selected among the 
four following values : 30/45/60/?0mA. 

b) A resistive feeding region : the characteristic 
VuNE ~ F (luNE) is : 

VuNE ~ 46V- 2RFS * luNE. This part of the DC 
characteristic does not depend of the Battery Vol
tage value. 

c) A low resistive Feeding region :the Line Voltage 
is equal to: 

VuNE ~ (I VBATI - 10)- luNE * ~ (RFs + 2Rp) 
3 

Switching between the three regions is automa
tic without discontinuity, and depends on the loop 
resistance. 

SLOPE: ~~F5+2RP] 

.f Vline!Ul 
lvs-1-teu 
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L3000/L301 0 

Figure 2: DC Characteristic in Conversation Mode- RFs = 200.Q; Rp = 30.Q; VB-= -48V. 

Figure 3 : Line Current versus Loop Resistance- RFs = 200.Q ; Rp = 30.Q ; VB-= -48V. 

L3000/3010 DC Characteristic. 
Line current versus loop resistance 

RFS=200ohm; RP=30ohm; VB-=-48V 

~~~j--~= ·~ 
3D ~ ----- ··-

20 ---------- ----· ------ --- . ~- -- ---~--

.- ·- ... -·-- -- ----- ...... ··-· -- -- =-
oL---~-----L-----L----~----L---~ 

0 5DD 1000 1500 2000 2500 3000 

Rloop (ohm) 

In Boost Battery the DC characteristic has two Feed
ing conditions : 

a) current limiting region : it has the same characte
ristics as in Normal Battery 

b) resistive Feeding region :the Line Voltage is 

VuNE = (IVs.l + IVs+l- 27V) - luNE x 2 x RFs 

In conversation mode, whatever the condition (nor
mal or boost battery. direct or reverse polarity), it is 
always possible to inject into the line the 12Khz (or 
16Khz) signal with a level of 1Vrms, permanently 
applied at the L301 O's pin 21, as metering pulses, 
when request by the control processor (through 
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BIT3 set to "1"). A patented automatic control sys
tem adjusts the level of the metering signal to con
tain 2Vrms across the line, regardless of 
impedance. Moreover the metering signal is ramped 
at the beginning and at the end of each pulse to pre
vent undesirable clicking noise :the slope is deter
mined by the value of CINT (see the external 
component list of L301 0). 

The metering pulse signals and the AC transmitting 
and receiving signals can be injected or received 
from the line also with a DC Line current equal to 
zero. This allows the ON-HOOK Transmission 
Function. 



Figure 4 : DC Characteristic in Boost Battery Mode. 
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In conversation mode the AC impedance at the line 
terminals is synthesized by the external compo
nents ZAG and RP, according to the following for
mula: 

ZML = ~ lAc+ 2 x RP 
5 

Depending on the characteristic of the ZAG network, 
ZML can be either a pure resistance or a complex 
impedance. This allows the SLIC to meet different 
standards as far as the return loss is concerned. The 
capacitor CCOMP guarantees stability to the sys
tem. 

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 (Ziine), 

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

3) The balancing network ZA connected between 
the pin 25 (ZB) and the pin 26 (ZA) of L301 0, 

4) The network ZB between the pin 25 (ZB) and 
ground that shall copy the line impedance. 

L3000/L301 0 

UllneiUl 

Ius+ I+ I ua-I-27U 

It is important to underline that ZA and ZB are not 
equal to ZML and to Zline. They both must be multi
plied by a factor in the range up to 1 0, allowing use 
of smaller capacitors. 

In conversation mode, the L3000 dissipates about 
500mW for its own operation. The dissipation re
lated to the current supplied to the line shall be 
added, in order to get the total dissipation. In the 
same condition the power dissipation of L301 0 is 
typically 200mW. 

RINGING MODE 

When the ringing function is selected by the control 
processor a low level signal (1 Vrms) with a fre
quency in the range from 16 to 70Hz, permanently 
applied to the L301 0 {pin RGIN), is amplified and in
jected in balanced mode into the line through the 
L3000 with a super imposed DC voltage of 22V. 

It is important to underline that the low level ringing 
signal must be always connected to the pin RGIN 
also when the SLIC is not in Ringing Mode. 
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The first and the last ringing cycles are synchronized 
by the L301 0 so that the ringing signal always starts 
and stops when the line voltage crosses zero. 

When this mode is activated, the L3000 operates 
between the negative and the positive battery volt
ages, typically- 48V and+ 72V, and the impedance 
to the line is just equal to the two external resistors 
(typ. = 60 ohm). 

There is a sophisticated ring trip detection circuit in
sensitive to the parasitic noise on the line. The ring 
trip principle is as follows : 
_ 1 _ During the ringing signal injection at the be

ginning of each period the voltage across the 
external capacitor CINT connected between 
ground and pin 20 (CRT) of L301 0 is reset to 
OV. 

_ 2 _ The transversal Line Current is sensed, 
therefore the ring trip detection is not sensi
tive to the longitudinal current. 

_ 3 _ A fraction of the line current is sent to the ext. 
capacitor CINT. 

DIGITAL CONTROL INTERFACE BETWEEN 
THE SLIC AND THE BOARD CONTROLLER 

The programmable functions of the SUC are con
trolled by a microprocessor or a Board Controller 
through a 4-Wire serial bus SLD compatible. 

The four pins have following functions : 

CLK : Shift Clock (512kHz max) 

CS : Chip select (active low) 

12126 
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_ 4 _ At the end of each period the voltage across 
CINT is measured. If it is under a certain 
value (250mV) the procedure restart as at 
point- 1 -. If the voltage is higher of 250mV 
the ringing signal is automatically suspended 
for three periods and the sue is pro
grammed in Conversation Mode. 

_ 5 _ A !the end of the third period the On Hook/Off 
Hook detection circuit checks the line status. 

_ 6 _ If the Off-hook condition is confirmed it sets 
the BIT 0 (HS Hook Status) of the internal 
reading register. 

_ 7 _ If the Off-Hook condition is not confirmed the 
SUC automatically will come back in Ringing 
Mode and the ringing signal will be re-in
jected into the line. 

In order to performs the Off-Hook detection in one 
period the value of the capacitor CINT must be 
choosen in function of the ringing frequency. 

(see external component list table). 

Dl/0 : Bidirectional pin :data-in (8 bit), data-out (4-
bit) 
R.tw : R.tw = 0 read operation ; R/W = 1 writing oper
ation. 

The data are shifted into and read by the low volt
aruLL301 0- on. the falling edge of each CLK pulse, 
if CS = 0 and R/W = 1. 
The data are shifted out from L301 0 on the rising 
edge of each CLK pulse, if CS = 0 and R!W = 0. 



DATA INPUT 

One byte can be written into the SLIC to program its functions. 

The following table shows the meaning of each bit. 

Table 1. 

Input Data 

Meaning 

BIT 0 =Activation o :stand-by 

1 :power up 

Value 

BIT 1 = Battery Polarity 0 : normal Pol. (tip to ground) 

1 : reverse Pol. (ring to ground) 

BIT 2 = Ringing 0 : ring off 

1 :ring on 

BIT 3 = Teletaxe 0 : teletaxe off 

1 : teletaxe on 

BIT 4 = Extra Feeding 0 : normal battery 

1 : boost battery 

BIT 5 0 0 1 

BIT 6 0 1 0 

Line Current Limiting 30m A 45mA 60mA 

BIT 7 = Parity Control o :Lbit =ODD 
0·6 

1 : L bit =EVEN 
0·6 

Notes : 1. The BITO IS the f1rst b1t to be sent to the L301 0 and the BIT? 1s the last. 
2. In Conversation Mode and in Ringing Mode the BITO must be set to ''1 ''. 

L3000/L301 0 

1 

1 

70mA 

3. BIT? IS the panty control bit. It must be set to 0 1f the number of ones into the previous bits from BITO to BIT6 is odd. 

DATA OUTPUT 

Four bits can be read from the SLIC as shown in the following table 2. 

Table 2. 

Input Data 

Meaning Value 

BIT 0 = Line Supervision (note 1) 0 :on-hook 

1 :off-hook 

BIT 1 =Line Current > 60mA (note 2) 0 :off 

1 :on 

BIT 2 =Ground Key Detection (note 3-4) 0 : long. Line Curr. < lline/2.5 

1 : long. Line Curr. > lline/2 

BIT 3 = Previous Word o : not accepted 

1 :accepted 

Notes: 1. The BITO is the f1rst that L3010 send in the output 
2. If the line current exceeds 60mA. BIT1 = 1 
3. This relation is valid for line current over 5mA 
4. The longitudinal current IS defined as follows looK = (lA- ls)/2 

where lA is the current sourced from the TIP pin and Is is the current sunk 1nto the RING pin 
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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 traditional feeding 
system (most common value for RFS are 200,400 
or 500 ohms). 

_ The AC inpuVoutput SLIC impedance at line ter
minals, ZML, to which the return loss measure
ment is refered. It can be real (typically 600 ohms) 
or complex. 

_ The equivalent AC impedance of the line Zline 
used for evaluation of the trans-hybrid loss 

L3000/L301 0 

(2/4 wire conversation). It is usually a complex im
pedance. 

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

_ The metering pulse frequency Ft (two values are 
possible : 12kHz and 16kHz. 

_ The value of the two resistors RP in series with 
the line terminals ; main purpose of the a.m. re
sistors is to allow primary protection to fire. A mini
mum value of 30 ohm for each side is suggested. 

With these assumptions, the following component 
list is defined : 

EXTERNAL COMPONENT LIST FOR THE L3000 

Component 
Involved Parameter or Function 

Ref Value 

RH 24.9KQ ± 2% Bias Resistor 

RP 30 to 100Q Line Series Resistor 

CDVB 47J.!F- 20WV ± 20% Battery Voltage Rejection 

CVB + (note 1) 0.1J.!F- 100WV ± 20% Positive Battery Filter 

CVB - (note 1) 0.1J.!F- 100WV ± 20% Negative Battery Filter 

DS (note 1) BAT 49 Protective Shottky Diode 

EXTERNAL COMPONENT LIST FOR THE L3010 

Component 
Involved Parameter or Function 

Ref Value 

cvss 0.1J.!F- 15WV (note 1) Negative Supply Voltage Filter 

CVDD 0.1J.!F- 15WV (note 1) Positive Supply Voltage Filter 

CAC 47J.!F- 10WV ± 20% AC Path Decoupling (not polarised) 

ZAC (ZML- 2xRP) x 1.25 2 Wire AC Impedance 

CCOMP 1 AC Loop Compensation 

6.28 X 30000 X ZAC 

RPC RP x 2.5 Rp Insertion Less Compensation 

ROC (RFS - RP) x 1.25 DC Feeding Resistor 

RL 24.9KQ 1% Bias Resistor 

ZB K ZLINE (note 2) Line Impedance Balancing Network 

ZA 0.8 x K x RPC + (0.8 x K x ZAC // ~CS~M:) Line Impedance Balancing Network 

C1 TX 15nF 1% Teletaxe Filter 
C2 TX 15nF 1% (12kHz) 
R1 TX 1.3KQ 1% (note 4) 
R2 TX 2.21KQ 1% 

CINT (note 5) Ring Trip Detection Time Constant 

Notes : 1. In most applications these components can be shared between all the SLIC"s on the Subscnber Card. 
2. The structure of this network shall copy the l1ne Impedance ZuNE, multiplied by a factor K=1 to . 1 o. 
3 The structure of thiS network shall copy the SLIC output Impedance ZML multrplred by a factor K = 1 to 10 and compen

sate the effect of CCOMP on transhybrid rejeCtion 
4. If the Teletex Filter rs not used, pin 23 must be connected to the pin 24 and the ext. component can be avoided. 
5. CINT value depends on the nng1ng frequency Fr : 
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L3000/L301 0 

ELECTRICAL CHARACTERISTICS 
VDD = + 5V ; VSS = - 5V ; VB+ = + 72V ; VB- = - 48V ; Tamb = + 25°C) 

STAND-BY 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLS Output Voltage at L3000 Terminals I line= OmA 37 39 v 
ILCC Short Circuit Current 12 rnA 

lot Off-hook Detection Threshold 6 7.5 rnA 

Hys Off-hook/on-hook Hysteresis 1.5 2.5 rnA 

VIs Symmetry to Ground I line= OmA .75 v 

DC OPERATION- NORMAL BATTERY 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLO Output Voltage at L3000 Line I line= OmA 37 39 v 
Terminals Data in 1XOOOXXX 

llim Current Program through the Data in 1XOOOXXX luM luM luM rnA 
Digital interface -10% +10% 

lot Off-hook Detection Threshold 7.5 rnA 

Hys Off-hook/on-hook Hysteresis 1.5 2.5 rnA 

llgk Longitudinal Line Current with GDK lime> 5mA I LINE I LINE rnA 
Detect 2.6 2.2 

DC OPERATION- BOOST BATTERY 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLO Output Voltage at L3000 Line luNE = OmA 90 96 v 
Terminals I LINE = 20mA 81 89 v 

RFS =200Q 

AC OPERATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Ztx Sending Output Impedance on TX Data in 1XOOOXXX 15 Q 

THD Signal Distortion at 2W and 4W Vtx = OdBm @ 1020Hz 0.5 % 
Terminals 

Rl 2W Return Loss I = 300 to 3400Hz 20 dB 

Thl Transhybrid Loss I = 300 to 3400Hz 24 dB 

Gs Sending Gain Vso = OdBm I = 1020Hz -0.25 + 0.25 dB 

Gsl Sending Gain Flatness vs. I = 300 to 3400Hz - 0.1 + 0.1 dB 
Frequency Respect to 1020Hz 

Gsl Sending Gain Linearity fr =1020Hz -0.1 + 0.1 dB 
Vsoref =- 1 OdBm 
Vso = + 41- 40dBm 
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ELECTRICAL CHARACTERISTICS (continued) 

AC OPERATION (continued) 

Symbol Parameter Test Conditions 

Gr Receiving Gain Vri ~ OdBm ; F ~ 1020Hz 

Grl Receiving Gain Flatness f ~ 300 to 3400Hz 
Respect to 1020Hz 

Grl Receiving Gain Linearity fr ~1020Hz 
Vriref ~- 1 OdBm 
Vri ~ + 41- 40 dBm 

Np4W Psophomet. Noise 4W - Tx 
Terminals 

NP2W Psophomet. at Line Terminals 

SVRR Supply Voltage Rejection Ratio Vn ~ 0.7Vrms 
Relative to VB- F ~3400Hz 

F ~1000Hz 
F ~10Hz 

SVRR Relative to VDD F ~3400Hz 

SVRR Relative to VSS Vn ~ 1 OOmVrms 

Lie Longitudinal to Transversal F ~ 300 to 3400Hz 
Conversion I line~ 30mA 

Tic Transversal to Longitudinal ZML ~soon 

Conversion 

Td Propagation Time Both Direction 

Tdd Propagation Time Distortion 

Vttx Line Voltage of Teletaxe Signal Z LINE ~ 200Q 

THD Teletaxe Signal Harmonic Dis!. 

Ziti Teletaxe Amplif. Input Impedance 

(') :up to 52dB using selected L3000. 

AC OPERATION BOOST BATTERY 

Symbol Parameter Test Conditions 

Gs Sending Gain Vso ~ OdBm f ~ 1020HZ 

Gr Receiving Gain Vri ~ OdBm f ~ 1020HZ 

Np4W Psophometric Noise at 4W-Tx 
Terminals 

Np2W Psophometric Noise at line 
Terminals 

SVRR Supply Voltage Rejection Ratio V ~ 1 OOmVrsm f ~ 3400Hz 
Relative to VB+ (fig. 15) 

SVRR Relative to Vdd f ~3400Hz 

SVRR Relative to Vss Vs ~ 1 OOmVrms 

L3000/L301 0 

Min. Typ. Max. Unit 

-0.25 + 0.25 dB 

-0.1 + 0.1 dB 

-0.1 + 0.1 dB 

-75 70 dBmop 

-75 70 dB mop 

dB 
-36 
-40 
-20 

- 20 dB 

-20 dB 

49 (*) 60 dB 

49 (*) 60 dB 

40 JlS 

25 JlS 

1.8 2.2 v 
5 % 

100 Kf.l 

Min. Typ. Max. Unit 

-0.5 + 0.5 dB 

-0.5 + 0.5 dB 

-68 dBmp 

-73 -68 dBmp 

-30 dB 

-20 dB 

-20 dB 
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L3000/L301 0 

ELECTRICAL CHARACTERISTICS (continued) 

RINGING PHASE 

Symbol Parameter 

VIr Superimposed DC Voltage 

Vacr Ringing Signal at Line Terminal 

If DC Off-hook Del Threshold 

llim Output Current Capability 

Vrs Ringing Voltage Symmetry 

THDr Ringing Signal Distorsion 

Zir Ringing Amplicat. Input Impedance 

Vrr Residual of Ringing Signal at Tx 
Output 

Trt Ring Trip Detection Time 

Toh Off-hook Status Delay after the 
Ringing Stop 

SUPPLY CURRENT 

Symbol Parameter 

loo Positive Supply Current 
cs = 1 

Iss Negative Supply Current 
cs = 1 

I sAT- Negative Battery Supply Current 
Line Current = 0mA 

I sAT+ Posit1ve Battery Supply Current 
Line Current = 0mA 

NB = Normal Battery 
BB = Boosted Battery 
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Test Conditions 

Rloop > 1 OOKQ 

Rloop = 1Kn 

V RGIN = 1 Vrms/30Hz 
Rloop = 1kQ + 1(-lF 

Pin RGIN 

Iring = 25Hz (T = 1/fring) 
CRT= 330nF 

Stand-by 
Conversation (NB/BB) 

Ringing 

Stand-by 
Conversation (NB/BB) 

Ringing 

Stand-by 
Conversation N B 
Conversation B B 

Ringing 

Stand-by 
Conversation N B 
Conversation B B 

Ringing 

Min. Typ. Max. Unit 

19 30 v 
17 28 v 
56 60 Vrms 

1.7 2.3 mA 

85 130 mA 

2 Vrms 

5 % 

50 KQ 

600 mVrms 

80(2T) ms 

120(3T) (.lS 

Min. Typ. Max. Unit 

16.3 mA 
26.4 mA 
26.4 mA 

9.5 mA 
18 mA 
18 mA 

2.9 4 mA 
9.8 12 mA 
13 16 mA 
26 28.5 mA 

10 15 (.LA 
10 15 (.LA 
8 10 mA 
16 18.5 mA 



DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
(VDD = + 5V, ± 5% ; VSS =- 5V, ± 5% ; Tamb = 0 to + 70°C) 

STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions 

VII Input Voltage at Logical "'0" Pins 15, 16, 17, 18 

Vih Input Voltage at Logical "1" 

Iii Input Current at Logical "0" Vii =OV 

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

Vol Output Voltage at Logical "0" Pin 15 lout =- 1 rnA 

Voh Output Voltage at Logical "1" Pin 15 lout= 1mA 

Ilk Tristate Leak Current Pin 15 with NCS = "1" 

DINAMIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions 

!elk CKL Signal Frequency 

Tr, Tf CLK Rise and Fall Time 

Twh, Twl CLK Impulse Width 

Tee "1" RW to CKL Set up Time 

Tsc CS to CLK Set up Time 

Tsk CS to CLK Set up Time 

Tsd Data in Set up Time 

Thd Data in Hold Time 

Tcs CS to CKL Hold T1me 

Tea RW to CKL Hold Time 

Tac RW to CKL Set up Time 

Tzd Data out to CS Delay 

Tee RW to CKL Hold Time 

Tdz High Imp. to CS Delay 

Tdd Data out to CKL Delay 

L3000/L301 0 

Min. Typ. Max. Unit 

0 0.8 v 
2.0 5 v 

200 JlA 
40 J.lA 

0.4 v 

2.4 v 
10 JlA 

Min. Typ. Max. Unit 

1 512 Khz 

50 ns 

800 ns 

100 ns 

0 ns 

400 ns 

0 ns 

300 ns 

0 400 ns 

200 ns 

100 ns 

0 600 ns 

200 ns 

50 200 ns 

400 800 ns 
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L3000/L301 0 

Figure 6 : Writing Operation Timing (from controller to slic). 
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Figure 7 : Reading Operation Timing (from slic to controller). 
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L3000/L301 0 

Figure 8: Slic Test Circuit Schematic. 
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L3000/L301 0 

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 : T rx teletaxe signal input 

RGIN : low level ringing signal input 

TEST CIRCUITS 

Figure 1 : Symmetry to Ground. 

1uF * 
A 

r 
ULS Sl_ I C 

lKO 

1 

Figure 2 : 2W Return Loss. 
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TEST CIRCUITS (continued) 

Figure 6 : SVRR Relative to Battery Voltage VB-. 

688Q SLIC 

2.2uF 

f18!JSLIC-B6fl 

Figure 7 : Longitudinal to Transversal Conversion. 
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Figure 8 :Transversal to Longitudinal Conversion. 
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L3000/L301 0 

TEST CIRCUITS (continued) 

Figure 9 : TTX Level at Line Terminals. 

2.2uF 

2000 

2.2uF 
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Figure 10 : Ringing Simmetry. 
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L3000 
L3030 

SUBSCRIBER LINE INTERFACE KIT 

MAIN CHARACTERISTICS 
• PROGRAMMABLE DC FEEDING RESIS

TANCE AND LIMITING CURRENT (four values 
available) 

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

• NORMAL/BOOST BATTERY, DIRECT/REVER
SE POLARITY 

• SIGNALLING FUNCTION (off-hook/GND-key) 
• FILTERED OFF-HOOK DETECTION IN 

STAND-BY (10ms) 
• 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 

• AUTOMATIC RINGING STOP WHEN OFF
HOOK IS DETECTED 

• PARALLEL AND SERIAL DIGITAL INTER
FACES 

• TELETAXE SIGNAL INJECTION (2VRMsi5VRMS) 
• LOW NUMBER OF EXTERNAL COMPO

NENTS 
• GOOD REJECTION OF THE NOISE ON BAT

TERY VOLTAGE (20dB at 1OHz and 40dB at 
1kHz) 

• POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

• INTEGRATED THERMAL PROTECTION WITH 
THERMAL OVERLOAD INDICATION 

DESCRIPTION 
The ST SLIC KIT (L3000/L3030) is a set of solid 
state devices designed to integrate main of the func
tions needed to interface a telephone line. It con
sists of 2 integrated devices : the L3000 line 
interface circuit and the L3030 control unit. 

This kit performs the main features of the BORSHT 
functions : 

_ Battery feed 
_ Ringing 
_ Signalling 
_ Hybrid 

Additional functions, such as battery reversal, extra 
battery use, line overvoltage sensing and metering-

April1989 

pulse injection are also featured ; most external 
characteristics, as AC and DC impedances, are pro
grammable with external components. The ST SLIC 
injects ringing in balanced mode and forth at, 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 sig
nal (0.285Vrms). 

This kit is fabricated using a 140V Bipolar technol
ogy for L3000 and a 12V Bipolar 12L technology for 
L3030. 

This kit is suitable for Central Office (German Spe
cifications) and for the high range of PABX (Private 
Automatic Branch Exchange). 

DIP28 

PLCC44 

FLEXIWATT15 

ORDER CODES : 
L3030 (DIP28) 
L3030P (PLCC44) 
L3000 (FLEXIWATT15) 
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L3000/L3030 

PIN CONNECTION (top view) 

M89 L3030-01 M89L3030-02 

REF 

UDIM 
RX/RG 

TTXF 

UUU I RGI IX 

CM TTXIN 
CRTS 

ROC 

E!A 
NCS 

DCKL 

PLCC44 DIP28 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

IVb-l + IVb+l Total Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

Vagnd - Vbgnd Max. Voltage between Analog Ground and Battery Ground 

Tt Max. Junction Temperature 

T stg Storage Temperature 

THERMAL DATA 

L3000 HIGH VOLTAGE 

Max. Resistance Junction to Case 
Max. Resistance Junction to Ambient 

L3030 LOW VOLTAGE 

I Max. Resistance Junction to Ambient 

OPERATING RANGE 

Symbol Parameter 

Taper Operating Temperature Range 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

Vb- + Vb+ Total Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

I max Total Line Current 
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M89L3000-03 

RGNO 

uoo 
U IN 

AGNO 

REF 

[J 

" IL 

RING 

FLEXIWATT15 

Value 

-80 

80 

140 

+ 5.5 

-5.5 

5 

+ 150 

-55 to+ 150 

Min. 

0 

-70 

0 

+ 4.5 

-5.5 

4 
50 

80 

Typ. 

-48 

+ 72 

120 

Max. 

70 

-24 

+ 75 

130 

+ 5.5 

-4.5 

85 

Unit 

v 

v 

v 

v 

v 

v 

oc 
oc 

oc;w I 

Unit 

oc 
v 

v 

v 

v 
v 

rnA 



L3000/L3030 

PIN DESCRIPTIONS (L3000) 

N' Name Description 

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

2 MNT Positive Supply Voltage Momtor 

3 Vs+ Positive Battery Supply Voltage 

4 BGND Battery ground relative to the Vs+ and the V8 - supply voltages. 
It is also the reference ground for TIP and RING signals. 

5 Voo Positive Power Supply + 5V 

6 VIN 2 wire unbalanced voltage input. 

7 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 Vs-. 

8 Vs- Negative Battery Supply Voltage 

9 AGND Analog Ground. All input signals and the V00 supply voltage must be referred to this pin. 

10 REF Voltage reference output with very low temperature coefficient. The connected resistor sets 
internal circuit bias current. 

1 1 C1 Digital signal input (3 levels) that defines device status with pin 12. 

12 C2 Digital signal input (3 levels) that defines device status with pin 11. 

13 IT High precision scaled transversal line current signal. 
Ia + lb 

IT=--
100 

14 IL Scaled longitudinal line current signal. 
Ia- lb 

IL=--
100 

15 RING B line termination output with current capability up to 100mA (lb is the current sunk into this 
pin). 
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L3000/L3030 

L3030- PIN CONFIGURATION 

Pin 

PLCC-44 DIP-28 
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 28 REF Bias Set 

3 1 AGND Analog Ground 

4 2 VSS - 5V 

5 3 VDD + 5V 

6 N.C. Not connected. 

7 4 czs AC Feedback Input 

8 5 ACF AC Line Impedance Synthesis 

9 6 ZAC AC Impedance Adjustement 

10 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

11 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

12 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

13 7 VOUT Two wire unbalanced output. 

14 8 CM Capacitor Multiplier Input 

15 9 RC DC Feedback Input 

16 10 IT Transversal Line Current 

17 11 ROC DC Feeding System 

18 12 EIA Read/write Command 

19 13 NCS Chip Select Command 

20 14 DIO Data Input/output 

21 15 DCLK Clock Signal 

22 DGND Digital Ground 

23 N.C. Not connected. 

24 N.C. Not connected. 

25 N.C. Not connected. 

26 16 Cl Input/output Changing Command 

27 17 C1 State Control Signal 1 

28 18 C2 State Control Signal 2 

29 N.C. Not connected. 

30 N.C. Not connected. 

31 19 IL Longitudinal Line Current 

32 20 CRTS Ring trip Det. & TTX Shaping 

33 21 TTXIN Teletax Signal Input 

34 22 RGTTX TTX Filter Level Compensation 

35 23 TTXF TTX Filter Input 

36 24 ZB Balancing Network 
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L3000/L3030 

L3030- PIN CONFIGURATION (continued) 

Pin 
PLCC-44 DIP-28 

Symbol Function 

37 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

38 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

39 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

40 25 TX 4W Sending Output 

41 26 RX/RG 4W Receiving and Rmg Input 

42 27 VBIM Battery Image Input 

43 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external components. 

44 TST This pin is connected internally for test purpose. It should not be used as a 
tie point for external 

L3000 BLOCK DIAGRAM 

BGND liB+ MNT 

REF L3GGG 
Cl 

I a 

C2 TIP 

liDO 

15 
liiN RING 

AGND 

IT IL liBIM liB- 11BBL3BBB-B4 
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L3000/L3030 

L3030 BLOCK DIAGRAM 

RX/RG 

TX 
TTXF 
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TTXIN 

DCLK 
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41 
136 

L 
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32 RING >---

INJECTOR 

- TTX INJIECT. -
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CONTROL 
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22 I 

L3838 
18 19 
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t_ T9 T14 ps T17 
LINE CURRENT 7 

---------{ 
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SYNTETIZER 

l 
42 

ON/OFF HOOK 
DETECTOR 

j 

GROUND-KEY 31 
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27 
lo- -
'------'\ 

LINE INTERFACE 
----,/ CIRCUIT CONTROL 28 -
r,-1 
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26 3 14 Js 
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FUNCTIONAL DESCRIPTION 

L3000- HIGH VOLTAGE CIRCUIT 

The L3000 line interface provides a battery feeding 
for telephone lines and ringing injection. The IC con
tains 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 VDD. 

Two pins, IL and h, carry out the information con
cerning line status which is detected by sensing the 
line current into the output stage. 

The L3000 amplifies both the AC and DC signals 
entering at pin 6 (VIN). 

Separate grounds are provided : 

_ Analog ground as a reference for analog sig
nals 

_ Battery ground as a reference for the output 
stages 

Table 1. 

L3000/L3030 

L3030- CONTROL UNIT 

The L3030 low voltage control unit controls L3000 
line interface module, giving the proper information 
to set line feed characteristic, to inject ringing and 
TIX signal. An on chip digital interface allows a 
microprocessor to control all the operations. L3030 
defines working states of line interface and also in
forms the controller about line status. 

If it's not otherwise specified pins number are com
ing from PLCC44 package. 

L3000- WORKING STATES 

In order to carry out the different possible oper
ations, the ST SLIC kit has several different working 
states. Each state is defined by the voltage respec
tively applied by pins 27 and 28 of L3030 to the pins 
11 and 12 of L3000. 

Three different voltage levels (- 5, 0, + 5) are avail
able at each connection, so defining nine possible 
states as listed in tab. 1. 

Pin 28 of L3030 I Pin 12 of L3000 

+3 

Pin 27 +3 Stand-by 
of 

L3030 0 Not allowed. 
--

Pin 11 
of -3 Not allowed. 

L3000 

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

a) Stand-by (SBY) 

b) Conversation (CVS) 

c) Ringing (RING) 

In Stand-by and in ringing just one condition is 
allowed (normal battery and direct polarity) but four 
are possible in conversation (normal battery or 
boost battery, direct polarity or reverse polarity). 

Inside the conversation mode, two more functions 
are also available, that do not affect the particular 
operation where the SLIC is set. The functions are : 

1) Current limiting (with 4 possible levels) 

2) Metering pulse injection 

0 -3 

Conversation in Normal Conversation in Normal 
Battery Direct Polarity Battery Reverse Polar 

Conversation in Boost Conversation in Boost 
Battery Direct Polarity Battery Reverse Polar 

Ringing with Direct Not allowed. 
Polarity 

It is always possible to switch from one state to an
other. 

A fourth status, Power down (PD), can be set dis
connecting the bias resistor (RH) from pin 10 of 
L3000 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 SUC 
can recognize yet the On hook/Off hook status. In 
PD the power consumption on VB- is reduced to 
zero, but none operation can be performed by the 
sue. 
The SBY status should be used when the telephone 
is in On hook and PD status only in emergency con
dition when it is mandatory to cut any possible dissi
pation but no operation are requested. 
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L3000/L3030 

OPERATING MODES 

STAND-BY (SBY) MODE 

In this mode, the bias currents of both L3000 and 
L3030 are reduced as only some parts of the two 
circuits 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 : 

Figure 1 : DC Characteristics in Stand-by Mode. 

IlinefmAl 

!line cost. =7mA 

fiB!JL383B-B~ 

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 (lline < 5mA). Normal on-hook condi
tion. 

2) OFF-HOOK (I line> 7mA). Handset is unhooked, 
the SLIC is waiting for command to activate conver
sation. 

When the ST SLIC is in stand-by mode, the power 
dissipation of L3000 does not exceed 200mW (from 
- 48V) eventually increased of a certain amount if 
some current is flowing into the line. Depending on 
the total loop resistance, included telephone set and 
RP, this quantity will range from 200mW (total loop 
resistance of 3.5 Kohm) to about 800mW (total loop 
resistance of 140 ohm). 

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 
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2 
R = - X (RFS + 2RP) 

3 

The Line voltage with an infinite load resistance is 
just the battery voltage minus the voltage drop (ap
prox. 15V) of the output stage amplifiers (see fig. 1 ). 

I 
33 

= ~X (RFS+2RP) 
3 

UlinefUl 

(BITOR and BIT1 R) 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 
L3000 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 de
nial, the line sensors are disabled (ON/OFF-HOOK 
line conditions cannot be recognized) and the cur
rent supplied to the line is limited at 0.25mA. 

CONVERSATION (CVS) OR ACTIVE MODE 

In conversation mode it is possible to select between 
two different DC Characteristics by the BIT5R of the 
Serial Interface. 

1) Normal Battery (NB) 

2) Boost Battery (BB) 

It is 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 dur
ing 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 
SUC is very high(> 20 Kohm) and therefore the sys
tem works like a current generator, the current value 
being set through the digital interface 
(25/30/45/70mA). 

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

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

2 3 x (RFS + 2 RP) 

Switching between the three region is automatic 
without discontinuity, and depends on the loop re
sistance. Fig. 2 shows the DC characteristic in nor
mal battery condition. 

L3000/L3030 

When the boost battery condition is activated the 
low impedance region can never be reached by the 
system ; 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), as metering pulses. A patented automatic 
control system adjust the level of the metering sig
nal, 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 pre
vent undesirable clicking noise ; the slope is deter
mined by the value of CINT (see the external 
component list of L3030). The SUC also provides, 
in the transmit direction (from line to 4-wire side), an 
amplifier to insert an external notch filter (series res
onator) for suppressing the 12/16kHz residual sig
nal. 

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

I line ( mA I 

ILIMI~-------R-.--~---x-~·-,,, 

I I UlinetUJ 
NB9L3B3B-BS 33 48 

Note : 1. Thts value of voltage battery, named apparent battery, IS fixed Internally by the control umt and IS Independent of the actual battery 
value So, the voltage drop 1n the low Impedance reg1on IS 15V.It IS also poss1bleto 1ncrease up to 25V th1svalue sett1ng BIT3R to 1. 
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Figure 3 : DC Characteristic (b.b.) luM = 25/30/45/70 mA. 

Il ine ( mA J 

ILIM~~I~l~i~ne~-~-c~o~s~t~·--~ 

~ 
N89L3B3B-86 

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). 

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

ZML = ZAC + (RP1 + RP2) 

Depending on the characteristic of the ZIAC net
work, ZML can be either a pure resistance or a com
plex impedance, so allowing ST SLIC to meet 
different standards as far as the return loss is con
cerned. The capacitor CCOMP guarantees stability 
to the system. 

The two-to-four wire conversion is achieved by 
means of a Wheatstone bridge configuration, the 
sides of which being : 

1) the line impedance (Ziine), 

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

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 
allowing use of smaller capacitors. 

In conversation, the L3000 dissipates about 500mW 
for its 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 4 : External Teletaxe Filter. 

1 
f = ------,== 

2n \/ LxC 

~c Rll ~· I I 

L = R2 X R4 X R5 X C2 N8!/L3838 -87 

R3 

Figure 5 : DC Characteristic for 2 x 200 ohm Feeding System. 

Iline !mAl 

N8!/L383B-BB 

L3000/L3030 

33V Vline CVl 
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Figure 6 : DC Characteristic for 2 x 400 ohm Feeding System. 

I 1 ine ( mR l 

loop res-2780 
68mA 

45mA 

38mA r-~~~--------~~ 
25mA 1---~E:--------:::::~=------A 

ft89L3B3B-B9 33U Uline (Ul 

Figure 7 : Line Current Versus Loop Resistance. 

L3000/3030 DC Characteristic. 
Line current versus loop resistance 

RFS=200ohm: RP=30ohm; V8-=-48V 

so ~"'".:.::.•cclmc:_:A._) ~- .----t-

::f----1--~\--+ \!----_ --_-. - --~-=-~~-=--=--=-~-+= ~ .:-:=.·~ 
40f----- ~- - ---~- ----- --

30 --~ ---- ~-- ------

20 ·r _ :::,_ ___ _ 
10 1------ ---- - --- !-----:=:r-__ =--=t--~-1 
OL_-~ __ JI __ _L __ L__~--~ 

0 500 1000 1500 

Rloop (ohm) 
2000 2500 3000 

RINGING 

When ringing is selected BIT2R = 1, BITOR = 0), the 
control unit L3030 presets the L3000 to operate be
tween - 48V (- 60V) and + 72V (+ 60V) battery. 
Then, setting BIT1 = 1, a low level signal (0.285Vrms 
with frequency range 16-66Hz) applied to pin 41, is 
amplified and injected in balanced mode to the line 
through L3000 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 
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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 remain
ing 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, with
out setting BITOT. 



DIGITAL INTERFACE 
FUNCTIONAL DESCRIPTION 

The L3030 states and functions are controlled by 
central processor through five wires defining a digi
tal interface. It is possible to select the interface 
working mode between SERIAL or PARALLEL (pin 
33 tied to a voltage between 4 and 5V). 

1) SERIAL MODE 

The five wires of the digital interface have the fol
lowing functions : 

_ clock (DCLK), entering at pin 21 
_ data in/data out (010), 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 (CI), 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 1/0 registers of the L3030 se
lected by NCS signal tied at low level ; then data are 

Table 1 : Serial Mode. 

L3000/L3030 

latched for execution. In this phase a complete 8 bit 
word is loaded into internal register and conse
quently NCS signal must remain low for the corre
sponding 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 
register 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 
depending if the card controller want to read the 
complete 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 
1/0 data. 

Data in (note 2) 

Meaning Value 

BITOR = Impedance (note 3) 0 - Stand-by/ringing 

1 - Conversation 

BIT1 R = 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 (2VRMS) 

1 - High Amplitude (5VRMs) 

BIT4R =Battery Polarity 0 - Normal Polarity 

1 - Reverse Polarity 

BITSR = Extra Feedmg 0 - Normal Battery 

1 - Boosted Battery 

BIT6R 
Current 

0 

I 
0 

I 
1 

I 
1 

25m A 30m A 45mA 70mA 
BIT7R Limiting 0 j 1 0 

Notes : 1. When Cl signal is t1ed to low level, NCS Signal is the ch1p select input; w1th Cl signal at h1gh level. the NCS signal becomes an out-
put that carry out the log1cal sum of the follOWing bits: BITOT. BIT1T. 

2. The descnpt1on of the commands is referred to the system L3030 +LINE INTERFACE module. 
3. To set SBY mode With 111m= 7mA: BITOR = 0 and at least one of the two last b1ts (BIT6R ; BIT?R) must be set to 1. 
4. TIX and RING Signals are mjected into the l1ne Interface module With BIT1 R to '"1"'. 
5. To set RING mode at least one of the three last bits (BIT5R. BIT6R, BIT?R) must be set to t, in add1t1on BITOR must be set to 0. 
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Table 1 : Serial Mode. 

Data Out (note 1) 

Meaning Value 

BITOT =Line Supervision 0- On Hook 

1- Off Hook 

BIT1T =Ground Key 1 - Long. Line Current < 17mA 

0 - Long. Line Current > 17mA 

BIT2T = Internal Line Current Limiter (note 2) 0- Off 

1- On 

BIT3T = Line Voltage 0- Normal 

1 - Minus of Half Battery 

BIT4T =Thermal Overload (note 3) 1- Off 

0- On 

Notes : 1. The descnpt1on of the commands IS referred to the system L3030 +LINE INTERFACE module. 
2. The bit BIT2T is set to 1 when the SLIC is operating 1n Conversation Mode and 1nto the limiting current reg1on (short loop). 
3. The b1t BIT 4T is set to 1 when the junction temperature of L3000 1s about 140"C. 

Figure 8 : Writing Operation Timing (serial mode). 

DCKL J\ I I 
Tsc:1 \oiTc::, 

'{i J I 

NC5 I 
I I s 

I I 
I I 

:.----+t 

3 EIA ~" I 

~ 

CI \{~ 

DID I 8ITBR I :~ 
I I 
~--¥---~ NB!JL3B38·1B 

Tsd Thd 
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Figure 9 : Reading Operation Timing (serial mode). 

Twh Tf Twl Tr .--....,._..._.-~ 
1 I 

DCLK 

CI 

DID 

2) PARALLEL MODE 

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

_ power down/feeding (EIA), entering at pin 18 
_ timing (CI). 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 

nB9L3B3B-1!11 

In this operating mode the signals at the inputs are 
immediately executed, without any external clock 
timing ; all the internal registers are bypassed. The 
informations 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. 
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Table 2 : Parallel Mode. 

Pin Rif. Meaning (note 1) 
Eq. Bit of Ser. Value 

lnterf. 

18 EIA PD/feedmg BITOR 0 : High Impedance 

1 : Low Impedance 

26 Cl Timing BIT1R o : Ring Timing Off 

1 : Ring Timing On 

21 DCLK Ring BIT2R 0: No Ring 

1 : Ring lnject1on 

BIT3R 0 : Low Amplitude 

BIT4R 0 : Normal Polarity 

BIT5R 0 : Normal Battery 

BIT6R 0: 

BIT?R 1: 
Line Curr. = 30mA 

19 NCS On-hook/off-hook BITOT 0: On-hook 

1 : Off·hook 

20 DIO Ground Key BITH 0 : Long. Curr. < 17mA 

1 : Long. Curr. > 17mA 

BIT2T 

BIT3T 

BIT4T 

Note : 1 The description of the commands is referred to the system L3030 +LINE INTERFACE module 

DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS (VDD = + 5V, VSS =- 5V, 
Tamb. =@%C) (refer to PLCC44 package) 

STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vii Input Voltage at Logical "0" Pins 18, 19, 20, 21,26 0 0.8 

Vih Input Voltage at Logical "1" 2.0 5 

Iii Input Current at Logical "0" VII =OV 200 

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

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

Voh Output Voltage at Logical "1" Pins 19, 20 lout = 1 mA 2.4 

Ilk Tristate Leak. Current Pin 20 NCS = "1" 10 

DINAMIC ELECTRICAL CHARACTERISITCS 

Symbol Parameter Test Conditions Min. Typ. Max. 

fclk Clock Frequency 1 600 

Tr, Tf Clock Rise and Fall T1me 50 

Twh, Twl Clock Impulse Width 750' 

Tis Cl to NCS Set up Time 300 

Tee "0" EIA to DCLK Set up Time 300 

Tsc DCKL to NCS Delay (+edge) 300 
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Unit 

v 
v 
~ 
!lA 

v 
v 

!lA 

Unit 

KHz 

ns 

ns 

ns 

ns 

ns 
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DINAMIC ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Tsd Data in Set up Time 

Thd Data in Hold Time 

Tcs NCS to DCLK Hold Time 

Tea "0" EIA to DCLK Hold Time 

Tac ""1" EIA to DCLK Set up Time 

Tzd Data out to "0" NCS Delay 

Tee "'1" EIA to DCLK Hold Time 

Tdz Data out to "1" NCS Delay 

Tdd Data out to DCLK Delay 

Tsi "0" Cl to NCS Hold Time 

OPERATION DESCRIPTION 
To set ST SLIC in operation the following parame
ters have to be defined : 
_ the DC feeding resistance RFS, defined as the 

resistance of each side of the traditional feeding 
system (most common values are 200, 400 or 
500 ohm). 
the AC impedance at line 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 
conversion). It is usually a complex impedance. 

0 ns 

500 ns 

800 ns 

800 ns 

200 ns 

0 600 ns 

800 ns 

500 ns 

1500 ns 

300 ns 

_ 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. 

EXTERNAL COMPONENT LIST FOR THE LINE INTERFACE L3000 

Component 
Involved Parameter or Function 

Ref. Pin Value 

RH 10 24.9KQ ± 2% Bias Resistance 

RP 1' 15 30 to toon Line Series Resistor 

CDVB 7 47JlF- 10V Battery Voltage Rejection 

CVB+ (note 1) 3 0.1JlF- 100V Positive Battery Filter 

CVB- (note 1) 8 0.1JlF- 100V Negative Battery Filter 

D1 (note 1) 8 BAT 49 Protective Shottky Diode 

Note : 1. CVB+. CVB· and 01 can be shared with the others SLIC of the Line Card. 
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EXTERNAL COMPONENT LIST FOR THE CONTROL UNIT L3030 

Pin Component 
PLCC44 Ref. Value 

Involved Parameter or Function 

4·3 cvss 0.1j.tF- 15V Negative Supply Voltage Filter (note 6) 

5-3 CVDD 0.1j.tF- 15V Positive Supply Voltage Filter (note 6) 

7-8 RR 10 ...... 50KQ Capacitor Multiplier Gain 

15-17 RDC 2 x (RFS- RP1) (RP1 = RP2) 

7-15 CAC1 1 
(note 1) 6.28 X 250 x (ZAC + RDC) 

14-15 CAC2 CAC1 

8-9 ZAC ZML- (RP1 + RP2) 
DC Feeding System and AC Impedance 
Adjustement 

8-9 CCOMP 11(6.28 X 150000 x (RPc)) 

9-14 RPC RP1 + RP2 

2-3 RL 24.9KQ 1% Bias Resistance 

36-3 ZB K x Zline (note 2) Line lmped. Balancing Network 

36-41 ZA K x RPC in Series with SLIC Impedance Balancing Network (note 3) 
K x ZAC II (CCOMPIK) 

32-3 CINT (note 4) Time Constant 

31-4 D2 BAT48 Protective Shottky Diode (note 6) 

15-16 Ccon 0.15j.tF (note 5) Interface T1me Constant 

Notes : 1. If the internal capacity mullipl1er stage is not used, pin 7 must be connected with p1n 14 without mounting RR and CAC2. In this case 
CAC1 = 1/(6 28 x 30 x ROC). 

2. The struciUre of th1s network shall copy the line impedance, in case multiplied by a factor K = 1 ... 10 
3. K as f1xed at note 2. 
4 CINT can have the following values : 

5. Ccon is necessary to work "without on/off hook detection-errors" dunng TIX-pulses. 
6. CVSS, CVDD, can be shared Wllh the others SLIC of the Line Card. 

18128 

312 



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 Fig.12 VDD = + 5V, VSS =- 5V, 
VB+ = + 72V, VB- =- 48V, Tamb = + 25°C, TTX FIL T = 1 KQ). 

STAND-BY 

Symbol Parameter Test Conditions Min. Typ. 

VIs Output Voltage at L3000 I line= OmA 31.5 
Terminals I line= 5mA 29.7 

lice Short Circuit Current DATA IN (note 1) OOOXOOX1 5 

lot On/off-hook Detection 5 
Threshold 

VIs Symmetry to Ground lline = OmA 

STAND BY DENIAL 

Parameter Test Conditions 

Short Circuit Current DATA IN OOOXOOXO 

Note : 1. The data into the d1g1tal1nterface of L3030 are send in serial mode. The format of data is the following: 
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a) DATA IN: the bit at left side is BIT 0 of the wntlng word, while the bit at the nght s1de IS BIT 7. 
b) DATA OUT :the b1t 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. 

Max. Unit 

34.5 v 
33 v 
8.5 rnA 

8.5 rnA 

.75 v 



ELECTRICAL CHARACTERISTICS (continued) 

DC OPERATION -NORMAL BATTERY 

Symbol Parameter Test Conditions 

Vlo Output Voltage at L3000 I line= OmA 
Terminals llim = 70mA Data in lline = 20mA 
10000010 

lline = 50mA 

I lim Current Programmed Through 
the Digital Inter. 

lo On-hook Detection Threshold 

If Off-hook Detection Threshold 

llgk Longitudinal Line Current with 
GK Detect 

lo On-hook Detection Threshold 

If Off-hook Detection Threshold 

llgk Longitudinal Line Current with 
GK Detect. 

DC OPERATION- BOOST BATTERY 

Symbol Parameter Test Conditions 

Vlo Output Voltage at L3000 lline = OmA 
Terminals I line= 20mA 

AC OPERATION 

Symbol Parameter Test Conditions 

Ztx Sending Output Impedance 
4 Wire Side 

Zrx Receiving Input Impedance 
4 Wire Side 

THD Signal Distorsion at 2W and 4W 
Terminals 

Rl 2W Return Loss I = 300 to 500Hz 

I = 500 to 3400Hz 

Thl Trans Hybrid Loss I = 300 to 3400Hz 

I = 500 to 3000Hz 

Gs Sending Gain Vso = OdBm I = 1020Hz 

Norm. Polarity 

Rev. Polarity 

Gsf Sending Gain Flatness vs. I = 300 to 3400Hz Respect 
Frequency to 1020Hz 

Gsl Sending Gain Linearity fr =1020Hz 
Vsoref =- 1 OdBm 
Vso = + 4 1- 40dBm 

Vso =- 40 /- 50dBm 

L3000/L3030 

Min. Typ. Max. Unit 

31.5 34.5 v 
24.5 28.3 v 
2.5 17.5 v 

-10% I lim +10% rnA 

8 rnA 

12 rnA 

10 17 24 rnA 

8 rnA 

12 rnA 

10 17 24 rnA 

Min. Typ. Max. Unit 

86 95.6 v 
68.6 81 v 

Min. Typ. Max. Unit 

10 Q 

100 kQ 

0.5 % 

16.5 dB 

20 dB 

16 dB 

24 dB 

-0.24 0 + 0.24 dB 

-0.24 0 + 0.24 

-0.1 + 0.1 dB 

0.1 dB 

0.1 dB 
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ELECTRICAL CHARACTERISTICS (continued) 

AC OPERATION (continued) 

Symbol Parameter Test Conditions 

Gr Receiving Gain Vri = OdBm I = 1020Hz 

Norm. Polarity 

Rev. Polarity 

Grl Receiving Gain Flatness I = 300 to 3400Hz Respect 
to 1020Hz 

Grl Receiving Gain Linearity fr =1020Hz 
Vriref =- 1 OdBm 
Vri = + 4 /- 40dBm 

Vso =- 40 /- 50dBm 

Np4W Psophometric Noise at 4W-Tx 
Terminals 

Np2W Psophometric Noise at Line 
Terminals 

SVRR Supply Voltage Rejection Ratio f =1000Hz 
Relative to VB- f =3400Hz 

SVRR Relative to Vdd f =3400Hz 

SVRR Relative to VSS Vs = 100mVrms 

Ltc Longitudinal to Transversal I = 300 to 3400Hz 
Conversion lline =30m A 

Tic Transversal to Longitudinal ZML = 600Q 

Conversion 

• Up to 52dB using selected L3000 

AC OPERATION BOOST BATIERY 

Symbol Parameter Test Conditions 

Gs Sending Gain Vso = OdBm I = 1020Hz 

Norm. Polarity 

Rev. Polarity 

Gr Receiving Gain Vri = OdBm f = 1020Hz 

Norm. Polarity 

Rev. Polarity 

Np4W Psophometric Noise at 4W-Tx 
Terminals 

Np2W Psophometric Noise at line 
Terminals 
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Min. Typ. Max. Unit 

-0.23 0 + 0.23 dB 

-0.23 0 + 0.23 

- 0.1 + 0.1 dB 

0.1 dB 

0.1 dB 

-75 -70 dBmp 

-75 -70 "dBmp 

-40 dB 

-36 

-26 -23 dB 

-32 -30 dB 

49(.) 60 dB 

49(.) 60 dB 

Min. Typ. Max. Unit 

- .61 - .16 + .29 dB 

- .61 - .16 + .29 

- .27 + .08 + .43 dB 

-.27 + .08 + .43 

-73 -68 dBmp 

-73 -68 dBmp 



ELECTRICAL CHARACTERISTICS (continued) 

AC OPERATION 

Symbol Parameter Test Conditions 

SVRR Supply Voltage Rejection Ratio V = 100mVrms 
Relative to VB+ f =3400Hz 

SVRR Relative to Vdd I= 3400Hz 

SVRR Relative to Vss Vs = 1 OOmVrms 

Td Propagation Time Both Direction 

Tdd Propag. Time Distortion 

Vttx Line Voltage of Teletaxe Signal Note 6 

Note 7 

THO Teletaxe Signal Harmonic Ttx Fill= OQ 
Distortion @ 16Khz (note 8) 

Ziti Teletaxe Amplif. Input Pin 33 of L3030 
Impedance 

RINGING PHASE 

Symbol Parameter Test Conditions 

VIr Superimposed DC Voltage Rloop > 1 OOKQ 

Rloop = 1KQ 

Vacr Ringing Signal at Line Termin. Rloop = 1KQ + 111F 

If DC Off-hook Det. Threshold 

llim Current Limit. 

Vrs Ringing Simmetry 

THOr Ringing Signal Distortion Vac = 0.285Vrms 
IRING= 30Hz 

RINGING PHASE 

Symbol Parameter Test Conditions 

Zir Ringing Amplif. Input Impedance Pin 41 of L3030 

Vrr Residual of Ringing Signal at 
TX Output 

Trt Ring Trip Detection Time Iring= 16Hz 
T = 1/fring 

Toh Off-hook Status Delay after the 
Ringing Stop 

Trs Cut off of Ringing Ring Trip not Confirmed 

Min. Typ. 

1.7 

4.5 

100 

Min. Typ. 

20 24 

18 22 

57 

1.5 

85 

Min. Typ. 

100 

(H) 

Notes : 6 The configuration of data sent to device change. every 1 OOmS, from- 1100X010- to- 1000X010-
7. The configuration of data sent to device change, every 1 OOmS, from - 1101 XOt 0 - to - 1001 X01 0 -
8. Error generated by ttx filt;t 0 ohm, on the output teletax amplitude is 

err%= 100 x (1 +A) x 8/C 
where 
A= 10 Kohm/RGTIX[Kohm] 
B = TIXFIL T[Kohm] 
C = (TIXFILT[Kohm] + 1 Kohm) 
for example 10 ohm means err% = 2%. 

L3000/L3030 

Max. Unit 

-30 dB 

-23 dB 

-23 dB 

40 !lS 

25 !lS 

2.3 v 
5.5 v 
5 % 

KQ 

Max. Unit 

30 v 
28 v 

Vrms 

3.5 rnA 

130 rnA 

2 Vrms 

5 

Max. Unit 

KQ 

600 mV 

125 ms 
(2T) 

125 ms 
(2T) 

188 ms 
(3T) 
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ELECTRICAL CHARACTERISTICS (continued) 

SUPPLY CURRENT 

Symbol Parameter 

IDD Positive Supply Current NCS = 1 Stand-by 
Conversation (NB/BB) 

ISS Negative Supply Current NCS = 1 

I sAT- Negative Battery Supply Current 
Line Current = OmA 

I sAT+ Positive Battery Supply Current 
Line Current = OmA 

NB =Normal Battery 
BB = Boosted Battery 

Figure 12: Slic Test Circuit Schematic. 

1K 

RX/RG 0°::---....._--------:col 
INTTXOE::---------,-1 ,. 

TX 
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RX/RG 

TTXIH 

TX 

ACF L3G3G 
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czs 
CM 

RC 

ROC 

Ringing 

Stand-by 
Conversation (NB/BB) 
Ringing 

Stand-by 
Conversation NB 
Conversation BB 
Ringing 

Stand by 
Conversation NB 
Conversation BB 
Ringing 

13 
l.IOUT 

3l 
IL 

2B 
C2 

27 
Ct 

IT 

EIA NCS DID OCLK CI 

D2 

BAT48 

~ V55 

DIGITAL INTERFACE UITH CARD CONTROLLER 

24/28 

318 

Min. Typ. Max. Unit 

16.3 20.9 mA 
26.4 33 mA 
18 23 mA 

9 12 mA 
18 23 mA 
9 12 mA 

2.9 4 mA 
9.8 12 mA 
13 16 mA 
26 28.5 mA 

10 15 11A 
10 15 J.lA 
8 10 mA 
16 18.5 mA 

BAT49 

AGND -4BV 

L3000 
SB A 

REF TIP TIP 
RP1 

U!IIM 

" 
UIN 

15 se B 
IL RING RING 

C2 RP2 
11 

Cl 

IT MNT 

nB!JL3838-1.4fl 



L3000/L3030 

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 : TIX teletaxe signal input 

RGIN : low level ringing signal input. 

TEST CIRCUITS 

Figure 1 : Symmetry to Ground. 

1uF * A 

I 
ULS Sl_ I C 

1KO 

l R '"" v '"' nB95LIC-B1 

5880 5880 

E 25Hz 
3BU 

Figure 2 : 2W Return Loss. 

c 
A [ 

R 

E SLIC 
R 

I ZL- Z I I 2Vs I 
RL = 20 log -
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1
-
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Z + ZL E 

1 
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TEST CIRCUITS (continued) 

Figure 3 :Trans-hybrid Loss. 

2.2uF 

2.2uF 

Figure 4 : Sending Gain. 

2.2uF 
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i HH3KO 

Usa SLIC 

1 
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2.2uF 

Figure 5 : Receiving Gain. 
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c 
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THL = 20 log10 TV;l 
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Gs = 20 log1o -
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TEST CIRCUITS (continued) 

Figure 6 : SVRR Relative to Battery Voltage VB-. 

Figure 7 : Longitudinal to Transversal Conversion. 

T 
A c 

UR SLIC 

1 
8 D 

10BuF nEJ!:JSLIC-B? 

Figure 8 : Transversal to Longitudinal Conversion. 

SLIC 

100uF 

L3000/L3030 

I Vn I 
SVRR = 20 log TV;j 

L I VR I 
T = 20 log lET 

T I VR I 
- = 20 IOQ10 -1 -1 

L Vs 
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TEST CIRCUITS (continued) 

Figure 9 : TTX Level at Line Terminals. 

2.2uF 

ff895LIC-89R 

Figure 10: Ringing Simmetry. 

2.2uF 

2.2uF 
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L3000 
L3090 

SUBSCRIBER LINE INTERFACE CIRCUIT KIT 

• PROGRAMMABLE DC FEEDING RESIS
TANCE and LIMITING CURRENT (42/62mA) 

• FOUR OPERATING MODES: POWER DOWN, 
STAND-BY, CONVERSATION, RINGING 

• SIGNALLING FUNCTION (off-hook!GND-Key) 
• QUICK OFF-HOOK DETECTION IN CVS FOR 

LOW DISTORTION (< 1 %) DIAL PULSE DE
TECTION 

• HYBRID FUNCTION 
• RINGING GENERATION WITH QUASI ZERO 

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

• AUTOMATIC RINGING STOP WHEN OFF
HOOK IS DETECTED 

• PARALLEL LATCHED DIGITAL INTERFACE (5 
pins) 

• LOW NUMBER of EXTERNAL COMPONENTS 
WITH STANDARD TOLERANCE ONLY : 9 1 % 
RESISTORS and 5 10-20% CAPACITORS (for 
600 ohm appl.) 

• POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

• GOOD REJECTION OF THE NOISE ON BAT
TERY VOLTAGE (20 dB at 10Hz; 40 dB at 
1KHz) 

• INTEGRATED THERMAL PROTECTION 

DESCRIPTION 

The SLIC KIT (L3000/L3090) 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 L3000 line interface circuit 
and the L3090 control unit. 
The kit implements the main features of the 
BORSHT functions : 

_ Battery feed (balance mode) 
_ Ringing 
_ Signalling 
_ Hybrid 

The SLIC KIT injects the ringing signal in balanced 
mode and requires a positive supply voltage of typi
cally + 72 V to be available on the subscriber card. 
The L3000/L3090 KIT generates the ringing signal 
internally, avoiding the requirement for expensive 
external circuitry. A low level1.5 Vrms input is requi
red. (This can be provided by the combo). 

December 1988 

This kit is fabricated using a 140 V Bipolar techno
logy for L3000 and a 12 V Bipolar 12L technology for 
L3090. 
This kit is specially suitable to Private Automatic 
Branch Exchange (PABX). 

DIP28 

FLEXIWATT 15 

ORDER CODES : L3090 (DIP28) 
L3000 (FLEXIWATT) 

PIN CONNECTION 
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L3000/L3090 

PIN CONNECTION (continued) 

TIP 

MNT 

"~~~ ::::;:=~{~===G~ 
uoo 
UIN 

UBIM 

UB

AGNO 

REF 

Cl 

~~ -~-J'-K ]""'==""{ 
IL 

RING 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

IVb-1 + IVb+l Total Battery Voltage 

vdd Positive Supply Voltage 

v •• Negative Supply Voltage 

NBBL389B·83 

I Vagnd-Vbgnd I Max Voltage Between Analog Ground and Battery Ground 

TI Max Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

L3000 HIGH VOLTAGE 

Max Resistance Junction to Case 
Max Resistance Junction to Ambient 

L3090 LOW VOLTAGE 

I Max Resistance Junction to Ambient 

OPERATING RANGE 

Symbol Parameter 

Toper Operating Temperature Range 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

IVb-l + JVb+l Total Battery Voltage 

vdd Positive Supply Voltage 

v •• Negative Supply Voltage 

I max Total Line Current (IL + lr) 

2/16 
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Value 

-80 

80 

140 

+ 5.5 

-5.5 

5 

+ 150 

-55 to+ 150 

Min. 

0 

-70 

0 

+ 4.5 

-5.5 

4 
50 

80 

Typ. 

-48 

+ 72 

120 

Max. 

70 

-24 

+ 75 

130 

+ 5.5 

-4.5 

85 

Unit 

v 

v 
v 

v 
v 
v 
•c 
·c 

Unit 

·c 
v 
v 

v 
v 

v 
rnA 



L3000/L3090 

PIN DESCRIPTION (L3000) 

No Name Description 

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

2 MNT Positive Supply Voltage Monitor 

3 Vs+ Positive Battery Supply Voltage 

4 BGND Battery Ground Relative to the Vs+ and the Vs- supply Voltages. 
It is also the reference ground for TIP and RING signals. 

5 Voo Positive Power Supply + 5 V 

6 VIN 2 Wire unbalanced Voltage Input. 

7 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 V8 -

8 Vs- Negative Battery Supply Voltage 

9 AGND Analog Ground. All input signals and the Voo supply voltage must be referred to this pin. 

10 REF Voltage reference output with very low temperature coefficient. The connected resistor sets 
internal circuit bias current. 

11 C1 Digital signal input (3 levels) that defines device status with pin 12. 

12 C2 Digital signal input (3 levels) that defines device status with pin 11. 

13 lr High precision scaled transversal line current signal. 
Ia + lb 

lr =10() 

14 IL Scaled longitudinal line current signal. 
Ia- lb 

IL=--
100 

15 RING B line termination output with current capability up to 100 rnA 
(lb is the current sunk into this pin). 

3/16 
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L3000/L3090 

PIN DESCRIPTION (L3090) 

No Name Description 

1 VOUT Two wire unbalanced output carrying 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 NC Not Connected. This pin is connected to an internal circuitry and should not be used as a 
tie-point for external circuitry. 

5 NC Not Connected. This pin is connected to an internal circuitry and should not be used as a 
tie-point for external circuitry. 

6 NC Not Connected.This pin is connected to an internal circuitry and should not be used as a 
tie-point for external circuitry. 

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

8 RNG 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 C1 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 
Ia- lb 

IL = ---:w-D 
17 ROC DC Feeding System 

18 IT Transversal Line Current Input 

IT=~ 
100 

19 ACDC AC - DC Feedback Input 

20 VDD Positive Supply Voltage, + 5 V 

21 REF Bias Setting Pin 

22 VSS Negative Supply Voltage, - 5 V 

23 GND Analog and Digital Ground 

24 LIM Limiting Current Selection Input 

25 PDO Power Down Output. Driving the high voltage part L3000 through its bias resistor RH. 

26 ZB TX Amplifier Negative Input. Performing the two to four wire conversion. 

27 CAC AC Feedback Input 

28 ZAG AC Line Impedance Synthesis 
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L3000 BLOCK DIAGRAM 
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L3090 BLOCK DIAGRAM 
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FUNCTIONAL DIAGRAM 

RGIN 

ZA 

ZB 

TX 

PIJON RNG GDK ONHK CS 

FUNCTIONAL DESCRIPTION 

L 3000- HIGH VOLTAGE CIRCUIT 

The L3000 l!11e interface provides a battery feeding 
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 
connecting the bias current resistor to VDD. 

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

The L3000 amplifies both the AC and DC signals 
entering at pin 6 (VIN). 

Separate grounds are provided : 

_ Analog ground as a reference for analog signals 

_ Battery ground as a reference for the output 
stages 

L3090- LOW VOLTAGE CIRCUIT 

The L3090 Low Voltage Control Unit controls the 
L3000 line interface module providing set up data to 

L3000/L3090 

HU CIRCUIT L3<!139 

UDUT UIN 

RP2 

RING 

NBBL3BB8-BS 

set line feed characteristics and to inject ringing. An 
on chip digital parallel interface allows a micropro
cessor or a second generation COMBO as the 
TS5070 to control all the operations. 

L3090 defines working states of line interface and 
also informs the controller about line status. 

WORKING STATES OF THE KIT 

In order to carry out the different possible opera
tions, the sue kit has several different working 
states. Each state is defined by the voltage respec
tively applied by pins 12 and 13 of L3090 to the pins 
12 and 11 of L3000. 

Three different voltage levels ( 5, 0, + 5) are availa
ble at each connection, so defining nine possible 
states as listed in tab. 1. 

Appropriate combinations of two pins define three 
of the four possible status of the kit, that are : 

a) Stand-by (SBY) 

b) Conversation (CVS) 

c) Ringing (RING) 

7116 
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L3000/L3090 

Table 1. 

Pin 1 2 of L3090 I Pin 12 of L3000 

+5 

Pin 13 of L3090 +5 Stand-by 

0 Not Used 

Pin 11 of L3000 -5 Not Used 

The fourth status, Power down (PD), is set by the 
output pin PDQ of the L3090. 

The main difference between Stand-by and Power 
down is that in SBY the power consumption on the 
voltage battery VB- (-48 V) is reduced but the SLIC 
can still recognize yet the On hook/Off hook status. 
In PD the power consumption on VB- is reduced to 

OPERATING MODES 

STAND-BY (SBY) MODE 

In this mode (PWON=OV RNG=OV) the bias cur
rents of both L3000 and L3090 are reduced as on
ly some parts of the two circuits are completely ac
tive, control interface and current sensors among 
them. The current supplied to the line is limited at 
12 rnA, and the slope of the DC characteristic cor
responds to 2xRFS. 

The AC characteristic in Stand-by corresponds to a 
low impedance (2xRP). 

In Stand-by mode the line voltage polarity is just in 
direct condition, that is the TIP wire more positive 
than the RING one. 

Figure 1 : DC Characteristic in Stand-by Mode. 

IlinelmAl 

I line .=12mA 

f188L3B9B-B3 
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0 -5 
Conversation Not Used 

Not Used Not Used 

Ringing Not Used 

zero, but none operation can be performed by the 
SLIC. 

The SBY status should be used when the telephone 
is in On hook and PD status only in emergency 
condition when it is mandatory to cut any possible 
dissipation but no operation are requested. 

When the SLIC is in Stand-by mode, the power dis
sipation of L3000 does not exceed 200 mW (from 
48 V) eventually increased of a certain amount if 
some current is flowing into the line. 

The power dissipation of the L3090 in the same 
condition is typically 60 mW. 

CONVERSATION (CVS) MODE 

This operating mode is set by the control processor 
when the Off hook condition has been recognized 
(PWON=+5V RNG=OV). 

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

SLOPE: 2xRF5 

I Ul1neiUJ 
IUB-J-5U 



a) Current limiting region :the DC impedance of the 
sue is very high (> 20 Kn) and therefore the sys
tem works like a current generator. The input pin LIM 
of the L3090 selects the value of the limiting current: 
62 rnA (LIM=OV) or 42 rnA (LIM=+5V) 
b) A standard resistive feeding mode : the charac
teristic is equal to a battery voltage (VB-) minus 5 V, 
in series with a resistor, whose value is set by ex
ternal components (see external component list of 
L3090). 

Switching between the two regions is automatic wi
thout discontinuity, and depends on the loop resi-

Figure 2 : DC Characteristic in Conversation Mode. 

UB- SU t I lu •~ I mA I 

2xRFS '-.. 
' 

L3000/L3090 

stance. Fig. 2 shows the DC characteristic in conver
sation mode. 

Fig. 3 shows the line current versus loop resistance 
for two different battery values and RFS = 200 Q. 

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 (IGDK). 
With a battery voltage of 48 V, RFS = 200 Q and 
IGDK = 0 rnA, the maximum loop resistance is over 
3000 Q and with IGoK = 20 rnA is about 2000 Q (see 
Application Note on maximum loop resistance for 
L3000/L3090 SLIC KIT). 

62 1----'~ ....... 

~~ 42 

I Ul1ne [ U: 
N88L3B!JB-B4 IU8-l-5U 

Figure 3 : Line Current Versus Loop Resistance - RFS = 200 Q ; Limiting Currents : 42 ; 62 rnA. 
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L3000/L3090 

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

ZAC 
ZML~ ---- +2X RP 

25 

Depending on the characteristic of the ZAC network, 
ZML can be either a pure resistance or a complex 
impedance. This allows for ST SLIC to meet diffe
rent standards as far as the 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 
Wheatstone bridge, the branches of which being : 

1) The line impedance (Ziine), 

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

3) The balancing network ZA connected between 
RX input and ZB pin of L3090, 

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 mul
tiplied by a factor in the range of 10 to 25, allowing 
use of smaller capacitors. 

In conversation mode, the L3000 dissipates about 
500 mW for its own operation. The dissipation rela
ted to the current supplied to the line shall be added, 
in order to get the total dissipation. 

In the same condition the power dissipation of 
L3090 is typically 100 mW. 

POWER DOWN MODE 

In this mode (PWON~OV RNG~+ 5 V) the SLIC pre
sents an high impedance to the line and cannot pro
vide any line current. 

The power dissipation from the battery voltage (VB) 
is equal to zero and the only function that the SLIC 

can perform is to recognize a command on PWON 
and RNG input pins and change its operating mode. 

In this condition the power dissipation of the L3090 
is typically 60 mW. 

RINGING MODE 

When the ringing function is selected by the control 
processor (PWON ~ + 5 V, RNG ~ + 5 V ), a low le
vel signal (1.5 Vrms) with a frequency in the range 
from 16 to 70 Hz, permanently applied to the L3090 
(pin RGIN), is amplified and injected in balanced 
mode into the line through the L3000 with a super 
imposed DC voltage of 22 V. 

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

The first and the last ringing cycles are synchroni
zed by the L3090 so that the ringing signal always 
starts and stops when the line voltage crosses ze
ro. 

When this mode is activated, the L3000 operates 
between the negative and the positive battery vol
tages typically- 48 V and + 72 V. The impedance 
to the line is just equal to the two external resistors 
(typ. ~ 60 Q). 

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 ~ 0 V, the output pin ONHK 
goes to 0 V. 

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 ge
neration combo through five wires that define a pa
rallel digital interface. 

The five pins of the digital interface have the follo
wing functions : 

_ Power on/off input (PWON) 
_ Ring enable input (RNG) 
_ Chip select input (CS) 
_ On hook/Off hook detection output (ONHK) 
_ Ground key detection output (GDK) 
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The two input pins PWON and RNG set the status 
of the SLIC as shown in the following Table. 

The output pin ONHK is equal to 0 V when the line 
is in OFF hook condition (I line 7,5 mA) and is equal 
to + 5 V when the line is in On hook condition (ihne 

5,5 mA). 

The output pin GDK monitors the ground key func
tions. 

When IGDK (longitudinal current)> 12 mA, pin GDK 
set to 0 V 



0 v 
RNG 1 ov Stand-by 

PIN I + 5 v Power Down 

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

The longitudinal current (IGoK) is defined as follows: 

IA-IB 
IGDK= ---

2 

Where lA is the current sourced from pin TIP and Is 
is the current sunk into pin RING. 

The CS input pin allows to connect the 1/0 pins of 
the digital interfaces of many SLIC together. 

It is possible to do it because : 

When the CS = + 5 V the output pins (ONHK, GDK) 
are in high impedance condition (> 1 00 KQ). The si-

Figure 4 :Typical Application Circuit. 
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PWON PIN 

+ 5 v 
Conversation 

Ringing 

gnals present at the input pins (PWON and RNG) 
are not transfered into the SLIC. 

When the CS = 0 V the output pins change in func
tion of the values of the line current (hrne) and the 
longitudinal current (IGDK). 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 signal 
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. 5 & 6. 
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UBIM 
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nBBL :JBBB • 868 
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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 traditional feeding 
system (most common value for RFS are 200, 
400 or 500 ). 

_ The AC inpuVoutput SLIC impedance at line ter
minals, ZML, to which the return loss measure
ment is refered. It can be real (typically 600Q) or 
complex. 

_ The equivalent AC impedance of the line Zline 
used for evaluation of the trans-hybrid loss (2/4 

EXTERNAL COMPONENT LIST FOR THE L3000 

Component 
Ref Value 
RH 24.9 Kohms + 2 % 
RP 30 to 100 ohm 

CDVB 47 uF- 20 WV ± 20% 
CVB + (note 1) 0,1 uF-100WV±20% 
CVB- (note 1) 0,1 uF-100WV+20% 

DS (note 1) BAT 49 

EXTERNAL COMPONENT LIST FOR THE L3090 

Component 

Ref Value 

cvss 0,1 uF- 15 WV 
(note 1) 

CVDD 0,1uF-15WV 

CAC 47 uF- 10 WV ± 20% 

ZAC 25 x (ZML- 2xRP) 

CCOMP 1 
6.28 X 30000 X ZM L X 25 

RPC 25 X (2xRP) 

ROC 2x (RFS- RP) 

RL 63.4 Kohms ± 1 % 

ZA K x ZML (note 2) 

wire conversion). It is usually a complex impe
dance. 

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

_ The value of the two resistors RP in series with 
the line terminals ; main purpose of the a.m. re
sistors is to allow primary protection to fire. Ami
nimum value of 30Q for each side is suggested. 

With these assumptions, the following component 
list is defined : 

Involved Parameter or Function 

Bias Resistor 
Line Series Resistor 
Battery Voltage Rejection 
Positive Battery Filter 
Negative Battery Filter 
Protective Shottky Diode 

Involved Parameter or Function 

Negative Supply Voltage Filter 

Positive Supply Voltage Filter 

AC Path Decoupling 

2 Wire AC Impedance 

AC Loop Compensation 

Rp Insertion Less Compensation 

DC Feeding Resistor 

Bias Resistor 

SLIC Impedance Balancing Network 

ZB (K x Zline) // (25 x CCOMP) (note 3) Line Impedance Balancing Network 
K 

CINT (note 4) Ring Trip Detection Time Constant 

Notes : 1. In most applications these components can be shared between all the SLIC"s on the Subscriber Card. 
2 The structure of thrs network shall copy the SLIC output impedance multrplied by a factor K~1 0 to 25. 
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3. The structure of this network shall copy the line impedance, Z line, multiplied by a factor K~1 0 to 25 and compensate the 
effect of CCOMP on transhybrid rejection. 

4 The CINT value depends on the r1nging frequency Fr · 
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The CINT value can be optimized experimentally for 
each application choosing the lower value that in 
correspondance of the lower ringing frequency, the 

minimum line lenght and the higher number of rin
gers doesn't produce false off-hook detection. 

ELECTRICAL CHARACTERISTICS 
(VDD = + 5 V ; VSS = 5 V ; VB + = + 72 V ; VB-=- 48 V ; Tamb = + 25 °C) 

STANDBY 

Symbol Parametrer Test Conditions Min. Typ. Max. Unit 

VLS Output Voltage at L3000 Terminals I Line= 0 rnA 43 v 
ILCC Short Circuit Current 10 14 rnA 
lot Off-hook Detection Threshold 5.6 9.8 rnA 

Hys Off-hook/On- hook Hysteresis 1.5 2.5 rnA 
VIs Symmetry to Ground I Line= 0 rnA .75 v 

DC OPERATION- NORMAL BATTERY 

Symbol Parametrer Test Conditions Min. Typ. Max. Unit 

VLO Output Voltage at L3000 Line 
Terminals 

I Line= 0 rnA 43 v 

llim Current programmed through the LIM Pin 24 to+ 5 V 38 42 46 rnA 
Input Pin 24 to 0 V 56 62 68 rnA 

Jot Off-hook Detection Threshold 5.6 9.8 rnA 
Hys Off-hook/On-hook Hysteresis 1.5 2.5 rnA 
llgk Longitudinal Line Current With GDK 6.5 15 rnA 

Detect 

SUPPLY CURRENT 

Symbol Parameter Min. Typ. Max. Unit 

loo Positive Supply Current Power Down 6.0 rnA 
cs = 1 Stand-by 7.8 rnA 

Conversation 13.2 rnA 
Ringing 12.8 rnA 

Iss Negative Supply Current Power Down 5.4 rnA 
cs = 1 Stand-by 5.4 rnA 

Conversation 8.2 rnA 
Ringing 8.2 rnA 

I sAT- Negative Battery Supply Current Power Down 0 rnA 
Line Current = OrnA Stand-by 2.9 4 rnA 

Conversation 9.8 12 rnA 
Ringing 26 28.5 rnA 

I sAT+ Positive Battery Supply Current Power Down 0 rnA 
Line Current = OrnA Stand-by 10 15 J.lA 

Conversation 10 15 J.lA 
Ringing 16 18.5 rnA 
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AC OPERATION 

Symbol Parametrer Test Conditions Min. Typ. Max. Unit 

Ztx Sending Output Impedance on TX 15 ohm 

THD Signal Distortion at 2 W and 4 W Vtx = 0 dBm@ 1 020 Hz 0.5 % 
Terminals 

Rl 2 W Return Loss f = 300 to 3400 Hz 20 dB 

Thl Transhybrid Loss f = 300 to 3400 Hz 24 dB 

Gs Sending Gain Vso = 0 dBm f = 1020 Hz -0.25 + 0.25 dB 

Gsf Sending Gain Flatness vs. Frequency f = 300 to 3400 Hz 
respect to 1 020 Hz 

-0.1 + 0.1 dB 

Gl Sending Gain Linearity fr =1020Hz 
Vsoref =- 1 0 dBm -0.1 + 0.1 dB 
Vso = + 4 I - 40 dBm 

Gr Receiving Gain Vri = 0 dBm f = 1020 Hz -0.25 + 0.25 dB 

Grf Receiving Gain Flatness f = 300 to 3400 Hz 
Respect to 1 020 Hz 

-0.1 + 0.1 dB 

Grl Receivmg Gain Linearity fr =1020Hz 
Vriref =-10 dBm -0.1 + 0.1 dB 
Vri = + 4 I - 40 dBm 

Np4W Psophomet. Noise 4 W- Tx Terminals -70 -75 dBmp 

NP2W Psophomet. at Line Terminals -70 -75 dBmp 

SVRR Supply Voltage Rejection Ratio f = 1 0 Hz Vn = 0.7 Vrms -20 dB 
Relative to VB- f = 1 KHz Vn = 0.7 Vrms -40 dB 

f = 3.4 KHz Vn = 0.7 Vrms -36 dB 

Lie Longitudinal to Transversal 
4g (') 60 dB 

Conversion f = 300 to 3400 Hz 
I Line= 30 rnA 

Tic Transversal to Longitudinal 
Conversion 

ZML = 600 ohms 49 60 dB 

(') :up to 52dB using selected L3000 

RINGING PHASE 

Symbol Parametrer Test Conditions Min. Typ. Max. Unit 
Vir Superimposed DC Voltage Rloop > 100 Kohms 19 29 v 

Rloop = 1 Kohm 17 27 v 
Vacr Ringing Signal at Line Terminal Rloop > 1 00 kOhms 56.0 Vrms 

VA GIN = 1.5 Vrmsl30 Hz 
Rloop = 1 Kohm +1 uF 56.0 Vrms 
VRGIN = 1.5 Vrmsl30 Hz 

If DC Off-hook Det. Threshold 5.5 rnA 
!lim Output Current Capability 85 130 rnA 
Vrs Ringing Symmetry 2 Vrms 

THDr Ringing Signal Distorsion 5 % 
Zir Ringing Amplicat. Input Impedance L3090's Pin RGIN 50 Kohm 
Vrr Residual of Ringing Signal at Tx 100 mVrms 

Output 
Trt Rmg Trip Detection Time 120 (3T) ms 

fring =25Hz (T = 11fring) 
Toh Off-hook Status Delay After the CINT = 470 nF 50 

Ringing Stop 
us 
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336 



DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
(VDD = + 5 V ; VSS =- 5 V ; Tamb = 25 °C) 
STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parametrer Test Conditions 

Vii Input Voltage at Logical "0" Pins CS PWON 

Vih Input Voltage at Logical "1" RNG LIM 

Iii Input Current at Logical "0" Vii =0 V 

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

Vol Output Voltage at Logical "0" Pins ONHK GDK 
lout =-1 rnA 

Voh Output Voltage at Logical "1" lout= 1 mA 

Ilk Tristate Leak. Current cs ="1" 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Symbol Parametrer Test Conditions 

Tsd PWON, RNG Set up Time to + Edge 
cs 

Thd PWON, RNG Hold Time to + Edge 
cs 

Tww CS Impulse Wtdth (wnting Op.) 

Thv ONHK, GDK Data Out to "0" CS 
Delay 

Tvh ONHK, GDK High lmped. to "1" CS 
Delay 

Twr CS Impulse Width (writing Op.) 

Figure 5 :Writing Operation Timing (controller to slic). 
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Figure 6 : Reading Operation Timing (from slic to controller). 
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Figure 7 :Test Circuit. 
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L3091 

SUBSCRIBER LINE INTERFACE CIRCUIT KIT 

• PROGRAMMABLE DC FEED RESISTANCE 
AND LIMITING CURRENT (25/42/62mA) 

• LOW ON-HOOK POWER DISSIPATION 
(70mWtyp) 

• SIGNALLING FUNCTION (off-hook!GND-Key) 
• QUICK OFF-HOOK DETECTION IN CVS FOR 

LOW DISTORTION (< 1%) DIAL PULSE DE
TECTION 

• HYBRID FUNCTION 
• RINGING GENERATION WITH QUASI ZERO 

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

• AUTOMATIC RINGING STOP WHEN OFF
HOOK IS DETECTED 

• TEST MODE ALLOWS LINE LENGHT 
MEASUREMENT 

• PARALLEL LATCHED DIGITAL INTERFACE 
• LOW NUMBER OF EXTERNAL COMPO

NENTS WITH STANDARD TOLERANCE 
ONLY : 9 1% RESISTORS AND 5 1 0-20% CA
PACITORS (for 600 ohm appl.) 

• POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

• GOOD REJECTION OF THE NOISE ON BAT
TERY VOLTAGE (20dB at 1OHz ; 40dB at 1KHz) 

• INTEGRATED THERMAL PROTECTION 

DESCRIPTION 
The SLIC KIT (L3000/L3091) 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 L3000 line interface circuit 
and the L3091 control unit. 
The kit implements the main features of the 
BORSHT functions : 

_ Battery feed (balance mode) 
_ Ringing Injection 
_ Signalling Detection 
_ Hybrid Function 

The SLIC KIT injects the ringing signal in balanced 
mode and requires a positive supply voltage of typi
cally + 72V to be available on the subscriber card. 
The L3000/L3091 KIT generates the ringing signal 
internally, avoiding the requirement for expensive 
external circuitry. A low level 1.5Vrms input is re
quired. (This can be provided by the combo). 

April1989 

ADVANCE DATA 

DIP28 

0 
PLCC28 

FLEXIWATT15 

ORDER CODES : 
L3091 (DIP28) 
L3091 P (PLCC28) 
L3000 (FLEXIWATT15) 

A special operating mode limits the SLIC KIT power 
dissipation to 70mW 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. 

The L3091 is full compatible with L3090 but with ad
ditional functions. 

This kit is fabricated using a 140V Bipolar technol
ogy for L3000 and a 12V Bipolar 12L technology for 
L3091. 

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

1/28 
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PIN CONNECTIONS 

M89L3091-02 M89L3091-01 

ZAC 

CAC 

28 

POD 

LIM 
GND 

uss 
REF 

UDD 

GDK ACDC 

ONHK IT 

C2 ROC 

Cl IL 

RGIN CRT 

DIP28 PLCC28 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

I Vb-1+1 Vb+ I Total Battery Voltage 

vdd Positive Supply Voltage 

v,, Negative Supply Voltage 

I Vagnd-Vbgndl Max Voltage between Analog Ground and Battery Ground 

Tt Max Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

L3000 HIGH VOLTAGE 

Max Resistance Junction to Case 
Max Resistance Junction to Ambient 

L3091 LOW VOLTAGE 

Max Resistance Junction to Ambient 

OPERATING RANGE 

Symbol Parameter 

Toper Operating Temperature Range 

Vb- Negative Battery Voltage 

Vb+ Positive Battery Voltage 

I Vb- 1+1 Vb+ I Total Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

I max Total Line Current (IL + IT) 
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M89L3091-03 

aGNo :::=K:>====()=! 
UDD 
V IN 

AGNO 

REF 

IL 

RING 

FLEXIWATT15 

Value 

-80 

80 

140 

+ 5.5 

-5.5 

5 

+ 150 

-55 to+ 150 

Min. 

0 

-70 

0 

+ 4.5 

-5.5 

4 
50 

80 

Typ. 

-48 

+ 72 

120 

Max. 

70 

-24 

+ 75 

130 

+ 5.5 

-4.5 

85 

Unit 

v 

v 

v 

v 

v 

v 

oc 
oc 

Unit 

oc 
v 

v 

v 

v 

v 

rnA 
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PIN DESCRIPTION (L3000) 

No Name Description 

1 TIP A line termination output with current capability up to 1 OOmA (Ia is the current sourced from 
this pin). 

2 MNT Positive Supply Voltage Monitor 

3 Vs+ Positive Battery Supply Voltage 

4 BGND Battery ground relative to the Vs+ and the V8- supply voltages. 
It is also the reference ground for TIP and RING signals. 

5 Voo Positive Power Supply + 5V 

6 VIN 2 wire unbalanced voltage input. 

7 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. 
- !liter by an external capacitor the noise on Vs-. 

8 Vs- Negative Battery Supply Voltage 

9 AGND Analog Ground. All input signals and the V00 supply voltage must be referred to this pin. 

10 REF Voltage reference output with very low temperature coefficient. The connected resistor sets 
internal circuit bias current. 

11 C1 Digital signal input (3 levels) that defines device status with pin 12. 

12 C2 Digital signal input (3 levels) that defines device status with pin 11. 

13 h High precision scaled transversal line current signal. 

lr=la+lb 
100 

14 IL Scaled longitudinal line current signal. 

IL=Ia-lb 
100 

15 RING B line termination output with current capability up to 1 OOmA (lb is the current sunk into this 
pin). 

3/28 
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PIN DESCRIPTION (L3091) 

No Name Description 

1 VOUT Two wire unbalanced output carrying 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 of the 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. 

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

8 RNG 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 C1 State Control Signal1. 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 

IL = Ia- lb 
100 

17 ROC DC Feeding System 

18 IT Transversal Line Current Input 

IT= Ia + lb 
100 

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 L3000 through the bias resistor RH. 

26 ZB TX Amplifier Negative Input. Performing the two to four wire conversion. 

27 CAC AC Feedback Input 

28 ZAC AC Line Impedance Synthesis 
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L3000 BLOCK DIAGRAM 
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L3091 BLOCK DIAGRAM (pins are for DIP28) 

ROC ACDC CAC l)( RPC ZAC ZB 
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FUNCTIONAL DIAGRAM 

RGIH 

AUT PUON RHG GDK OHHK CS 

FUNCTIONAL DESCRIPTION 

L3000- HIGH VOLTAGE CIRCUIT 

The L3000 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 com
mon mode signals in particular during the pulse diall
ing operation of the telephone set connected to the 
SLIC. 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 connect
ing the bias current resistor of L3000 (RH) to VDD. 

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 L3000 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 

L3000/L3091 

HV 

IT 

UB-
CWlRt.HT 
:JEHSOR9 -48U 

IL 

OS 

C1 

C2 

OEF 

lfi!IL:M!Il-·4 

L3091- LOW VOLTAGE CIRCUIT 

The L3091 Low Voltage Control Unit controls the 
L3000 line interface module providing set up data to 
set line feed characteristics and to inject ringing. An 
on chip digital parallel interface allows a micropro
cessor or a second generation COMBO as the 
TS5070 to control all the operations. 

L3091 defines working states of Line Interface Cir
cuit and also informs the controller about line status. 

L3000 WORKING STATES 

In order to carry out the different possible oper
ations, the L3000 has several different working 
states. Each state is defined by the voltage respec
tively applied by pin 12 and 13 of L3091 to the pins 
12 and 11 of L3000. 

Three different voltage levels (5.0, + 5) are available 
at each connection, so defining nine possible states 
as listed in tab. 1. 

Appropriate combinations of two pins define three 
of the four possible L3000 working states that are : 
a) Stand-by (SBY) 
b) Conversation (CVS) 
c) Ringing (RING) 
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Table 1. 

Pin 12 of L309 I Pin 1 2 of L3000 

+ 5 

Pin 13 of L30 +5 Stand-by 

0 Not Used 

Pin 11 of L3000 -5 Not Used 

The fourth status, Power down (PD), is set by the 
output pin PDQ of the L3091 that disconnect the 
Bias Resistor, RH, of L3000 from ground. 

The main difference between Stand-by and Power 
down is that in SBY the power consumption on the 

SLIC OPERATING MODES 

0 -5 

Conversation Not Used 

Not Used Not Used 

Ringing Not Used 

battery voltage VB- (- 48V) is reduced but the 
L3000 DC feeding and monitoring circuits are still 
active, in PD the power consumption on VB- is re
duced to zero, and the L3000 is completely switched 
off. 

Through the L3091 Digital Interface it is possible to select six different SUC 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) 

CONVERSATION (CVS) OR ACTIVE MODE 

This operating mode is set by the control processor 
when the Off hook condition has been recognized, 

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

a) Current limiting region :the DC impedance of the 
sue is very high (> 20KQ) and therefore the sys
tem works like a current generator. By the L3091 
Digital Interface it is possible to selects the value of 
the limiting current. : 

62mA, 42mA 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 ex
ternal components (see external component list of 
L3091). 

Switching between the two regions is automatic 
without discontinuity, and depends on the loop resis
tance. The SUC AC characteristics are guaranteed 
in both regions. 

Fig. 1 shows the DC characteristic in conversation 
mode. 
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Fig. 2 shows the line current versus loop resistance 
for two different battery values and RFS = 200!"2. 

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 (IGoK). 
With a battery voltage of 48V, RFS = 200Q and 
IGDK = OmA, the maximum loop resistance is over 
30000 and with IGDK = 20mA is about 20000 (see 
Application Note on maximum loop resistance for 
L3000/L3090 SUC KIT). 

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

ZAC 
ZML = -- + 2 x RP 

25 

Depending on the characteristic of the ZAC network, 
ZML can be either a pure resistance or a complex 
impedance. This allows for ST SUC to meet differ
ent standards as far as the 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 
Wheatstone bridge, the branches of which being : 

1) The line impedance (Ziine ). 

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

3) The balancing network ZA connected between 
RX input and ZB pin of L3091. 

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

L3000/L3091 

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

In conversation mode, the L3000 dissipates about 
500mW for its own operation. The dissipation re
lated to the current supplied to the line shall be 
added, in order to get the total dissipation. 

In the same condition the power dissipation of 
L3090 is typically 1 OOmW. 

Figure 1 : DC Characteristics in Conversation Mode. 

UB-SU IllnefmAl -- ' 2xRFS ' ' ' ' ' ' 62 

~ 42 ~PE: 2xRFS 

25 

~ 
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Figure 2 : Line Current versus Loop Resistance - RFS = 200Q ; Limiting Currents : 25/42/62 mA. 
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STAND-BY (SBY) MODE 
In this mode the bias currents of both L3000 and 
L3090 are reduced as only some parts of the two 
circuits are completely active, control interface and 
current sensors among them. The current supplied 
to the line is limited at 12mA, 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 positive 
than the RING one as in Conversation Mode. 

Figure 3 : DC Characteristic in Stand-by Mode. 

Il1ne!mAl 

Il1ne 

tf88L3B9B-B3 

SLIC OPERATING MODES 

POWER DOWN (PO) MODE 

=12mA 

In this mode the L3000 present a high impedance 
(> 1 Mohm) to the line and cannot feed any line cur
rent. 

The L3091 forces L3000 in Power Down discon
necting its bias Resistor, RH, from the ground 
through the output pin PDO. 

The power dissipation from the battery voltage 
(-VB) is almost equal to zero and the power dissi
pation of L3091 is typically ?OmW. 

The PO mode is normally used in emergency con
dition but can be used also in normal on-hook con
dition. 

In this case the off-hook detection is performed 
using the line sense comparator integrated in the 
L3091. 

10/28 
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When the SLIC is in Stand-by mode, the power 
dissipation of L3000 does not exceed 200mW from 
- 48V) eventually increased of a certain amount if 
some current is flowing into the line. 

The power dissipation of the L3091 in the same con
dition is typically ?OmW. 

SBY Mode is usually selected when the telephone 
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 milliAmpere of line 
current in on hook condition. 

SLOPE: 2xRFS 

~ 
I Uline!Ul 

!UB-l-5U 

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 connected 
to RING wire is normally- 48V. 

When there is a loop resistor between TIP and 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(+ OV) indicating that 
the off hook condition is present. 

This off-hook detection circuit can be influenced by 
common mode signal present on RING Terminal. 
The capacitor Cs is used to filter this common mode 
signal. 



In the case of very high common mode signal after 
the detection of an high level on the ONHK output 
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. 

L3000/L3091 

If in Stand-by Mode the off-hook detection is not 
confirmed (ONHK output set to low level) we sug
gest after few second to set the SLIC again in Power 
Down Mode. 
Total operation is managed by line card controller. 

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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AUTOMATIC STAND- BY (ASBY) 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 vol
tage goes high (from - 48V to- 24V). 

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

Therefore L3091 will set L3000 in Stand-by provid
ing a ground signal at pin PDO. 

At the same time the external capacitor CINTwill 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. 

TEST (TS) MODE 
When this mode is activated the SLIC will be set in 
conversation mode keeping the initial value of limi
ting current. 

The GDK output pin of L3091 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 oper
ating in the resistive region. 

The SLIC will work in one of the two region depend
ing on the loop resistance and the programmed limi-

Limiting Current GDK = 0 

62mA (0- 300) ohm 
42mA (0- 600) ohm 

L3000/L3091 

If the off-hook condition is not confirmed the SLIC 
will be kept in Stand - By only for a few seconds. 
When the voltage at CRT out put will reach the VREF 
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 (PO) and Stand
by (SBY) Modes in particular it is characterized 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 informa
tion 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 common mode line sig
nal. Therefore the software required to manage the 
SLIC will be very simple. 

ling current value. 

By changing the limiting current value selected in 
conversation mode it is possible to measure the 
Loop Resistance and therefore the line lenght con
nected 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 limiting 
current values (25/42/62mA) with RFS = 2000. 

GDK = 1 

> 300 ohm 
> 600 ohm 

25m A (0 - 1 300) ohm > 1300 ohm 

If, for example, the loop resistance is 4000 the GDK 
output will be 0 only when the limiting currenlvalue 
is 42 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 lfle flow chart of fig. 6. 

The information of the Loop Resistance Range can 

be very useful to optimize the transmission charac
teristics of the Line Card to each line. 

For example, if a second generation COMBO like 
ST TS 5070 is used the Card Controller can use this 
information to change the T x, Rx Gains and echo 
cancellation characteristics into the programmable 
COMBO improving the quality of the system. 
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Figure 6 : Procedure for Loop Resistance Evaluation. 
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RINGING MODE 
When the ringing function is selected by the control 
processor a low level signal (1.5Vrms) with a fre
quency in the range from 16 to 70Hz, permanently 
applied to the L3091 (pin RGIN), is amplified and in
jected in balanced mode into the line through the 
L3000 with a super imposed DC voltage of 22V. 

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

The first and the last ringing cycles are synchronized 
by the L3091 so that the ringing signal always starts 
and stops when the line voltage crosses zero. 

When this mode is activated, the L3000 operates be
tween the negative and the positive battery voltages 

L3000/L3091 

typically- 48V and+ 72V. The impedance to the line 
is just equal to the two external resistors (typ. 1 OOQ). 

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 = OV, the output pin ONHK 
goes to OV. 

After the detection of the ONHK = 0, the Card Con
troller must set the SLIC in Conversation Mode to 
remove the internal latching of the On/Off hook in
formation. 

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 define 
a parallel digital interface. 

The seven pins of the digital interface have the fol
lowing 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) 

Operating Mode Input Pin 
RNG PWON AUT LIM 

Conversation 25mA 0 1 1 X 
Conversation 42mA 0 1 0 1 
Conversation 62mA 0 1 0 0 

Boosted Battery 25mA 0 1 HI X 

Stand-by 0 0 0 X 

Automatic Stand-by 1 0 1 X 

Power-down 1 0 0 X 

Test Mode 0 0 1 X 

Ringing lnj. (CVS 25mA) 1 1 1 X 
Ringing lnj. (CVS 42mA) 1 1 0 1 
Ringing lnj. (CVS 62mA) 1 1 0 0 

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

The output pin ONHK is equals to OV when the line 
is in off-hook condition (lrine > 7,5mA) and is equal 
to + 5V when the line is in On hook condition 
(lr,ne < 5,5mA). 

The output pin GDK monitors the ground key func
tion when the SLIC is in Conversation (CVS) Mode 
and the DC operating region (limiting or resistive) in 
Test (TS) Mode. When the SLIC is in Conversation 
(CVS) Mode and IGDK (longitudinal current) > 12mA, 
pin GDK is set to OV; 

Output Pin 
ONHK GDK 

1 on-hook 1 Ground key not detected. 
0 off-hook 0 Ground dey detected. 

Disable 

C1 Comparator Output Disable 

1 on-hook 0 Limiting Region 
0 off-hook 1 Resistive Region 

Disable 

N.B. : When Ringing Mode is selected. you must choose also which of the three possible Conversation Modes. the SLIC will automatically se· 
feet if Off-Hook condition will be detected during ringing 

When IGDK <SMA, pin GDK set to+ 5V 

The longitudinal current (IGoK) is defined as follows : 

lA- Is 
IGDK= ---

2 

Where lA is the current sourced from pin TIP and Is 
is the current sunk into pin RING. 

The CS input pin allows to connect the 1/0 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 (> 1 OOKQ). The sig
nals present at the input pins are not transfered into 
the sue. 
When the CS = OV the output pins change in func
tion of the values of the line current (lnne) and the 
longitudinal current (IGDK). The operating status of 
the sue are set by the voltage applied to the input 
pins. 

The rising edge of the CS signal latches the signal 
applied to the input pins. The status of the SUC will 

EXTERNAL COMPONENTS LIST 
To set up the SUC kit into operation, the following 
parameters have to be defined : 

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

_ The AC input/output SUC impedance at line 
terminals, ZML, to which the return loss 
measurement is refered. It can be real (typi
cally 600Q) or complex. 

_ The equivalent AC impedance of the line Z11ne 
used for evaluation of the trans-hybrid loss 

Figure 7 :Typical Application Circuit. 

USS UDD 

cuss CUDD 

not change until the CS signal will be again equal to 
zero. 

See timings fig 8 & 9. 

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

lnfact when this pin is set to "0" the sue will be set 
in POWER DOWN MODE. This pin has an internal 
pull-up resistor of about 70KQ 

(2/4 wire conversion). It is usually a complex 
impedance. 

_ The frequency of the ringing signal Fr (SUC 
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 protection to 
fire .. 

With these assumptions the following components 
list is defined : 
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EXTERNAL COMPONENT LIST FOR THE L3000 

Component 
Involved Parameter or Function 

Ref Value 

RH 24.9KQ ± 2% Bias Resistor 

RP 30 to 100Q Line Series Resistor 

CDVB 47~F- 20WV ± 20% Battery Voltage Rejection 

CVB + (note 1) 0.1~F- 100WV ± 20% Positive Battery Filter 

CVB- (note 1) 0.1~F- 100WV ± 20% Negative Battery Filter 

DS (note 1) BAT 49 Protective Shottky Diode 

EXTERNAL COMPONENT LIST FOR THE L3091 

Component 
Involved Parameter or Function 

Ref Value 

cvss 0.1~F- 15WV (note 1) Negative Supply Voltage Filter 

CVDD 0.1~F- 15WV (note 1) Positive Supply Voltage Filter 

CAC 47f!F- 10WV ± 20% AC Path Decoupling 

ZAG 25 x (ZML- 2xRP) 2 Wire AC Impedance 

CCOMP 1 AC Loop Compensation 
{6.28 X 30000 X ZML X 25) 

RPC 25 x (2xRP) Rp Insertion Loss Compensation 

RDC 2 X (RFS- RP) DC Feeding Resistor 

RL 63.4KQ ± 1% Bias Resistor 

ZA K x ZML (note 2) SLIC Impedance Balancing Network 

ZB (K x Zline) // ( 2~x CCOMP) (note 3) Line Impedance Balancing Network 

CINT (note 4) Ring Trip Detection Time Constant 

RT 47KQ Resistors used only in the automatic stand-by mode. 

RR 47KQ 

RS 1.5MQ 

Notes : 1. In most appl1cat1ons these components can be shared between all the SLIC son the Subscnber Card. 
2. The structure ol thiS network shall copy the sue output Impedance multiplied by a factor K = 10 to 25. 
3. The structure of this network shall copy the l1ne Impedance, z,,,, mult1pl1ed by a factor K = 10 to 25 and compensate the effect of 

CCOMP on transhybrid rejection. 
4. The CINT value depends on the nng1ng frequency Fr: 

The CINT value can be optimized experimentally for 
each application choosing the lower value that in 
correspondance of the lower ringing frequency, the 

minimum line lenght and the higher number of rin
gers doesn't produce false off-hook detection. 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 5V ; VSS = 5V ; VB + = + 72V ; VB - =- 48V ; Tamb = + 25°C) 

STANDBY 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLS Output Voltage at L3000 Terminals I Line= OmA 43 v 
ILCC Short Circuit Current 10 14 mA 

lot Off-hook Detection Threshold 5.6 9.8 mA 

Hys Off·hook/on·hook Hysteresis 1.5 2.5 mA 

Vis Symmetry to Ground I Line= OmA .75 v 

CONVERSATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VLO Output Voltage at L3000 Line I Line= OmA 43 v 
Terminals 

llim Current Programmed Through the llim I lim mA 
LIM and AUT Inputs -10% +10% 

lot Off-hook Detection Threshold 5.6 9.8 mA 

Hys Off·hooklon-hook Hysteresis 1.5 2.5 mA 

ligk Longitudinal Line Current with GDK 6.5 15 mA 
Detect 

POWER-DOWN 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VcN Input Voltage at Pin COMP to Set -50 mV 
the Output Pin ONHK = 1 

VcF Input Voltage at Pin COMP to Set 50 mV 
the Output Pin ONHK = 0 

I coM Output Current at Pin COMP COMP =GND 20 !!A 

SUPPLY CURRENT 

Symbol Parameter Min. Typ. Max. Unit 

loo Positive Supply Current Power Down/aut. Stand-by 7.0 mA 
cs = 1 Stand-by 8.8 mA 

Conversation 13.2 mA 
Ringing 12.8 mA 

Iss Negative Supply Current Power Down/aut. Stand-by 6.4 mA 
cs = 1 Stand-by 6.4 mA 

Conversation 8.2 mA 
Ringing 8.2 mA 

I sAT- Negative Battery Supply Current Power Down-aut. Stand-by 0 mA 
Line Current = 0mA Stand-by 2.9 4 mA 

Conversation 9.8 12 mA 
Ringing 26 28.5 mA 

I sAT+ Positive Battery Supply Current Power Down-aut. Stand-by 0 mA 
Line Current = 0mA Stand-by 10 15 !!A 

Conversation 10 15 !!A 
Ringing 16 18.5 mA 
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AC OPERATION 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Zlx Sending Output Impedance on TX 15 Q 

THD Signal Distortion at 2W and 4W Vtx = OdBm @ 1020Hz 0.5 % 
Terminals 

Rl 2W Return Loss f = 300 to 3400Hz 20 dB 

Thl Transhybrid Loss f = 300 to 3400Hz 24 dB 

Gs Sending Gain Vso = OdBm f = 1020Hz -0.25 + 0.25 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 =- 1 OdBm 
Vso = + 4/- 40dBm 

Gr Receiving Gain Vri = OdBm ; f = 1020Hz -0.25 + 0.25 dB 

Grf Receiving Gain Flatness f = 300 to 3400Hz -0.1 + 0.1 dB 
Respect to 1020Hz 

Grl Receiving Gain Linearity fr =1020Hz -0.1 + 0.1 dB 
Vriref =- 1 OdBm 
Vri = + 4/- 40 dBm 

Np4W Psophomet. Noise 4W - Tx -70 -75 dBmp 
Terminals 

NP2W Psophomet. at Line Terminals -70 -75 dBmp 

SVRR Supply Voltage Rejection Ratio f =10Hz Vn = 0.7Vrms -20 dB 
Relative to VB- f =1KHz Vn = 0.7Vrms -40 dB 

f = 3.4KHz Vn = 0.7Vrms -36 dB 

Ltc Longitudinal to Transversal f = 300 to 3400Hz 49(.) 60 dB 
Conversion I line =30mA 49(.) 60 dB 

Tic Transversal to Longitudinal ZML = 6000 

Conversion 

(•) : up to 52dB using selected L3000. 
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RINGING PHASE 

Symbol Parameter Test Conditions 

Vir Superimposed DC Voltage Rloop > 1 OOKQ 

Rloop = 1KQ 

Vacr Ringing Signal at Line Terminal Rloop > 100kn 
V RGN = 1.5Vrms/30Hz 

Rloop = 1KQ + 1f!F 
V RGN = 1.5Vrms/30Hz 

If DC Off-hook Del Threshold 

llim Output Current Capability 

Vrs Ringing Symmetry 

THOr Ringing Signal Distorsion 

Zir Ringing Amplicat. Input Impedance L3091 's Pin RGIN 

Vrr Residual of Ringing Signal at Tx 
Output 

Trt Ring Trip Detection Time Iring =25Hz (T = 1/fring) 

Toh Off-hook Status Delay after the CINT = 470J.!F 

Ringing Stop 

DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
(VDD = + 5V ; VSS =- 5V ; Tamb = 25°C) 

STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions 

Vii Input Voltage at Logical "0" Pins CS PWON 
Vih Input Voltage at Logical "1" RNG LIM-AUT 

Ill Input Current at Logical "0" Vii =OV 

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

Vol Output Voltage at Logical "0" Pins ONHK GDK 
lout=- 1mA 

Voh Output Voltage at Logical "1" lout= 1mA 

Ilk Tristate Leak Current cs ="1" 

IMR Pull-up MR Output Current MR =0 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Conditions 

Tsd PWON, RNG, AUT, LIM 

Thd PWON, RNG, AUT, LIM 

Tww CS Impulse Width (writing op.) 

Thv ONHK, GDK Data Out to "0" CS 
Delay 

Tvh ONHK, GDK High lmped. to "1" CS 
Delay 

Twr CS Impulse Width (writing op.) 

20/2B 
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Min. Typ. Max. Unit 

19 29 v 
17 27 v 

56.0 Vrms 

56.0 Vrms 

5.5 rnA 

B5 130 rnA 

2 Vrms 

5 % 

50 Kn 

100 mVrms 

120(3T) ms 

50 f!S 

Min. Typ. Max. Unit 

0 O.B v 
2.0 5 v 

200 J.lA 

100 J.lA 

0.4 v 

2.4 v 
10 J.lA 

50 J.lA 

Min. Typ. Max. Unit 

400 ns 

500 ns 

BOO ns 

600 ns 

600 ns 

BOO ns 
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Figure 8 : Writing Operation Timing (controller to SLIC). 
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Figure 9 : Reading Operation Timing (from slic to controller). 
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Figure 10: Test Circuit. 
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APPENDIX A 

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-8 : Line terminals 

C : Tx sending output on 4W side 

D : Rx receiving input on 4W Side 

E : TTx teletaxe signal input 

RGJN : low level ringing signal input. 

TEST CIRCUITS 

Figure 1 : Symmetry to Ground. 
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TEST CIRCUITS (continued) 

Figure 3 :Trans-hybrid Loss. 

5000 

2.2uF 

Figure 4: Sending Gain. 
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Figure 5 : Receiving Gain. 
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L3000/L3091 

TEST CIRCUITS (continued) 

Figure 6 : PSRR Relative to Battery Voltage VB-. 
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Figure 7 : Longitudinal to Transversal Conversion. 
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TEST CIRCUITS (continued) 

Figure 9 : TIX Level at Line Terminals. 
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Figure 10 : Ringing Simmetery. 
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L3000/L3091 

APPENDIX 8 

ADDITIONAL OPERATING FEATURES 

Two further operating modes are provided on the 
L3091, boosted battery and ring pause. Both of 
these Modes are accessed by applying a high im
pedance on inputs AUT and or RNG of the digital 
interface. 

1. BOOSTED BATTERY (BB) 

This operating mode is equivalent to conversation 
mode with respect to AC and signalling functions but 
with the following changes to the DC characteristics : 

(a) Current limiting value is fixed at 25mA. 

(b) Characteristic in the resistive feeding region 
corresponds to a battery voltage equal to (-15 + 
I VB-I +VB+) Volt in series with the same feed
ing resistor utilized in the DC characteristic of 
conversation mode. 

BB mode is typically used to feed long lines 
(20mN4KQ) and to implement special functions 
such as message waiting where high voltage sig
nals are required. 

Further information about this operating mode may 
be found by referring to the L3000/L3030 data
sheet. 

2. RINGING PAUSE MODE 

During Ring Pause - Mode the SUC is always in 
ringing mode but the AC ringing signal is not injected 
into the line. This mode is used in applications where 
it is mandatory to avoid perturbations on adjacent 
lines during ringing injection. 

Further information about this operating mode may 
be found by referring to the L3000/L3030 data
sheet. 

The following table shows all operating modes of 
L3000/L3091 SUC KIT. Boosted Battery or Ringing 
Pause Modes are selected by applying a high im
pedance (HI) to input pins RNG and/or AUT. 

Included also in this table are the operating modes 
to which the sue defaults automatically during ring
ing mode when OFF HOOK is detected. 

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 detected. 
Conversation 42mA 0 1 0 1 0 off-hook 0 Ground key detected. 
Conversation 62mA 0 1 0 0 

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 lnj. (CVS 25mA) 1 1 1 X 
Ringing lnj. (CVS 42mA) 1 1 0 1 
Ringing lnj. (CVS 62mA) 1 1 0 0 

Ringing lnj. (BB 25mA) 1 1 HI X 1 on-hook Disable 
Ringing Pause (CVS 25mA) HI 1 1 X 0 off-hook 
Ringing Pause (CVS 42mA) HI 1 0 1 
Ringing Pause (CVS 62mA) HI 1 0 0 

Ringing Pause (BB 25mA) HI 1 HI X 

NB: HI= H1gh Impedance. 
BB = Boosted Battery. 
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TDB7711 
TDB7722 

SUBSCRIBER LINE INTERFACE CIRCUIT KIT 

• PROGRAMMABLE DC FEEDING RESIS
TANCE AND LIMITING CURRENT (seven 
values) 

• LONGITUDINAL BALANCE PERFORMANCE : 
UP TO 63 dB 

• FOUR OPERATING MODES {power-down, 
stand-by, conversation, ringing control) 

• POWER SAVING FEATURE 
• SIGNALLING FUNCTION (off-hook/ground key) 
• HYBRID FUNCTION 
• EXTERNAL RINGING ALLOWING BALANCED 

AND UNBALANCED RINGING WITH ZERO 
CROSSING INJECTION AND RING TRIP DE
TECTION 

• AUTOMATIC RINGING STOP WHEN OFF
HOOK IS DETECTED 

• LOW POWER CURRENT CONSUMPTION IN 
STAND-BY MODE (90 mW) 

• LOW NUMBER OF EXTERNAL COMPO
NENTS. THESE COMPONENTS REQUIRE 
ONLY STANDARD TOLERANCE: 1 % RESIS
TORS AND 10-20% CAPACITORS 

• POSSIBILITY TO WORK WITH HIGH COM-
MON MODE CURRENTS 

• TELETAXE 
• ANALOG INPUT/OUTPUT 
• GENERAL PURPOSE BIT 
• INTEGRATED THERMAL PROTECTION 

PIN CONNECTION 

0 
Cl OI•G 

IT IO'l 

UOO IOn 

RCIOt TT• 

00~ ~OT 

u~S "" 

CO~ UB!M . 

TDB7711 

June 1989 

Multiwatt 15 

DIP28 PLCC28 

ORDER CODES : TDB7722 (Multiwatt 15) 
TDB7711 (DIP28) 
TDB7711 (PLCC28) 

TDB7722 

'' CF 

UDD 
UJN 

AGND 

8GNO 

1 IP 

UB 

IT 

[2 

C1 

RING 
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TD 87711-TD 87722 

DESCRIPTION 

The ST SUe KIT (TDB7722/7711) is a set of solid 
state devices designed to integrate the main func
tions needed to interface a telephone line. 

It consists of 2 integrated devices :the TDB77221ine 
interface circuit and the TDB7711 control unit. This 
kit performs main of the BORSHT functions : 
_ Battery feed 
_ Overvoltage protection with double trisil device 

and 2 protection resistors 
_ Ringing control 
_ Signalling 
_ Hybrid 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

vb- Negative Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

Parameter 

The ST SUe KIT has been designed to achieve per
formant transmission characteristics like excellent 
longitudinal balance and very low consumption. 
In addition, this kit controls an external ringing relay 
with zero crossing injection. 

This kit is fabricated using a 80 V Bipolar, junction 
isolated technology, with accurate thin film resistors 
for the TDB7722 and a 10 V Bipolar 12L technology 
for TDB7711. 
This kit is suitable for all applications, e.o or PBX, 
where balanced or unbalanced ringing are re
quested. 

Value Unit 

72 v 

+ 5.5 v 

-5.5 v 

Vagnd-Vbgnd Max1mum Voltage Between Analog GND and Battery GND ±2 v 

Tl Maximum Junction Temperature 

Tslg Storage Temperature 

THERMAL DATA 

TDB7722 

TDB7711 

HIGH VOLTAGE 

Max. Resistance Junction to Case 
Max. Resistance Junction to Ambient 

LOW VOLTAGE 

Max. Resistance Junction to Ambient 

OPERATING RANGE 

Symbol Characteristics 

Toper Operating Temperature Range 

Vb- Negative Battery Voltage 

vdd Positive Supply Voltage 

Vss Negative Supply Voltage 

I max Total Line Current 
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Min. 

0 

-72 

+ 4.5 

-5.5 

+ 150' 

-55' to 150' 

Typ. 

3 
40 

80 

Max. 

70 

-20 

+ 5.5 

-4.5 

120 

·c 
·c 

'C!W 

Unit. 

·c 
v 

v 

v 

mA 



TDB7711-TDB7722 

PIN DESCRIPTION 

TB7722 

N' NAME DESCRIPTION 

1 RING B Line Termination Output with Current Capability up to 120 rnA (lb is the current sunk into 
this pin). 

2 c, Digital signal input (3 voltage levels) that defmes device status with pin 3. Longitudinal 
current is also provided. 

3 c2 Dig1tal signal input (3 voltage levels) that defmes device status with pin 2. Thermal warning 
current is also provided by TDB7722 through this p1n. 

4 IT High precision scaled transversal line current signal. It is a current generator referred to 
AGND. IT = Ia + lb . 

200 

5 Va Negative Battery Supply Voltage. 

6 TIP A Line Termination Output with Current Capability up to 120 rnA (lA is the current sourced 
from th1s pin). 

7 BGND Battery Ground Relative to Va- Supply Voltage. It is also the reference ground for TIP and 
RING signals. 

8 NC Not connected, this pin is connected to internal circuitry and should not be used as a 
tiepoint for external circuitry. 

9 VaiM This voltage output provides 
VREF/40 Voltage to TDB7711 
VREF :Filtered Battery Voltage- (!VsAT!-2.1 V) 

10 AGND Analog ground, all input signals and Voo supply voltage must be referred to this pin. 

11 VIN 2 Wire Unbalanced Voltage Input 

12 Voo Positive Power Supply + 5 V 

13 CF An external capacitor connected between this pin and BGND filters battery noise. 

14 RR Ring relay driver :output used to drive a 5 V or 12 V external ring relay. 

15 RG Ring Relay Ground 
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TDB7711-TDB7722 

PIN DESCRIPTION 

TB7711 

N' NAME DESCRIPTION 

1 RNJ ReadNJrite Command of the Serial Digital SUC Control 

2 Dl/0 Data Input/output for SUC Serial Control 

3 GPB General Purpose Bit. TTL/CMOS Output Available for any Specific Application. 

4 C2 State control signal output (3 voltage levels) used also as thermal warning current input 
from TDB7722. 

5 C1 State contrail signal output (3 voltage levels) used also as scaled tranversal line current 
input from TDB7722. 
C1 and C2 combination defines operating mode of the high voltage part. 

6 IT Scaled down Transversal Line Current Input 
IT = Ia + lb. 

200 

7 Voo Positive Supply Voltage, + 5 V. 

8 AC/DC AC-DC Feedback Input. 

9 RDC DC Feeding System. 

10 Vss Negative Supply Voltage, - 5V. 

11 CAC AC Feedback Input. 

12 RPC AC Line Impedance Adjustment. 

13 ZB Tx amplifier negative input performing the two to four wire conversion. 

14 Tx Transmit Amplifier Output. 

15 AGND Analog Ground. Voo and Vss supply voltages are referenced to this pin. 

16 ZAC AC Line Impedance Synthesis. 

17 VOUT Two wire unbalanced output carrying out following signals : 
- DC voltage to perform the proper DC characteristic 
- Voice signal 
- Teletax 

18 Al/0 Programmable analog input/output pin, used to feed the SUC with a low voltage battery 
offering power saving capability. Also used to detect line short circuits. 

19 VsiM VREF/40 Voltage Input from TDB 7722. 

20 REF Bias Setting Pin 

21 CRT Ringing filter Capacitor used also to filter longitudinal current and to shape teletax signal. 

22 TTX Teletax Signal Analog Input. 

23 IR/2 
Differential line current inputs in ringing network. 

24 IR/1 

25 RING Ringing Signal Input for Synchronisation. 

26 DGND Digital Ground 

27 cs Chip Select Input 

28 CLK Clock 128 kHz 
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TDB7711-TDB7722 

TDB7722 BLOCK DIAGRAM 

CF 8GND US UOD AGND 

t1BBTDB??22-81 

TDB7711 BLOCK DIAGRAM 

VDD VSS REF CRT RING IR/1 IR/2 C2 Cl 

AGND 
DETECTION 

19 
RPC LINE FEEDING U~IM 

8 
ZB CHARACTERISTICS AC/OC 

9 
TX SLI C IMPEDANCE RDC 

11 
ZAC SYNTHESIS CAC 

5 
UDUT 2 WIRES/4 WIRES IT 

TTX 

GP8 CLK R/W cs D liD DGND Al/D t1BBTDB??11-B1 
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TDB7711-TDB7722 

FUNCTIONAL DIAGRAM 

Figure 1 : Simplified Block Diagram. 

"' 

CAIID COMTRDLL£11 

Figure 2 : Functional Diagram - DC Path. 
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TDB7711-TDB7722 

Figure 3 : Functional Diagram - AC Path. 
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Figure 4 : Functional Diagram - Ringing and Miscellaneous Functions. 
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TDB7711-TDB7722 

FUNCTIONAL DESCRIPTION 

TDB7722- HIGH VOLTAGE CIRCUIT 

The TDB77221ine interface provides a battery feed
ing and drives a ring relay. 

The TDB7722 contains a state decoder which is 
under control of the low voltage TDB7711 . This 
decoder selects : 
- one of the following operational modes : power 
down, stand-by, conversation, ring relay control, 
power saving 
-direct or reverse battery operation. 

The circuit makes the sum and difference of the two 
wire currents (Ia, lb) to provide the transverse and 
longitudinal components to the LV SUC (Scaled 
down: 1/100). 
The scaled down transverse current flows by lr pin. 
The scaled down longitudinal current flows by C1 
pin. 
In addition, TDB7722 provides thermal warning cur
rent to the low voltage chip via pin C2. 

The TDB7722 amplifies both the AC and DC signals 
entering pin 11 (VIN). 
Separate grounds are provided : 
- analog ground as a reference for analog signals 
-battery ground as a reference for the output stages 

TDB7711 -LOW VOLTAGE CIRCUIT 

1) The TDB7711 low voltage control unit controls 
TDB7722 line interface module, giving the proper 
informations to set line feed characteristics (drop 
voltage mode, feed resistance mode, current limita
tion) for several working modes : 
- apparent battery 
- real battery 
- special DC characteristic 

C1 

Pin 5 of TDB7711 

+1.4 

2) The transmission characteristics of the SUC are 
the following : 
- a 2/4 wires conversion 
- longitudinal current rejection 
- based on TDB7722 informations and external 
components configuration, the TDB7711 handles 
the impedance synthesis and hybrid balance 

3) Signalling features are : 
- teletax (shaping and filtering) 
(described in application note AN298) 
- ring trip detection 
(described in application note AN298) 
- pulse dialing 
- ground key detection 

4) Other features 
- analog input/output pin 
(described in application note AN298) 
-general purpose bit 
(described in application note AN298) 
- interface with the card controller through a 4 wire 
serial bus 
-thermal warning 

WORKING STATES OF THE KIT 

In order to carry out the various operation modes, 
the ST sue kit has several different working states. 
Each mode, externally selected by microcontrciller, 
is defined by the voltage respectively applied by pins 
5 and 4 ofTDB7711 to the pins 2 and 3 of TDB7722. 

Three different voltage levels (1.4 ; 0 ; + 1 ,4) are 
available at each connection, defining all possible 
states as listed in table 1. 

Pin 2 of TDB7722 

0 -1.4 

Pin 4 
+1.4 

of 
Power Down Reverse Battery Not Allowed 

TDB7711 
0 Power Down Normal Battery Ringing C2 

Pin3 
of 

-1.4 Power Down 
TDB7722 

Appropriate combinations of two pins define the four 
possible status of the kit, that are : 

a) Stand-by (SBY) 
b) Conversation (CVS) 
c) Ringing (RING) 
d) Power down (PO) 
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Standby Not Allowed 

The main difference between stand-by and power 
down is that in SBY the power consumption on the 
voltage battery Vs- (- 48 V) is reduced but the SUC 
can feed the line, recognize the on-hook, off-hook 
status and ground key status. 



In power down, the power consumption is closed to 
zero, tip and ring terminals are in high impedance 
and all line detection circuits are disabled. 

The SBY status should be used when the telephone 
is in on-hook and PO status only in emergency con
dition when it is mandatory to cut any possible power 
dissipation with no running operation. 

OPERATION MODES 

STAND-BY (SBY) MODE. In this mode, most of the 
functions of both low voltage and high voltage cir-

Il . 1ne 

=5BmAr-------------------~ 

TDB7711-TDB7722 

cui! are not active in order to reduce the power con
sumption. 

The only working functions are following : 

* Line feeding 

- line voltage [Vbat[- 1 0 V 
- current supplied to the line limited to 60 rnA 
-output resistance= protection resistance (Rp) 

SLOPE 15 2xRp 

Ji 

~------------------~---L------------------·~ u 
I u B-I-18U UB-

1188 TDB7711 -15 

* On/off hook detection 

The current of the 2 wires are sensed and the scaled 
down transverse current is provided to low voltage 
SLIC for signalling detection. 

In this mode, the polarity of the battery should be di
rect (TIP wire more positive than RING one). 

When the SLIC is set in SBY mode, the power dissi
pation of TDB7711/TDB7722 kit is 90 mW. 

CONVERSION (CVS) MODE. This operation mode 
is set when the off-hook condition has been recog
nized. 

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 
( > 20 Kohms) and therefore the system works like 
a current generator. 

The limiting current is defined by programmation via 
the logic interface and selected among the seven 
following values : 
12 rnA, 20 rnA, 30 rnA, 32 rnA, 42 rnA, 50 rnA, 62 
rnA 
b) A standard resistive feeding mode 
The characteristic is : 
VsAT minus a voltage equal to Rteed x lime with Rteed 
defined by external resistor ROC (ROC = 2 (Rteed 
Rp)) 
c) A nearly constant voltage mode 
The voltage value is [VBAT[ - 13 V. This 13 V drop 
voltage allows the output amplifiers to keep a good 
linearity. 
For [VsAT[ > 48 + 13 = 61 V, this mode does not exist. 
The three different feeding conditions are applicable 
or not in the three different following feeding modes. 
These three feeding modes are controlled by the 
two digital eight bits word written in the low voltage 
circuit. 

9/18 

375 



TDB7711-TDB7722 

1) Apparent Battery. 

t!BBTDB?/11-86 i 
U I'I-13U 

U B 

In this mode, the three feeding conditions are available, the line sees an apparent voltage of 48 V whatever 
the actual battery voltage is. 

2) Real Battery. 

t1BBTD8??11-8? 

This solution is same as apparent battery except for 
the standard resistive mode where the voltage value 
is: 

IVIinel = IVREFI- Rfeed x lline 
with IV REF I = IVs-1- 2,1 V 

3) Special Characteristic. 

1 l1m1 t 

Therefore the line voltage depends on the current 
battery voltage Vs. 

\ 
L---------------------~---------+ u 

~UB-t18BTDB7711-BB 
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In this mode, there is no standard resistive feeding 
region. This mode is specially suitable for PBX ap
plications. 

The three feeding modes above can operate either 
in normal polarity or in reverse polarity. 

RINGING MODE (RING). When ringing, the SLIC 
must be in normal battery mode. 
An external circuit applies ringing signal through the 
ringing network and the ring relay. 
This circuit consists of a balanced or unbalanced 
sinus generator (70 to 100 VRMS) in serie with the 
battery (- 48 V). 
When the ringing control is selected (by software), 
ring relay is energized at the zero crossing point of 

2 cases: 

TDB7711-TDB7722 

the ringing generator. The ring relay is disenergi
zed either when ring trip is detected or by softwa
re, using one bit of the second byte written in the 
SLIC (see page 13: data input). 

There is a sophisticated ring trip detection circuitry 
insensitive to parasitic noise on the line. The ring trip 
principle is as follows : 

- the line current is sensed by a resistive network, 
not sensitive to longitudinal current. 
- a fraction of the line current is sent in a capacitor 
during one period of the ringing signal. 
- V is measured at the beginning and at the end of 
the period. 

1) No Voltage Difference and Therefore No DC Component Exists in Line Current. 

f1BBTDB7711·89 

2) Voltage Difference and Therefore a DC Component Exists in Line Current. 

u 

f188TDB7711·18 
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TDB7711· TDB7722 

POWER DOWN MODE (PO). In case of overtem
perature or on logic control (see page 13: data out
put) the high voltage SUC TDB7722 can be set in 
power down mode. In this case, the power con-

surnption is very low, the line drivers amplifiers (TIP 
and RING) are set in high impedance state and can
not deliver any current. 

DIGITAL CONTROL INTERFACE 
The programmable functions of the SUC are set by 
the contents of two 8-bits registers in the TDB7711 
(low voltage) chip. 

The datas are shifted into the low voltage TDB7711 
Q_n the rising edge of each CLK pulse, if CS = 0 and 
RIW=1. 

Connection between TDB7711 and the card con
troller is realized through a 4-wire serial bus. 

The datas are shifted out from TDB7711 on the ris
ing edge of each CLK pulse, if CS = 0 and R/W = 0. 

The four pins have following functions : 

CLK: Shift Clock (128kHz max) 
CS : Chip select (active low) 
Dl/0 : Bidirectional pin :data-in (2 bytes), data-out 

(12 bit word) 
R/W : Read (if "o") or write (if "1 ") 

Data input 

The first bit 80 ca~ven be r~d without any CLK 
pulse, as soon as CS = 0 and R/W = 0. 

This bit is read again, as BO, upon the first CLK ris
ing edge of a read operation. 

When CS = 1, the Dl/0 pin is in high impedance, 
allowing several SLICS to share the same data link. 

Two bytes can be written into the SUC to program its registers. 

BO = 0 = First Byte Selected Note 2 

B1 =Standby 0 =Power up 
1 =Standby 

B2 = Normal/Special Characteristic 0 =Normal 
1 =Special 

B3 =Real/Apparent Battery 0 =Apparent 
1 =Real 

B4 = Current Limitation 1 0 =0 rnA Note 1 
1 = 30 rnA 

B5 =Current Limitation 2 0 =0 rnA Note 1 
1 = 20 rnA 

B 6 = Current Limitation 3 0 =0 rnA Note 1 
1 = 12 rnA 

B 7 = Validation 0 =This word is not stored into the SLIC 
1 = This word is stored into the SLIC on rising edge of CS 

Notes: 
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1. The current values can be added Therefore seven values ate available from 12 mA to 62 mA. 
2 The 80 bit is always the first bit shifted mto or shifted out from the Dl/0 pin 
3. The SLIC is set in POWER DOWN mode if 81 = 1 and 84 = 85 = 86 = 0. 



TDB7711-TDB7722 

BO = 1 = Second Byte Selected Note 1 

B1 = General Purpose Bit 0 = Low Level Voltage on GPB Pin 
1 = Htgh Level Voltage on GPB Pin 

B2 = Analog Input/Output Pin 0 = Input Mode 
1 =Output Mode 

B3 = Teletax 0 = Teletax Off 
1 = Teletax On 

B4 = Direct/Reverse Battery 0 = Direct Battery 
1 = Reverse Battery 

B5 =Ringing 0 = Ringing Off 
1 = Ringtng On 

B6 = TTX Drop Voltage VariaiiOn 0 =Variation 
1 = No Variation 

B7 =Validation 0 =This word is not stored into the SUC -
1 =This word is stored into the SUC upon rising edge of CS 

Note : 1 The BO bit is always the first bit shifted mto or shifted out from the Dl/0 pin. 

Data output 

One twelve bit word can be read from the SLIC. 

BO = Hook Status (HS) o = On Hook Status Note 1 
1 =Off Hook 

B1 = Comparison Result Bit (CRB) 0 = tline voltage! > voltage set on Al/0 pin 
1 = !line voltage I <voltage set on Al/0 pin 

B2 = Ground Key (GK) 0 = No Ground Key 
1 = Ground Key 

B3 = Thermal Warning (TW) 0 =Normal 
1 = HV Circuit Temperature> 150' C 

B4 to B11 =Last byte written into the SUC for checking 

Note : 1. The BO bit is always the first bit shifted into or shifted out from the Dl/0 pin. 
Reset : The logic C'Jrowtry 1s automatically reset at power on, or by hardware, when applying the Voo voltage on the TTX pin 

~ SGS·niOMSON 
~""'!/ 111iln©tm©1EI!.rn©'ii'liil©ll!n«:il! 
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TDB7711-TDB7722 

EXTERNAL COMPONENTS LIST 

TDB7722 (high voltage) 

Ref Value 

Component 

Function 

RP > = 30 OHMS Protection Resistor Battery Voltage Rejection 
CF 470 nF/100 V (20 %) 

TBD7711 (low voltage) 

Component 

Ref Value Function 

REF 15.8 Kohms (1 %) Bias Resistor 

RDC 680 ohms Feeding Bridge Resistor 

CAC 47 !l F/10 V (20 %) AC Path Decoupling 

ZAC 27 Kohms (ZO = 600 ohms) Scaled AC Impedance 

RPC 3 Kohms (Rp = 30 ohms) PTC Resistor Compensation 

ZA 60 Kohms (ZO = 600 ohms) SLIC Impedance Balance Network 

ZB 60 Kohms (ZO = 600 ohms) Line Impedance Balance Network 

CBW 270 pF/10 V (10 %) Bandwith Capacitor 

C'BW 120 pF/10 V (10 %) Bandwith Capacitor Compensation 

CRT 220 nF/1 0 V (20 %) Ring Trip Capacitor 

R1 to R4 560 Kohms (5 %) 
Line Current Sensing During Ringing 

R5 and R6 220 ohms/2 W 

RAing 270 Kohms (10 %) Ring Generator Zero Crossing Detection 

GRING 10 nF (20 %) Ring Generator Zero Crossing Detection 

Note: For external components defrnrtron. please refer to applrcatron note AN298 

ELECTRICAL OPERATING CHARACTERISTICS 
The characteristics apply when the application diagram (see figure 1) has nominal value of typical 
external components and unless otherwise specified : 
Tamb = 25 °C, Vs =- 30 to -72 V, Voo = + 5 V ± 5%, Vss =- 5 V ± 5% 
Transverse Line Current (ILr) = 30 mA 

LINE FEEDING CHARACTERISTICS 

Symbol I Parameter 

I 11m Loop trurrent at Constant Current -Range 
Feed · -Accuracy 

Rteed Feed Resistance -Range 
-Accuracy 

Min. 

12 
-0 

300 
-5 

Vapp Apparent Battery Voltage -50.4 

Typ. Max. 

62 
+ 10 

1000 
+5 

-48 -45.6 

Unit. 

mA 
% 

n 
% 

v 
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TDB7711·TDB7722 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

SIGNALLING 

Symbol Parameter 

IH (off} Off Hook Detection Threshold Power up or Power Down 

IH (on} On Hook Detection Threshold Power up or Power Down 

IH (hys} Off/On Hook Hysteresis 

Dialing Distortion 

Off Hook Reponse Time Transverse Line Current 
I L T = 20 rnA Power Down 

IGK (on} Ground Key Detection Threshold 

Ground Key Detection Reponse Longitudinal Line Current 
Time ILL= 20 rnA 

IR (ton} Ring Trip Detection Threshold 

FR Ringing Frequency 

Ring Trip Delay ILT=15mA 

Vnx Teletax Sending (with TT x Filter} I Line Level 
F::; 18kHz I Gain Gnx RL =200 Q 

2 WIRE PORT TRANSMISSION 

Symbol Parameter 

Overload Level 1 00 < F < 4000 Hz 

Return Loss 300 < F < 3400 Hz 

Longitudinal Impedance On or Off Hook 
Rp = Protection Resistance 

Longitudinal Balance Off-Hook 200<F<1000Hz 
Conversation Mode Off-Hook F=3000Hz 

On-Hook 200<F<3400 

Longitudinal Signal Generation 1 00 < F < 3400 Hz 

Longitudinal Handling Capability 
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Min. Typ. Max. Unit. 

5 8 rnA 

4 7 rnA 

1 rnA 

3 ms 

70 ms 

3.5 7 rnA 

250 ms 

5 10 rnA 

16 70 Hz 

4/FR s 

2.2 2.5 Vrms 

7 8 9 

Min. Typ. Max. Unit. 

6 dBm 

20 dB 

r-10 r + 10 n per 
wire 

58 63 dB 
53 58 
50 53 

52 60 dB 

35 mArms 



ELECTRICAL OPERATING CHARACTERISTICS (continued) 

4 WIRE PORT TRANSMISSION 

Symbol Parameter 

Overload Level On RX 
On TX 

TX Output Offset Voltage 

Zrx TX Output Impedance 

GRx RX to Line Gain F =1020Hz, VRx = 0 dBm 

Grx Line to TX Gain Vrx = 0 dBm 

Frequency Response 300 < F < 3400 Hz 

Gain Linearity F =1020Hz, Vrx or VRx 
+ 3 to- 40 dBm 
- 40 to - 50 dBm 
- 50 to - 55 dBm 

Transhybrid Loss VRx = 0 dBm 
300 < F < 3400 Hz 

THD Total Harmonic Distorsion F <1020Hz. 0 dBm 

Np Psophometric Noise on TX, or on the Line 

PSRR Power Supply Rejectron Ratio 300 < F < 3400 Hz Vs 
Voo, Vss 

RELAY DRIVER 

Symbol Parameter 

I srnk Sink Current 

Leakage Current 

Voltage Drop Switch On 

Breakdown Voltage lc = 200 ~A 

DIGITAL INTERFACE 

Parameter 

Clock Frequency 

SUPPLY CURRENT 

Symbol Parameter 

ICC+ Positive Supply Standby 
Power up 

Icc- Negative Supply Current Standby 
Power up 

I sAT Battery Supply Current Standby 
Power up 

TDB7711-TDB7722 

Min. Typ. Max. Unit. 

3 dBm 
3 dBm 

100 mV 

10 Q 

-0.15 0 0.15 dB 

-0.15 0 0.15 dB 

-0.1 0 0.1 dB 

-0.05 0.05 dB 
- 0.1 0.1 dB 
- 0.2 0.2 dB 

30 40 dB 

-50 dB 

-75 dBmp 

-34 dB 
-20 dB 

Min. Typ. Max. Unit. 

100 mA 

100 ~A 

1 v 
75 v 

Min. Typ. Max. Unit. 

8 mA 
22 mA 

6 mA 
24 mA 

0.7 mA 
5 mA 
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TD 87711-TD 87722 

TIMING DIAGRAM (controller to SLIC to controller) 

OliO 

CLK --uul_ --1 r--4 ----uLJUl__JL_JL 
I· WRITIN~ ~-· ~ 

t 
-LATCH IF 87-1 

ffBBTDB??t t- 12 -LOADING OUTPUT REGISTER 
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• BASIC BATTERY FEED FUNCTION AT A LOW 
COST 

• HIGH AC IMPEDANCE CHARACTERISTICS 
FOR BALANCED LINE, DIFFERENTIAL
MODE, VOICE-BAND SIGNALS 

• FULL INTERNAL LIGHTNING SURGE PRO
TECTION UP TO 4 AMPS 

• DC VOLTAGE DROPS CAN BE ADJUSTED TO 
ACCOMODATE DIFFERENT PEAK SIGNAL 
LEVELS 

DESCRIPTION 
The LB1 011 is an electronic battery feed circuit 
which supplies DC currents to a telephone line with 
minimal loading on the AC signals. The LB1 011 is 
integrated as two complementary chips to supply 
DC currents of both negative and positive polarities 

Figure 1 : Functional Diagram. 

RP1 

LB1 011 

BATTERY FEED 
AN AT & T PRODUCT 

to either balanced or unbalanced lines. In the balan
ced line application, this device helps to suppress 
undesirable common-mode signals. 

MINIDIP-A PLASTIC 

ORDER CODE: LB1011AB 

.. t,.; OF LB1011AB 

-- ---r 
TAPP 

I 
RTl' DC 

VOLTAGE 

= 
RS1 

1K 

TIP 

=:JII 
-'I 
a 

_,.......J 
CC1 

PIING 

CCN 

mN 
TAPN 

Va OF LB1011AB 

""'L v-
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LB1 011 

PIN CONNECTION 

V+ [ 1 8 J V-

CCP [ 2 7 J CCN 

TAPP [ 3 6] TAPN 

TIP [ 4 5] RING 

PIN DESCRIPTION 

Pin Name Description 

j V+ This pin connects to the "most positive" external power supply (in some cases this is 
ground) through an external resistor. This external resistor is a factor in determining the 
amount of current which will be supplied by the "Positive Line Feed" output. 

2 CCP "Cross-Coupling", Positive and Negative respectively. A capacitor between these two 
7 CCN pins (for balanced line applications) creates a high AC impedance between TIP and 

RING. Since full Tip-to-ring voltage appears across these pins, it is recommended that a 
1 k ohm resistor be placed in series with the crosscoupling capacitor for surge protection 
purposes. 
Unbalanced lme applications should connect the cross-couplmg capacitor to ground so 
that the common-mode impedance of the output is greatly increased. 

3 TAPP Resistor tap pins. These terminals are used to adjust the "DC VOLTAGE DROP" across 
6 TAPN the "Pos1t1ve Line Feed" and the "Negative Line Feed" respectively. 

The nominal "DC VOLTAGE DROP" is 3 volts when no resistors are connected between 
pins 2-to-3 or pins 6-to-7 respectively. A short circuit between these same pins will 
produce a nominal voltage drop of 4 volts. Resistors connected between these pins will 
produce voltage drops varying between 3 and 4 volts. 
A higher "DC VOLTAGE DROP" (greater than 3 volts) may be desirable for high 
operatmg temperatures, or when the peak value of the AC signals exceed 2.5 volts. 

4 TIP Output of the "Positive Line Feed Supply". 

5 RING Output of the "Negative Line Feed Supply". 

8 V- This pin connects to the "most negative" external power supply through an external 
resistor. Th1s external resistor is a factor in determining the amount of current wh1ch w1ll 
be supplied by the "Negative Line Feed" output. 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 
Ambient Operatmg Temperature Range - 20 to+ 70 oc 
Storage Temperature Range - 40 to+ 125 oc 
Pin Soldering Temperature (t = 15 sec.) 300 oc 
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LB1011 

ELECTRICAL CHARACTERISTICS : (T A = 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

DC Voltage Drop, Pos1t1ve Lme 
lv. =SOmA (See Fig. 3) 2.SO 3.SO v 

Feed 

DC Voltage Drop, Pos1t1ve Lme lv. =SOmA (See Fig. 4) 3.7S 4.8S v 
Feed, H1gh-level Mode TAPP shorted to CCP 

DC Voltage Drop, Negat1ve Line 
lv- =-SOmA (See F1g. 3) - 2.SO - 3.SO v 

Feed 

DC Voltage Drop, Negative Line lv- =-SOmA (See Fig. 4) -3.60 -4.00 v 
Feed, High-level Mode TAPN shorted to CCN 

Shunt Impedance (See Fig. 14) 18 Kn 

Common Mode (longitudmal) V1N = 1.0Vrms, f = 1kHz (See F1g. 1 2) 4S dB 
Rejection RP1 = RN1 (see f1g. S) 

Common Mode (longitudmal) TAP shorted to CC 
Rejection, H1gh-Level Mode V1N = 1.0Vrms, f = 1kHz (See F1g. 12) 45 dB 

RP1 = RN1 (see f1g. 5) 

Distortion V(TIP to RING) = 1.0Vrms (See F1g. 13) 2.0 % 

Distortion, High-Level-Mode TAP shorted to CC (See Fig. 13) 
2.0 % 

V(TIP to RING) = 2.0Vrms 

TEST SPECIFICATION (T A= 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Max. Unit 

VsEP PNP Base-Emitter Voltage IPNP = 50mA (See Fig. 2) -2.0 - 1.0 v 
L'lVaEP PNP Base-Emitter Voltage (See Fig. 2) - 2SO -25 mV 

Change L'lVsEP = VsEP(1 OOmA)-VaEP(50mA) 

VsEN NPN Base-Emitter Voltage INPN = 50mA (See F1g. 2) 1.2 2.0 v 
L'lVsEN PNP Base-Emitter Voltage (See Fig. 2) 

+ 25 + 250 mV 
Change i'>VsEN =VsEN(100mA)-VsEN(SOmA) 

VeEP PNP Collector-Emitter (See F1g. 3) 2.S 3.S v 
Voltage 

VcEN NPN Colletor-Emitter (See Fig. 3) - 3.S - 2.S v 
Voltage 

VsF BF Total Volts 11 =SOmA 
(See F1g. 4) 5.0 6.8 v 

S1, S2 open 

L>VsF BF Total Voltage Difference 11 = 100mA 
S1, S2 open (See Fig. 4) -400 + 600 mV 
L>VsF = VsF(100mA)-VsF(SOmA) 

VsF BF Total Volts (High Level I, = 50mA (See Fig. 4) 7.2 9.4 v 
Mode) S 1 , S2 closed 

L'lVsF BF Total Voltage Difference 11 = 100mA 
(H1gh Level Mode) S1, S2 closed (See Fig. 4) -400 + 600 mV 

L'lVsF = VsF(100mA)-VsF(50mA) 

VF Forward Voltage lr = 200mA (See F1g. S) 1.4 v 

--------------- I.V ~~~~m~::~~ 3/9 
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LB1 011 

TEST SPECIFICATION (Continued) 

Symbol Parameter 

VF Forward Voltage 

Vso PNPN Breakdown Voltage 

Vs PNPN Sustain Voltage 

Vso PNPN Breakdown Voltage 

Vs PNPN Sustain Voltage 

Zs Shunt Impedance 

Zs Shunt Impedance 

Ls Longitudinal Balance 

Ls Longitudinal Balance 

THo Distorsion Test 

THo Distorsion High 

TEST CIRCUITS 

Figure 2. 

4/9 

388 

Test Conditions 

IT= 200mA 

IT= 75mA 

IT= 75mA 

IT= 75mA 

IT= 75mA 

IT= 35mA 

IT = 200mA S1 closed 

IT =- 35mA S1 closed 

IT - 200mA S1 closed 

51, 52 open 
Zs(in ohms)= 100/VM(in volt) 

S1, S2 closed 
Zs(in ohms)= 100/VM(in volt) 

S1, S2 open 
Ls = Log[VMIViN] (in dB) 

S 1 , S2 closed 
Ls = Log[VMIViN] (in dB) 

S1, 52 open v,N = 1V rms 

S1, S2 closed ViN = 2V rms 

Figure 3. 

Min. Max. Unit 

(See Fig. 6) 1.4 

(See Fig. 7) 1.4 

(See Fig. 8) 1.4 

(See Fig. 9) 1.4 

(See Fig. 1 0) 1.4 v 

(See Fig. 5) -10 -8 

(See Fig. 6) -5 -2 

(See Fig. 6) -10 -8 

(See Fig. 6) -5 -2 

(See Fig. 11) 18 KQ 

(See Fig. 11) 18 KQ 

(See Fig. 12) -45 dB 

(See Fig. 12) -45 dB 

(See Fig. 13) 2 % 

(See Fig. 13) 2 % 

VcfN 

I 



LB1011 

Figure 4. Figure 5. 

Figure 6. Figure 7. 

Figure 8. Figure 9. 
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LB1 011 

Figure 10. 

Figure 12. 

200!1 200 n 

L-"'"-'~ 

~~ 
I Cl2S VAlliS 

1KHz 
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Figure 11. 
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LB1011 

Figure 14. 

10'r-------------------------------------------------, 

"' 0 z 
i3 
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10 

~ EXTERNAL RESISTOR = 1 kn 
1-z 
:> 
X 
Ul 

10"1 L_ ________ J..._ ________ ...__ ________ _._ ________ --'-:-________ -:-' 

10·' 10·1 10 10' 10 3 

FREQUENCY (kHz) 

SURGE PROTECTION CHARACTERISTICS 

Internal surge protection circuitry (see figure 1) in 
conjunction with external resistors, provides protec
tion against forward voltage surges. Reverse surges 
are dissipated through large internal diodes bridged 
across each "Line Feed" section. Forward surge 
protection consists of a composite PNPN device. 
This composite PNPN device can withstand surges 

as shown in figure 15. It has a breakover point (Vso) 
of about 9 volts as shown in figure 16. After breako
ver, the output is clamped at less than 2 volts as long 
as the surge source supplies more than 150mA. 
When the surge source drops below 150mA, the 
PNPN device recovers and normal operation re
sumes. 

Figure 15: Maximum Applied Forward Surge Limits (PNPN Composite Device). 

iii 
w 
a: w 
.. 5 
:I' 
~ VF 

14 1>1~ 
SIMPLE 

COMPOSITE 
PNPN MODEL 

0.1 1.0 

PULSE WIDTH (ms) 

10.0 100.0 

7/9 

391 



LB1011 

Figure 16 :Typical Voltage vs. Current (PNPN Composite). 
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0 ~--~----~--~----~----L----" 
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APPLICATION 
Figure 17 shows the LB1 011 in a balanced line 
configuration. The complementary Positive and Ne
gative Line Feeds are capacitively cross-coupled. 
Differential signals on the balanced line (TIP-RING) 
do not disturb the AC ground at the center of the 
cross-coupled connection. Therefore, both circuits 
act as constant current sources which present a high 
shunt impedance of approximately 50K ohms. The 
cross coupling does not affect feedback for either 
DC or common-mode signals. Therefore, for com
mon-mode noise, the two complementary power 
supplies act as low impedance paths to ground 
through the resistors connected to V+ and V-. Com
mon-mode rejection depends on the degree of mat
ching between resistors RP1 and RN1. Figure 18 il
lustrates the' LB1 011 in a single-ended configuration 
in which it exhibits a very low DC impedance and a 
very high AC impedance. In some applications, 
where DC current needs to flow and AC Current 
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should be blocked, this LB1 011 configuration can 
replace an inductor. It does not, however, have the 
phase and amplitude vs frequency characteristics 
of a true inductor or RL network. The TAPP connec
tion (pin 2) permits an external resistor (RTAP) to 
change the "DC Voltage Drop" (see figure 1). RTAP 
can be selected to raise the voltage from 3V (nor
mal operating value) to as high as 4V. This voltage 
may be desirable for high operating temperature, or 
if the peak voltage of the AC signal exceeds 2.5V. 

Since the "DC Voltage Drop" is relatively constant, 
the current supplied to the line is controlled by the 
supply voltage, the external resistor to the supply, 
and the resistance shunting the line. For AC signals, 
however, the capacitively-coupled "ground" causes 
the LB1 011 to operate as a constant-current source 
with an impedance of approximately 25 Kohms. 



Figure 17: LB1011 Battery Feed Application Diagram (Balanced Configuration). 

NOTE 

EXTERNAL 
ADJUSTING 

RESISTOR 

RP1 
350 !1 

GND 

TIP 

-· -~-~ 
AC -~ 

SHUNT ~ 

IMPEDANCE I 

-· ____.I ,__J 
L..._-:R""IN:-:-G=:---? 

Figure 18: LB1 011 AC Blocking, DC Current Feed Application. 

NOTE I 

EXTERNAL 
POSITIVE 
SUPPLY 

Note : 1. Value of capacitor selected based on frequency reqUirements. 

.----- TO LOAD 

LB1011 
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• OPERATES FROM 5 TO 85V; DUAL OR SIN-
GLE POWER SUPPLY OPERATION 

• BIAS IS SET EXTERNALLY 
• TYPICAL ft = 1 MHz 
• OPEN LOOP GAIN ; 50d8@ 3kHz 
• PROVIDES OUTPUT CURRENTS FROM 

± 40mA TO ± 80mA DEPENDING UPON -THE 
IBIASVALUE 

• OPERATING TEMPERATURE RANGE: FROM 
- 25°C TO + 1 oooc 

APPLICATIONS 

• TRANSCONDUCTANCE AMPLIFIERS FOR 
TELEPHONE LINE DRIVING 

• VOLTAGE FOLLOWERS 
• AUDIO AMPLIFIERS 
• GENERAL PURPOSE CIRCUITS REQUIRING 

HIGH-VOLTAGE, HIGH-POWER OP-AMPS 

DESCRIPTION 
The LB1013 HIGH-VOLTAGE OP-AMP operates 
off of a single power supply from 5 to 85 volts. The 

Figure 1 : High Voltage Dual Op-Amp Diagram. 

December 1988 

LB1013 

85V DUAL OP-AMP 

amplifiers are internally compensated and are 
designed to operate in the audio band. This device 
is powered up with a 40~ current supplied to the 
IBIAS pin. 
External circuitry is required to provide short-circuit 
protection. 

Multiwatt 15 

ORDER CODE: LB1013AW 

lau.s v-
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LB1013 

PIN CONNECTION 

,.- .. 
0 Tour .. 

A our 
V+ 

0 
I BIAS 
NC ·-HC 
RIN-
RIM• 

0 
.. .. 
TIN• 

~- 11H-

PIN DESCRIPTION 

Pin Symbol Function 

3, 4, 11, V+ The more positive supply-voltage is connected to the five pins designated as V+. Either 
13, 15 V+ or V- can be connected to ground. 

14 TouT These pins are the Op-amp outputs for "T" and "R" amplifier respectively. 
12 RouT 

8 V- The more negative supply-voltage is connected to the case. Either V- or V+ can be 
connected to ground. 

1 TtN- These pins are the non-inverting and the inverting inputs respectively for the "T'' 
2 TtN+ ampltfier. 

5 RtN+ These pins are the non-inverting and the inverting pins respectively for the "R" ampilfter. 
6 RtN-

10 lstAS A current source (or a suitable value resistor to V-) can be connected to this pin. A 
negative current flow must be present before the device becomes operational. 

7, 9 NC Not connected. 

TYPICAL DEVICE CHARACTERISTICS (T A = 25°C) 

Parameter I BIAS = 40J.tA lstAS :80J1A 

Slew Rate 2V/11sec 4V/Ilsec 

Output Current ± 40mA ±SOmA 

Power Supply Rejection Ratio 45dB 45dB 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 

Ambient Operating Temperature Range - 25 to+ 100 oc 
Storage Temperature Range - 40 to+ 125 oc 
Pin Temperature (Soldering Time= 15sec.) 300 oc 
Power Dissipation (see note under Outline Drawing) 2 w 
Voltage (V+ to V-) 85 v 

Stressed 1n excess of those listed under "Absolute Maxtmum Rattngs" may cause permanent damage to the devtce. Thts IS a stress rat1ng only and 
functional operat1on of the device at these or any other cond1tions in excess of those indicated 1n the operational sect1ons of this specification IS not 
1mpl1ed. Exposure to absolute maximum rating conditions for extended periods may affect devtce reliability. 
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LB1013 

ELECTRICAL CHARACTERISTICS (T A= 25C, V+ = 25V, V- = 25V, IslAS connects through 1.25MQ 
to V- unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

Open Loop Gain f =100Hz 75 dB 
f =1KHz 55 dB 

Input Offset Voltage ± 5.0 mV 

Input Bias Current Inverting and Non-inverting Pins ± 1.0 J.IA 

Input Offset Current ± 1.0 J.lA 
Common Mode Rejection Ratio V- =- 30V, VcM =± 20V 80 dB 

Output Voltage Swing ("T'' Amplifier) V+ = 38V ; V- =- 38V 
Non-inverting Input = GND ; RL = 1 kQ 
11V (Inverting Input=± 0.5V) 
VHIGH 34.6 
VLow -34.6 v 

Output Voltage Swing ("'R" Amplifier) V+ = 38V ; V- =- 38V 
Non-inverting Input= GND; RL = 1kn 
11V (Inverting Input=± 0.5V) 
VHIGH 34.6 
VLow -34.6 

Power Supply Currents (Amplifiers Test Circuit (see figure 2) 
activated under no-load conditions) V+ = 42.5V ; V- =- 42.5V rnA 

lv+ 1.1 
lv- -1.1 

Power Supply Leakage Current Test Circuit (see figure 2) 
(Amplifier Off) V+ = 35V ; V- =- 35V ; I BIAS= (open) 

J.IA 
lv+ ± 10 
lv- ±10 

Output Leakage Currents Test Circuit (see figure 3) 
(Amplifier Off) V+ = 35V ; V- =- 35V I BIAS =(open) 

J.IA 
VLOAD = + 30V ±10 
VLQAD =- 30V ± 10 

TouT to V+ Fault Current 
Test Circuit 

VLOAD ="'" 35V 41 47 

TouT to V- Fault Current (see figure 4) VLQAD =- 35V -41 -47 
mA 

RouT to V+ Fault Current V+ = 35V ; V- =- 35V ; VLOAD = + 35V 41 47 

RouT to V- Fault Current 
t = 100ms 

VLOAD =- 35V -41 -47 

Figure 2 : Power Supply Current, Test Circuit (for 
this test, connect both op-amps as 
shown above). 

Figure 3 :Output Leakage Current, Test Circuit 
(the current through this 1 OK resistor is 
the "Leakage Current"). 

20Ktl 
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LB1013 

Figure 4 : Fault Current Test Circuit. Figure 5 : Typical Characteristics : Gain/phase 
vs. Frequency. 

SJ.6Kn 

SHORT-CIRCUIT PROTECTION 

0~ 
& 

dB 

100 

0 

-100 

-200 

Figure 6 : AD External Circuitry for Short-circuit Protection. 

Notes : 1. 01, 02, 03 ; BVcEo > 90 Volts 
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APPLICATION 

The simplified schematic shown below illustrates an 
application as a transconductance amplifier for te
lephone line drive applications. Other applications 
include high voltage/power voltage followers, audio 
amplifiers and circuits where high-voltage, high-po
wer op-amp capability are required. 

The equations relating to the circuit shown below 
are as follows : 

for R1 & R2 > > R3 

Figure 7 : Simplified Line Feed Operation. 

IT= 

IR = 

R1 R2 

Vcommon 

Voitterence 

R1 R2 

Figure 8 :Typical Voltage Follower Application. 

Vc-Vo R2 ·-R1 R3 

Vc-Vo R2 ·-R1 R3 

IT---

---LINE 

an~.-~-~~-~-_.--- FEED 

-48V 5-9626 

LB1013 
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M079 
N-CHANNEL 2 x 2 x 2 CROSSPOINT SWITCH 

WITH CONTROL MEMORY 

• LOW ON RESISTANCE: 18Q 
• INTERNAL CONTROL LATCHES 
• 5.5Vpp ANALOG SIGNAL CAPABILITY 
• LESS THAN 1% TOTAL DISTORTION AT Odbm 
• LESS THAN- 90db CROSS-TALK AT 1.6KHz 

2Vrms 

DESCRIPTION 

The M079 consists of a 2 x 2 x 2 crosspoint array 
and 4 memory cells. Connection between two paths 
is determined by the status of the corresponding 
memory elements. If the latch is ON the paths are 
connected, if OFF disconnected. 

Every memory configuration can be set by writing 
the two D inputs using the two clocks. "1 "on D deter
mines the ON status and 0 the OFF status. The 
clock enters the Data input, on the high level. The 
correspondent switch is influenced at once. Data is 
then latched on falling edge of CK input. Thus stor
age is defined when CK goes down (see fig. 6, 7). 
CK and D levels are TTL compatible. The power on 
reset puts the memory elements into OFF status dis
connecting the switches. 

The M079 is available in 14 pin dual in-line plastic 
and ceramic packages. 

TRUTH TABLE 

Logic Input Analog Connections Memory 
D1 D2 CK1 CK2 Involved Status 

1 X 1 0 AX1 BX1 AY1 BY1 M on 

0 X 1 0 AX1 BX1 AY1 BY1 M off 

X 1 1 0 AX1 BX1 AY2 BY2 Non 

X 0 1 0 AX1 BX1 AY2 BY2 N off 

1 X 0 1 AX2 BX2 AY1 BY1 P on 

0 X 0 1 AX2 BX2 AY1 BY1 P off 

X 1 0 1 AX2 BX2 AY2 BY2 Q on 

X 0 0 1 AX2 BX2 AY2 BY2 Q off 

April 1989 

DIP14 
(Plastic) 

DIP14 
(Ceramic) 

ORDER CODES : M079B1 

M079F1 

PIN CONFIGURATION 

BX2 2 13 02 

BV2 3 12 AX2 

BV1 4 11 AV1 

BX1 5 10 AV2 

01 

GNO 7 

BLOCK DIAGRAM 
11 

5.1)147 

1/4 
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M079 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Supply Voltage Range - 0.5 to 14 v 

v, Input Voltage Range (CK1, CK2, D1, D2) Voo + 0.5 v 

v,N, VouT Differential Voltage between the Two Ends of every Crosspoint in 14 v 
"OFF" Status 

Ptot Power Dissipation 600 mW 

Top Operating Temperature Range o to 70 oc 
Tstg Storage Temperature Range -55 to 150 oc 

Stresses above those listed under "Absolute Maximum Ratings" may causes permanent damage to the dev1ce This IS a stress 
rat~ngs only and functional operation of the the device at these or any other conditions above those indicated in the operational 
sect1ons of th1s spec1flcat1on is not 1m plied. Exposure to absolute maximum rating conditions to extended periods may affect de
vice reliability 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, V 00 at 12V ± 5%, VEE= 3V) 

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

aN (cross talk) Diaphony Attenuation V1N = 2Vrms 1.6KHz 90 dB 
beetween Each Couple (fig. 2) 

aN Longitudinal Attenuation (fig. 3) V1N = 2Vrms 1.6KHz 0.15 dB 

RD Differential Impedance between V1N = 2Vrms 1.6KHz 200 KQ 
AXi and BXi (on AYm an BYm) 

Crosspoint RT Total Longitudinal Resistance· 18 Q 
(fig. 3) 

CP Attenuation in off Status V1N = 2Vrms 1.6KHz 100 dB 

t. RT Resistance Difference Related to 1 Q 

2 one CP 

Total Distortion V1N = OdBm 1.6KHz 1 % 

VINH Di and CKi High Level Input 2.4 v 

VINL Di and CKi Low Level Input 0.8 v 

IINH Di and CKi High Level Input VCK = 2.7V Vo = 2.7V 1 j.lA 

Control IINL Di and CKi Low Level Input VCK = 0.4V Vo = 0.4V 1 j.lA 

Logic Current 

loo Supply Current : 
NO CP "ON" 3 mA 

1 CP "ON" 2.5 mA 
2 CP "ON" 2 mA 

IAL Analog Input Leakage v,N=Oto12V 1 j.lA 
(when switches off) 

• This is the sum of 2-sw1tch res1stance :the single sw1tch is tested at 9n and 1ts typ1cal value is sn. 
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AC CHARACTERISTICS (Tamb = 25°C, Voo = 12V) 

Symbol Parameter Referto Figure 

f Clock fig. 5 

t Turn-on fig. 6 

t Turn-off fig. 6 

Is Setup fig. 7 

IH Hold fig. 7 

tw Clock Pulse Width 

Supply voltage must rise in more than 5ms. 

Figure 2 : Cross Talk Measurement. 

AY1 

M 

~ 
LA-J 
~ 
L6-J 

.,, 

[];
0 

E 
5 

• CP "OW 

0 CP "OFFft 

RL ~soon 

Ra=62Dfi 

aN=20tog.:1!:L(d8) 
Your 

M079 

Min. Typ. Max. Unit 

0.7 MHz 

300 500 ns 

330 700 ns 

300 ns 

300 ns 

300 ns 

Figure 3 : Equivalent Circut of an Acti
vated Phonic Connection. 

RL 
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)¥ RT 
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AX• jVEE BXi 
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M079 

Figure 4 : Equivalent Circuit in Unactivated 
Phonic Connection. 

aS=201og~(dB) 
Your 

S-6256 

Figure 6 : Switch Turn-onrrurn-off Measurement. 
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n 

L...J 

35V 

ISV 

35V 

I \ 
Om ISV 

3.5V 

CPim I.SV 

- ~- 1- S-62 S7 
I TURN ON I TURN OFF 
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Figure 5 : Circuit for Turn-onrrum-off 
Measurement. 
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AVm BVm OUTPUT 

IKfi 

5-625611 

Figure 7 : tset-up/tHold Measurement. 
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M089 

2 x 8 CROSSPOINT MATRIX 

• VERY LOW ON RESISTANCE 
• HIGH CROSS-TALK AND OFF-STATE ISOLA

TION 
• SERIAL SWITCH ADDRESSING, Jl-PROCES

SOR COMPATIBLE 

DESCRIPTION 

The M089 is a 2 x 8 crosspoint matrix consisting of 
16 N-channel MOS transistors. 

The device has been specially designed to provide 
switches with low cross-talk, high off-state isolation 
(both better than - 90dB) and low on-resistance. 

LOGIC DIAGRAM 

El--r-r-...,., 

E2--....._ _ _,, 

------1 DATA 

----~ CP 

5·3361 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Voo Supply Voltage 

V1 Input Voltage Pins 4, 5, 12, 13 

V1wVour Differential Voltage Across any Disconnected Switch 

Ptot Total Power Dissipation 

Top Operating Temperature Range : for Plastic 
for Ceramic 

Tstg Storage Temperature Range 

{Plastic) 
{Ceramic Frit-seal) 

{Ceramic Metal-seal) 
ORDER CODES : M089 81 

M089 F1 
M089 D1 

PIN CONFIGURATION 

INA 16 Oe 

01 15 07 

voo 3 14 ~ 06 

Cii 13 E2 

DATA 5 12 E1 

02 11 Vss(GND) 

03 10 os 

04 INB 

s 336 

Value 

-0.5 to 17 

-0.5 to 17 

10 

640 

0 to 70 
-40 to 70 

-65 to 150 

Unit 

v 
v 
v 

mW 

oc 
oc 
oc 

Stresses above those listed under " Absolute Max1mum Ratmgs"" may cause permanent damage to the dev1ce Th1s IS a stress 
rating only and functional operation of the device at these or any other condit1ons above those indicated in the opera·llonal sec· 
lions of this spec1f1cation 1s not implied Exposure to absolute max1mum rating cond1t1ons for extended penods may affect de· 
vice reltab1hty. 
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M089 

BLOCK DIAGRAM 
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CIRCUIT DESCRIPTION 
The M089 is capable of forming any combination of 
switch conditions in an 8 x 2 matrix. Each switch is 
individually set and a latch maintains it in its set con
dition. 

The switch address and control bits are loaded ser
ially into an internal shift register (5 bits), when in
puts E1, and E2 are low. The address bits consist 
of : 3 input selection bits (Xo-X2) and a single output 
selection bit (Yo). A fifth (control) bit (D) defines 
whether the chosen switch is to be opened or 
closed. 

ID I Yo I Xo I 
M089 Shift Register Bit Allocation 

Data bits are clocked into the shift register on the 
high to low transition of the clock input (CP). If more 
than 5 clock transmission are applied during load
ing of the shift register the last 5 data bits are loaded 
into it. The status of the switch addressed changes 

M089 

ENABLE INPUTS TRUTH TABLE 

- - Function 
E1 E2 

Data Load 

L L 

_J- L Addressed 
Switch 

L _J- Changed 

.I _J-

DATA BIT TRUTH TABLE 

Data Switch Status after Enable 
Transition 

L Disconnect 

H Connect 

on the low to high transition of one or both enable 
inputs. 

DATA BITS TRUTH TABLE FOR SWITCH SELECTION 

01 02 03 
Yo x2 x1 Xo 

INA 1111 1011 1101 

IN B 0111 0011 0101 

For example to address the switch connecting IN A 
to Os the shift register must be loaded with the code : 

D Yo x2 x1 Xo 

to Connect 11110 

to Disconnect 01110 

04 Os Os 07 Oa 

1001 1110 1010 1100 1000 

0001 0110 0010 0100 0000 
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M089 

ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C for M089 81 ; - 40 to 70°C for M089 F1, 
01 ; V00 = 14V to 16V unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

RoN * ON-resistance T amb ~ 25°C 10 15 
V,(A, B) ~ 3.5V 
Voo ~ 14V lo(mm) ~ 10mA 

~'iRoN ON-resistance Variation in any T amb ~ 25°C ±2 
Package V, ~ 3.5V 

Voo ~ 14V 
lo ~ 10mA 

loo Supply Current 7 

lu Input Leakage Pins 4, 5, 12, 13 V, ~5V 1 

V,A, V,s ~ 4.5V 0.2 

Pins 1, 9 
Vo,, Vas~ 1.5V 

V,A, V1s ~ 6V 1 
Vo,, Vos ~ 1.5V 

ILO Output Vo,, Vos ~ 4.5V 0.2 
Leakage Pins 2, 6, 7, 8, V,A, V,s ~ 1.5V 

10, 14, 15, 16 Vo,, Voa ~ 6V 1 
V,A, V, 8 ~ 1.5V 

V1ow Logic 0 Input Level All Inputs -0.3 0.8 

vh,gh Logic 1 Input Level All Inputs 4.5 Voo 

CT Cross-talk Attenuation See fig. 4 90 95 

lo Off Isolation See fig. 5 90 95 

fcL Maximum Clock Input Frequency 1 

TLG Lag Time 100 

T LD1 Lead Time 400 
See fig. 6 

T LD2 150 

TwR Write T1me 3 

tw Clock Pulse Width 0.4 100 

• See f1gure 1 and 2 for RoN var~a11on With temperature and VsiAS-
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M089 

Figure 1 : RoN derating vs. temperature typ. Figure 2 : RoN derating vs. VsiAS. 
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TEST CIRCUITS 

Figure 3 : RoN measurement. Figure 4 : Crosstalk Measurements. 

IDN=1BmA 
---+ 

I ANY 
_L SWITCH 

.I rLJ 1 
:: 

)r 
.-1 

--

SAME INTEGRATED CIRCUIT 

"u 
ROH- --

CT -29 LDC_(.~~ ) dB 

18mA NB!mBB!J -B 1 

Figure 5 : Off Isolation Measurement. 
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M089 

TIMING DIAGRAM 

Figure6. 
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M093 
N-CHANNEL 12 x 8 CROSSPOINT SWITCH 

WITH CONTROL MEMORY 

• LOW ON RESISTANCE (typ. 350. at Voo = 14V) 
• INTERNALCONTROLLATCHES 
• 2 Vpp ANALOG SIGNAL CAPABILITY 
• LESS THAN 1% TOTALDISTORTIONATOdBm 
• LESS THAN- 95dB CROSS-TALK AT 1KHZ 

1 Vpp 

DESCRIPTION 

The M093 contains a 12 x 8 array of cross-point 
together with a 7 to 96 line decoder and latch cir
cuits. Anyone of the 96 switches can be addressed 
by selecting the appropriate 7 input bits. The se
lected switch can be turned on or off by applying a 
logical one or zero to the data in and the strobe input 
at logical one. A reset signal can be used to turn off 
all the switches together when is switched at logical 
one. 

The M093 is available in a 40 lead dual in-line plas
tic or 44 lead plastic chip carrier packages. Logic in
puts are TTL compatible. 

April1989 

DIP40 
(Plastic) 

Plastic Chip Carrier 

ORDER CODES : M093B 
M093C 

PIN CONNECTIONS 

V3 ~ •oo 
AV2 2 " V2 

RESET 3 JB DATA 

AX3 " VI 

AXO 36 NC 

NC 35 YO 

NC " NC 

'' 33 xo 

" " XI ,. 10 31 " X9 30 " XIO 12 " X4 

XII " " " NC 27 NC 

V7 IS " NC 

NC \6 25 AVI 

V6 17 " AVO 

STROBE " " AX2 

vs 19 " AX! 

•ss 20 21 V4 

CHIP CARRIER 

n N.C. 

NC. U NC 

" ' 
lS X2 

., 17 3' X3 

XIO 13 
Ill u 

lD NC 

1111 
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M093 

BLOCK DIAGRAM 

STROBE [Y.TA IN RESET 

9, 
' 

:" 
" ;;_ 

~ ~ 
~ ,;: 
w 

§ 

5-10~l 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo DC Supply Voltage - 0.5 to 18 v 

v,N Input Voltage Range - 0.5 to Voo + 0.5 v 

liN DC Input Current (analog input) ± 10 rnA 

Pta! Power Dissipation 1 w 
Tap Operating Temperature Range 0 to 70 oc 
Tstg Storage Temperature Range -50 to 125 oc 

Stresses in excess of those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions in excess of those tndtcated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 
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M093 

THRUTH TABLE 

Address 

AXO AX1 AX2 AX3 AVO AY1 AY2 
Connections 

0 0 0 0 0 0 0 XO -YO 
1 0 0 0 0 0 0 X1 -YO 
0 1 0 0 0 0 0 X2 -YO 
1 1 0 0 0 0 0 X3 -YO 
0 0 1 0 0 0 0 X4 -YO 
1 0 1 0 0 0 0 X5 -YO 
0 1 1 0 0 0 0 No Connection 
1 1 1 0 0 0 0 No Connection 
0 0 0 1 0 0 0 X6 -YO 
1 0 0 1 0 0 0 X? -YO 
0 1 0 1 0 0 0 XB -YO 
1 1 0 1 0 0 0 X9 -YO 
0 0 1 1 0 0 0 X10- YO 
1 0 1 1 0 0 0 X11- YO 
0 1 1 1 0 0 0 No Connection 
1 1 1 1 0 0 0 No Connection 

0 0 0 0 1 0 0 XO - Y1 
.j, .j, .j, .j, .j, .j, .j, l .j, 
1 0 1 1 1 0 0 X11- Y1 

0 0 0 0 0 1 0 XO - Y2 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 
1 0 1 1 0 1 0 X11- Y2 

0 0 0 0 1 1 0 XO - Y3 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 
1 0 1 1 1 1 0 X11- Y3 

0 0 0 0 0 0 1 XO - Y4 
.j, .j, .j, .j, J_ J_ J_ .j, J_ 
1 0 1 1 0 0 1 X11- Y4 

0 0 0 0 1 0 1 XO - Y5 
.j, .j, J_ J_ J_ J_ J_ .j, .j, 
1 0 1 1 1 0 1 X11- Y5 

0 0 0 0 0 1 1 XO - Y6 
J_ .j, J_ J_ .j, .j, .j, J_ .j, 

1 0 1 1 0 1 1 X11- Y6 

0 0 0 0 1 1 1 XO - Y7 
J_ J_ J_ J_ J_ l l l J_ 

1 0 1 1 1 1 1 X11- Y7 

RECOMMENDED OPERATING CONDITION 

Symbol Parameter Value Unit 

Voo Supply Voltage 10 to 16 v 

Top Operating Temperature o to 70 oc 
VtN (logic signal) 0 to Voo 
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M093 

STATIC ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C, V 00 = t 4V) 

CROSSPOINT 

Symbol Parameter Test Conditions Min. 

Operating Current f0 =100KHz 

On Resistance V1oc = 6.75V Vooc = 6.5V (see fig. 1) 

t.R on between any 2 
Switch 

Off Leakage* All Switches off Vos = V1s = 0 to Voo 

CONTROLS 

Symbol Parameter Test Conditions Min. 

V1L 

v,N 2.4 

Input Leakage* V1N =OtoVoo 

Typ. 

35 

6 

Typ. 

• There limits are valid on the total temperature range· 0-70 ·cat 25 ·c these lim1ts become± 100nA. 

Max. Unit 

35 mA 

60 Q 

10 Q 

±3 (lA 

Max. Unit 

0.8 v 

v 

±3 (lA 

DYNAMIC ELECTRICAL CHARACTERISTICS (T amb = 25°C, CL = 50pF all input square wave rise 
and fall times= 20ns, V00 = t4V) 

CROSSPOINTS 

Test Conditions Value 
Symbol Parameter II RL Vis Voc Unit 

Note 
(KHz) (KQ) (Vpp) (V) 

Min. Typ. Max. 

tPHL, tPLH Propagation Delay Time Fig. 2 1 2 5 30 100 ns 
(switch ON) Signal Input 
to Output 

Frequency Response CL = 3pF 0.091 2 5 50 MHz 
(any switch ON) 
(20 log (VosN,s) =- 3dB 

Sine Wave Distortion 1000 0.091 2 5 1 % 

Feedthrough Fig. 3 10 1 2 5 -90 dB 
(all switches OFF) 

Frequency for Signal Fig. 4 1 MHz 
Crosstalk 
Attenuation of 40dB 1 2 5 
Attenuation of 11 OdB 5 KHz 

c Capacitance pF 
Xn to Ground 15 

Yn to Ground 1000 0.1 5 15 

Feedthrough 0.4 

c Capacitance Log1c Input 1000 0.1 5 5 pF 
to Ground 
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DYNAMIC ELECTRICAL CHARACTERISTICS (continued) 

CONTROLS 

Test Conditions 
Symbol Parameter See 

Fig. 

IPSN Propagation Delay Time RL = 1KQ CL = 50pF 5 
Strobe to Output t,, It = 20ns 
(switch turn-ON) 

IPZH Data-in to Output 6 
(turn-ON to high level) 

I PAN Address to Output 7 
(turn-ON to high level) 

'LPSF Propagation Delay Time 5 
Strobe to Output 
(switch turn-OFF) 

\pzL Data-in to Output 6 
(turn-ON to low level) 

IPAF Address to Output 7 
(turn-OFF) 

Iss Set-up Time 5 
Data-in to Strobe 

IsH Hold Time 5 
Data-in to Strobe 

lAs Set-up Time 7 
Data-in to Address 

tAH Hold Time 7 
Data-in to Address 

10 Switching Frequency 

lw Strobe Pulse Width 

Control Crosstalk Square V1N =3V 8 
Data-in, Address, Wave Input 
or Strobe to Output t,, It = 20ns RL = 10KQ 

tw Reset Pulse Width RL = 1 KQ CL = 50pF 9 
t,, It = 20ns 

IPHZ Reset Turn-OFF Delay 9 

M093 

Value 

Voo Unit 

(V) 
Min. ·Typ. Max. 

14V 400 ns 

14V 500 ns 

14V 400 ns 

14V 300 ns 

14V 500 ns 

14V 300 ns 

14V 120 ns 

14V 200 ns 

14V 160 ns 

14V 100 ns 

14V 1 MHz 

14V 100 ns 

14V 75 mV 

14V 100 ns 

14V 260 ns 
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M093 

TEST CIRCUITS 

Figure 1 : RoN Measurement. 

~ I j., .• ~. .. .• ,. 1'o·'" 
R -~ 

ON- ION S-382311 

Figure 2 : Propagation Delay Time and Waveforms (signal input to signal output, switch ON). 

ON 

SW:ANY CROSSPOINT 
STROBE:DATA-IN%Voo 

Figure 3 : Off Isolation Measurement (Feed through). 

V;sl(RMS)=A~Igf=r(RMSl Vos 

n 1Kn 

0.7VRMS 
OKHZ . T SVDC SVDCI 

lo=20LOG(~:s )de 
5·336411 
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M093 

TEST CIRCUITS (continued) 

Figure 4 : Crosstalk Measurements. 

SAME INTEGRATED CIRCUIT 

VIS (RMS) rl -r-------,--~"'~---r-------,----,1 V 

f son L ~~~-..J1K.n f~ ~::!"!'~ '"f"' 
rv 07:V(RMS) 

1KHz . . . 
1 svoc svoc r r svoc svoc 1 

5-336311 

Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output, switch Turn-ON or 
Turn-OFF). 

STROBE 

DATA IN 

DATA IN 

Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or 
low level). 

DATA IN Yeo 
+sv . ra-J:: +SV 

DATA IN 50'1. DATA IN so•1. 

tpzH .• 
Voo 

ISOpF 

Yos Vos 

0-
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M093 

TEST CIRCUITS (continued) 

Figure 7 : Propagation Delay Time and Waveforms (address to signal output, switch Turn-ON or 
Turn-OFF). 

A~SSo:O ADORESS=::1 

ADDRESS 

•sv 
DATA IN 

Figure 8 : Waveforms for Crosstalk (control input to signal output). 

CONTROLS 

CONTROL 

50mv-· 

Vos o--LII"'--~'Y--U'--_,..._ __ 
-SOmV-

SW :ANY CROSSPOINT 
5.5210 

Figure 9 : Propagation Delay Time and Waveforms (reset to output delay). 

DATA IN 

RESET 

SW=ANY CROSSPOINT 
STROBE=Voo 

5-5211 

Note : Data latch can be performed either by the strobe falling edge a by the address change (with strobe at high level). 
Advised operation is to move data/address with strobe input at 0, then latching with a strobe pulse. 
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Typical ON Resistance vs. Voo. 
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M093 

Typical ON Resistance vs. Voo. 

RoN 
(11) 

90 

80 

70 

60 

50 

40 

i\ 
\ 

\ 

10 , 

G·5936 

Tamb=7o•c 

"r-... 
i'.,.._ 

t-- f-. 
, 13 14 15 voo<Vl 

Typical ON Resistance vs. Temperature. 

RoN 
(11) 

46 

42 

38 

20 

/ 
I 

J 

40 

&-5938 

v00=1sv 

I 
J 

v 

60 eo lamb('"C.) 

Typical Maximum loo vs. Voo. 

lao 
(mA l 

22 

21 

20 

19 

18 

17 

/ 

10 , 

G-591.0 

lamb=7o•c 

/ """ ........ 

, 13 14 15 VQO(V) 

9/11 

419 



M093 

Typical Maximum loo vs. Temperature. 
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Bandwidth Insertion Loss vs. Frequency. 
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Typical V1L and V1H vs. Temperature. 
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M3493 

CMOS 12 X 8 CROSSPOINT WITH CONTROL MEMORY 

• LOW ON RESISTANCE 
(typ. 40 nat Voo = 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 1KHz 1 Vpp 
• VERY LOW POWER CONSUMPTION 
• PIN-TO-PIN COMPATIBLE WITH M093 

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
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 switched at logical one. 
M3493 is available in 40 lead dual in-line plastic, or 
44 lead plastic chip carrier packages. 

PIN CONNECTIONS (top view) 

V3 ~ •co 
AV2 39 V2 

RESET 38 DATA 

AX3 37 VI 

AXO 36 NC 

NC 35 YO 

NC 34 NC 

X6 33 xo 
X7 32 XI 

X8 10 31 X2 

X9 11 30 X3 

XIO 12 29 X4 

XII 13 28 X5 

NC 14 27 NC 

V7 15 26 NC 

NC 16 25 AV1 

V6 17 24 AVO 

STROBE 18 23 AX2 

V5 19 22 AXI 

•ss 20 21 V4 

S·62t.B 

April1989 

DIP40 
(Plastic) 

PLCC44 

ORDER CODES : M349381 (DIP40) 
M3493C1 (PLCC44) 

NC. ( 1 

NC ~ 
X6 I 9 

X7 i 10 

X8 I tl 

X9 I " 
XIO ll 

X11 14 

N.C. IS 

N.C 16 

NC. 17 

CHIP CARRIER 

1 u 43 .{.2 41 40 

39 b NC 
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M3493 

BLOCK DIAGRAM 

STROBE lli\TA IN RESET 

~ 

' 
" 
~ 
Ul 
Ul 
w 
a: 
g 
"' 

INPUT/OUTPUT DESCRIPTION 

POWER 

1/0 Symbol Pin 

I Voo 40 

I Vss 20 

ADDRESS 

1/0 Symbol Pin 

I AXO-AX3 4, 5, 22, 23 

I AYO-AY2 2, 24, 25 
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Y,INPUTS(o:0-7) 

Description 

Positive Power Supply 

Negative Power Supply 

Description 

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. 

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. 



M3493 

CONTROL 

1/0 Symbol Pin Description 

I 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. 

I 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) 

I RESET 3 Master Reset. This pin turns off (opens) all 128 switches. The 
states of the above control lines are irrelevant. This pin is active 
high. 

DATA 

1/0 Symbol Pin Description 

1/0 XO-X11 8-13, 28-33 Analog Input/Outputs. These pins are connected to the YO-Y7 pins 
in according to the truth table. 

1/0 YO·Y7 1,15,17,19,21 Analog Input/Outputs. These pins are connected to the XO-X15 
35,37,39 pins in according to the truth table. 
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TRUTH TABLE 

Address 

AXO AX1 AX2 AX3 AVO AY1 AY2 
Connections 

0 0 0 0 0 0 0 XO- YO 
1 0 0 0 0 0 0 X1- YO 
0 1 0 0 0 0 0 X2- YO 

1 1 0 0 0 0 0 X3- YO 
0 0 1 0 0 0 0 X4- YO 

1 0 1 0 0 0 0 X5- YO 

0 1 1 0 0 0 0 No connection 
1 1 1 0 0 0 0 No connection 
0 0 0 1 0 0 0 X6- YO 

1 0 0 1 0 0 0 X7- YO 

0 1 0 1 0 0 0 XB- YO 

1 1 0 1 0 0 0 X9- YO 
0 0 1 1 0 0 0 X10- YO 

1 0 1 1 0 0 0 X11- YO 

0 1 1 1 0 0 0 No connection 
1 1 1 1 0 0 0 No connection 

0 0 0 0 1 0 0 XO- Y1 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 1 0 0 X11 - Y1 

0 0 0 0 0 1 0 XO- Y2 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 0 1 0 X11- Y2 

0 0 0 0 1 1 0 XO- Y3 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 1 1 0 X11- Y3 

0 0 0 0 0 0 1 XO- Y4 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 0 0 1 X11- Y4 

0 0 0 0 1 0 1 XO- Y5 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 1 0 1 X11- Y5 

0 0 0 0 0 1 1 XO- Y6 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 0 1 1 X11- Y6 

0 0 0 0 1 1 1 XO- Y7 
J_ J_ J_ J_ J_ J_ J_ J_ J_ 

1 0 1 1 1 1 1 X11 - Y7 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo DC Supply Voltage - 0.5 to 14 v 
VrN Input Voltage Range - 0.5 to Voo + 0.5 v 
Ptot Power Dissipation 1 w 
Top Operating Temperature Range o to 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 
ratmg only and functional operation of the device at these or any other conditions in excess of those indicated in the opera
tional sections of this specrfication is not implred. Exposure to absolute maximum rating conditrons for extended periods may 
affect device reliability. 
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M3493 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Voo Supply Voltage 10 v 
Top Operating Temperature o to 70 oc 
v,N (logic signal) 0 to Voo 

STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70 oc, V00 = 10 V) 

Parameter Test Conditions 

Supply Current Reset= Voo 

CROSSPOINT 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

On Resistance VIDC = 4.75 V Vooc = 4.5 V 60 100 n 
(see fig. 1) 

On Resistance Variation 6 10 n 
Off Leakage* All switches off Vos =Vis =0 ±3 ~ to Voo 

CONTROLS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

v,L 0.8 v 
v,H 2.4 v 

Input Leakage* v,N = 0 to Voo ±3 ~ 
·The dev1ce IS guaranteed w1th such l1m1ts up to 70'C. At 25'C these hm1ts become± 100nA 
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M3493 

DYNAMIC ELECTRICAL CHARACTERISTICS (T amb = 25 ac, CL = 50 pF all input square wave rise 
and fall times= 10 ns, V00 = 10 V) 

CROSS POINTS 

Test Conditions Value 
Symbol Parameter f Rh VIs Unit 

Note (KHz) (KQ) (Vpp) Min. Typ. Max. 

tPHL. Propagation Delay Time 
tPLH (switch ON) Signal Input to Fig. 2 1 2 30 100 ns 

Output 

Frequency Response 
(any switch ON) CL = 3 pF 0.081 2 50 MHZ 
20 log (VosNis) =- 3 dB 

Sine Wave Distortion 1 0.6 8 1 % 

Feed Through Fig. 3 10 1 2 -80 dB (any switches OFF) 

Frequency For Signal 
Crosstalk 1 MHZ 
Attenuation of 40 dB Fig. 4 1 2 
Attenuation of 11 0 dB 5 KHz 

Capacitance 
15 Xn to Ground 

c Vn to Ground 1000 0.1 15 pF 

Feed Through 0.4 

c Capacitance 
1000 0.1 5 pF Logic Input to Ground 
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DYNAMIC ELECTRICAL CHARACTERISTICS (continued) 

CONTROLS 

Test Conditions 
Symbol Parameter 

Voo=10V 

IPSN Propagation Delay Time RL = 1 KQ CL=50pF 
Strobe to Output t,, It = 10 ns 
(switch turn-ON to high 
level) 

IPZH Data-in to Output 
(turn-ON to high level) 

I PAN Address to Output 
(turn-ON to high level) 

lpsF Propagation Delay Time 
Strobe to Output 
(switch turn-OFF) 

IPZL Data-in to Output 
(turn-ON to low level) 

tpAF Address to Output 
(turn-OFF) 

Is Set-UP Time 
Data-in to Strobe 

tH Hold time 
Data-in to Strobe 

to Switching Frequency 

!w Strobe Pulse Width 

lwR Reset Pulse Width 

IPHZ Reset Turn-OFF to Output 
Delay 

lAs Address Set-UP Time 
Address to Strobe 

IAH Address Hold Time 
Address to Strobe 

Control Crosstalk Square Wave V1N = 3 V 
Data-in, Address, Input 
or Strobe to Output t,, l1 = 10 ns RL=10kQ 

M3493 

Value 

See Unit 
Fig. 

Min. Typ. Max. 

5 150 200 ns 

6 150 200 ns 

7 150 200 ns 

5 150 200 ns 

6 150 200 ns 

7 150 200 ns 

5, 10 20 ns 

5, 10 120 ns 

1 MHz 

10 100 ns 

9 150 ns 

9 150 200 ns 

10 20 ns 

10 20 ns 

8 75 mV 
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M3493 

TEST CIRCUITS 

Figure 1 : RoN Measurement. 

Figure 3 : Off Isolation Measurement (Feed through). 

+ + 

T-svoc svo~ 

(Vos ) Vss 
lo = 20 LOG \v;;- dB 

S-10787 
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Figure 2 : Propagation Delay Time and Wave
forms (signal input to signal output 
switch ON). 

ON 

SW:ANY CROSSPOINT 
STROBE:DATA-IN:V00 Vss 

S- 10795 

S-10780 



M3493 

Figure 4 : Crosstalk Measurements. 

SAME INTEGRATED CIRCUIT 

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

VIS (RMS) 

+ + + 

r----, 
ANY OTHER 
""ON""SWITCH L ___ ...J 

(RMS) VOS 

T-5Voc 5Voc_I r-SVoc SVoc-r 
L-----------------~--~----------------~•Vss 

':> 10788 

Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turn-OFF). 

Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or 
low level). 

DATA IN voo 
+ sv • +~V 

DATA IN so.,. DATA IN 

rcri"" V Yos 
tpzH ,. 

1Kft ~5DpF VoD 
IsDpF 

SWoANY CAOSSPOINT Yes 
Yos 

STROBE•Vvo 
0 -

5-10791 
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M3493 

Figure 7 : Propagation Delay Time and Waveforms (address to signal output switch Turn-ON or 
Turn-OFF). 

AOORESS.O 

50 oF SO oF 

5-10-;'Jl 

Figure B :Waveforms for Crosstalk (control input to signal output). 

CONTROLS 

SW:ANY CROSSPOINT 5-986111 
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M3493 

Figure 9 : Propagation Delay Time and Waveforms (reset to output delay). 

DATA IN 

Voo 0 

15 sw 

RESET 

SW =ANY CROSSPOINT 
STROBE=Voo 

DATA IN Voo/ 
___ _JI -o 

-----5-0'..J:r-----..\ ,::,:t~--
1 -------J ~r-~~-•1 ~-~----

RESET 

s -1079t. 

Figure 10: Propagation Delay Time and Waveforms (Strobe and C/8 to signal output switch). 

tw 

STROBE~ 
~ ~ ADD~ 

I tS 1 tH 

DATA 

SWITCH 

S-9849/1 
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M3493 

Figure 11 : Typical RoN versus V,s. 

Ron (ohm) 
100.-~--~------------------------------~ 

90 

60 

50 
Ta•25"C 

40L_------------------------------------~ 

0 3 5 6 7 8 10 11 12 

Vis (V) 
MB9M3494-07 

Figure 12: Peak to Peak Voltage Capability versus Total Harmonic Distortion. 

14 V~a~c~(~V~p~p~)-----------------------------, 

12 

10 -----

a/· . 
6 

Vdd•12V 

Vdd•10V 

!•1KHz Rload•600ohm 
4'----------------------------------------~ 
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 

THO(%) 
M89M3494-08 

Figure 13 : VRMS Capability versus Voo. 
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M3493 

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 ~ 

1-+--
- M3493 ~ 

!188!13493-81 

Figure 15: (8 x 64 matrix). 

,---- M3493 ~ - M3493 ~ 
B 

~ M3493 ~ - M3493 ~ 

!188!13493-82 

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 Qat Voo = 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 1KHz 1 Vpp 
• VERY LOW POWER CONSUMPTION 

DESCRIPTION 
The M3494 contains a 16 x 8 array of crosspoint 
together with a 7 to 128 line decoder and latch cir
cuits. Anyone of the 128 switches can be addressed 
by selecting 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 logi
cal 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 
inputs. It allows one M3494 supplied between V99 
and Voo to have input logic levels equal to VG and 
Voo. 
M3494 can handle analog signals with an amplitude 
equal to the voltage power supply. 

PIN CONNECTION (top view) 

uoo 
V2 

DATA 

V1 

C/S 

VB 

NC 

xs XB 

X7 X1 

XB X2 

X9 X3 

X1B X4 

X11 "" NC X12 

V7 X13 

UG AV1 

YS AYB 

STROBE AX2 

YS AX1 

UBB Y4 

NB!ln31!U-BS 

October 1988 

DIP40 
(Plastic) 

0 
PLCC44 

ORDER CODES : M3494 B1 
M3494C1 

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 CIS input pin 
is high level. 

M3494 is available in 40 lead dual in-line plastic, or 
44 lead plastic chip carrier packages. 

CHIP CARRIER 
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BLOCK DIAGRAM 

~ 

.. 
"' :!] 
tt 
c 
c 
< 

CIS 

s~seM/1 

INPUT/OUTPUT DESCRIPTION 

POWER 

1/0 Symbol Pin 

I Voo 40 

I Vss 20 

I VG 16 

ADDRESS 

1/0 Symbol Pin 

I AXO-AX3 4, 5, 22, 23 

I AYO-AY2 2, 24, 25 
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Y1 1NPUTS{•=0-7) 

Description 

Positive Power Supply 

Negative Power Supply 

Digital Signal Ground 

Description 

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. 

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. 



M3494 

CONTROL 

1/0 Symbol Pin Description 

I 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. 

I 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) 

I RESET 3 Master Reset. This pin turns off (opens) all 128 switches. The 
states of the above control lines are irrelevant. This pin is active 
high. 

I 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 

1/0 Symbol Pin Description 

1/0 XO-X15 6-13, 26-33 Analog Input/outputs. These pins are connected to the YO-Y7 pms 
according to the truth table. 

1/0 YO-Y7 1,15,17,19,21, Analog Input/outputs. These pins are connected to the XO-X15 
35,37,39 pins according to the truth table. 
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M3494 

TRUTH TABLE 

Address 

AXO AX1 AX2 AX3 AVO AY1 AY2 
Connections 

0 0 0 0 0 0 0 XO -YO 

1 0 0 0 0 0 0 X1 -YO 

0 1 0 0 0 0 0 X2 - YO 

1 1 0 0 0 0 0 X3 - YO 
0 0 1 0 0 0 0 X4 -YO 

1 0 1 0 0 0 0 X5 -YO 

0 1 1 0 0 0 0 X12- YO 

1 1 1 0 0 0 0 X13- YO 

0 0 0 1 0 0 0 X6 -YO 

1 0 0 1 0 0 0 X7 -YO 

0 1 0 1 0 0 0 XB -YO 

1 1 0 1 0 0 0 X9 -YO 
0 0 1 1 0 0 0 X10- YO 

1 0 1 1 0 0 0 X11- YO 

0 1 1 1 0 0 0 X14- YO 

1 1 1 1 0 0 0 X15- YO 

0 0 0 0 1 0 0 XO- Y1 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 1 0 0 X15- Y1 

0 0 0 0 0 1 0 XO- Y2 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 0 1 0 X15- Y2 

0 0 0 0 1 1 0 XO- Y3 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 1 1 0 X15- Y3 

0 0 0 0 0 0 1 XO- Y4 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 0 0 1 X15- Y4 

0 0 0 0 1 0 1 XO- Y5 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 1 0 1 X15- Y5 

0 0 0 0 0 1 1 XO- Y6 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 0 1 1 X15- Y6 

0 0 0 0 1 1 1 XO- Y7 
.j, .j, .j, .j, .j, .j, .j, .j, .j, 

1 1 1 1 1 1 1 X15- Y7 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo DC Supply Voltage (Vas = 0) - 0.5 to 14 v 
V1N Input Voltage Range VG- 0.5 to Voo + 0.5 v 
Ptot Power Dissipation 1 w 
Top Operaling Temperature Range 0 to 70 oc 
Tstg Storage Temperature Range -50 to 125 oc 

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

4/14 

440 



M3494 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Voo Supply Voltages VG =0 
+ 5 ± 10% 

Vss - 5 ± 10% 

Top Operating Temperature 0 to 70 oc 
V1N (logic signal) VG to Voo 

STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70 °C, V00 = + 5 V, Vas=- 5 V, VG = 0 V) 

Parameter Test Conditions 

Supply Current Reset= Voo 

CROSSPOINT 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

On Resistance V1oc = 0.75 V Voce = 0.5 V 60 100 D. 
(see fig. 1) 

On Resistance Variation 6 10 D. 

Off Leakage• All switches off Vos =V1s = ±3 J,!A 
Vss to Voo 

CONTROLS 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VIL 0.8 v 
V1H 2.4 v 

Input Leakage• V1N = VG to Voo ±3 J,!A 
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M3494 

DYNAMIC ELECTRICAL CHARACTERISTICS(Tamb = 25 oc, CL =50 pF all input square wave rise and 
fall times= 10 ns, V00 = + 5 V, V88 =- 5 V, VG = 0 V) 

CROSSPOINTS 

Test Conditions Value 

Symbol Parameter 
Note fl RL VIs Min. Typ. Max. Unit 

(KHz) (KQ) (Vpp) 

tPHL. Propagation Delay Time (switch Fig. 2 1 30 100 ns tPLH ON) Signal Input to Output 

Frequency Response (any switch 
ON) CL = 3 pF 0.091 2 50 MHz 
20 log (VosNis) =- 3 dB 

Sine Wave Distortion 1 0.6 8 1 % 

Feedthrough . Fig. 3 10 1 2 -90 dB (any switches OFF) 

Frequency For Signal Crosstalk 
Attenuation of 40 dB Fig. 4 1 2 1 MHz 
Attenuation of 11 0 dB 5 KHz 

Capacitance 
15 Xn to Vss 

c Yn to Vss 1000 0.1 15 pF 

Feedthrough 0.4 

c Capacitance 1000 0.1 5 pF Logic Input to VG 
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DYNAMIC ELECTRICAL CHARACTERISTICS (continued) 

CONTROLS 

Test Conditions 
Symbol Parameter Voo = + 5 V Va = 0 V 

Vee =- 5 V 

tPSN Propagation Delay Time RL = 1 KQN CL =50 pF 
Strobe to Output t,, It= 10 ns 
{switch turn-ON to high 
level) 

tpzH Data-in to Output 
{turn-ON to high level) 

I PAN Address to Output 
{turn-ON to high level) 

IPSF Propagation Delay Time 
Strobe to Output 
{switch turn-OFF) 

lpzL Data-in to Output 
{turn-ON to low level) 

IPAF Address to Output 
{turn-OFF) 

ts Set-UP Time 
Data-in to Strobe or CIS 

tH Hold Time 
Data-in to Strobe or CIS 

to Switching Frequency 

tw Strobe Pulse Width CIS 
Pulse Width 

lwR Reset Pulse Width 

IPHZ Reset Turn-OFF to Output 
Delay 

lAs Address Set-UP Time 
Address to Strobe or CIS 

tAH Address Hold Tirne 
Address to Strobe or CIS 

Control Crosstalk Square Wave VIN =3 v 
Data-in, Address, Input 
or Strobe to Output t,, It= 10 ns RL = 10 kQ 

M3494 

Value 

See Unit 
Fig. 

Min. Typ. Max. 

5 150 200 ns 

6 150 200 ns 

7 150 200 ns 

5 150 200 ns 

6 150 200 ns 

7 150 200 ns 

5, 10 20 ns 

5, 10 120 ns 

1 MHZ 

10 100 ns 

9 150 ns 

9 150 200 ns 

10 20 ns 

10 20 ns 

8 75 mV 

7114 
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TEST CIRCUITS 

Figure 1 : RON Measurement. 

+ 
o.7sv_1 

VG 

R -~ 
ON- IQN 

5-9853/1 

Figure 3 : Off Isolation Measurement (Feed through). 
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0.7VRMS 
10KHZ 

10=20LOG(V~s )dB v,s 
5-9855 

Figure 2 : Propagation Delay Time and 
Waveforms (signal input to signal out
put switch ON). 

ON 

SW:ANY CROSSPOINT 
STROBE:OATA-IN:V00 VG ">·10780 
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M3494 

Figur~ 4 : Crosstalk Measurements. 

SAME INTEGRATED CIRCUIT 

r-----------------JA~------------

r---~~ " r----, 
ANY""ON"" 

L SWITCH ___ ...J 

0.7:Y(RMS) 
1KHz 

(RMS) 'OS 

~~~ -~~~~~ 1-----...--u L ___ ...J 

1KU 1Kll 

L---------------~._--~----------------ivG 

CT=20 LOG ( ~~; )dB 5-9858 

Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turn-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 
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 V;s. 
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Figure 12 : Peak to Peak Voltage Capability versus Total Harmonic Distortion. 
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Figure 13: VRMS Capability versus Voo. 
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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 ~ 

1~ 

- M3494 ~ 

N88f134!J4~Bt 

Figure 15 : (8 x 64 matrix). 

- M3494 ~- M3494 ~ 

8 

- M3494 ~- M3494 ~ 

f188ff3.1!14-92 

Figure 16: (32 x 32 non blocking matrix). 
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The availability of the C/S input in addition of the 
STROBE input aids the addressing circuit for ex
panded matrices. 

Figure 17. 

M3494 

s 
s 

CIS 

CIS J 
TROBE1 
TROBE2 

STROBE 

I 
I 

M3494 
CIS STROBE 

J 

Fig. 17 shows an example, the selection circuit for 
a matrix with 4 x M3494 that implement this function 
with only one extenal inverter. 

M3494 M3494 
CIS STROBE C/S STROBE 

I I I 
I 

NBBN349.1-IU 

Note: The Reset, Data and Address inputs are connected in parallel. 
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• LOW ON RESISTANCE 
(typ. 400 at Voo = 1 OV) 

• INTERNALCONTROLLATCHES 
• ANALOG SIGNAL SWING CAPABILITY EQUAL 

TO POWER SUPPLY VOLTAGE 
• LESS THAN 1% TOTAL DISTORT. AT OdBm 
• LESS THAN- 95dB CROSS-TALK 

AT 1kHz 1Vpp 
• VERY LOW POWER CONSUMPTION 
• EXPECIALLY OPTIMIZED FOR "ON-HOLD" 

APPLICATIONS 

DESCRIPTION 
The M34930 contains a 12 x 8 array of crosspoint 
together with a 7 to 961ine decoder and latch circuits. 
Anyone of the 96 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 logi
cal one. A reset signal can be used to turn off all the 
switches together when is switched at logical one. 

The M34930 can handle signals with an amplitude 
equal to the supply voltage. 

PIN CONNECTIONS (top- view) 

VJ <0 NC 

AV2 39 Vl 

RE.SET 38 DATA 

AXJ 37 VI 

AXO 36 •oo 
NC 35 vo 
NC ,. NC 

X6 33 xo 
X7 ll XI 

X8 10 31 Xl 
X9 11 30 X3 

XIO 12 29 " 
X11 13 28 xs 
NC 14 27 NC 

V7 15 2 NC 

VG 16 25 AVI 

VG 17 " AVO 

STROOE 18 lJ AX2 

V5 19 22 AXI 

Vas 20 21 V< 

s- tosn 

April1989 

M34930 

12 X 8 CROSSPOINT 
ADVANCE DATA 

Moreover the device guarantees excellent (60dB) 
Vi to Yj isolation (for any "i" and "j on Xo channel 
(grounded). 

This feature is used for applications where a service 
channel (i.e. music) can feed several incoming lines 
(typically in waiting queue : "on-hold"). 

DIP40 
(Plastic) 

0 
PLCC44 

ORDER CODES : M34930B1 (DIP40) 
M34930C1 (PLCC44) 

CHIP CARRiER 

VO 

NC 

xo 

" X2 

" " X5 

NC 

NC. 

NC 

1/3 

This is advanced information on a new product now in development or undergoing evaluatton. Details are subject to change Without nottce. 
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BLOCK DIAGRAM 

STROBE llATA IN RESET 

INPUT/OUTPUT DESCRIPTION 

POWER 

1/0 Symbol Pin 

I Voo 36 

I Vss 20 

I VG 16 

ADDRESS 

1/0 Symbol Pin 

I AXO-AX3 4, 5, 22, 23 

I AYO-AY2 2, 24, 25 

2/3 
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S-10-'02. 

Y, INPUTS(•=0-7) 

Description 

Positive Power Supply 

Negative Power Supply 

Digital Signal Ground 

Description 

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. 

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 

1/0 Symbol Pin 

I DATA 38 

I STROBE 18 

I RESET 3 

DATA 

1/0 Symbol Pin 

1/0 XO-X11 8-13, 28-33 

1/0 YO-Y7 1,15,17,19,21 
35,37,39 

GENERAL INFORMATIONS 
• TRUTH TABLE 

(see M3493 data sheet) 
• ABSOLUTE MAXIMUM RATINGS 

(see M3493 data sheet) 

M34930 

Description 

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. 

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) 

Master Reset. This pin turns off (opens) all 96 switches. The 
states of the above control lines are irreleant. This pin is active 
high. 

Description 

Analog Input/Outputs. These pins are connected to the YO-Y7 pins 
in according to the truth table. 

Analog Input/Outputs. These pins are connected to the XO-X11 
pins in according to the truth table. 

• RECOMMENDED OPERATING CONDITIONS 
(see M3494 data sheet) 

• STATIC AND DYNAMIC ELECTRICAL CHARACTERISTICS 
(see M3494 data sheet) 

3/3 
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128 X 128 DIGITAL SWITCHING MATRIX 

• 128 INPUT AND 128 OUTPUT CHANNEL DIGI
TAL SWITCHING MATRIX (non blocking) 

• TYPICAL APPLICATION IN PABX 
• PCM INPUTS AND OUTPUTS MATUALLY 

COMPATIBLE 
• ACTUAL INPUT-OUTPUT CHANNEL CON

NECTIONS STORED AND MODIFIED VIA AN 
ON-CHIP 8-BIT PARALLEL MICROPROCES
SOR INTERFACE 

• 5 MAIN "FUNCTIONS" or "INSTRUCTIONS" 
AVAILABLE 

• TYPICAL BIT RATE: 2Mbit/s 
• TYPICAL SYNCHRONIZATION RATE : 8 KHz 

(time frame is 1251ls) 
• 5 VOLT POWER SUPPLY WITH INTERNALLY 

GENERATED BIAS VOLTAGE 
• MOS & TTL INPUT/OUTPUT LEVELS COMPA

TIBLE 
• DIFFUSED WITH ST N-CHANNEL SILICON 

GATE HIGH DENSITY MOS PROCESS 

Main instruction controlled by the micro
processor interface 
• CHANNEL CONNECTION/DISCONNECTION 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

Vt Input Voltage 

Vo Off State Output Voltage 

Ptot Total Package Power Dissipation 

Tstg Storage Temperature Range 

Top Operating Temperature Range 

November 1 988 

• CHANNEL DISCONNECTION 
• INSERTION OF A BYTE ON A PCM OUTPUT 

CHANNEL 
• TRANSFER TO THE MICROPROCESSOR OF 

A SINGLE PCM OUTPUT CHANNEL SAMPLE 
• TRANSFER TO THE MICROPROCESSOR OF 

A SINGLE OUTPUT CONTROL WORD 

DIP28 
(Ceramic) 

ORDER CODE : M044F1 

Value 

- 0.3 to 7 

-0.3 to 7 

7 

1.5 

-65 to 150 

0 to 70 

Unit 

v 
v 
v 
w 
oc 
oc 

jfj j 
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PIN CONNECTION 

BLOCK DIAGRAM 

2/11 
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PCMINPUTS 

PCMIN 

2048 PCMIN 1 

MBIT/S PCMIN2 

PeMIN3 

S-7889 

RESET ~~ Vss 

es2 

es1 

WR 

R D 

PCM OUT 3 

PCM OUT 2 

PCM OUT l 

PCM OUT 0 

BIAS 10 

CLOCK II 

SYNC 12 

PCM IN 3 13 

PeM IN 2 " 

SPEECH 
MEMORY 

CSl/2 DATA BUS 

27 

26 

25 

" 
23 

22 
M044 

21 

20 

19 

IB 

17 

16 

15 

e/D 

DR 

DO 

01 

02 

03 

04 

OS 

06 

07 

Vee 

PCMINO 

PeMIN 1 

PCM OUTPUTS 

PCM OUT D 

PCM OUT 1 2046 

PeM OUT2 KBITIS 

PCM OUT3 

CONTROLS SYNC CLOCK 



RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Vollage 4.75 to 5.25 

V1 Input Voltage 0 to 5.25 

Vo Off State Input Voltage 0 to 5.25 

CLOCK Freq. Input Clock Frequency 4.096 

SYNC Freq. Input Synchronization Frequency 8 

Top Operating Temperature 0 to 70 

CAPACITANCES (measurements freq. = 1 MHz; Top= 0 to 70 'C; unused pins tied to Vss) 

Symbol Parameter Pins Min. 

c1 Input Capacitance 6 to 15 ; 26 to 30 ; 32 to 36 

c1,o 110 Capacitance 20 to 24 

Co Output Capacitance 1 to 4 ; 17 to 19 ; 25 ; 37 to 40 

DC ELECTRICAL CHARACTERISTICS (T amb = 0 to 70 oc, Vee = 5 V ± 5 %) 
All DC characteristics are valid 250 J..lS after V cc and clock have been applied. 

Symbol Parameter Pins Test Conditions Min. 

VILC Clock Input Low Level 6 -0.3 

VIHC Clock Input High Level 6 3.0 

V1L Input Low Level 7 to 15 
20 to 24 -0.3 
26 to 30 
32 to 36 

VIH Input High Level 7 to 15 
20 to 24 2.0 
26 to 30 
32 to 36 

VoL Output Low Level 17 to 25 loL = 1.8 mA 

VoH Output High Level 17 to 25 loH = 250 flA 2.4 

VoL PCM Output Low Level 1 to 4 IOL =2.0 mA 
37 to 40 

I1L Input Leakage Current 6 to 15 V1N =0 to Vee 
26 to 30 
32 to 36 

loL Data Bus Leakage Current 17 to 24 V1N = 0 to Vee 
V cc applied ; Pins 35 
antl 36 tied to Vee. Alter 
device Initialization 

Icc Supply Current 16 Clock Freq. = 4.096 MHz 

Typ. Max. 

5 

15 

10 

Typ. Max. 

0.8 

Vee 

0.8 

Vee 

0.4 

0.4 

10 

± 10 

170 

M044 

Unit 

v 
v 
v 

MHz 

KHz 

oc 

Unit 

pi 

pi 

pi 

Unit 

v 
v 

v 

v 

v 
v 
v 

IJA 

IJA 

mA 

3111 
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AC ELECTRICAL CHARACTERISTICS (T amb = 0 to 70 oc, V cc = 5 V ± 5 %) 
All AC characteristics are valid 250 J1S after Vee and clock have been applied. CL is the max capacitive 
load and RL the test pull up resistor. 

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

CK tcK Clock Period 230 ns 
(clock) twL Clock Low Level Width 100 ns 

twH Clock High Level Width 100 ns 
IR Rise Time 25 ns 
IF Fall Time 25 ns 

SYNC tsL Low Level Setup T1me 80 ns 
IHL Low Level Hold Time 40 ns 
IsH High Level Setup Time 80 ns 
twH High Level Width tcK ns 

PCM Input ts Setup Time -5 ns 
Busses IH Hold Time 45 ns 

PCM tpo m1n Propagation time CL =50 pf, RL =2 KQ 45 180 ns 
Output referred to CK low level 
Busses lpo max Propagation time CL =50 pf, RL = 2 KQ 45 200 ns 

referred to CK high level 

RESET tsL Low Level Setup Time 100 ns 
tHL Low Level Hold Time 50 ns 
IsH High Level Setup Time 90 ns 
lwH High Level Width tcK ns 

WR lwL Low Level Width 150 ns 
lwH High Level Width lcK ns 
I REP Repetition Interval IRE p = 40 + 2 lcK + see ns 

Between Active Pulses + twL(CK) + formula 
+ IR(CK) 

IsH High Level Setup Time 0 ns 
to Active Read Strobe 

IHH High Level Hold Time 
from Active Read Strobe 20 ns 

IR 
IF Rise Time 60 ns 

Fall Time 60 ns 

RD lwL Low Level Width 180 ns 
twH High Level Width lcK ns 
I REP Repetition Interval I REP = 40 + 2 lcK + see ns 

Between Act1ve Pulses + IWL(CK) + formula 
+ IR(CK) 

IsH High Level Setup Time 0 ns 
to Active Read Strobe 

IHH High Level Hold Time 
from Active Read Strobe 20 ns 

IR Rise Time 60 ns 
IF Fall Time 60 

4/11 
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AC ELECTRICAL CHARACTERISTICS (continued) 

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

CS1, lsL(CS-WR) Lo~vel setup time Active Case 0 ns 
CS2 to WR falling edge 

tHL(CS-WR) Low level hold time Active Case 0 ns 
from WR rising edge 

ISH(CS-WR) Hi9.h_level setup time Inactive Case 0 ns 
to WR falling edge 

IHH(CS-WR) High level hold time Inactive Case 0 ns 
from WR nsmg edge 

tsL(CS-RD) Lo~evel setup time Active Case 0 ns 
to RD fallmg edge 

tHL(CS-RD) Low level hold time Active Case 0 ns 
from RD rising edge 

ISH(CS-RD) !::!lgh level setup time Inactive Case 0 ns 
RD falling edge 

tHH(CS-RD) High level hold time Inactive Case 0 ns 
from RD rising edge 

C/D tstcio-wR) Setup time to write 
strobe end 180 ns 

tHtcio-WR) Hold time from 
write strobe end 25 ns 

ts(Cfo-RD) Setup time to read 
strobe start 20 ns 

tH(Cfo-RD) Hold time from read 
strobe end 25 ns 

DR lw Low state width Instructions 5 and 6 2-lcK ns 
(data lpo DP output delay 

ready) from write strobe end Instruction 5, CL =50 pf 5-lcK 14-lcK ns 
(active command) 

DO to D7 ts(BUS-WR) Input setup time to 
(interface write strobe end 130 ns 

bus) tH(BUS-WR) Input hold time 
from write strobe end 25 ns 

IPD(BUS) Propagation time 
CL = 200 pF 130 ns 

from (active) falling 
Edge of read strobe 

tHZ(BUS) Propagation t1me 
from (active) rising 
Edge of read strobe 80 ns 
to high impedance state 
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PCM TIMING, RESET 

WRITE OPERATION TIMING 

6/11 
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C/6 

1/0 INPUT BUS 
( OOto 0') 

DR OUTPUT 
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READ OPERATION TIMING 

1PD(BUSl 1HZ(BUS) 5-78&8 

GENERAL DESCRIPTION 
The M044 is intended for PABX Systems and digi
tal like concentrators where a micromputer control 
approach is extensively used. It consists of a speech 
memory (SM), a control memory (CM), a serial/pa
rallel and a parallel/serial converter, an internal pa
rallel bus, and interface (8 data lines, 11 control si
gnals) and dedicated control logic. By means of re
peated clock division two timebases are generated. 
These are preset from an external synchronisation 
signal to two specific count numbers so that sequen
tial scanning of the bases give synchronous ad
dresses to the memories and 1/0 channel controls. 
The time base for the input channels is delayed and 
the timbase for output channels is advanced with 
respect to the actual time. Each serial PCM input 
channel is converted to parallel 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 num
ber. The control memory CM maintains the corres
pondences between input and output channels. 

More exactly for any output pin/output channel com
bination the control memory gives either the full ad
dress of the speech memory location involved in the 
PCM transfer or an 8-bit word to be supplied to the 
parallel/serial output converter, A gth 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 
microprocessor for asynchronous instruction pro
cessing. 

Two 8-bit registers OR1 and OR2 supply feedback 
data for control or diagnostic purposes ; OR 1 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. 

7/11 
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PIN DESCRIPTION 

D7 to DO (pins 17 to 24) 

Data bus pins. The bidirectional bus is used to trans
fer data and instructions to I from the microproces
sor. DO is the least significant digit. The output bus 
is 8 bits wide ; input is only 5 bits wide. The bus is 
tristate and can not 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. 

C/5 

lnruJ! control pin, select pin. In a write operation 
C/D = 0 qualifies any bus content as data, while 
C/D = 1 qualifies it as an qpcode. In a read_gpera
tion OR1 is selected by C/D = 0, OR2 by C/D = 1. 

CS1, 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 procedure a simultaneous instruction execution 
in a multichip configuration : WR rising edge has to 
be 20 to 20 + lwL(CKJ nsed late relative to clock fal
ling edge. 

RD 

When CS1 and CS2 are low and 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/0 and 
the match condition pins in order to direct the inter
nal flow of operations. Because of internal clock re
synchronization, one single additional requirement 
is recommended in order to produce a simultaneous 
instruction flow in a multichip configuration :the RD 
rising edge has to be 20 to 20 + twL(CKJ nsec late re
lative to clock falling edge. 

DR 

This is the data ready signal, it informs the micro
processor that data is available for reading (through 
OR1/0R2 registers) 

8/11 
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RESET 

RESET control pin is normally used at the very be
ginning to inizialize the device or the network. Any 
logical status is reset and CM is set all "ones" after 
RESET going low. 

The internal initialization routine takes one time 
frame whatever the RESET width on low level (mi
nimum one cycle roughly), but it is repeated an in
tegrer 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 (that is pulled to "ones"). 

CLOCK 

Input master clock. Typical frequency is 4.096 MHz. 
First division gives an internal clock controlling the 
input and output channels bit rate. 

SYNC 

Input synchronization signal is active low. Typical 
frequency is 8 kHz. 

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, corres
ponding to two time slots, that is the minimum PCM 
propagation time, or latency time. 

PCM IN 3 TO PCM IN 0 

PCM input busses or pins ; they accept a standard 
2 Mbit/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. 

PCM OUT3 TO PCM OUTO 

PCM output busses or pins ; bit rate and organiza
tion are the same as input pins. 

Output buffers are open drain type in order to sim
plify wired-or connections and minimize current 
spike problems in multichip configuration systems. 
The device drives the output channels theoretically 
one bit time before input channels are needed by 
specifications : this feature allows inputs and out
puts to be tied together cancelling any analog delay 
of digital outputs up to : 

!DEL max = !bit - :;:-!P-0-(P-C-M)_m_ax + IPD(PCM)min 



BIAS 

Internally generated bias voltage (- 2.5 to - 3.0 V 
for Vee in the operating range). A max 220 pf capa
citor connected to pin 5 provides improved filtering. 

MIXED RD & WR OPERATIONS 

In principle RD and WR operations are allowed in 
any order within specification constraints. 

In practive,__Q.Qjy 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 .i§jrlternally pushed 
to tristate condition as long as WR is held low and 
input registers are protected. 

M044 

Registers OR~nd OR2 can be .@ad 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 byRD rising 
edge. 

Multiple RD operations of the same kind ar 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/DISCONNECTION 

2. CHANNEL DISCONNECTION 

3. INSERTION OF A BYTE ON A PCM OUTPUT 
CHANNEUCHANNEL DISCONNECTION 

4. TRANSFER OF A SINGLE PCM OUTPUT 
CHANNEL SAMPLE 

5. TRANSFER OF A SINGLE OUTPUT CHANNEL 
CONTROL WORD 

INSTRUCTION TABLES 
The most significant digits of OR2 are a copy of the 
PCM selected output bus ; the least significant di
gits of OR2 are the opcode. CB is the control bit. In 

Any input protocol is started by the microprocessor 
interface loading the internal stack register with 2 
bytes (4 bytes foLinstructions 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 nee
ded). 

At the end of an instruction it is normally recommen
ded to read one or both registers. 

any case parentheses () define actual register 
content. 

INSTRUCTION 1 : CHANNEL CONNECTION/DISCONNECTION 

~ntrol ~na.!.L Data Bus Notes 
C/D cs WR RD D7 D6 DS D4 D3 D2 D1 DO 

0 0 0 1 X X X X X Bi2 Bi1 BiO 1 st Data Byte : selected input bus 

0 0 0 1 X X X Ci4 Ci3 Ci2 Ci1 CiO 2nd Data Byte :selected input channel 

0 0 0 1 X X X X X Bo2 Bo1 BoO 3 rd Data Byte : selected input bus 

0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 4th Data Byte : selected output channel 

1 0 0 1 X X X X 0 0 0 1 Instruction Opcode 

0 0 1 0 C7 C6 C5 C4 C3 C2 C1 co OR1 : CM Content Copy 
(Bi2 Bi1 BiO Ci4 Ci3 Ci2 Ci1 CiO) 

1 0 1 0 A7 A6 A5 CB 0 0 0 1 OR2 
(Bo2 Bo1 BoO 0 0 0 0 1) 
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INSTRUCTION 2 : OUTPUT CHANNEL DISCONNECTION 

~ntrol ~na~ Data Bus Notes 
C/D cs WR RD D7 DG D5 D4 D3 D2 D1 DO 

0 0 0 1 X X X X X Bo2 Bo1 BoO 1 51 Data Byte : selected output bus 

0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd Data Byte :selected output channel 

1 0 0 1 X X X X 0 0 1 0 Instruction Opcode 

0 0 1 0 1 1 1 1 1 1 1 1 OR1 : CM Content Copy (output channel is 
inactive) 

1 0 1 0 A7 A6 AS 1 0 0 1 0 OR2 
(Bo2 Bo1 BoO 1 0 0 1 0) 

INSTRUCTION 3: LOADING A MICROPROCESSOR BYTE 

~ntrol ~na~ Data Bus Notes 
C/D cs WR RD D7 DG D5 D4 D3 D2 D1 DO 

0 0 0 1 X X X X X Ci7 Ci6 Ct5 1 st Data Byte : Most significant digits to be 
inserted 

0 0 0 1 X X X Ci4 Ci3 Ci2 Ci1 CiO 2nd Data Byte : Least significant digits to be 
inserted 

0 0 0 1 X X X X X Bo2 Bo1 BoO 3 rd Data Byte : selected output bus 

0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 4th Data Byte : selected output channel 

1 0 0 1 X X X X 0 1 0 0 Instruction Opcode 

0 0 1 0 C7 CG C5 C4 C3 C2 C1 co OR1 : CM content copy, that is for match 
(Ci7 CiS Ci5 Ci4 Ci3 Ci2 Ci1 CiO condition 

1 0 1 0 A? A6 A5 1 0 1 0 0 OR2: that is 
(Bo2 Bo1 BoO 1 0 1 0 0) 

INSTRUCTION 4 : TRANSFER OF A SINGLE PCM SAMPLE 

~ntrol ~na~ Data Bus Notes 
C/D cs WR RD D7 D6 D5 D4 D3 D2 D1 DO 

0 0 0 1 X X X X X Bo2 Bo1 BoO 1 51 Data Byte : selected output bus 

0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd Data Byte :selected output channel 

1 0 0 1 X X X X 1 0 1 1 Instruction Opcode 

0 0 1 0 C7 CG C5 C4 C3 C2 C1 co OR1 : CM Content Copy if CB = 1 ; 
87 86 85 84 83 82 81 so or 

SM Content Sample if CB = 0 

1 0 1 0 A? A6 A5 CB 1 0 1 1 OR2: that is 
(Bo2 Bo1 BoO CB 1 0 1 1) 

Note: S7 ... SO 1s a parallel copy of a PCM data, S7 is the most s1gn1ficant d1g1t and the first of the sequence. 

10/11 
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INSTRUCTION 5 : TRANSFER OF AN OUTPUT CHANNEL CONTROL WORD 

~ntrol §!9.!1a~ Data Bus Notes 
C/D cs WR RD D7 06 05 04 03 02 01 DO 

0 0 0 1 X X X X X Bo2 Bo1 BoO 1 51 Data Byte : selected input bus 

0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd Data Byte :selected input channel 

1 0 0 1 X X X X 1 0 0 0 Instruction Opcode 

0 0 1 0 C7 C6 C5 C4 C3 C2 C1 co OR1 : CM selected CM word copy 

1 0 1 0 A7 A6 A5 C8 1 0 0 0 OR2: that is 
(Bo2 Bo1 BoO 0 0 0 0 1) 

CONFERENCE CALL 
A kit which includes ZSO 11P and the M116 allows a flexible conference call system to be built up in which 
the participants can enter on any channel of the M044 (refer to M116 data sheet for detailed information). 

TYPICAL APPLICATION 

L---~o-J CON~~1~NCE 1------' 
CHIP 

S-7887 
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3~~2 
M088 

256 x 256 DIGITAL SWITCHING MATRIX 

• 2561NPUT AND 256 OUTPUT CHANNEL DIGI
TAL SWITCHING MATRIX 

• 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) 

• PCM INPUTS AND OUTPUTS MUTUALLY 
COMPATIBLE 

• INPUT-OUTPUT CHANNEL CONNECTIONS 
STORED AND MODIFIED VIA ON CHIP 8-BIT 
PARALLEL MICROPROCESSOR INTERFACE 

• 6 MAIN "FUNCTIONS" OR "INSTRUCTIONS" 
AVAILABLE 

• TYPICAL BIT RATE: 2Mbit/s 
• TYPICAL SYNCHRONIZATION RATE : 8KHz 

(time frame is 125J.lS) 
• 5V POWER SUPPLY WITH INTERNALLY 

GENERATED BIAS VOLTAGE 
• MOS & TIL INPUT/OUTPUT LEVELS COM

PATIBLE 
• SGS-THOMSON N-CHANNEL SILICON GATE 

HIGH QENSITY MOS PROCESS 

Main instructions controlled by the micropro
cessor interface 
• CHANNEL CONNECTION/DISCONNECTION 
• CHANNEL DISCONNECTION 
• INSERTION OF A BYTE ON A PCM OUTPUT 

CHANNEL 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

VI Input Voltage 

Vo Off State Output Voltage 

Ptot Total Package Power Dissipation 

Tstg Storage Temperature Range 

Top Operating Temperature Range 

• 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 

DIP-40 
(Ceramic) 

ORDER CODE : MOSS F1 

Value 

- 0.3 to 7 

- 0.3 to 7 

7 

1.5 

- 65 to 150 

o to 70 

Unit 

v 
v 
v 
w 
oc 
oc 

Stresses above those listed under •· Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
ratings only and functional operation of the dev1ce 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 cond1t1ons for extended periods may affect de· 
vice reliability. 
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PIN CONNECTIONS 

OUTPeM3 

OUTPeM2 

OUTPCMI 

OUT PCMO 

INPPeM4 • 

INPPeMJ 

INPPeM2 

INPPCMI 

INPPCMO 

Vee 

07 

06 

OS 

04 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

MOBB 

OUTPeM4 

39 OUT PCMS 

38 OUTPCMG 

37 OUT PCM7 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

S-5195 

EXCHANGE NETWORKS APPLICATIONS 

256 PCM links network (160 or 192 DSM) :the 32 x 32 link module shown on the next page. 

2048 PCM links network (1792 or 2048 DSM): the 256 x 2561ink network is shown above. 

module I 

2048 
links lmks l ' I 

256X256 , \ I 

ltnks \ \ I 

~~~~ ...________,255 ----------~ 
5-5203/1 

2/14 
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EXCHANGE NETWORKS APPLICATIONS (continued) 

Single Stage/Sixteen Devices Configuration (32 by 32 links or 1024 channels). 

P0-41N 
:ZO.t.8 
Kb1lls 

PCM IN7 to INO 

) 

H u lJ. 
IN7IOINO IN7to!NO IN7toiND 

<:::::::; 071o00 e D71oDO c D7toDO 

OUT7toOUTO f-- 0UT7to0UTO t- OUT7to0UT0 1--

52 51 CSo 52 51 CSi 52 51 cs; 

11 CSIOI 11 CSti 1 11 CS1~ 

PCM IN IS to IN 08 

u--- u- u--
IN7to1NO IN7to1NO IN7to!NO 

e 07to00 c 07 toDD <.=:: D7to00 

OUT7 toOUTO 1-- OUT7 toOUTO 0UT7 to OUTO ~ 

52 51 ES1 52 51 CSt sz 51 Si 

1~ csul \ l ~ CSti\ 11 CSI1T 

PCM JH:Zl to IN16 

) 

)~ ~s-- .tr-
IN7to INO IN7toiNO IN7tolNO 

G 07 to DO w 07 to DO <=:> D7toDO 

OUT7 to OUTD OUT7 toOUTO OUT7 to OUTO 

52 51 CSi 52 51 CSi 52 S1 CS1 

ll cstDJ ll (511\ IT (5121 

PCMINJltoiNllo 

) 

~ u-- lc:-
IN7toiNO IN7 loiNO IN7to1NO 

<:=:: 07to DO <::::::: 07 toOO c 07 to 00 

OUT7 to OUTO OUT7 to OUTO OUT? to QUTO 

52 51 CSi 52 S1 CS"l 52 51 ESi 

b b CS16] ~ l CSI1 I ll CS12 r 
PCMOUT 07 to OUT 00' PCM OUT15 to OUT 08 PCMOUT 23to OUTI6 

PCM OUT 204SKM/s 

6 j_ HARDWARE CONNECTIONS RESPECTIVELY TO VcciYss 

COMMON JNPUfiOUTPUT PINS cr5.Al.A2 RD.WR.CSz.D7to 00. RESET. CLOCK. SYNC 

FOUR DIFFERENT CHIP SELECT PINS ARE NEEOEO 

M088 

-~l 
JN7toiNO 

<;=j D7to00 

OUT7 toOUTO I--

52 St Gl 

11 cslll 

ll 
IN71oiNO 

<:=: D7to 00 

OUT1 to OUTO 1--

52 51 CSl 

1 ~ CSl:ll 

-ll 
IN7 toiNO 

c 07 to DO 

OUT7 to OJTO 

52 51 ~ 

b l CSI)I 

ll 
IH71oiNO 

<=:: 07 to 00 

OUT? to OUTO 

52 S1 CSi 

L l CSTJ/ 

PCMOUTJitoOUT2.C. / 
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M088 

BLOCK DIAGRAM 

2M bltl~lfllrrn.lr•IIP 

l 
INPUT RING 6 

PARAllEL I WT~T RING I 
COUNTER OUTPUT 

COUNTER 
DECODER 

' • lf U· .. AF Hl== ~----1'"'""" ~ ~· ~.,: "'"""; OOTPUT BUS 

SEt~~~~N 5 & DECODER CONTROL 

If 'I, 1· D, 
j D 1 Jl 9 

~ SENSE AMPS ;:.=-..; -----------
MUX 

ADDRESS ~ CONTROL REGISTER f---.. 
& DECODER MEMORY 

,.......'.- ----------,_.,. 
~ 
f--.- WRITE BUFFER I----

D, 
11 3 

J} 1--· --
9 ' • 

INPUT DATA REGISTER I 1·~2-J-1 
REGISTER 

ORl OR2 

• 
11· 

l.ll 
l_ 

~<-Fr= H;-l_ li D 8 4 l 2 

'' ,, 

EJ 
,, 

5 2 

' STACII 
110 BUS 

LATE I FAST r CONTROL 
REGISTER 8 LATCHES 2 110 DATA 

TIME : TIME LOGIC 
. 

1------v &DRIVERS SELECTOR 

BASE : BASE 
-- ---1..----- s 

l· lsmc RE5ETt f .. f,f.,t52 jcs; jrn jw. f RD l DR U· ""·DO 
i CID 
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RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Voltage 4.75 to 5.25 

V1 Input Voltage 0 to 5.25 

Vo Off State Input Voltage 0 to 5.25 

CLOCK Freq. Input Clock Frequency 4.096 

SYNC Freq. Input Synchronization Frequency 8 

Top Operating Temperature 0 to 70 

CAPACITANCES (measurement freq. = 1MHz; Top= 0 to 70°C; unused pins tied to Vss) 

Symbol Parameter Pins Min. Typ. 

C1 Input Capacitance 6 to 15 ; 26 to 30 ; 32 to 36 

C1ro 1/0 Capacitance 20 to 24 

Co Output Capacitance 1 to 4 ; 17 to 19 ; 25 ; 37 to 40 

D.C. ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C, V cc = 5V ± 5%) 
All D.C. characteristics are valid 250!-LS after Vee and clock have been applied. 

Symbol Parameter Pins Test Conditions Min. 

VILC Clock Input Low Level 6 -0.3 

VIHC Clock Input High Level 6 2.4 

VIL Input Low Level 7 to 15 -0.3 
20 to 24 
26 to 30 
32 to 36 

VIH Input High Level 7 to 15 2.0 
20 to 24 
26 to 30 
32 to 36 

VoL Output Low Level 17 to 25 loL = 1.8mA 

VoH Output High Level 17 to 25 loH = 250J.IA 2.4 

VoL PCM Output Low Level 1 to 4 loL = 2.0mA 
37 to 40 

I IL Input Leakage Current 6 to 15 V1N =0 to Vee 
26 to 30 
32 to 36 

loL Data Bus Leakage Current 17 to 24 V1N = 0 to Vee 
V cc applied ; Pins 35 
and 36 tied to Vee. after 
Device Initialization 

Icc Supply Current 16 Clock Freq. = 4.096MHz 

Typ. 

Max. 

5 

15 

10 

Max. 

0.8 

Vee 

0.8 

Vee 

0.4 

0.4 

10 

± 10 

180 

M088 

Unit 

v 
v 
v 

MHz 

KHz 

oc 

Unit 

pf 

pf 

pf 

Unit 

v 
v 

v 

v 

v 
v 
v 

JlA 

JlA 

mA 
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M088 

A.C. ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C, V cc = 5V ± 5%) 
All A.C. characteristics are valid 250J.lS after Vee and clock have been applied. CL is the max. capacitive 
load and RL the test pull up resistor. 

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

CK lcK Clock Period 230 ns 
(clock) lwL Clock Low Level Width 100 ns 

lwH Clock High Level Width 100 ns 
IR Rise Time 25 ns 
IF Fall Time 25 ns 

SYNC lsL Low Level Setup Time 80 ns 
IHL Low Level Hold Time 40 ns 
IsH High Level Setup Time 80 ns 
lwH High Level Width lcK ns 

PCM Input ts Setup Time -5 ns 
Busses IH Hold Time 45 ns 

PCM tpo m1n Propagation time CL = 50pf, RL = 2K 45 ns 
Output referred to CK low level 
Busses lpo max Propagation time CL = 50pf, RL = 2K 200 ns 

referred to CK high level 

RESET lsL Low Level Setup Time 100 ns 
IHL Low Level Hold Time 50 ns 
IsH High Level Setup Time 90 ns 
lwH High Level Width lcK ns 

WR lwL Low Level Width 150 ns 
lwH High Level Width lcK ns 
I REP Repetition Interval IRE p = 40 + 2 lcK + see ns 

between Active Pulses + lwL(CK) + formula 
IsH High Level Setup Time + IR(CK) 0 ns 

to Active Read Strobe 
IHH High Level Hold T1me 20 ns 

from Active Read Strobe 
IR Rise Time 60 ns 
IF Fall Time 60 

RD lwL Low Level Width 180 ns 
lwH High Level Width lcK ns 
I REP Repetition Interval I REP = 40 + 2 lcK + see ns 

between Active Pulses + IWL(CK) + formula 
IsH High Level Setup Time + tR(CK) 0 ns 

to Active Read Strobe 
IHH High Level Hold Time 20 ns 

from Active Write Strobe 
IR Rise Time 60 ns 
IF Fall Time 60 
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A.C. ELECTRICAL CHARACTERISTICS (continued) 

Signal Symbol Parameter Test Conditions Min. Typ. Max. Unit 
CS1, tsL(CS-WR) Low level setup time Active Case 0 ns 
CS2 to WR falling edge 

tHL(Cs-WR) Low level hold time Active Case 0 ns 

t5H(CS-WR) 
from WR rising edge 
Hi~evel· setup time Inactive Case 0 ns 
to WR falling edge 

tfiH(CS-WR) High level hold time Inactive Case 0 ns 

t5L(cs-RD) 
from WR rising edge 
Lo~evel setup time Active Case 0 ns 

tfiLICS-RD) 
to RD falling edge 
Low level hold time Active Case 0 ns 

t5H(CS-RD) 
from RD rising edge 
!:!lgh level setup time Inactive Case 0 ns 

tfiH(CS-RD) 
RD falling edge 
High level hold time Inactive Case 0 ns 
from RD rising edge 

C/D ts(C/D-WR) Setup time to write 
strobe end 130 ns 

tH(C/D-WR) Hold time from 
write strobe end 25 ns 

fs(C/D-RD) Setup time to read 
strobe start 20 ns 

tH(C/D-RD) Hold time from read 
strobe end 25 ns 

A1, S1, ts(match-WR) Setup time to write 130 ns 
A2, S2 strobe end 
(match tH(match-WR) Hold time from 25 ns 
inputs) strobe end 

ts(match-RD) Setup time to read 20 ns 
strobe start 

tH(match-RD) Hold time from read 25 ns 
strobe end 

DR tw Low state width Instructions 5 and 6 2.tcK ns 
(data tpo DR output delay 

ready) from write strobe end Instruction 5, CL = 50pf 5.tcK 14.tcK ns 
(active command) 

DO to D7 ts(BUS-WR) Input setup time to 
(interface write strobe end 130 ns 

bus) tH(BUS-WR) Input hold time 
from write strobe end 25 ns 

tpo(BUS) Propagation time CL = 200pF 120 ns 
from (active) falling 
Edge of read strobe 

tHZ(BUS) Propagation time 
from (active) rising 
Edge of read strobe 80 ns 
to high impedance state 
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PCM TIMING, RESET 

WRITE OPERATION TIMING 

8/14 
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CS1. C52 

CIB 

1/0 INPUT BUS 
I DOto 04) 

DR OUTPUT 

1F----I--1SH(CS-Wii! 

r-t------ti=~+---'HUCS.-WR> 
tHHtCs-WRJ 

IH(C/ii-WiiJ 

ls(BUS.\ViiJ 
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READ OPERATION TIMING 

CIO 

A1o:51 

A2=52 

I/O OUTPUT BUS 
(DO to 07) 

GENERAL DESCRIPTION 

The M088 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 numbers so that sequential scan
ning of the bases give synchronous addresses to 
the memories and 1/0 channel controls. Different 
preset count numbers are needed because of pro
cessing delays and data path direction. The time
base for the input channels is delayed and the time
base for output channels is advanced with respect 
to the actual time. Each serial PCM input channel is 
converted to parallel data and stored in the speech 
memory at the beginning of any new time slot (ac
cording to first timebase) in the location determined 
by input pin number and time slot number. The con
trol memory CM maintains the correspondences be-

MOSS 

S--519912 

I 1\ --W- HH(C5-RO) 

tween input and output channels. More exactly, for 
any output pin/output channel combination the con
trol memory gives either the full address of the 
speech memory location involved in the PCM trans
fer or an 8-bit word to be supplied to the parallel/ser
ial output converter. A gth 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 with
in each channel ; enough idle cycles are left to the 
microprocessor for asynchronous instruction pro
cessing. 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 microcomputer. A four by1e-five bit stack regis
ter and an instruction register, under microcomputer 
control, store input data available at the interface. 

Dedicated logic, under control of the microproces
sor interface, extracts the 0 channel content of any 
selected PCM input bus, using spare cycles of SM. 

9/14 
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PIN DESCRIPTION 

D7 to DO (pins 17 to 24) 

Data bus pins. The bidirectional bus is used to trans
fer data and instructions to/from the microproces
sor. DO is the least significant digit. The output bus 
is 8 bits wide ; input is only 5 bits wide. 

The bus is 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. 

cii5 (pin 30) 

ln(Wt control pin, select pin. In a write operation 
C/.Q = 0 qualifies any bus content as data, while 
C/D = 1 qualifies it as an O.Qcode. In a read_gper
ation OR1 is selected by C/D = 0, OR2 by C/D = 1. 

A 1, S1, A2, S2 (pins 26 to 29) 

Address select or match pins. In a multi-chip con
figuration (e.g. g___§ingle stage matrix expansion), 
using the same CS pins, the match condition (A 1 = 
S1 and A2 = S2) leaves the command instruction as 
defined ; on the contrary the mismatch condition 
modifies 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 multichipcon
figuration pins S1 and 82 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. 

CS1, CS2 (pins 33, 34) 

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 35) 

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 
single additional requirement is recommended in 
order to produce a simultaneous instruction execu
tion in a multichip configuration: WR rising edge has 
to be 20 to 20 + twL(CK) nsec late relative to clock 
falling edge. 

10114 
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RD (pin 36) 

When CS1 and CS2 are low and match condition 
exists, 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 re
synchronization, one single additional requirement 
is recommended in order to produce a simultaneous 
instruction flow in a multichip configuration :the RD 
rising edge has to be 20 to 20 + lwL(CK) nsec late 
relative to clock falling edge. 

DR (pin 25) 

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 about two clock cycles in case b and 
c; in case a it is left low until a valid instruction code 
is supplied. 

RESET (pin 32) 

RESET control pin is normally used at the very be
ginning to initialize the device or the network. Any 
logical status is reset 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), but it is reP.eated 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 (that is pulled to "ones"). 

CLOCK (pin 6) 

Input master clock. Typical frequency is 4.096MHz. 
First division gives an internal clock controlling the 
input and output channels bit rate. 

SYNC (pin 7) 

Input synchronization signal is active low. Typical 
frequency is 8kHz. 



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 (pins 8 to 15) 

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 (pins 37 to 40 and 1 
to 4) 

PCM output busses or pins ; bit rate and organiza
tion are the same as input pins. 

Output buffers are open drain type in order to sim
plify wired-or connections and minimize current 
spike problems in multichip configuration systems. 

The device drives the output channels theoretically 
one bit time before input channels are needed by 
specifications : this feature allows inputs and out
puts to be tied together cancelling any analog delay 
of digital outputs up to 

toEL max = tbit - tPD(PCM)max + tPDIPCMlmin 

M088 

BIAS (pin 5) 

Internally generated bias voltage(- 2.5 to- 3.0V for 
Vee in the operating range). A max. 220pf capaci
tor connected to pin 5 provides improved filtering. 

MIXED RD & WR OPERATIONS 
In principle RD and WR operations are allowed in 
any order within specification constraints. 

In practive,....Q!]Jy 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 OR.l.End OR2 can be .@ad 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 byRD 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/DISCONNECTION 

2 CHANNEL DISCONNECTION 

3 INSERTION OF A BYTE ON A PCM OUTPUT 
CHANNEUCHANNEL DISCONNECTION) 

4 TRANSFER OF A SINGLE PCM OUTPUT CHAN
NEL 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 fo.r_instructions 1 and 3) qualified as 
data bytes Qy C/D = 0 and a specific opcode quali
fied by C!D = 1 (match condition is normally 
needed). 

After the code is loaded in the instruction register it 
is immediately checked to see whether it is accept
able and if not it is rejected. If accepted the instruc
tion is also processed as regards match condition 
and is appended for execution during the memories' 
space 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 
affected. 

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 5 to 13 cycles ; the last operation 
is updating of the content of registers OR 1 and OR2. 
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During a veryjQQgjrlternal operation (device initial
ization 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 enable in
struction 6, however, it is necessary to read register 
OR2. This is because instruction 6, used between 
other short instructions of type 1 to 5, must have a 
lower priority and can be enabled only after the short 
instructions have been completed. Instruction 6 nor
mally has a long process and a special flow which 
is described 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 ofthetimeframe 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 differ
ent from the label 01. So using this label the num-

INSTRUCTION TABLES 

The most significant digits of OR2 A?, A6, A5 are a 
copy of the PCM selected output bus ; the least sig-

ber of expected messages can be reduced to corre
spond to the number of effective messages. If and 
only if the residual number is different from zero will 
the device start the extraction protocol at the end of 
the current routine. 

The procedure is as follows: the DR output is 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 inter
val requirements between active rising edges of RD 
are minimum 5 to 13 tcK for sequence OR2- OR1 
and minimum 3 times tcK for sequence OR1 - OR2. 
More details are given in the following tables. 

nificant digits of OR2 are the opcode, CB is the con
trol bit. In any case parentheses() define actual reg
ister content. 

INSTRUCTION 1 : CHANNEL CONNECTION/DISCONNECTION 

Con!!:ol 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 Bi2 Bi1 BiO 1 st Data Byte : selected input bus. 

X 0 0 0 1 X X X Ci4 Ci3 Ci2 Ci1 CiO 2nd Data Byte :selected input 
channel. 

X 0 0 0 1 X X X X X Bo2 Bo1 BoO 3 rd Data Byte : selected output bus. 
X 0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 4th Data Byte : selected output 

channel. 
Yes/no 1 0 0 1 X X X X 0 0 0 1 Instruction Opcode 

Yes 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 co OR1 : CM content copy, that is for 
(1 1 1 1 1 1 1 1) mismatch condition for match 

(Bi2 811 BiO Ci4 Ci3 Ci2 C11 CiO) condition. 
Yes 1 0 1 0 A7 A6 AS CB 0 0 0 1 OR2 : that is for mismatch condition, 

(Bo2 Bo1 BoO 1 0 0 0 1) for match condition. 
(Bo2 Bo1 BoO 0 0 0 0 1) 
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INSTRUCTION 2 : OUTPUT CHANNEL DISCONNECTION 

Con!!ol__§_ignals - 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 Bo1 BoO 1 st Data Byte : selected output bus. 

X 0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd Data Byte : selected output 
channel. 

Yes 1 0 0 1 X X X X 0 0 1 0 Instruction Opcode 

Yes 0 0 1 0 1 1 1 1 1 1 1 1 OR1 : CM Content Copy (output 
channel is inactive) 

Yes 1 0 1 0 A7 A6 A5 1 0 0 1 0 OR2: that is 
(Bo2 Bo1 BoO 1 0 0 1 0) 

INSTRUCTION 3 : LOADING A MICROPROCESSOR BYTE 

Con!!ol__§_ignals - 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 Ci7 Ci6 Ci5 1 st Data Byte : most significant digits 
to be inserted. 

X 0 0 0 1 X X X Ci4 Ci3 Ci2 Ci1 CiO 2nd Data Byte : least significant digits 
to be inserted. 

X 0 0 0 1 X X X X X Bo2 Boo Bo1 3 rd Data Byte : selected output bus. 

X 0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 4th Data Byte : selected output 
channel. 

Yes/no 1 0 0 1 X X X X 0 1 0 0 Instruction Opcode 

Yes 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 co OR1 : CM content copy, that is for mis 
(1 1 1 1 1 1 1 1) match condition for match condition. 

(Ci7 Ci6 Ci5 Ci4 Ci3 Ci2 Ci1 CiO) 

Yes 1 0 1 0 A? A6 A5 1 0 1 0 0 OR2 : that is. 
(Bo2 Bo1 BoO 1 0 1 0 0) 

INSTRUCTION 4 : TRANSFER OF A SINGLE PCM SAMPLE 

Con!_rol 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 Bo1 BoO 1 51 Data Byte : selected output bus. 

X 0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd 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 ; 
S7 S6 S5 S4 S3 S2 S1 so or 

SM Content Sample if CS = 0 

Yes 1 0 1 0 A? A6 A5 C8 1 0 1 1 OR2 : that is. 
(Bo2 Bo1 BoO C8 1 0 1 1) 

Notes : S? SO 1s a parrallel copy of a PCM data, S? is the most significant dig1t and the first of the sequence. 
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INSTRUCTION 5 : TRANSFER OF AN OUTPUT CHANNEL CONTROL WORD 

Con.trol.§gnals - Data Bus 
Match C/D cs WR RD D7 D6 D5 D4 D3 D2 D1 DO 

Notes 

X 0 0 0 1 X X X X X Bo2 Bo1 BoO 1 51 Data Byte : selected output bus. 

X 0 0 0 1 X X X Co4 Co3 Co2 Co1 CoO 2nd Data Byte : selected output 
channel. 

X 1 0 0 1 X X X X 1 0 0 0 Instruction Opcode 

Yes 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 co OR1 : CM selected CM word copy. 

Yes 1 0 1 0 A7 A6 A5 CB 1 0 0 0 OR2 : that is. 
(Bo2 Bo1 BoO CB 1 0 0 0) 

INSTRUCTION 6: CHANNEL 0 SELECTION MASK STORE/DATA TRANSFER 

ConQo[.§gnals - 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 Mi7 Mi6 Mi5 1 51 Data Byte : most sign. digits of 
selection mask. 

X 0 0 0 1 X X X Mi4 Mi3 Mi2 Mi1 MiO 2nd Data Byte : most sign. digits of 
selection mask. 

Yes 1 0 0 1 X X X X 1 1 1 0 Instruction Opcode 

Mask store control 

Yes 0 0 1 0 (previous content) OR 1 : register is not affected. 

Yes 1 0 1 0 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) OR1 : register is not affected. 

Yes 1 0 1 0 N2 N1 NO Tn 1 1 1 0 OR2 :see below. 

Repeated Data Transfer (after first OR2 transfer) 

Yes 0 0 1 0 S7 S6 S5 S4 S3 S2 S1 so OR1 :expected message stored in SM. 

Yes 1 0 1 0 P2 P1 PO Fn 1 1 1 0 OR2 : see below. 

Notes : 1. About mask bits MiO to Mi7 a logic "0" level means disabling condition, a logic "1" level means enabling condition. 
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2. A null mask or a RESET pulse clear the mask and the deep background mask registers and disable channel 0 extraction function. 
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 activation/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. Read1ng of OR2 is imperative after DR in order to step the data transfer; reading of OR1 is also needed to scan in descending or

der the prionty register. Relevant messages only are considered, that means only messages with a MSD label different from 0 1. 
6. (P2 P1 PO) is the PCM bus on which the message 90pied in OR1 was found; Fn is a continuation bit telling respectively on levei1/0 

for any more/no more extraction to be performed 



M3444 

CMOS 128 X 128 DIGITAL SWITCHING MATRIX 

• HARDWARE (pin-to-pin) AND SOFTWARE 
COMPATIBLE WITH M044 

• 1281NPUT AND 128 OUTPUT CHANNEL DIGI
TAL SWITCHING MATRIX (non blocking) 

• TYPICAL APPLICATION IN PABX 
• EUROPEAN AND U.S. STANDARD COMPATI

BLE (32/24 serial channels per frame) 
• PCM INPUTS AND OUTPUTS MATUALLY 

COMPATIBLE 
• ACTUAL INPUT-OUTPUT CHANNEL CON

NECTIONS STORED AND MODIFIED VIA AN 
ON-CHIP 8-BIT PARALLEL MICROPROCES
SOR INTERFACE 

• 5 MAIN "FUNCTIONS" OR "INSTRUCTIONS" 
AVAILABLE 

• TYPICAL BIT RATE: 2Mbit/s (lower allowed) 
• TYPICAL SYNCHRONIZATION RATE :8KHz 

(time frame is 125J.!S) 
• 5 VOLT POWER SUPPLY WITH INTERNALLY 

GENERATED BIAS VOLTAGE 
• TYPICAL CURRENT CONSUMPTION IS 22mA 
• MOS & TIL INPUT/OUTPUT LEVELS COMPA

TIBLE 
• DIFFUSED WITH HIGH DENSITY ADVANCED 

1.2J.!S CMOS PROCESS HCMOS3 

Main instruction controlled by the micro· 
processor interface 
• CHANNEL CONNECTION/DISCONNECTION 
" CHANNEL DISCONNECTION 
• INSERTION OF A BYTE ON A PCM OUTPUT 

CHANNEL 
• TRANSFER TO THE MICROPROCESSOR OF 

A SINGLE PCM OUTPUT CHANNEL SAMPLE 
• TRANSFER TO THE MICROPROCESSOR OF 

A SINGLE OUTPUT CONTROL WORD 

April1989 

ADVANCE DATA 

DIP28 
(Ceramic) 

ORDER CODE : M3444F1 

PIN CONNECTION 

RESET ~ Yss 
m 27 e/0 

CSi 26 DR 

WR 25 DO 

RD 24 01 

PeMOUT 3 6 23 02 

PCM OUT 2 7 22 OJ 

PCMOUT 1 • M3444 
21 04 

PCM OUT 0 9 20 OS 

BIAS 10 19 06 

CLOCK 11 18 07 

SYNC 12 17 Vee 

PeM IN 3 13 16 PeMJNO 

PCM IN 2 14 IS PCMIN 1 

5·7e!l5 

1/1 
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M3488 

CMOS 256 X 256 DIGITAL SWITCHING MATRIX 

• HARDWARE (pin-to-pin) AND SOFTWARE 
COMPATIBLE WITH M088 

• 256 INPUT AND 256 OUTPUT CHANNEL DIGI
TAL SWITCHING MATRIX 

• BUILDING BLOCK DESIGNED FOR LARGE 
CAPACITY ELECTRONIC EXCHANGES, SUB
SYSTEMS AND PABX 

• NO EXTRA PIN NEEDED FOR NOT-BLOCK
ING SINGLE STAGE AND HIGH CAPACITY 
SYNTHESIS BLOCKS (512 or 1024 channels) 

• EUROPEAN AND U.S. STANDARD COM
PATIBLE (32/24 serial channels per frame) 

• 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 

• 6 MAIN "FUNCTIONS" OR "INSTRUCTIONS" 
AVAILABLE 

• TYPICAL BIT RATE: 2MbiVs 
• TYPICAL SYNCHRONIZATION RATE : 8KHz 

(time frame is 1251-ls) 
• 5V POWER SUPPLY WITH INTERNALLY 

GENERATED BIAS VOLTAGE 
• TYPICAL CURRENT CONSUMPTION IS 22mA 
• MOS & TIL INPUT/OUTPUT LEVELS COM

PATIBLE 
• DIFFUSED WITH HIGH DENSITY ADVANCED 

1.2 11m CMOS PROCESS HCMOS3 

Main instructions controlled by the 
microprocessor interface 
• CHANNEL CONNECTION/DISCONNECTION 
• CHANNEL DISCONNECTION 
• INSERTION OF A BYTE ON A PCM OUTPUT 

CHANNEL 
• 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 

April 1989 

ADVANCE DATA 

DIP40 
(Ceramic) 

ORDER CODE : M3488F1 

PIN CONNECTION (top view) 

OUTPCM3 OUT PCM4 

OUTPCMZ 2 39 OUT PCMS 

OUT PCM1 ' " OUT PCM6 

OUT PCMO 4 " OUT PCM7 

BIAS 36 Rii 
CLOCK 35 ViR 
SYNC 34 Csl 
INPPCM7 33 Csi 
INPPCMG 31 RESET 
JNPPCMS 10 31 v55 

INPPCM4 • , M3488 30 CID 

INPPCMJ 12 19 A1 

INPPCM2 , 28 51 

INPPCMI 14 27 A2 

INPPCMO 15 26 52 

vee 16 25 DR 

D7 17 24 DO 

06 16 23 01 

OS 19 12 01 

04 10 21 03 

S-5195 

jjj 
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EF7333 

CEPT PCM TRUNK CONTROLLER 

DESCRIPTION 

The basic function of the CEPT PCM trunk control
ler is to synchronize a PCM interface with the local 
exchange clock. The EF7333 is provided as part of 
a kit also containing the EF73321 PCM line trans
ceiver. In addition to its basic function, the device 
also features : 

INCOMING LINK PROCESSING FUNCTIONS 

• INPUT SIGNAL HDB3, BINARY OR BIPOLAR 
DECODING 

• FRAME SYNCHRONIZATION WITH LOCAL 
CLOCK 

• LINE JITTER ABSORPTION 
• FRAME SKIP/DOUBLING 
• RECEIVE ERROR DETECTION AND ALARM 

GENERATION 
• REMOTE ALARM EXTRACTION 

OUTGOING LINK PROCESSING FUNCTIONS 

• INSERTION OF SYNCHRONIZATION DATA 
INTO OUTGOING FRAMES 

• OUTPUT SIGNAL BINARY, HDB3 OR BIPOLAR 
CODING 

• RECEIVE FAULT ALARM TRANSMISSION 

OTHER CHARACTERISTICS 

• NMOS TECHNOLOGY 
• 5 V SUPPLY 
• LOW POWER CONSUMPTION (200 mW) 
• CONFORMS TO CCITT RECOMMENDATION 

G.737 
• OPERATES IN STAND-ALONE MODE OR 

WITH MARKER INTERFACE 

November 1988 

JE 
M[J 
PR 

ITC 
ATC 

DO 
JE-
JE+ 
AMI 
JS-

JS+ 
H5 
HL 

uss 

DIP28 
(Ceramic) 

ORDER CODE : EF7333 

PIN CONNECTION 

UDD 
STR1 
PUTD 
PUlL 
MrJHX 
JDSY 
SIA 
TE 
AU 
SAUl 
STR2 
CDMlEST 
JS 
F4KHz 

NB!JEF?333-82 
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PIN DESCRIPTION 

POWERSUPPL Y 
' 

! Pin 
Name 

Type 

Vss Power 

Voo Power 

CLOCKS 

Name Pin 
Type 

HD I 

HL I 

RECEIVE 

Name Pin 
Type 

STR2 I 

~· I 
JE- I 

JS 0 

JDSY 0 

TE 0 

PVTD 0 

PVTL 0 

SIA 0 

MQHX 0 

SAUT 0 

AV 0 

F4kHz 0 

No 

14 

28 

No 

12 

13 

No 

18 

8 
7 

16 

23 

21 

26 

25 

22 

24 

19 

20 

15 

EF7333 

Function Description ! 
Ground Ground J 

Power Supply +5V±5% J 

Function Description 

Distant Clock fulmote clock synchronizing incoming data at JP, 
JE-, frequency 2048kHz (jitter-free) 

Local Clock Local clock synchronizing outgoing data at JS, 
Js•, Js-, frequency 2048 kHz 

Function Description 

Synchronization Local Clock Synchronization Signal Frequency 4 kHz 
Frame Signal 

Input Trunk Data from remote interface at frequency of HD, 
normally in HDB3 code 

Binary Binary data from remote interface, restored to 
Data Output frequency of HL 

Alarm Loss of interface synchronization alarm : three 
consecutive frame alignment codes or three 
consecutive identifier absent. 

Alarm Error rate alarm, as measured on incoming interface 
as per CCITT 
Recommendation G.737 

Alarm Loss of frame alignment at remote end alarm : bit 3 
in timeslot TSO of odd frames received from remote 
interface set to 1 

Alarm Loss of frame alignment alarm : no frame alignment 
code in timeslot TSO of even frames from incoming 
interface 

Alarm Alarm Indication Signal : more than 75 % bits at 1 m 
messages received from remote end 

Alarm Remote Clock HD Missing 

Alarm Changes of State for Each Frame Skip or doubling 
Operation 

Alarm "1" :Frame Skip 
HD Faster than HL 

"0": Frame Doubling_ 
HD Slower than HL 

Remote Clock Remote Clock Output, Frequency 4 kHz 

3/15 
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TRANSMIT 

Name Pin No 
Type 

STR1 I 27 

JE I 1 

Js• 0 11 
Js- 0 10 

CONTROL 

Name 
Pin No 

Type 

AMI I 9 

COMTEST I 17 

PR I 3 

ATC I 5 

lTC I 4 

DO 0 6 

MQ I 2 

FUNCTIONAL DESCRIPTION 

NORMAL OPERATION 

Function 

Synchronization 
Frame Signal 

Binary 
Data Input 

Output Trunk 

Function 

Mode Select 

Test 
Command 

Validation 
Signal 

Address 
Register Input 

Register 
Content Input 

Register 
Content Output 

Marker 
Interface Select 

RECEIVE PATH. The circuit decodes the data re
ceived on inputs JE +and JE-. There are three de
coding modes, selected according to the state of the 
AMI pin: 
• AMI = 0 HDB3code 
• AMI = 1 Bipolar code 
• AMI = 1 Binary code 

The data are then formatted in eight-bit words corre
sponding to a times lot and presented to the frame 
memory. 

The circuit synchronizes the interface by analyzing 
the content of the channel 0 timeslots (TSO). 

The circuit is synchronized when the following have 
been recognized : 
• An even frame alignment code in frame Tn 

(X0011 011 ), 

4/15 
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Description 

Frame Synchronization Signal from Transmit Clock, 
Frequency 4 kHz 

Binary Data from Local Exchange Synchronized by 
HL 

Transcoding of datl!.!_eceived on input JE, 
synchronization by HL 

Description 

Selects Transmit/receive Information Coding/decoding 
Mode 

Commands test providing for insertion of a code at 
the outgoing interface in order to test the network : 
101011 oo in Even Frame Timeslots 
01010011 in Odd Frame Timeslots 

Signal Validating ATC, lTC, DO 

Internal Register Addressing Input (R1 ... R6) 

Data Input for Internal Register Addressed by ATC 

Data Output for Internal Register Addressed by ATC 
(in high Impedance state when PR = 0) 

Operation with Marker Interface 

• An identifier in frame Tn + 1 (second bit of TSO 
at 1), 

• An even frame alignment code in frame T n + 2. 

Loss of frame alignment (desynchronization) is de
clared on detection of the absence of three conse
cutive even frame alignment codes or three 
consecutive odd frame identifiers (see appendix 1 ). 
In this case, the outgoing interface remains at "1 ". 

The remote clock, slaved to clock HD, operates 
when the interface is synchronized. It delivers frame 
memory write addresses. 

The local clock, slaved to clock HL, is synchronized 
by signal STR2 which defines the time at which bit 8 
of the even or odd frame TSO is output by the out
going interface device. 

It delivers the frame memory read addresses (fre
quency 4 kHz). The frame memory capacity is 
64 words x 8 bits (double frame). 



Jitter absorption : there are two devices within the 
circuit : 

Fratne memory write time select. 

This 1provided for absorbing at least± 1 bit on each 
time-slot without loss of information at the outgoing 
interface. Write time selection and detection are ins
tantaneous. 

Frame skip or doubling. 

This operation is initiated on reading frame memory 
address 63 (last times lot of an odd frame Tn) : 
• If the write address is between 56 and 63 (write 

frame Tn + 2) reading is resumed at address 32. 
The even frame Tn + 1 is skipped on reading. 

• If the write address is between 63 and 6 (write 
frame Tn + 1 ), reading is resumed at address 32. 
The odd frame Tn is read again. 

Under limiting conditions for this correction oper
ation, the jitter absorbed by the circuit without loss 
of information is at least± 8 TS. 

The circuit detects the following alarms : 
_ Remote frame misalignment (PVTD), 

Incoming interface frame alignment code ab
sent (PVTL), 
Incoming interface desynchronized (JDSY), 
Error rate > 10-3 (TE), 
Over than 75% bits at "1" in received data 
(SIA), 
Remote clock Hd absent (MQHX), 
Frame skip or doubling (SAUT). 
Clocks plesiochronous (AV). 

Alarms resulting dispositions. 

When JDSY, TE or MOHX are set : 
_ Bit 3 of rPGisters R5 and R2 is set to "1" and 

immediately transmitted to the odd TSO on 
the outgoing interface JS (when circuit 
EF7333 is used without marker interface). 

_ The outgoing interface JS will remain high. 

When the JDSY alarm is set, the TE alarm is dis
abled and the F4kHz output remains at "0". 

TRANSMIT PATH. The transmit multiplexing func
tion provides for insertion at the outgoing interface 
of even or odd frame times lots TSO contained in two 
internal registers R1 and R2. 

The transmit clock, synchronized by signal STR1, 
controls this multiplexing : Signal STR1 define the 
time at which bit 8 of the even timeslot TSO is pres
ent at the incoming interface input (frequency 
4kHz). 

EF7333 

In this operating mode, the content of the even TSO 
is X0011 011 (R1) and the content of the odd TSO is 
X1XXXXXX (R2). 

In the absence of a programmed value, bit 3 of the 
odd TSO applies the "OR" operation to the JDSY, 
TE and SIA alarms. 

According_!o the decoding mode selected for inputs 
JE+ and JE-, the code used for the data on outputs 
JS+ and JS- will be as follows : 
• AMI = 0 HDB3 code Outputs : Js+ and Js-
• AMI = 1 Bipolar code Outputs : JS+ and Js-
• AMI = 1 Binary code Output: Js+ "or" Js-

For proper operation, pins PR, lTC and ATC must 
be tied to Vss when the marker interface is not se
lected (MQ = 0). 

OPERATION WITH MARKER INTERFACE 

Input MO is at "1" in this case. This operating mode 
provides access to six internal registers of the cir
cuit. (refer to APPENDIX 3). 

To be replaced by the enclosed registers descrip
tion 

The six registers are accessible by programming 
pins ATC, lTC. 

Pin ATC receives the register address and pin lTC 
receives the content to be written into the addressed 
register. The last bit of ATC is a read bit and the last 
bit of lTC is write bit. The register content may be 
read serially at DO. 

These registers are not initialized on powering up 
the circuit. 

BIT 1 2 3 4 5 6 7 6 

Content of PVTD PVTL MQHX JDSY SIA TE AV SAUT 
Reg1ster R5 

CIRCUIT TEST 

The COMTEST input is used to insert at the out
going interface a test which is 1 0101100 for all even 
frame timeslots and 01010011 for all odd frame ti
mes lots. 

The 1-bit register R6 is used to loop the outgoing in
terface to the incoming interface when set to "1" 
(JS +and JS- internaly switched to JE+ and JE-). 

In this case, the remote clock HD is internaly 
switched to the local clock HL. The even and odd ti
meslots TSO are then the contents of registers R3 
and R4. 
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APPENDIX 1 

FRAME ALIGNMENT LOSS AND RECOVERY ALGORITHM 

-CVT 
-CVT 
- NVT 
-NVT 
-ITO 
-ITO 
-TP 
-TI 
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.I PJ 
-o w.;,cvT ., lnterfBCt! dnynchrontz!'d I 

ITO.TP ITO.TP CVT 

P4 
1st CVT 

ITO Tl N\7T mJ.TP CVT 

I P4A I I P6 I 
NoNVT CVT tmttator ( 

ITO.TI.NVT 
ITO.TI NVT 

ITO.TP CVT I PS 

L 2ndCVT 

ITO.TP CVT 

J PO P7 I. 
I Interface sy nchromzed J 

ITO.TP.CVT 

-----1 Pl 
1st wrong CVT 

ITO.TP.CVT 
ITO.TP.CVT 

-----1 P2 
2nd wrong CVT 

ITO.TP.CVT 

: Even frame alignment code correct 
: Even frame alignment code not recognized 

Odd frame identifoer correct 
Odd frame identifier not recognized 
Channel 0 timeslot 
Channels 1 - 31 timeslot 
Even frame 
Odd frame 

ITO T1 NVT 

J I PS 
1st wrong NVT 

ITO.TI.NVf 

I I P9 
2nd wrong NVT 

ITO.TI.NVT 

Interface iynchronlnd 

~ SCS·THOMSON A.""J/ o;JD!:IfJ@ffi~ffi©"irl!@li!D!:~ 

r----
ITO.TI.NVT 

I 
J 
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EF7333 

APPENDIX 2 

ERROR RATE ALARM 
The error rate is calculated over a 5 s period, inter
rupted as soon as the threshold (13 even frame 
alignment codes wrong) is reached. 

The TE alarm then goes to "1" and is reset only if 
the number of wrong frame alignment codes is less 
than six in the next 5 s period. 

EXAMPLE 

If not, when the six wrong frame alignment codes 
threshold is reached a new 5 s count is begun, the 
TE alarm remaining at "1 ". 

The TE alarm is disabled when the interface is de
synchronized (JDSY = 1 ). 

APPENDIX 3 

ALARM INDICATION SIGNAL 
The frame examination covers 512 bits (1 double
frame), after which the JDSY alarm goes to "1" if the 
circuit is desynchronized. If the number of "0" bits in 

the frame during this interval is two or less, the alarm 
indication signal (SIA) goes to "1". 
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EF7333 

APPENDIX 3 

REGISTERS DESCRIPTION 

Register R1 : contains the outgoing junction even frame TSO value. 
Only bit 1 can be accessed by the microprocessor interface. The content of this register will 
be transmitted in line if the circuit is not operating in looped mode. 

Register R2 : contains the outgoing junction odd frame TSO value. 
Only bit 2 cannot be modified, it remains at "1 ". Bit 3 can either be at "0" or "1" as a result of 
a logic OR with the 3 alarms JDSV, TE and MQHX. The content of this register will be trans
mitted in line only if the circuit is not operating in looped mode. 

Register R3 : will contain a value to be introduced into even frame TSO (8 bits). Its content is transmitted 
in looped mode. 

Register R4 : will contain a value to be introduced into odd frame TSO. Its content is transmitted in looped 
mode. 

Register R5 : is a read only register containing the alarms. It is controlled by receive function of EF7333 cir
cuit 

• bit 1 contains the value of bit 3 of incoming junction odd frame TSO. When the value of this 
bit is "1 ", this means that the remote end does not control the frame it receives any more. 
(PVTD alarm- remote frame locking loss). 

• bit 2 indicates that the EF7333 synchronous device has found no frame locking code (PVTL 
alarm- local frame locking loss). 

• bit 3 indicates that clock HD is missing (MQHX alarm). 
In this application oscillator t61 has stopped operating. 

• bit 4 indicates that the synchronous device is no more synchronized (JDSY alarm - syn-
chronization loss). ' 

• bit 5 indicates that a SIA signal is received (SIA alarm - remote alarm indication signal). 
When JDSY = 0, the junction is synchronized, SIA = 0. When JDSY = 1, the junction is not 
synchronized, SIA = 1 during two frames. 

• bit 6 indicates an excessive error rate higher than 1 o-3 detected on the frame locking codes 
(TE alarm). 

• bit 7 indicates local clock lead or delay compared to remote clock (AV alarm) 
_ AV = 1 :frame skip (HD faster than HL) 
_ AV = 0: frame doubling (HD slower than HL) 

• bit 8 indicates frame skip or doubling on reading of internal frame memory. Its state changes 
on each frame skip or doubling operation (SAUT alarm). 

Register R6 : contains only 1 bit for selecting the looped mode ; 
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• If R6 = 0, normal operation, the contents of R1 and R2 are in time. 

• If R6 = 1, looped mode operation. JS+ and JS- are internally connected to JE+ and JE-, 
and HD is internally connected to HL. The contents of R3 and R4 are in line. 



TYPICAL APPLICATION 

Using EF7333 and EF73321 in a 2048 kHz PCM line 
For data transmission/reception and frame monitoring 

PCM RxSIDE 

RxT 

TxT 

~ 
PCM Tx SIDE 

t61 : 16384 kHz clock 
R x T : Line receiver transformer 
TxT : Line transmit transformer 
HL · Local 2048 kHz clock 

Receive 
path 

Transmit 
path 

t61 

JS-

Receive 
path 

Transmit 
path 

VDD 

EF7333 

CONNECTIONS TO 
MICROPROCESSOR 
FOR LINE MONITORING 

Note : EF73321 layout considerations :for correct operation of transmission drivers a 100 nF decoupl1ng capacitor must be connec
ted between Voo and Vss as close as possible to the supply pins. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo. Vss Supply Voltage - 0.3 V < Voo-Vss < 7 V v 
v, Input Voltage Vss-0.3 V $ v, $ Voo + 0.3 V v 
p Maximum Power Dissipation Pmax ~ 600 mW mV 

Tstg Storage Temperature Range - 55 oc to 125 oc oc 

9/15 

493 



EF7333 

STATIC ELECTRICAL CHARACTERISTICS 
Ambient Temperature Range : 0 'C to 70 °C-TYPICAL VALUES AT 25 'C 

Symbol Parameter Min. 

Voo Supply Voltage 4.75 

Pw Power Consumption 

c. Stray Capacitance between One Input and Ground 

Cs Stray Capacitance between One Output and Ground 

INPUTS 

Symbol Parameter Min. 

V1L Input Low Voltage -0.3 

VIH Input High Voltage 2.2 

I lid Input Low Current (V1 = 0 V) 

IIH Input High Current (V1 = Voo) 

OUTPUTS 

Symbol Parameter Min. 

VoL Output Low Voltage (loL = 0.4 rnA) 

VoH Output High Voltage (loH =- 40 J.LA) 2.5 

liz I DO Output Leakage Current (0.4 V ~ Vo ~ 2.4 V) 

DYNAMIC ELECTRICAL CHARACTERISTICS 
Ambient Temperature Range : 0 'C to 70 °C-TYPICAL VALUES AT 25 'C 

Symbol Parameter Min. 

Clocks HQ,_HL (fig. 1) 
T Period HD 350 -

twL Duration when Low HD 150 
T Period HL (duty cycle= 1/2 ± 5 %) 450 

tTLH Rise Time 
tTHL Fall Time 

Inputs JP, JE-/HD. (fig. 2) 
tset-up Set-up Time 50 
!hold Hold Time 30 

Inputs STR1, STR2, COMTEST, JE!HL. (fig. 2) 
tset-up Set-up Time 50 
!hold Hold Time 30 

tPLH Outputs JS•, JS-, JS, F4 kHz (CL =50 pF)-(fig. 3) 
tPHL Propagation Time 

Alarms TE, SIA, JDSY, MOHX, PVTD, PVTL, SAUT, AV are held for 512 HD or HL clock pulses 
Inputs AMI and MQ are w~red to a fixed value ("0" or "1") according to the selected operating mode. 
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Typ. Max. Unit 

5 5.25 v 
200 450 mW 

5 10 pF 

5 pF 

Typ. Max. Unit 

0.6 v 
Voo+0.3 v 

1 !lA 

1 !lA 

Typ. Max. Unit 

0.4 v 
v 

10 !lA 

Typ. Max. Unit 

488 2000 ns 
ns 

488 2000 ns 
10 25 ns 
10 25 ns 

ns 
ns 

ns 
ns 

250 ns 
250 ns 



Figure 1. 

Figure 2. 

I 
VILMax --t 

Figure 3. 

V1H m1n 

VtL max 

tNt-up 
1

1 

1.. ... 
1-----~ 

l'------
1. tPLH •' 

__ ;t-1-J'~~ :::~:: 
I IPHL I 
1'.. •I 

EF7333 

HD,HL 

HD (for JE' , JE-) 
HL (for JE, STR1, STR2, PR, ATC, lTC, COMTEST) 

HD (for F4 kHz) 
HL (for JS' , JS-, JS, DO) 
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EF7333 

TIMING DIAGRAMS 
Figure 4 : Outgoing Interface Synchronization by 

STR2. 

-11-1---flL-----
JS Even or Odd frame TSO I Even or Odd frame TS1 

Rt 

TR2 

(6118) 

Figure 6 : PVTD alarm. 

Figure 5 : Incoming Interface Synchronization by 
STR1. 

STR1 

JE 

Jl-Il
____lr-i__ 

I I 
I I 
I I 

E~n frame TSOj Even frame TS1 

(B•t B) 

Odd frame TS1 II Odd frame TS2 

PVTd 

Figure 7 : PVTL alarm. 

Figure 8 : TE alarm. 

TE 
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EF7333 

Figure 9 : MQHX alarm. 

l E..-en tramP. T$31 

I 
I 

MQHX !0/////T/1 

Figure 10 : Frame Doubling. 

Figure 11 : Frame Skip. 

Figure 12: JDSYalarm 

HL 

JS ----~----~DD~D~F~R~AM~E~T~S~38~ ______ L_ 

AU ________ \\\\\\\\\\\\\\\\\\\\\\\ 

SAUT- - -- - - - -II/OW077777710017 
f1U!IEF?3:J3-£U 

HL 

JS --~D=D~D~F~RA~M~E~T=S3=8--~--~0=DD~FR~A~ME~TS=3~1-

AU ------- -177770001007WZZ! 

SAUT--------WWO/OI!II7/0llll 
tr89EF7333-Il5 

• Even frame TS2 if even CVT lost 
Odd frame TS2 if odd 1dent1f1er lost 

JDSY //7117771111711171777 
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EF7333 

Figure 13 :Marker Interface Timing Diagram. 
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EF7333 

Symbol Parameter 

TSPR Set-up Time 

THPR Hold Time 

TSITC Set-up Time 

THITC Hold Time 

TSATC Set-up Time 

THATC Hold Time 

TPDO Propagation Time (CL =50 pF) 

A1 A2 

1 0 
0 1 
1 1 
0 0 
1 0 
0 1 

L = 1 E = 0 Read 
L=D E=1 Wnte 

ADDRESSING 

A3 Addressed Register 

0 R1 
0 R2 
0 R3 
1 R4 
1 R5 
1 R6 

L = 1 E = 1 Wnte and then read 

Min. Typ. Max. Unit 

50 ns 

30 ns 

50 ns 

30 ns 

50 ns 

30 ns 

300 ns 

Figure 14 : Limiting Curves for Jitter Absorbed by EF7333 (without loss of information or frame skipping). 

AMPLITUDE 
(BITS) 

10 
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1.5 

0.2 

0.1 

I 
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CURVE ASSOCIATED WITH FRAME STORE 

CURVE ASSOCIATED WITH WRITE 

TIME SELECT DEVICE 

----------------l-----~----3rr-----

+-------~----------~' .I 
I 
I 

I 
I 
I 
I I I I 

-~---------------++----~--~ I I I 

to-3 I 
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• NMOS TECHNOLOGY 
• OPERATES FROM+ 5 V SUPPLY 
• DIGITAL TECHNOLOGY THROUGHOUT 
• EXTRACTS DISTANT CLOCK TRANSMITTED 

BY A PCM TRUNK 
• CAN HANDLE PEAK TO PEAK JITTER AMPLI

TUDE UP TO 0.25 BIT FOR AN 8-BIT PERIOD 
• INTEGRATED TRANSMIT AND RECEIVE AM-

PLIFIERS . 
• TTL-COMPATIBLE INPUT/OUTPUT 

DESCRIPTION 
The EF73321 provides the interface between a 
2.048 or 1.544 Mbits/s PCM trunk and the switching 
equipment. The receiving side amplifies and res
hapes the bipolar signals from a receive transformer 
and extracts from the signals the distant clock HD. 
On the transmitting side it calibrates pulses in terms 
of duration and amplitude by means of transistor cir
cuits directly coupled to a transmit transformer. 

PIN CONNECTIONS 

January 1989 

EF73321 

PCM LINE TRANSCEIVER 

DIP16 
Plastic 

DIP16 
Ceramic 

ORDER CODE: EF73321P 
EF73321C 
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EF73321 

BLOCK DIAGRAM 

HD83+ 

-HD83 

HI 

PIN DESCRIPTION 

POWER SUPPLY 

N• Name Type 
8 Vss s 
16 Voo s 
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JE+ 

JE 

JT+ 

--
JT 

Function- Description 

Supply 
Ground 
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EF73321 

RECEIVE 

No Name Type Function Description 

5 t61 I - 16384 kHz or 12352 kl:!_z CJQ_ck. -
Synchronises outputs JE+; JE- and HD. 

15 HDB3+ I Data Bipolar signals in HDB3 code received from the receive 
14 HDB3- I Input transformer. The amplitude of these signals is between - 5 V 

and + 5 V. Each positive pulse on HDB3+ (HDB3-) 
resynchronises the circuit £!pck __§!_nd is reconstituted in 
calibrated form on output JE+ (JE-). Negative pulses have no 
effect on the circuit as the inputs are protected. 

2 ~+ 0 Data Received HDB3 signals are resynchronised with HD and 
4 JE- 0 Output calibrated in terms of amplitude (TTLLS compatible levels). 

9 HD 0 Distant Clock The distant clock recovered from the signal on HDB3+, HBD3-. 
Output The nominal frequency is 2048 kHz or 1544 kHz in the 

absence of jitter. 

TRANSMIT 

No Name Type Function Description 

7 HL I Clock Local clock, nominal frequency 2048 kHz or 1544 kHz. 

11 JS+ I Data The data is recognised on the falling edge of HL. 
13 J&- I Input 

10 JT+ 0 Data These open drain outputs are connected to the windings of the 
12 JT- 0 Output transmit transformer. Recognition of a "1" on JS+ {,!§-) grounds 

the winding of the transformer connected to JT + (JT-) for the 
duration of "1" level of HL. These outputs are protected 
against short-circuits by current limiting internal to the circuit. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo Supply Voltage - 0.3 V $ V00 $ 7 V v 
VI Input Voltage Range - 0.3 V $ V1 $ Voo + 0.3 V v 

(except inputs HDB3 + and HBD3 -) 

p Maximum Power Pmax = 250 mW mW 
in 0 oc to 70 oc Range 

Tstg Storage Temperature Range - 55 oc to + 150 oc oc 
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EF73321 

FUNCTIONAL DESCRIPTION 

RECEIVE PATH 

The PCM Line Transceiver receives directly from the 
receive transformer on inputs HDB3 + and HDB3-
data in HDB3 code. It synchronizes this data by 
means of the clock on input t61 and converts it to volt
gge pulses of calibrated duration on outputs JE+ and 
JE-. To be recognized correctly by this circuit there
ceived data must satisfy minimum and maximum du
ration conditions (Refer to timing diagrams). 
Distant clock HD is provided by a counter which di
vides by 8 the frequency of the clock t61. This coun
ter is resynchronized with the data of the PCM trunk 
on each positi'L§:Qoing edge at HDB3 +or HDB3-. 
The period of HD may vary by 0.25 bit within ape
riod of 8 bits withoJd!..deQLadatiofl.Qf_the phase rela
tionships between JE+, JE- and HD (Cf. fig.1 ). If the 
variation occurs in an interval exceeding 4 bits but 

RECEIVE TIMING DIAGRAM 

less than 8 bits the phase relationships between JE+, 
JE- and HD are modified (Ct. fig. 2 and fig. 3). 

In all cases outputs JE+ and JE.=_remain stable on 
either side of the falling edge of HL so as to be sam
pled correctly by the EF7333. 

TRANSMIT PATH 

The signals JS+ and JS- to transmit are sampled 
on the falling edge of clock signal HL and calibrated 
by the duration for which this signal is high. 

Open drain outputs JT + and JT- drive the primary 
windings of the transmit transformer directly. They 
are protected against overcurrents occurring should 
the secondary windings of this transformer be short
circuited, in which case the primary behaves as a 
very low resistance connecting the output to supply 
rail Voo. 

Figure 1 : External Signals with Jitter< 0.25 Bit within 8-Bit Period. 

4 xt ~ct 
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Figure 2 : External Signals with HDB3+ and HDBT Signal Period 6 x t. 

161 

HDB3 

JE 

HD 

I I 
I 3 X t I 3 X t 

I I • _"1 : • .,.: 
_JLJJ I I 

I I I I 
I I I I 11 --TI---i-1 ------T1----'--.JI 

I 2 x t = ct 4 x r = ct 

I -,--
1 
I 

I 

C1 = Constant 

fix< 

Figure 3 : External Signals with HDB3+ and HDB3- Signal Period 10 x t. 

, ..,. c 1 

t61 

I I 
I I I I 

~-Ji ( -~: : 

EF73321 

HDBJ 
I I I r-T"""-------.--,: 

---~r-_,1 ________ _,1 _______ -L_J L-~----

• a:,=- c' 

.r 

JE -------~~-----~------------_,' 

I 

: • J • ' = c'. : • J • ' = c' .,. : 
I I 10 .. t 

I ~------------------------~ 
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EF73321 

TRANSMIT 

Figure 4. 

HL _j I I L 
I T I 

JS+ -------~~~~.~:========~.;1.._1~ __ -__ -_~ __ -_-_•~·~'------------------------_____ ...JI r 

I I I 
1 : 1.------...,,n-rr-1 -----..., 

____ ...._ ______ ~i..__ _ ___ ...J I L. -----~· --------

1 Tl2 .. ,.T'2 I 

-----__ 1_ .. ___ -,i - .. r-1 ---------------

T'2 T/2 

----------------------1 -Jl 

C1 = Constant 

Figure 5 : EF73321 Operating Range as a Function of Jitter Period and Frequency. 
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TRANSMIT PATH 
Pulse limiting curves for 2 048 kbiVs CEPT PCM 
trunk. 

Figure 6. 

I 
I 
I 
I 
I 
I 
I 
I 
j• 

244 na + 25 ns 

-20% 

244 ns 

488ns 

INTERVAL WITH PULSE 

EF73321 

The limiting curves below are for a resistive load of 
120 Q connected across the secondary winding of 
the transmit transformer. 

10" =10i __________ _ 

488ns 
• I • 

INTERVAL WITHOUT PULSE 
.. I 
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EF73321 

TYPICAL APPLICATION 

Using EF7333 and EF73321 in a 2048 kHz PCM line 
for Data transmission/reception and frame monitoring. 

PCM RxSIOE 

E 

Transmit 
path 

t61 : 16384 Khz CLOCK 

t61 

JS+ 

JS-

Rx T : LINE RECEIVE TRANSFORMER 

TxT : LINE TRANSMIT TRANSFORMER 

HL : LOCAL 2048 Khz CLOCK 

Receive 
path 

Transmit 
path 

JS 

CON"'ECTJONS TO 

MICROPROCESSOR 

FOR LINE MONITORI~G 

JE 

Note : EF73321 layout considerations :for correct operation of transm1ss1on dnvers a 100 nF decouphng capaCitor must be 
connected between Voo and Vss and located as close as possible to the supply pins. 
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EF73321 

STATIC ELECTRICAL CHARACTERISTICS 
Ambient Temperature Range : 0 'C to + 70 'C- Typical Values at+ 25 'C 

Symbol Parameter Min. Typ. Max. Unit 

Voo Positive Power Supply 4.75 5 5.25 v 
loo Supply Current - 20 40 mA 

Stray Capacitance between one Input and Ground (outputs 
loaded with CL = 25 pF) - 5 10 pF 

INPUTS 

Symbol Parameter Min. Typ. Max. Unit 

Voltage at Input HDB3+/HDB3-
When Low -5 - 0.6 v 
When High 2.2 - 5 v 

Resistance at Input HDB3+/HDB3- (inverse voltage V1 =- 5 V) - 10 - kQ 

Voltage at input JS+/JS-/HL 
When Low -0.3 - 0.6 v 
When High 2.2 - Voo v 

Voltage at Input t61 
When Low 0 - 0.6 v 
When High 2.6 - Voo v 

OUTPUTS 

Symb.ol Parameter Min. Typ. Max. Unit 

Voltage at Output HD/JE+/JE-
When Low (IOL = 0.4 mA) 0 - 0.4 v 
When High (loH =- 40 !lA) 2.6 - Voo v 

Voltage at Output JT+/JT- when Low (RL = 175 Q to V00 ) 250 450 750 mV 

Current at Output JT +IJT- when High Impedance (VoH = 12 V) - - 100 !lA 
Current at Output JT+iJT- (output current protection) - - 35 mA 

DYNAMIC CHARACTERISTICS 
Typical values at+ 25 ·c (0 ·c < T A<+ 70 "C). 

CLOCKS 

Symbol Parameter Min. Typ. Max. Unit 

Clock t61 (fig.8) - 12352 - kHz 
- 16384 16500 kHz 

lpL when Low 20 - - ns 
I pH when High 20 - - ns 

Clock ·HL (fig. 1 0) - 1544 - kHz 
- 2048 2200 kHz 

hHL Fall Time - - 30 ns 
hLH Rise Time - - 30 ns 
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EF73321 

INPUTS 

Symbol Parameter Min. Typ. Max. Unit 

Inputs HDB3+/HDB3- (fig. 9) 
tH Min. Pulse Duration t ns 
tL Max. Pulse Duration 4 X t ns 

Inputs JS+/JS- (fig. 1 0) 
tset-up Set up Time 20 ns 
!hold Hold Time 30 ns 

OUTPUTS 

Symbol Parameter Min. Typ. Max. Unit 

Outputs JE+/JE- Relative to Hd (CL = 25 pF, fig. 11) 
tset-up Set up Time 150 3 X I ns 
I hold Hold Time 30 I ns 
tTHL Fall Time 15 ns 
ITLH Rise Time 20 ns 

Outputs JT +IJT- (RL = 175 Q =to Voo, fig. 12) 
lwM Pulse Duration (CL = 25 pF) 219 244 269 ns 

HL =2048kHz 

FigureS. Figure 9. 

tTHL tTLH 

• I I • --+-t---

-=-=-~1 +---h' -- -- 26V 

161 ---- --- L __ l. - 06V 

I I 

---.......,.-
HOBJ:" HDB3-

~~ 
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Figure 10. 

Figure 11. 

Figure 12. 

HD 

~-
JE ·JE 

HL 

tTHL tTLH ., ,. .., , .. 
----..1 I I'----

==~=====~=== I I 
I :;er "': I I t hold ..... , 
I I 

--1.----- 2.6V 

--t\---- 0.4V 

2.2 v 

06 v 

tset-up I I thold 
~==~~·tl~l~·l~ •I 
----)l~--------t-f--- 2.sv 

----~-------~~---0~ 
~ ~ . 

tTHL tTLH 

t2 

--l----~\---- ------ --- 0.6 v 

2.2 v 

I .. tl ..t 

---\-=--r ---
r 1 < 250m 

12 > 238 .,. 

2.75V 

EF73321 
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M116 
PCM CONFERENCE CALL 

AND ATTENUATION/NOISE SUPPRESSION CIRCUIT 

• 32 MAXIMUM CONFERENCED CHANNELS IN 
ANY COMBINATION FROM 10 CONFEREN
CES OF 3 CHANNELS TO 1 CONFERENCE OF 
32 CHANNELS 

• 3T032SERIALCHANNELS PER FRAME(con
trolled by SYNC signal period) 

• TWO OPERATION MODES AVAILABLE (con
ference and transparent modes) 

• TYPICAL BIT RATES : 1536/1544/2048Kbits/s 
• COMPATIBLE WITH ALL KINDS OF PCM BYTE 

FORMAT 
• MU AND A LAWS AVAILABLE (pin programm

able) 
• EQUAL PRIORITY TO EVERY CHANNEL 
• ONE FRAME (and one channel) DELAY FROM 

SENDING TO RECEIVING CHANNELS 
• OVERFLOW INFORMATION FOR EACH CON

FERENCE SENT OUT BY PINS OS (overflow 
signalling) AND ON DATABUS ON MPU RE
QUEST 

• TONE OUTPUT FOR MASKABLE CON
FERENCED CHANNELS. THE DURATION 
AND FREQUENCY ARE CONTROLLED BY 
EXTERNAL PINS (TO and TF) 

• INSTRUCTION SET COMPATIBLE WITH THE 
M088 

• PROGRAMMABLE ATTENUATION (0/3/SdB) 
ON EACH INPUT CHANNEL (both in conference 
or transparent mode) 

• PROGRAMMABLE NOISE SUPPRESSION 
FOR EACH OUTPUT CHANNEL ACTING ON 
FOUR DIFFERENT LEVELS 

• 5V POWER SUPPLY 
• MOS AND TTL COMPATIBLE INPUT/OUTPUT 

LEVELS 
• MAIN INSTRUCTIONS CONTROLLED BY THE 

MICROPROCESSOR INTERFACE : 
_ Channel connection to a conference 
_ Channel attenuation and/or noise suppress

ion in transparent mode 
_ Channel disconnection from both conference 

and transparent modes 
_ Overflow status 
_ Operating mode 
_ Channel status 

February 1989 

DIP24 
(Plastic) 

DIP24 
(Ceramic) 

ORDER CODES : M116F1 
M116B1 

DESCRIPTION 

The M116 is a product specifically designed for ap
plications in connection with PCM digital ex
changes. It is able to handle up to 32 channels in 
any conference combination, from 3 people (max 
number of conferences is 1 0) to 32 people (only one 
conference). 

The parties to be conferenced must previously be 
allocated through the Digital Switching Matrix 
(M088) in a single serial wire at the M116 PCM input 
(IN PCM pin). 

Each channel is converted inside the chip from PCM 
law to linear law (14 bits). Then it is added to the 
sum of its conference, from which was previously 
subtracted its information from the previous frame. 
In this way a new sum signal is generated. 

The channel output signal will contain the informa
tion of all the other channels in its conference ex
cept its own. 

After the PCM encoding, the data is serialized by 
the M116 in the same sequence as the PCM input 
frame, with one frame (plus one channel) delay and 
will be reallocated by the DSM (MOSS) at the final 
channel and bus position. 

A programmable attenuation as well as a pro
grammable noise suppression threshold can be in
serted in any channels connected in conference 
mode or in transparent mode. 

M116 is realized with N-Channel technology and 
packaged in a 24 pin OIL package. 
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M116 

PIN CONNECTION 

TO Vss 
TF A/MU 

RESET IN PCM 

05 EC 

OUT PCM CLOCK 

07 SYNC 

06 WR 

OS RO 

04 cs 
03 ciii 

02 'bo 
01 DO 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Voo * Supply Voltage -0.3 to 20 v 
VI Input Voltage -0.3 to Voo 

Vo(ofl) Off State Output Voltage -0.3 to 20 v 
Ptot Total Power Dissipation 500 mW 

Tstg Storage Temperature -65 to 150 ·c 
Top Operating Temperature 0 to 70 •c 

Stresses above those listed under "Absolute Max1mum Ratings" may causes permanent damage to the device. This is a stress 
rating only and functional operation of the dev1ce at these or any other cond1t1ons above those tnd1cated in the operational 
sections of th1s speclftcatton is not tmplied. Exposure to absolute maximum ratmg condttions for extended pertods may affect 
device reliability 

Figure 1 : PCM Conference Call Insertion Scheme. 

PCM IN Olo6 PCM OUT Oto6 

S-9028 
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PIN DESCRIPTION 

TD (pin 1) 

Tone Duration input pin. When TO= 1, a PCM coded 
tone is sent out to all channels of the enabled con
ferences instead of PCM data. TO is latched by the 
SYNC signal so that all channels have the same 
tone during the same number of frame. TO = 0 for 
normal operation. 

TF (pin 2) 

Tone Frequency input pin. When TF = 1, the tone's 
amplitude is high. When TF = 0. the tone's ampli
tude is low. TF is latched by the SYNC signal so that 
all channels have the same tone frequency during 
the same number of frame. The PCM coded tone 
levels correspond to the 1/10 of the full scale. 

RESET (pin 3) 

Master reset input pin. Reset must be used at the 
very beginning after power up to initialize the device 
or when switching from A Law to Mu Law. The in
ternal initialization routine takes two time frames 
starting from the rising edge of RESET. During this 
initialization time, all databus and PCM output are 
pulled to a high impedance state. 

OS (pin 4) 

Overflow Signalling output pin. When OS = 0 one 
conference is in overflow. This signal is delayed a 
little over half time slot with respect to the output 
channel involved in the conference in overflow, see 
Fig. 9. Ex : if output channel 3 is one of the parties 
of one conference in overflow, OS = 0 during the 
second half of the time slot corresponding to output 
channel3. 

OUT PCM (pin 5) 

PCM output pin. The bit rate is 204S Kbit/s max. The 
sign bit is the first bit of the serial sequence. The out
put buffer is open drain to allow for multiple connec
tions. 

DO to 07 (pins 6 through 13) 

Bidirectional Data bus pins. Data and instructions 
are transferred to or from the microprocessor. DO is 
the Least Significant Bit. The bus is tristate when 
RESET is low and/or CS is high. 

C/D (pin 15) 

Control input pin. In a write operation ci[ = 0 
qualifies any bus content as data while C/D = 1 
qualifies it as an opcode. In a read operation, the 
overflow information of the first eight conferences is 

M116 

selected by cio = o, the overfiQ...w of the last two con
ferences and the status by C/D = 1. 

CS (pin 16) 

Chip select input pin. When CS = 0, data and ins
tructions can be transferred to or from the micropro
cessor and when CS = 1 the data bus is in tristate. 

RD (pin 17) 

Read control input pin. When RD = 0, read operation 
is performed. When match conditions for the op
code exist, data is transferred to the microproces
sor on the falling edge of RD. 

WR (pin 1S) 

Write control input pin.lnstructions and opcode from 
the microprocessor are latched on the rising edge 
of WR when match conditions exist. 

SYNC (pin 19) 
Synchronization input pin. When SYNC rises to logic 
1, the internal counter is reset so that a new frame 
can start. The frame format can vary from three 
channel (three is the minimum number of parties re
quired to form a conference) to thirty two imd this 
number is selected by SYNC. When PCM frames of 
1544 Kbit/s are used, the rise edge of the SYNC sig
nal must correspond to the Extra bit (193th). In the 
other case it must correspond to the first bit of the 
first channel. 

CLOCK (pin 20) 

Master clock input pin. Max frequency is 4096KHz. 

EC (pin 21) 

External clock output pin. This pin provides the mas
ter clock for the DSM (MOSS). 
Normally is the same signal as applied to CLOCK 
input (pin 20). When you select, by Instruction 5, 
Extra bit operating mode, the first two period of the 
master clock are cancelled, see fig. S, in order to 
allow the operation of the M116 and DSM with PCM 
frame with Extra bit (ex. 193 bit/frame with PCM 1/0 
of 1544 Kbit/s). 

IN PCM (pin 22) 

PCM input pin. The max bit rate is 204S Kbit/s. The 
first bit of the first channel is found with the rising 
edge of the SYNC signal if operating mode with 
Extra bit is not inserted. The Extra bit is found with 
the rising edge of the SYNC signal if operating mode 
with Extra bit is inserted. 
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M116 

PIN DESCRIPTION (continued) 

A/MU (pin 23) 

A Law or MU Law sel~in. When NMU = 1. A Law 
is selected. When NMU = 0, MU Law is selected. 
The law selection must be done before initializing 
the device using the RESET pin. 

Figure 3 : Block Diagram. 
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(22) 
PCM IN 

PCM OUT 
( 5) 

Figure 2 : Insertion Schema of M116 in a 
480 x 480 Non-Blocking Digital 
Switching Matrix. 

INPUT 
BUSSES 

0·7 

INPUT 
BUSSES 

8-14 

RESET(J) 

SVNC(19) 

CLOCK(20) 

EC (11) 

R5(17) 

08(6-13) 

cs (16) 



CIRCUIT DESCRIPTION 
Through a protocol, the MPU sends the M116 con
necting information for each party : the conference 
number, the conference start bit, the tone insertion 
enable bit, the number, the attenuation and the 
noise suppression value for that party. 

When a party has to be disconnected the informa
tion needed is the disconnection code together with 
the channel to be disconnected. 

The information of channel N, frame M is added dur
ing the first half of channel N + 1, frame M and sub
tracted during the second half of channel N - 1 
frame M + 1. 

After the Linear to PCM conversion, the subtraction 
result goes to the parallel-in serial-out Shift Regis
ter appearing at the output with one frame plus one 
channel delay with respect to the corresponding 
sending information of the specific party. 

When many channel are to be conferenced, an at
tenuation can be desired for each specific party and 
this is obtained from the PCM to Linear conversion 
ROM. 

If the sum of the channels involved in one con
ference exceeds the full scale value a saturation ap
pears and the device M116 can signal this overflow 
condition. 

The overflow information, sent out to the databus on 
MPU request, tells specifically which conference is 
in overflow at the moment requested. 

The number of the channel creating the overflow or 
in the conference already in overflow, can also be 
extracted from the OS pin, correlating this signal 
with the SYNC signal. 

The OS signal is low during the second half of a gen
erical output channel slot time N if the channel N be
longs to a conference in overflow, see Fig. 9. 

This information can be used in the selection of the 
attenuation value, and the channel to be attenuated. 
If noise suppression is desired, four threshold are 
available. 

When you insert in a channel belonging to some 
conference this function, all the PCM output bytes 
which are related to all the channels belonging to 
that conference and which are at a level less than 
the selected threshold, are converted into PCM 
bytes corresponding to the minimum level. 

The four thresholds available correspond to the first, 
the ninth and the sixteenth step of the first segment, 
and the sixteenth step of the second segment. 

M116 

These thresholds correspond respectively to 
1/4096, 9/4096, 16/4096, 32/4096 respect to the full 
scale if A-law is selected and to 1/8159, 9/8159, 
16/8159, 32/8159 respect to the full scale is MU-Iaw 
is selected. 

The instruction 5 (operating mode) allows the de
vice M116 to be compatible with any kind of PCM 
byte format, see table 1, and to work also with PCM 
frames with Extra bit (ex. 193 bit/frame at 
1544 Kbit/s). 

The EC pin (External Clock) provides the output 
clock signal to be applied to the DSM (M088). 

This signal is usually the same as the one applied 
to the input CLOCK pin, only with a little delay (40ns 
typ.). 

When you select, by instructions 5, operating mode 
with Extra bit, the output clock signal at pin EC has 
two periods "frozen" in order to allow the DSM 
(MOOS) to work also with this king of PCM frame, 
see fig. 8. 

The M116 can also operate in ~ransparent mode. In 
this case a channel of PCM information can be sent 
through the M116 and it will appear at the output 
after one frame (and one channel) delay. 

This is useful for a stand/alone system or if the at
tenuation and noise suppression features are desi
red without conference. 

A tone can be outputted instead of PCM information 
by using the two tone programming pins (TD/TF). 

This tone is a square wave with the same frequency 
of the signal applied to pin TF, a level correspond
ing to 1/10 of the full scale value and it is outputed 
only when pin TD = 1 . 

Only channels connected in a conference with in
sertion tone bit (IT) active will have the PCM coded 
tone at their output. 

This feature allows the system to remind the users 
that they are in conference, or send information of 
a new party connection and so on. 

The chip select pin (CS) allows several M116 to be 
connected in parallel on the same databus and ac
cess only a particular one. 

For testing and diagnostic purposes, a status ins
truction has been added that provides (for each 
channel requested) its conference location, the 
noise suppression threshold level and the attenua
tion value. This information will appear on the data
bus. 

5/14 

517 



M116 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Voltage 4.75 to 5.25 

V1 Input Voltage 0 to 5.25 

Vo Off State Output Voltage o to 5.25 

CLOCK Freq. Input Clock Frequency 4.096 

SYNC Freq. Input Synchronization Frequency 8 

Top Operating Temperature o to 70 

CAPACITANCES (measurements freq. = 1MHz; Top= 0 to ?o•c; unused pins tied to V55 ) 

Symbol Parameter Pins Min. 

c1 Input Capacitance 1 to 3; 15 to 20; 22 to 23 

c1,o 1/0 Capacitance 6 to 13 

Co Output Capacitance 4, 5, 21 

DC ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C, Vee = 5V ± 5%) 
All DC characteristica are valid 250j.!S after Vee and clock have been applied. 

Symbol Parameter Pins Test Conditions Min. 

VIL Input Low Level 1 to 3 
6 to 13 
15 to 20 

-0.3 

22 to 23 

VIH Input High Level 1 to 3 
6 to 13 2.0 
15 to 20 
22 to 23 

VOL Output Low Level 4, 6 to 13 loL = 1.8mA 

VoH Output High Level 4, 6 to 13 loH =250jlA 2.4 

VoL Output Low Level 5, 21 loL =5.0mA 

I1L Input Leakage Current 1 to 3 V1N = 0 to Vee 
6 to 13 
15 to 20 
22 to 23 

loL Data Bus Leakage Current 6 to 13 Ylli = 0 to Vee 
CS =Vee 

Icc Supply Current 14 Clock Freq. = 4.096MHz 
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Typ. Max. 

5 

15 

10 

Typ. Max. 

0.8 

Vee 

0.4 

0.4 

10 

± 10 

150 

Unit 

v 
v 
v 

MHz 

KHz 
oc 

Unit 

pF 

pF 

pF 

Unit 

v 

v 

v 
v 
v 

!lA 

!lA 
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M116 

AC ELECTRICAL CHARACTERISTICS (T amb = 0 to 70°C, V cc = 5V ± 5%) 
All AC characteristics are valid 2501-!S after V cc and clock have been applied. CL is the max. capacitive 
load and RL the test pull up resistor. 

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

CK lcK Clock Period 230 ns 
(clock) lwL Clock Low Level Width 100 ns 

lwH Clock High Level Width 100 ns 
IR Rise Time 25 ns 
IF Fall Time 25 ns 

SYNC lsL Low Level Set-up Time See note 1 80 ns 
IHL Low Level Hold Time 40 ns 
IsH High Level Set-up Time 80 ns 
lwH High Level Width lcK ns 

PCM Is Set-up Time 80 ns 
Input tH Hold Time 35 ns 

PCM tpo m1n Propagation time referred to CL = 50pF RL = 1 KQ 45 ns 
Output CK low level. 

tpo max Propagation time referred to CL = 50pF RL = 1 KQ 180 ns 
CK high level. See note 2 

RESET tsL Low Level Set-up Time 100 ns 
IHL Low Level Hold Time 50 ns 
IsH High Level Set-up Time 90 ns 
lwH High Level Set-up Time tcK ns 

WR twL Low Level Width 150 ns 
twH High Level Width 200 ns 
I REP Repetition interval between 500 ns 

active pulses. 
IsH High level set-up time to 0 ns 

active read strobe. 
IHH High level hold time from 20 ns 

active read strobe. 
lR Rise Time 60 ns 
lF Fall Time 60 ns 

RD twL Low Level Width 180 ns 
lwH High Level Width 200 ns 
I REP Reception interval between 500 ns 

active pulses. 
IsH High level set-up time to 0 ns 

active write strobe. 
tHH High level hold time strobe. 20 ns 

IR Rise Time 60 ns 
IF Fall Time 60 ns 

Notes : 1. W1th Extra B1t operat1ng mode insert this t1me become 3 tcK. 
2. W1th Extra Bit operating mode insert these times are SOns longer. 
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AC ELECTRICAL CHARACTERIST,ICS (continued) 

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

cs tsL(CS-WR) Low level set-up time Active Case 0 ns 
to WR falling edge. 

IHL(CS-WR) Low level hold time Active Case 0 ns 
from WR rising edge. 

ISH(CS-WR) Hi9!!J.evel set-up time Inactive Case 0 ns 
to WR falling edge. 

IHH(CS-WR) High level hold time Inactive Case 0 ns 
from WR rising edge. 

lsL(CS-RD) Lo~evel set-up time Active Case 0 ns 
to RD falling edge. 

IHL(CS·RD) Low level hold time Active Case 0 ns 
from RD rising edge. 

tsH(CS-RD) Hi9!!Jevel set-up time Inactive Case 0 ns 
to RD falling edge. 

tHH(CS·RD) High level hold time Inactive Case 0 ns 
from RD rising edge. 

C/D ls(cio-WR) Set-up time to write strobe 130 ns 
end. 

IH(Cio-WR) Hold time from write strobe 25 ns 
end. 

ls(cio-RD) Set-up time to read strobe 20 ns 
start. 

tH(cio-Ro) Hold time from read strobe 25 ns 
end. 

OS tpo(OS) Propagation time from rising CL = 50pF 100 ns 
edge of CK. 

EC IPD(EC) Propagation time referred to CL = 50pF 80 ns 
CK edges. 

TDITF Is Set-up 80 ns 
tH Hold Time 40 ns 

DO to D7 ts(BUS-WR) Input set-up time to write 130 ns 
(interface strobe end. 

bus) tH(BUS-WR) Input hold time from write 25 ns 
strobe end. 

tPD(BUS) Propagation time from CL = 200pF 120 ns 
(active) falling edge of read 
strobe. 

tHZ(BUS) Propagation time from 80 ns 
(active) rising edge of read 
strobe to high impedance 
state. 
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Figure 4 : SYNC, PCM 1/0, RESET, TD/TF Timings. 

CLOCK 

PCM INPUT 

PCMOUTPUT 

TDITF ____ r~r-·~-----------
5>·9030 

(1) t,,, corresponds to bit 0, channel 0 or Extra Btl. 

Figure 5 : WRITE Operating Timing. 

1/0 INJ.>UT BUS 
[00to07J 

M116 
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Figure 6 : READ Operating Timing. 

Ctl\ 

1/0 OUTPUT BUS 
(DOlo 07) 

S-9032 

Figure 7 : EC (External Clock) and OS (Overflow Signalling) Timings. 

CLOCK 

EC 

OS 

S-9033 

Figure 8 : EC Timing with Extra Bit Operating Mode Insert. 

CLOCK 

EC 

SYNC ---J' ~ \\~\\\ \\\\\\\\\\\\\\\\\\\\\1 
S-903L 
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Figure 9 : OSTiming with Output PCM Channel (n) belonging to a Conference in Overflow. 

CK 

OS 

S-903511 

Figure 10 :Simplified Operating Procedures. 

I B+C I A+C IA+B I I A I 8 I c I 
I n In + lin + 21 

M 1 1 6 

In+ lin+ 2Jn + 3 I 

FROM I TO IJP 

A- 19= l --z-] 
-o -o -o 

B+C A+C A+B 

M116 
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INSTRUCTION SET 

INSTRUCTION 1 : CHANNEL CONNECTION IN 
CONFERENCE MODE 

Three byte are needed : 

1) The first byte contains the conference number (bits 
DO-D3) and the Start bit S (bit D4). When S = 1, 
all registers of the conference will be cleared. S = 1 
is only required in the instruction 1 set of the first 
channel connected to a new conference. 

Instruction 1 Format 

cs 
0 
0 
0 

s 
P3- PO 
IT 
C4- CO 
A1- AO 

Control Signal 

RD C/D WR D7 

1 0 0 X 
1 0 0 X 
1 1 0 A1 

: Conference Start bit 
· Conference number (1-1 0) 
: Insertion Tone function enable (IT= 1) 
: Channel number (0-31) 
: Channel attenuation 

00 =- OdB 
01 =-3dB 
10=-6dB 

D6 

X 
X 

AO 

INSTRUCTION 2 : CHANNEL CONNECTION IN 
TRANSPARENT MODE 

Two bytes are needed : 

1) The first byte contains the number of the channel. 

2) The second byte contains information about the 
attenuation level and the noise suppression level 

Instruction 2 Format 

Control Signal 

cs RD C/D WR D7 DG 

0 1 0 0 X X 
0 1 1 0 A1 AO 

INSTRUCTION 3 : CHANNEL DISCONNECTION 

Two bytes are needed : 

1) The first word contains the number of the channel 
to be disconnected. 

Instruction 3 Format 

Control Signal 

cs RD C/D WR D7 D6 

0 1 0 0 X X 
0 1 1 0 X X 
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2) The second byte contains in the bits (DO-D4) the 
number of the channel to be connected and the 
Insert Tone Enable bit IT (D5). When bit IT= 1 all 
the channels belonging to that conference are 
enabled using insert tone function if it's active 
(TD = 1). 

3) The third byte contains information about the atte
nuation level and the noise suppression level to be 
applied to that channel and the opcode (0111 ). 

D5 

X 
IT 
T1 
T1- TO 

Data Bus 

D4 D3 D2 D1 DO 

s P3 P2 P1 PO 
C4 C3 C2 C1 co 
TO 0 1 1 1 

· Noise suppression decision value (referred to 
PCM coding, 128 + 128 steps) 
00 = no noise suppression 
01 =ninth step, first segment 
1 0 = sixteenth step, first segment 
11 = sixteenth step, second segment 

to be applied to that channel and the opcode 
(0011). 

PCM data of this channel is not added to any con
ference and it is transferred to the PCM output. It is 
not affected by the tone control pins. 

Data Bus 

D5 D4 D3 D2 D1 DO 

X C4 C3 C2 C1 co 
T1 TO 0 0 1 1 

2) The second word contais the opcode (1111 ). 

One time frame must exist between disconnection 
and connection of the same channel. 

Data Bus 

D5 D4 D3 D2 D1 DO 

X C4 C3 C2 C1 co 
X X 1 1 1 1 



INSTRUCTION SECTION (continued) 

INSTRUCTION 4: OVERFLOW INFORMATION 

Two bytes are neeQ_ed to know the status of all 
10 conferences : C/D = 0 reads the first byte (first 

Instruction 4 Format 

Control Signal 

cs RD C/D WR D7 D6 

0 0 0 1 CF8 CF7 
0 0 1 1 X X 

M116 

8 conferences) and C/D = 1 reads the second byte 
(the last 2 conferences). A conference is in overflow 
when the corresponding bit is high. 

Data Bus 

D5 D4 D3 D2 D1 DO 

CF6 CF5 CF4 CF3 CF2 CF1 
X X X X CF10 CF9 

CF1 0- CF1 : Conference 1n overflow when high _ 
nb :as long as RD remams low, the overflow status of the conference selected by C/D can be monrtored in real trme. 

INSTRUCTION 5: OPERATING MODE 

The single byte needed contains the Extra bitE (06), 
the format bits F1-FO (05-04) and the opcode 
(0101). 

The E bit must be E = 1 when the PCM frame con-. 
tains a number of bit multiple of eight plus one bit 
(ex. PCM frame at 1544Kbit/s). Normally E = 0. 

The bits F1-FO select the kinds of PCM format byte 
according table 1. After Reset the default values 

Instruction 5 Format 

Control Signal 

cs I RD I C/D I WR D7 I D6 

0 I 1 I 1 I 0 X I E 
E : Extra bit rnsertron (actrve when E ~ 1) 
F1 - FO : PCM byte Format selectron (see also table 1) 

00 ~ no brt rnverted 

INSTRUCTION 6: STATUS 

Three bytes are needed : 

1) The first byte contains the number of the chan
nel; 

2} The second byte contains the opcode (011 0) ; 

3} By a reading cycle you extract from the third byte 
the information about the operating mode of the 

Instruction 6 Format 

Control Signal 

cs RD C/D WR D7 

0 1 0 0 X 
0 1 1 0 X 
0 0 1 1 P3 

P3 - PO : channel mode operat1on information 
0000 = no connectiOn 
1111 ~ transparent mode 
1010 - 0001 ~conference mode, 
P3-PO g1ve the number of the conference 

D6 

X 
X 

P2 

I 
I 

correspond to F1 = 0, FO = 1 if A-law is selected and 
F1 = 1, FO = 1 if Mu-law is selected. 

All channels must be disconnected when the Oper
ating Mode Instruction is sent. They must remain 
disconnected for at least two time frames after the 
instruction was sent. 

We recommende to use this instruction right after 
the RESET (see pin RESET description). 

D5 I 
F1 I 

Data Bus 

D4 1 D3 I D2 I D1 

FO I 0 I 1 I 0 

01 ~even brt (80-82-84-86) rnverted 
10 ~odd bit (81-83-85) inverted 

I DO 

I 1 

11 ~all brt (80-81-82-83-84-85-86) rnverted 

channel (no connection or transparent mode or 
number of the conference, bits 04-07) ; the attenu
ation (02-03) and noise suppression values (00-
01) eventually inserted. 

This reading cycle must be executed at least one 
frame after the end of the opcode writing cycle. 

Data Bus 

D5 D4 D3 D2 D1 DO 

X C4 C3 C2 C1 co 
X X 0 1 1 0 

P1 PO A1 AO T1 TO 

nb :the lnstructron 6 enables the data bus to read the 
status until reset by C/D ~ 0 and WR ~ 1. 
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Table 1 : PCM Byte Format. B? (sign-bit) is the MSB and BO is the LSB. F1-FO corresponds to 05-04 in 
the byte of the Operating Mode Instruction (instruction 5). 

F1 FO 87 86 85 

0 0 +FULL SCALE 1 1 1 

MIN LEVELS 1 0 0 
0 0 0 

-FULL SCALE 0 1 1 

0 1 +FULL SCALE 1 0 1 

MIN LEVELS 1 1 0 
0 1 0 

-FULL SCALE 0 0 1 

1 0 +FULL SCALE 1 1 0 

MIN LEVELS 1 0 1 
0 0 1 

-FULL SCALE 0 1 0 

1 1 +FULL SCALE 1 0 0 

MIN LEVELS 1 1 1 
0 1 1 

-FULL SCALE 0 0 0 

Figure 11 :Overflow Control with 11P Interactive Procedure. 

~tP ENTERS M116 OVERFLOW 
CHECK INSTRUCTION 

M116 SENDS TO pP INSTANTANEOUS STATUS 
OF ALl CONFERENCES (WHETHER IN 0 F. OR NOT) 

p.P COMPARES PRESENT STATUS OF OVERFLOW 
REGISTER WITU PREVIOUS STATUS OF 

SAME REGISTER 

5-90)7 

SUPPORT MATERIAL AVAILABLE 

84 83 82 81 

1 1 1 1 
0 0 0 0 
0 0 0 0 
1 1 1 1 

0 1 0 1 
1 0 1 0 
1 0 1 0 
0 1 0 1 

1 0 1 0 
0 1 0 1 
0 1 0 1 
1 0 1 0 

0 0 0 0 
1 i 1 1 
1 1 1 1 
0 0 0 0 

A) DEMONSTRATION BOARD: Developed to intro
duce users to the use of the M088 and M116, with
out building any external hardware but using 
mnemonic and easy commands through a stan
dard asynchronous terminal. (order code : DEMO
CON F). 

B) TECHNICAL NOTE: AN177 and AN299. 
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LH1056 

SINGLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 

• HIGH VOLTAGE IC FABRICATED IN A DIE
LECTRIC ISOLATION PROCESS 

• OPTICAL COUPLING BETWEEN INPUT AND 
OUTPUT 

• CAN SWITCH LOADS UP TO 350V AT CUR-
RENTS UP TO 100mA 

• LOW ON-RESISTANCE 
• CLEAN, BOUNCE-FREE SWITCHING 
• HIGH CURRENT SURGE CAPABILITY 
• LOW-POWER CONSUMPTION 
• NO ELECTROMAGNETIC INTERFERENCE 

DESCRIPTION 
The LH1056 (Multipurpose Solid-State Relay) is a 
low-cost, bi-directional, SPST designed to switch 
both AC and DC loads. Output is rated at 350 volts 
and can handle loads up to 100mA. It is packaged 
in a specialS-pin plastic DIP. 
Each device consists of one GaAIAs LED to optical-
ly couple the control signal to a high-voltage integra
ted circuit. The typical ON-Resistance is 30 ohms at 

Figure 1 : Functional and Equivalent Relay Diagrams. 

s 

1 

February 1989 

T ,, 
LEO 

2 
0 

T 

S' 

3 
0 

AN AT&T PRODUCT 

DIPS 
(Plastic Package) 

ORDER CODE: LH1056AT 

25mA, and is exceptionally linear up to 5DmA. 
Beyond 50mA, the incremental resistance becomes 
even less, thereby minimizing internal power dissi
pation. The LH1 056 also has internal current limi
ting which clamps the load current at 150mA to in
sure that the device will survive during current 
surges. 

SPST(NORMALLY OPEN) 
I 

s~~s· 
~I 
~ 

CONTROL LED 

EQUIVALENT RELAY DIAGRAM 
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LH1 056 

PIN CONNECTION (top view) 

CONTROL(+) s 

CONTROL(-) NC 

BLANK S' 

PIN DESCRIPTION 

Name Descf"iption 

Control+ These pins are the positJve and negative 1nputs respectively to the 1nput control LED. An 
Control- appropriate amount of current through the LED will close the circuit path between S and S'. 

S-S' These pins are the outputs. The pin pair S-S' represents one normally open relay pole. 

Blank This pin may be used as a tie-point for external components. Voltage on this pin should not 
exceed 300V. 

NC This pin is connected to mternal circuitry. It should not be used as a lie-point for external 
circuitry. 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 

Amb1ent Operating Temperature Range -40 to+ 85 oc 
Storage Temperature Range -40 to+ 100 oc 
Pin Temperature (soldering time =15s) 300 oc 
LED Input Ratings.: Continuous Forward Current 20 rnA 

Reverse Voltage 10 v 
Recommeded Maximum Output Operation : Operating Voltage 350 v 

Load Current 100 rnA 

Stresses 1n excess of those listed under "Absolute Max1mum Ratings" may cause permanent damage to the dev1ce This is a stress rat1ng only 
and functional operation of the device at these or any other conditions in excess of those indicated in the operat1onal sect1ons of this specifica
tion IS not 1mpl1ed Exposure to absolute max1mum rating cond1t1ons for extended periods may affect device reliability 
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LH1056 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise noted) 

Parameter Test Conditions Min. Typ. Max. Unit 

• LED Forward Current for Turn-on ILOAD = 100mA 1.5 2.5 mA 

I LOAD =SOmA, 70°C 2.5 5.0 

LED ON Voltage I LED= 10mA 1.15 1.30 1.45 v 
ON Resistance : RoN = VMi25mA I LED = 2.5mA; I LOAD= 25mA 20 30 50 n 
Breakdown Voltage I LED = O!IA ; I LOAD = 50!1A 350 380 v 
Output Off-state Leakage Current 100V, I LED= 011A 1.0 200 nA 

1 OOV, I LED = 200!1A 0.1 2.0 !lA 
300V, I LED = 200!1A 0.1 5.0 !lA -Turn-on Time RLOAD = 10k0; ILED = 5mA 1.0 2.0 ms 

Turn-off Time 0.5 2.0 

Feedthrough Capacitance, Pin 4 to 6 (4VP·P• 1kHz) 24 pF 

Supply a m1mmum of 6mA.LED current to insure proper operation over the full operating temperature range. 

TEST CIRCUITS 

Figure 2 : RoN, ON Voltage and Breakdown Figure 3 : Leakage Current. 
Voltage. ' 

-IL 
6 

f 
6 

f. LOAD 

VLOAD 2 5 VM 2 5 

! NC 3 4 NC 3 4 
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LH1056 

Figure 4 : 'tONI'toFF Test Circuit and Waveform. 

NC 3 

CHARACTERISTIC CURVES 

Figure 5 : Solid-state Relay Typical ON Characteristics. 
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Figure 6 : Normalized Turn-on Time vs. 
Temperature. 
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Figure 8 : Normalized Switching Time vs. Load 
Voltage. 
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Figure 10: Normalized Threshold Current vs. 
Temperature. 
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Figure 7 : Normalized Turn-off Time vs. 
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Figure 9 : Normalized On-resistance vs. Tempe
rature. 
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Figure 11 :Normalized Current Limit vs. Tempe
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LH1056 

INPUT/OUTPUT ISOLATION 

The optical coupling between input and output pro
vides a great degree of isolation between the low
voltage control and the high voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La
boratories) test, which requires the product to 
withstand 1500Vrms for a time of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 

In order to further assure long term reliability, each 
device is tested with an additional 600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, Jess than 
1 OOnA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 
the data sheet. 

LOAD PROTECTION 

The LH1 056 has been designed to protect the swit
ching load by quick transient suppression and by 
output current limitation. These features can be il
lustrated by evaluation of the step response of the 
closed contact. 
The circuit used for evaluation is shown in figure 12. 
First, a control signal is applied in order to activate 
the switch. Then transistor TR1 is turned on, which 
activates a 50V step through 1 000 across the clo
sed switch. The switch reacts to the leading edge of 
the step by quickly deactivating, stopping 'Current 
flow in the load. The resultant load current is shown 
in figure 13. After 250JlS, the switch recloses, allo
wing current to flow in the load, up to the current li
mit of the device, if necessary. This clamping can 
be seen in figure 14 which also shows the fast shu
toff at the leading edge of the step. 

Figure 12 : Circuit used for Measurements of figures 13, 14. 

CURRENT PROBE 

Rl"lBBO 
TO OSCILLOSCOPE 

us u 0 

SBU 5U 

BOX 53 

1189LH1B55·84 
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Figure 13: Current Spike (RL = 100Q, Vs = 22V). 
X= 0.5f!S/div. 
Y=30mNdiv. 
Upper Trace :load current. 
Lower Trace : command pulse. 

APPLICATION 

This device has been optimized to meet the de
mands of switching high voltages at moderate 
current levels in applications such as t"elecommuni
cations, instrumentation, and medium-power swit
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and de si
gnals is desirable. 

The operational range of this device includes low
power commercial voltage applications where mil
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi-

LH1056 

Figure 14: Current limiting (Vs = 22V, RL = 100Q). 
X= 0.2ms/div. 
Y=40mNdiv. 
Upper Trace : command pulse. 
Lower Trace : load current. 

gher voltages, or greater current capability, the 
LH1056 can be easily combined in parallel or series 
arrangements, as required, with their control LEOs 
simply driven in series. 
The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti
cal coupling provides isolation of the switch from the 
control signal in high-voltage and high-frequency 
applications. 
The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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LH1056 

Figure 15 :Triac Predriver. 
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Figure 16: Telephone Switchhook. 
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LH1 061 

DOUBLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 

AN AT & T PRODUCT 

• HIGH VOLTAGE IC FABRICATED IN A DIE
LECTRIC ISOLATION PROCESS 

• OPTICAL COUPLING BETWEEN INPUT AND 
OUTPUT 

• CAN SWITCH TWO SEPARATE LOADS UP TO 
200V EACH AT CURRENTS UP TO 200mA 

• LOW ON-RESISTANCE 
• CLEAN, BOUNCE-FREE SWITCHING 
• HIGH CURRENT SURGE CAPABILITY 
• LOW-POWER CONSUMPTION 
• NO ELECTROMAGNETIC INTERFERENCE 

DESCRIPTION 
The LH1061 (Multipurpose Solid-State Relay) is a 
low-cost, bi-directional, SPOT designed to switch 
both AC and DC loads. Outputs are rated at 200V 
and can handle contemporarily two loads up to 
200mA. It is packaged in a specialS-pin plastic DIP. 

Each device consists of one GaAIAs LED to optical
ly couple the control signal to two high-voltage inte
grated switches. The typical ON-Resistance is 15Q 
at 25mA, and is exceptionally linear up to 1 OOmA. 
Beyond 1 OOmA, the incremental resistance be
comes even less, thereby minimizing internal power 
dissipation. The LH1 061 also has internal current li
miting which clamps the load current at 300mA to 
insure that the device will survive during current 
surges. 

February 1989 

ADVANCE DATA 

Minidip 

ORDER CODE: LH1061AB 

PIN CONNECTION 

CONTROL + 

NC 

CONTROL -

BLANK 

52' 

52 

51' 

51 

1/9 
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LH1061 

Figure 1 : Functional and Equivalent Diagram. 

DP5T (NORMALLY OPEN) 

51~~ 51' 

52 ~52' 

~ 
CONTROL 

PIN DESCRIPTION 

Name Description 

Control+ These pins are the positive and negative inputs respectively to the input control LED. An 
Control- appropnate amount of current through the LED will close the circUit path between 5 and 5'. 

51, 51' These pins are the outputs. The pins designated as 5 represents one side of a relay pole. The 
52, 52' pins designated as 5' are the complementary side of a relay pole. Note that 52 is connected to 

the substrate. 

NC This pin is connected internally for test purposes. It should NOT be used as a tie-point for 
external components. 

Blank This pin may be used as a tie point for external components. Voltage applied to this pin should 
no exceed 150V. 
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LH1061 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Value Unit 

Ambient Operating Temperature Range - 40 to+ 85 oc 
Storage Temperature Range - 40 to+ 100 oc 
Pin Soldering Temperature (t = 15s max) 300 oc 
LED INPUT: 
Continuous Forward Current 20 rnA 
Reverse Voltage 10 v 
Operating Voltage 200 v 
One Pole (81, 81' or S2, 82') 300 rnA 

Each Pole (two poles operating simultaneously) 200 rnA 

Stresses in excess of those listed under "Absolute Maxrmum Ratrngs" may cause permanent damage to the devrce. Thrs rs a stress rating only 
and functronal operatron of the device at these or any other condrtions rn excess of those indrcated rn the operatronal sectrons of this specrfrca
tion rs not implied. Exposure to absolute maxrmum rating conditions for extended perrods may affect devrce relrabrhty 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

LED Forward Current for Turn-on' I LOAD = 200mA 1.5 2.5 rnA 

(LOAD= 160mA, 70°C 2.5 5.0 rnA 

LED ON Voltage @ 1 OmA fLED= 10mA 1.15 1.30 1.45 v 
ON Resistance : RoN = VMi50mA I LED = 2.5mA ; I LOAD = 50mA 8 12 15 Q 

ON Voltage I LED = 2.5mA ; I LOAD = 200mA 2.0 2.5 v 
Output Off-state Leakage Current 100V, fLED= O~A 1.0 nA 

100V, ILED =200~A 0.1 2.0 ~A 

Breakdown Voltage@ 50~A (figure 2) 'LED = O~A; I LOAD = 50~A 200 230 v 
Turn-on Time RL = 15kQ 2.0 

I LED = 5mA 
ms 

Turn-off Time 1.0 

Feedthrough Capacitance, Pin 4 to 6 (4Vpp. 1kHz) 35 pF 

Pole to pole Capacitance (4VPP• 1kHz) 20 pF 

• Supply a mrnrmum of 6mA LED current to rnsure proper operation over the full operatrng temperature range 

3/9 

537 



LH1061 

TEST CIRCUITS 

Figure 2 : RoN, ON Voltage and Breakdown 
Voltage. 

Figure 4 : 'tONh:OFF Test Circuit and Waveform. 
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Figure 3 : Leakage Current. 
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CHARACTERISTICS CURVES 

Figure 5 : Solid-state Relay Typical ON Characteristics. 

+I 

-V 

SLOPE = 

1 
SLOPE = 

9 S1 

CURRENT 
LIMITING 

-1 

Figure 6 : Normalized Turn-on Time vs. 
Temperature. 

BBLH1855-0t 

159 I 
./ 

h.ED-2.5mA 

...... v v j I 

/ ILED-SmA / ..---- f-I-" 

I 

188 

513 

B 

-513 

!LED-16mA 
-Hl8 

-19 9 18 29 3B 49 5B 6B 79 Tai"Cl 

LH1061 

CURRENT 
LIMITING 

I 
SLOPE = 

9 S1 

1 

15 S1 

+V 

Figure 7 : Normalized Turn-off Time vs. 

l~l 

68 

413 

28 

13 

-213 

-413 

-68 

-88 

-11313 

-129 

Temperature. 

~r-.. 
~ " 1""-- ........ 

....., 

lLE0-2.5mA 

8BLH1855-02 

~ ILED·l6mA 

~ ~ r-... 

"' ILED-5mA 

-19 9 19 29 39 49 59 69 79 Tal" c) 

5/9 

539 



LH1061 

Figure 8 : Normalized Switching Time vs. Load 
Voltage. 
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Figure 10 : Normalized Threshold Current vs. 
Temperature. 
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INPUT/OUTPUT ISOLATION 
The optical coupling between input and output pro
vides a great degree of isolation between the low
voltage control and the high-voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La
boratories) test, which requires the product to with
stand 1500Vrms for a time of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 
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Figure 9 : Normalized On-resistance vs. Tempe
rature. 
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Figure 11 : Normalized Current Limit vs. Tempe
rature. 
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In order to further assure long term reliability, each 
device is tested with an additional 600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, less than 
1 OOnA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 
the data sheet. 



LOAD PROTECTION 

The LH1 061 has been designed to protect the swit
ched load by quick transient suppression and by 
output current limitation. These features can be il
lustrated by evaluation of the step response of the 
closed contact. 

The circuit used for evaluation is shown in figure 12. 
First, a control signal is applied in order to activate 
the switch. Then transistor TR1 is turned on, which 
activates a SOV step through 1 OOQ across the do-

LH1061 

sed switch. The switch reacts to the leading edge of 
the step by quickly deactivating, stopping current 
flow in the load. The resultant load current is shown 

· in figure 13. After 2501JS, the switch recloses, allo
wing current to flow in the load, up to the current li
mit of the device, if necessary. This clamping can 
be seen in figure 14 which also shows the fast shu
toff at the leading edge of the step. 

Figure 12 : Circuit used for Measurements of figures 13, 14. 

lJ s lJ 0 

5Bl! 5l! 

CURRENT PROBE 

Figure 13: Current spike (RL = 1 OOQ, Vs = SOV ). Figure 14 :Current limiting (Vs = SOV, RL = 1 OOQ). 
X= 0.51JS/div. 
Y = 60mA/div. 
Upper Trace : load current. 
Lower Trace : command pulse. 

X= 0.2ms/div. 
Y = 80mA/div. 
Upper Trace :command pulse. 
Lower Trace : load current. 
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LH1061 

APPLICATION 

This device has been optimized to meet the de
mands of switching high voltages at moderate 
current levels in applications such as telecommuni
cations, instrumentation, and medium-power swit
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and de si
gnals is desirable. 

The operational range of this device includes low
power commercial voltage applications where mil
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi
gher voltages, or greater current capability, the 

Figure 15 : Balanced Switchhook Application. 

+ 

CONTROL 

LH1 061 can be easily combined in parallel or series 
arrangements, as required, with their control LEOs 
simply driven in series. 

The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti
cal coupling provides isolation of the switch from the 
control signals in high-voltage and high-frequency 
applications. 

The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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LH1061 

Figure 16: Balanced Two-line Multiplexer Application. 
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LS204 

HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 
• LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. 

The circuit presents very stable electrical characte
ristics over the entire supply voltage range, and it 
particularly intended for professional and telecom 
applications (active filters, etc). 

PIN CONNECTIONS (top views) 

NON INV. 
INPA 

-Vs S-3586/1 
(case) 

T0-99 

ORDER CODES 

Type 

LS204 

LS204A 

LS204C 

January 1989 
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LS204 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter T0-99 Minidip !!Package 

Vs Supply Voltage ± 18V 

v, Input Voltage ± Vs 

v, Differential Input Voltage ± (Vs -1) 

Top Operating Temperature for LS204 -25 to 85•c 
LS204A -55 to 125°C 
LS204C o to 70°C 

Ptot Power Dissipation at T amb = 70•C 520mW 665mW 400mW 

TJ Junction Temperature 150°C 15o•c 150°C 

Tstg Storage Temperature -65 to 15o•c -55 to 150°C -55 to 15o•c 

THERMAL DATA 

Max 

ELECTRICAL CHARACTERISTICS (V s = ± 15V, T amb = 25•C, unless otherwise specified) 

LS204/LS204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 0.7 1.2 0.8 1.5 rnA 

lb Input Bias Current 50 150 100 300 nA 

T m1n < Top < T max 300 700 nA 

R, Input Resistance f =1KHz 1 0.5 MQ 

Vos Input Offset Voltage R9 ~ 10KQ 0.5 2.5 0.5 3.5 mV 

R9 ~ 10KQ 
T m1n < Top < T max 

3.5 5 mV 

6.Vos Input Offset Voltage R9 = 10KQ 5 5 !!V/°C -- Drift T m1n < Top < T max 6.T 

los Input Offset Current 5 20 12 50 nA 

T mm < Top < T max 40 100 nA 

6.los Input Offset Current T m1n < Top < T max 0.08 0.1 nA 
-- Drift -

6.T •c 

lsc Output Short Circuit 23 23 rnA 
Current 

Gv Large Signal Open T m1n < Top < T max dB 
Loop Voltage Gain RL =2KQ Vs =± 15V 90 100 86 100 

Vs =± 4V 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

eN Total Input Noise f =1KHz nV 
Voltage R9 =50Q 8 15 10 ,fHz 

R9 = 1 KQ 10 12 
R9 = 10KQ 18 20 
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LS204 

ELECTRICAL CHARACTERISTICS (continued) 

LS204/LS204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

d Distortion Gv = 20dB RL = 2KQ 0.03 0.1 0.03 0.1 
V0 = 2Vpp !=1KHZ 

Vo DC Output Voltage RL = 2KQ V5 = ± 15V ± 13 ± 13 
Swing v. =± 4V ±3 ±3 

Vo Large Signal Voltage RL = 10KQ 28 28 
Swing f =10KHz 

SR Slew Rate Unity Gain 0.8 1.5 1 
RL = 2KQ 

CMR Common Mode V, =10V 90 86 
Rejection T min <Top < T max 

SVR Supply Voltage v, = 1V f =100Hz 90 86 
Rejection T m1n < Top < T max 

cs Channel Separation f =1KHz 100 120 120 

Note: Figure 1: Supply Current vs. Supply Voltage. 

Temp. LS204 LS204A 

Tmm - 25°C - 55°C 

T max + 85°C + 125°C 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 6 : Supply Voltage Rejection vs. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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APPLICATION INFORMATION 

Active low-pass filter : 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude res
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia
sing errors in sampled-data applications and forge
neral purpose low-pass filtering. 
The cutoff frequency, fc, is the frequency at which 
the amplitude response is down 3 dB. The attenua
tion rate beyond the cutoff frequency is n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

Figure 10: Amplitude Response. 

Ay 
(dB) 

0 

-20 

-60 

0.1 

BESSEL 

0.5 

~ 
1\'< ~ 

\\'r-.. 
\' \ 

n=B l\ 
1\ 

G-3646 

~ 
II" 

n=4 
n=6'N 

II 
f /fc 

The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap
proximate a constant time delay over a limited fre
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte
ring of modulated waveforms and as a "running ave
rage" type filter. 

-mt 
The maximum phase shift is 2 radians where n is 
the order (number of poles) of the filter. The cutoff 
frequency, fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cutoff frequency should be twice the maxi-
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mum signal frequency. The following table can be 
used to obtain the- 3dB frequency of the filter 

- 3dB Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter

worth. 
• Very little overshoot response to step inputs. 
• Fast rise time. 

Figure 11 : Amplitude Response. 

Av 
(dB) 

0 

-20 

-60 

0.1 

CHEBYSCHEV 

~ 

~' \\" 
\' 

n=B \ 

OS 

0-"" 

........ 
""=2 

\r=4 
\n=6 
,\ '\{ 

fife 

Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of rip
ple in the passband. 

Figure 12 : Amplitude Response ( ± 1 dB ripple). 
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APPLICATION INFORMATION (continued) 
Chebyschev filters are normally designed with peak
to-peak ripple values from 0.2 dB to 2 dB. 

specified maximum ripple band and enters the stop 
band. 

Increased ripple in the passband allows increased Other characteristics : 
attenuation above the cutoff frequency. • Greater selectivity 
The cutoff frequency is defined as the frequency at • Very nonlinear phase response 
which the amplitude response passes through the • High overshoot response to step inputs 

The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 

Peak 
Settling Time (%of final value) Number of Overshoot 

Poles %Overshoot ±1% ± 0 .1% ± 0.01% 

Butterworth 2 4 1.1/fcsec. 1.7/f0 sec. 1.9/fcsec. 
4 11 1.7/fc 2.8/fc 3.8/fc 
6 14 2.4/fc 3.9/fc 5.0/fc 
8 16 3.1/fc 5.1/lc 7.1/10 

Bessel 2 0.4 0.8/fc 1.4/fc 1.7/fc 
4 0.8 1.0/fc 1.8/lc 2.4/fc 
6 0.6 1.3/10 2.1/lc 2.7/fc 
8 0.3 1.6/fc 2.3/lc 3.2/fc 

Chebyschev (ripple ± 0.25dB) 2 11 1.1/fc 1.6/lc -
4 18 3.0/fc 5.4/fc -
6 21 5.9/fc 10.4/10 -
8 23 8.4/lc 16.4/fc -

Chebyschev (ripple± 1dB) 2 21 1.6/fc 2.7/fc -
4 28 4.8/fc 8.4/fc -
6 32 8.2/fc 16.3/fc -
8 34 11.6/fc 24.8/fc -

Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp). 

Figure 13: Filter Configuration. 

S S2 

roc + roc2 

S-3567/2 

Where: 

Ole= 27t fc with fc = cutoff frequency 
s = damping factor. 
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APPLICATION INFORMATION (continued) 

Three parameters are needed to characterise the 
frequency and phase response of a 2nd order active 
filter : the gain (Gv). the damping factor (~) or the 
Q-factor (Q = (2 ~) ), and the cutoff frequency (fc). 

The higher order responses are obtained wit a se

T able 1. 

Filter Response s Q 

Bessel {3 1 
- {3 2 

Butterworth ff 1 
- ff 2 

Chebyschev ff 1 
<2 >ff 

Figure 14: Filter Response vs. Damping Factor. 
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EXAMPLE 

ries of 2nd order sections. A simple RC section is in 
troduced when an odd filter is required. 

The choice of ·~· (or Q-factor) determines the filter 
response (see table). 

Cutoff Frequency fc 

Frequency at which Phase Shift is - gooc 

Frequency at Which Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = R1 = R2, we have (see fig. 13) 

C1 = - 1- ~ 
R COc 

C2= 1 
R ~COc 

The diagram of fig.14 shows the amplitude re
sponse for different values of damping factor ~ in 

Figure 15 :5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
R, = R1 = R2 = R3 = R4 =10 Kn, we obtain: 

1 1 
C, = 1.354 · R · 2nfc = 6.33nF 

1 1 
C1 = 0.421 · R · 2rrfc = 1.97nF 

1 1 
C2=1.753·R · 2rrfc =8.20nF 

1 1 
C3 = 0.309 · R · 2nfc = 1.45nF 

1 1 
C4 = 3.325 · R · 2nfc =15.14nF 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15 KHz. 

LS204 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter. In this case the dam
ping factor is found by taking the reciprocal of the 
numbers in Tab. II. For fc =5KHz and C; = C1 = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
R;= --·-·- =23.5Kn 

1.354 C 2rrfc 

1 1 1 
R, = 0.421 . C . 2nfc = 75.6Kn 

1 1 1 
R2= 1.753 · C · 2rrfc = 18·2Kn 

1 1 1 
R3 = 0.309 · C · 2nfc = 1 03Kn 

1 1 1 
R4 = 3.325 · C · 2rrfc = 9·6Kn 

Table 2 : Damping Factor for Low-pass Butterworth Filters. 

Order c, c, c2 C3 C4 Cs Cs c1 Ca 

2 0.707 1.41 

3 1.392 0.202 3.54 

4 0.92 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0 .. 623 1.604 0.222 4.49 

8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125 

Figure 16: 5th Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

,st order znd order 
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LS404 

HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 

• SINGLE OR SPLIT SUPPLY OPERATION 
• VERY LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS404 is a high performance quad operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth product. The circuit pre
sents very stable electrical characteristics over the 
entire supply voltage range, and it is particularly in
tended for professional and telecom applications 
(active filters, etc.). 

The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the input is over dri
ven. 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

OUTPUT A [ 1 

INV.INP. A [ 2 

NON I NV. INP. A [ ~ 

Type DIP 14 S0-14 .. ··s I• 
LS404 - LS404D1 

LS404C LS404CB LS404CD1 NON INV.INP. B 5 

INV.INP. B 6 

OUTPUT B 7 

January 1989 

DIP14 
(Plastic 0.25) 

S0-14J 

14 OUTPUT D 

13 j INV INP. 0 

12 ~ tJON INV.INP. 0 

11 ~ -vs 

10 ~ NON INV.INP.C 

9 INV.INP. C 

8 OUTPUT C 

S-3901 
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SCHEMATIC DIAGRAM (one section) 
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LS404 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage ±18 v 
v, Input Voltage (positive) + Vs 

(negative) - Vs- 0.5 v 
v, Differential Input Voltage ± (Vs -1) 

Top Operating Temperature LS404 -25 to+ 85 oc 
LS404C 0 to+ 70 oc 

Ptot Power Dissipation (T amb = 70oC) 400 mW 

Tstg Storage Temperature -55 to+ 150 oc 

THERMAL DATA 

DIP 14 S0-14 J 

1 hermal Resistance Junction-ambient Max 

(") Measured with the devtce mounted on a ceramic substrate (25 x t 6 x 0.6 mm). 

ELECTRICAL CHARACTERISTICS (Vs = ± 12 V, Tamb = 25 oc, unless otherwise specified) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 1.3 2 1.5 3 rnA 

lb Input Bias Current 50 200 100 300 nA 

R, Input Resistance I= 1KHz 0.7 2.5 0.5 5 MQ 

Vas Input Offset Voltage R9 = 10 KQ 1 1 mV 

!Nos Input Offset Voltage R9 = 10 KQ 5 5 J.!V!"C -- Drift T m1n < Top < T max t.T 

los Input Offset Current 10 40 20 80 nA 

C. los Input Offset Current T m1n < Top < T max 0.08 0.1 nA 
-- Drift -
t.T oc 

lsc Output Short Circuit 23 23 rnA 
Current 

Gv Large Signal Open RL = 2 KQ Vs = ± 12 V 90 100 86 100 dB 
Loop Voltage Gain v. = ± 4 v 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

eN Total Input Noise f= 1KHz 
Voltage R9 =50 Q 8 15 10 nV 

Rg = 1 KQ 10 12 -
,!Hz 

R9 =10KQ 18 20 

d Distortion Unity Gain 
RL = 2 KQ f = 1KHz 0.01 0.04 0.01 % 
V0 = 2 Vpp f =20KHz 0.03 0.03 

Vo DC Output Voltage RL = 2 KQ V5 =±12V ±10 ±10 v 
Swing Vs = ± 4 V ±3 ±3 
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ELECTRICAL CHARACTERISTICS (continued) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

Vo Large Signal Voltage !=10KHz 
Swing 

SR Slew Rate Unity Gain 
RL = 2 KQ 

CMR Common Mode v, = 10 v 
Rejection 

SVR Supply Voltage v, = 1 v 
Rejection 

cs Channel Separation I= 1KHz 

Figure 1: Supply Current vs. Supply Voltage. 
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Ambient Temperature. 
G 361.2/2 

Vs=~12V 

I'-. 
....... 

' ~ 
.......... 

" 

-so 0 50 

RL=10KQ 22 22 
RL = 1 KQ 20 20 

0.8 1.5 1 

90 94 80 90 

I= 100Hz 90 94 86 90 

100 120 120 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 
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Figure 6 : Supply Voltage Rejection vs. 
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Figure 8 : Output Voltage Swing vs. Load 
Resistance. 

G L329 -
) 

20 

V5 :!12V 
Gy:20dB 

16 

1/ I :1KHz 
d :J.•J. 12 

e / 

4 / 

0 
103 

5/12 

559 



L5404 

APPLICATION INFORMATION 

Active low-pass filter : 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude res
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia
sing errors in sampled-data applications and forge
neral purpose low-pass filtering. 
The cutoff frequency, fc, is the frequency at which 
the amplitude response in down 3 dB. The attenua
tion rate beyond the cutoff frequency is - n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

Figure 10: Amplitude Response. 
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The Bessel is a type of"linear phase" filter. Because 
of their linear phase characteristics, these filters ap
proximate a constant time delay over a limited fre
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to prpvide time delays for low pass filte
ring of modulated waveforms and as a "running ave
rage" type filter. 

The maximum phase shift is ~ radians where 

n is the order (number of poles) of the filter. The cut
offfrequency, fc, is defined as the frequency at which 
the phase shift is one half to this value. For accurate 
delay, the cutofflrequency should be twice the maxi-
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mum signal frequency. The following table can be 
used to obtain the - 3 dB frequency of the filter. 

- 3dB Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter-

worth. 
• Very small overshoot response to step inputs. 
• Fast rise time. 

Figure 11 : Amplitude Response. 
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Chebyschev filters have greater selectivity than ei
ther Bessel or Butterworth at the expense of ripple 
in the passband. 

Figure 12: Amplitude Response ( ± 1 dB ripple). 
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APPLICATION INFORMATION (continued) 
Chebyschev filters are normally designed with peak
to-peak ripple values from 0.2 dB to 2 dB. 
Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 
The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 

LS404 

specified maximum ripple band and enters the stop 
band. 

Other characteristics : 
• Greater selectivity. 
• Very nonlinear phase response. 
• High overshoot response to step inputs. 

The table below shows the typical overshoot and setting time response of the low pass filter to a step input. 

Peak 
Settling Time (%of final value) Number of Overshoot 

Poles %Overshoot ± 1% ± 0.1% ± 0.01% 

Butterworth 2 4 1.1/fc sec. 1.7/lc sec. 1.9/lc sec. 
4 11 1.7/lc 2.8/lc 3.8/lc 
6 14 2.4/lc 3.9/lc 5.0/lc 
8 16 3.1/lc 5.1/lc 7.1/lc 

Bessel 2 0.4 0.8/fc 1.4/lc 1.7/fc 
4 0.8 1.0/fc 1.8/fc 2.4/lc 
6 0.6 1.3/fc 2.1/fc 2.7/fc 
8 0.3 1.6/fc 2.3/fc 3.2/fc 

Chebyschev (ripple ± 0.25dB) 2 11 1.1/lc 1.6/lc -
4 18 3.0/fc 5.4/fc -
6 21 5.9/fc 10.4/fc -
8 23 8.4/fc 16.4/lc -

Chebyschev (ripple± 1dB) 2 21 1.6/fc 2.7/fc -
4 28 4.8/fc 8.4/fc -
6 32 8.2/fc 16.3/fc -
8 34 11.6/lc 24.8/lc -

Design of 2"" order active low pass filter (Sallen and Key configuration unity ga1n op-amp). 

Figure 13 : Filter Configuration. 

Vo 
v, 

Vin 

s 
roc 

S-3567/2 

Where: 

roc= 27t fc 
!; = damping factor. 

with fc = cutoff frequency 
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APPLICATION INFORMATION (continued) 

Three parameters are needed to characterize the 
frequency and phase response of a 2nd order active 
filter: the gain (Gv), the damping factor (s) or the a
factor (Q = (2 sr\ and the cutoff frequency (fc). 
The higher order responses are obtained with a se-

T able 1. 

Filter Response ~ Q 

Bessel -.13 1 -
2 -.13 

Butterworth ,[2 1 -
2 ,[2 

Chebyschev .J2 1 <-
2 > -.12 

Figure 14 :Filter Response vs. Damping Factor. 
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EXAMPLE 

ries of 2nd order sections. A simple RC section is in
troduced when an odd filter is required. 

The choice of 's' (or 0-factor) determines the filter 
response (see table). 

Cutoff Frequency fc 

Frequency at which Phase Shift is - gooc 

Frequency at wh1ch Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = R1 = R2, we have (see fig. 13) 

c, = 1 s 
R Ole 

1 
R 

The diagram of fig.14 shows the amplitude re
sponse for different values of damping factors in 2nd 

order filters. 

Figure 15: 51h Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
Ri = R1 = R2 = R3 = R4 =10 KQ, we obtain: 

1 1 
Ci = 1.354 · R · 2rrfc = 6.33nF 

1 
= 1.97 nF C1 = 0.421. R 

2rrfc 

1 
= 8.20 nF C2= 1.753. R 

2rrfc 

1 
= 1.45 nF C3=0.309. R 

2rrfc 

1 
=15.14 nF C4=3.325· R 

2rrfc 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15 KHz. 

LS404 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter. In this case the dam
ping factor is found by taking the reciprocal of the 
numbers in Tab. II. For fc =5KHz and Ci = C1 = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
R, = 1.354 . C . 2rrfc = 23·5 KQ 

1 1 1 
R1 = 0.421 . C . 21tfc = 75.6 KQ 

1 1 1 
R2= 1.753. C . 21tfc = 18·2 KQ 

1 1 1 
R3= 0.309. C . 2rrfc = 103 KQ 

1 1 1 
R4 = 3.325 . C . 21tfc = 9·6 KQ 

Table II : Damping Factor for Low-pass Butterworth Filters. 

Order c, c1 c2 c3 c4 Cs Cs c1 Ca 

2 0.707 1.41 

3 1.392 0.202 3.54 

4 0.92 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 

8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125 

Figure 16: 51h Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

,st order zndorder 2nd order 
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APPLICATION INFORMATION (continued) 

Figure 17: Multiple Feedback 8-pole Bandpass Filter. 
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fc = 1.180 Hz ; A = 1 ; C2 = C3 = Cs = Cs = Cs = Cg = C10 = C11 = 3.300 pF ; 

R1 = Rs = Rg = R12 = 160 KQ; Rs = Rs = R11 = R14 = 330 KQ; R4 = R7 = R10 = R13 = 5.3 KQ 
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Figure 18: Frequency Response bf Band-pass 
Filter. 
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Figure 19 :Bandwidth of Band-pass Filter. 
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Figure 20 : Six-pole 355 Hz Low-pass Filter (chebychev type). 

This is a 6-pole Chebychev type with± 0.25 dB rip
ple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the 
filter's characteristics. The attenuation is about 

55 dB at 71 0 Hz and reaches 80 dB at 1 065 Hz. The 
in band attenuation is limited in practice to the 
± 0.25 dB ripple and does not exceed 0.5 dB at 
0.9 fc. 
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LS404 

Figure 21 : Subsonic Filter (Gv = 0 dB). 

lOKn 

fc (Hz) C (JlF) 

c c 15 0.68 

V;n o---1 
,.~: 

22 0.47 
30 0.33 

Vout 55 0.22 
100 0.1 

S-6225 

Figu;e 22 : High Cut Filter (Gv = 0 dB). 

11c2 
fc (KHz) C1 (nF) C2 (nF) 

1 
II 

~ 10~ 

X>-
3 3.9 6.8 

von 

C1± 
5 2.2 4.7 

r-----ovout 10 1.2 2.2 
15 0.68 1.5 

s- 6226 
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TEB1 033 
TEF1 033 - TEC1 033 

BIPOLAR DUAL OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO 
• LOWNOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT : 2.5 MHz 
• TEMPERATURE DRIFT: 2~-tV/"C 
• LONG TERM STABILITY: 8~-tV/YEAR 

(for T amb s; 50 "C) 
• THE TEB1033 AND TEF1033 ARE PIN TO PIN 

REPLACEMENT OF THE LS204C AND LS204 
RESPECTIVELY 

DESCRIPTION 

The TEB1 033, TEF1 033 and TEC1 033 are high 
performance dual-operational amplifiers intended 
for active filter applications. The internal phase com
pensation allows stable operation as voltage follo
wer in spite of their high gain-bandwidth products. 

The circuits present very stable electrical characte
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

December 1988 

DIPS/SOB 

D 
1 ·Output 1 
2 · lnvert1ng input 1 
3 ·Non-inverting input 1 
4-Vcc 
5 - Non-mverting input 2 
6 - Inverting 1nput 2 
7- Output2 
s- Vee 

N D 
508 DIPS 

(Plastic Package) (Plastic Micropackage) 

GC 
LCC20 

{Tricecop (LCC)) 

ORDERING INFORMATION 

Part Temperature Package 
Number Range N D GC 

TEB1033 0 octo+ 70 oc • • 
TEF1033 - 40 oc to + 1 05 oc • • 
TEC1033 - 55 oc to + 125 oc • 
Examples :TEB1033N, TEC1033GC 

LCC20 --t 3 2"11!171)19 
I' 4 1 181 
I 5 171 

?b 16) 
1)7 15) 
')8 14) 
I 91011!l~ -1-NC 11-NC 

2 ·Output 1 12 · Non-lnvert1ng input 2 
3-NC 13-NC 
4- NC 14· NC 
5 · Inverting input 1 15 · lnvert1ng Input 2 
6- NC 16- NC 
7 · Non-inverting input 1 
8-NC 
9-NC 

10- v-;,c 

17 ·Output 2 
18-NC 
19-NC 
20- V cc 
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TEB1 033· TEF1 033-TEC1033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±18 v 
v, Input Voltage ±Vee v 

Vto Differential Input Voltage ±(Vee -1) v 
Ptot Power Dissipation mW 

TEB1033D, TEF1033D 400 
TEB1033N 665 
TEC1033GC 665 

Toper Operating Free-air Temperature Range oc 
TEB1033 0 to+ 70 
TEF1033 -40 to+ 105 
TEC1033 -55 to+ 125 

Tstg Storage Temperature Range -55to+150 oc 

BLOCK DIAGRAM 

1112 TEB1033) 

Output 

Vee 

EBBTEB1 033-01 

Case Outputs Inverting Non-inverting Vee Vee N.C. 
Inputs Inputs 

DIPS 1,7 2,6 3,5 8 4 SOB 

LCC20 2, 17 5, 15 7, 12 20 jQ . . LCC20 : Other pms are not connected. 

2/9 
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TEB1 033· TEF1 033· TEC1 033 

ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TEC1033 -55~Tamb~+125'C 
TEF 1033 -40 ~ Tamb ~ + 105 oc 
TEB 1 033 : 0 ~ T amb ~ + 70 'C 

TEB 1033 

Symbol Parameter 
TEF 1033 

Unit TEC 1033 

Min. Typ. Max. 

V1o Input Offset Voltage mV 
T amb = 25 oc (RS ,; 1 0 kQ) 0.3 1 
T m1n ,; T amb ,; T max 3 

DV1o Input Offset Voltage Drift 2 (.lV/°C 

l1o Input Offset Current nA 
Tamb = 25 °C 5 20 
T m1n ,; T amb ,; T max 40 

l1s Input Bias Current nA 
Tamb = 25 oc 50 100 
T m1n ,; T amb ,; T max 200 

Avd Large Signal Voltage Gain V/mV 
(RL =2 kQ, Vo =± 10 V) 

Tamb = 25 °C 100 300 
T mm ::::;; T amb ::::;; T max 100 

SVR Supply Voltage Rejection Ratio dB 
DVcc from± 15Vto±4V 

Tamb = 25 °C 100 110 
T mm S T amb S T max 100 

Icc Supply Current, all Amp, no Load mA 
Tamb = 25 °C 1 1.5 
T mm :5' T amb S T max 2 

V1 Input Voltage Range 
-12 + 12 v 

Tamb = 25 °C 

CMR Common Mode Rejection Ratio dB 
(Rs,; 10 kQ, V1 =± 10 V) 

Tamb = 25 °C 100 110 
T mm S T amb S T max 100 

los Output Short-circuit Current mA 
Tamb = 25 °C 10 23 40 
T mrn S T amb S T max 10 40 

± Vopp Output Voltage Swing v 
Tamb = 25 ° C RL = 2 kQ 13 14 
T m1n :=;; T amb S T max RL = 2 kQ 12 

Vee = ± 4 V, RL = 2 KQ 2.8 3 
Vee = ± 6 V, RL = 600 Q 4.6 

Svo Slew-rate (V1 = ± 10 V, RL = 2 kn, CL,; 100 pF, Tamb = 25 °C, 0.6 1 3 V/f!S 
unity gain) 

GBP Gain Bandwidth Product 
(I= 100 KHz, T amb = 25 °C, V1N = 10 mV, RL = 2 kQ, 1.8 2.5 3.2 MHz 
CL = 100 pF) 

R1 Input Resistance (T amb = 25 oc) 1 MQ 
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TEB1 033-TEF1 033-TEC1 033 

ELECTRICAL CHARACTERISTICS( continued) 

Symbol 

THD 

Vn 

VoPP 

~pM 

Vol /Vo2 

Parameter 

Total Harmonic Distortion 
(f = 1KHz, Av = 20 dB, RL = 2 kQ 
CL $ 100 pF, Tamb = 25 °C, V0 = 2 Vpp) 

Equivalent Input Noise Voltage 
(f =1KHz) 
Rs =50 Q 
Rs = 1 kQ 
Rs = 10 kQ 

Large Signal Voltage Swing 
RL =10 kQ, f =10KHz 

Phase Margin 

Channel Separation 

Icc (mA) 

1.50 

1.40 

1.30 

1.20 
I 

~ 
v 

/ 
/ 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 
-eo 

/ y 

-40 -20 0 20 40 60 

TEB 1033 
TEF 1033 

Unit TEC 1033 

Min. Typ. Max. 

0.008 0.05 % 

8 15 nV/,IHz 
10 
18 

26 28 v 

45 Degrees 

100 120 dB 

I -
l..--' ~ 

80 100 120 
TEMP rc) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE EBBTEB1 033-02 
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lcc(mA) 

1.20 

1.10 

1.00 

0.90 

0.80 
0 

V10lmV) 

0.50 

0.40 

0.30 

0.20 

0.10 

0 

-55 

TEB1 033· TEF1 033· TEC1 033 

v v --__.. ~ -

2 4 6 8 10 12 14 16 18 20 22 
+1-VS (Vl 

SUPPLY CURRENT VS. SUPPLY VOLTAGE E88TEB1 033·03 

L I-"'" r--
--~-- ---I'--r--

Vee +I- 15 V: PLASTIC PACKAGE 

-35 -15 25 45 65 85 105 125 

TEMP (C') 

OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 

EBBTEB1 033·04 
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TEB1 033-TEF1 033-TEC1 033 

NOISE (nV/VHzl 

13 

12 - -- ---

11 r-- -

10 -- --

9 r-... -· 

8 ' I' - --r- - --1-- -

4 

3 

2 

0 
100 1000 10000 

TOTAL INPUT NOISE VS. FREQUENCY 

GBP (MHz) 

3 

2.5 

2 1\. 
1\ 
' .... 

1.5 

10 100 1000 

GAIN BANDWIDTH PRODUCT VS. FREQUENCY 
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"' ~ 

~'--:-. 

PHASE (DEGREES) 

100 

80 

60 

40 

20 

0 

-20 

-40 

10000 

FREO. (kHz) 

BODE PLOT 

E88TEB1 033·07 

TYPICAL APPLICATION 

LOW-PASS FILTER 
C2 

Rl 

"">_.----<l Vo 

E88TEB1 033·06 

roc= 2 1t fc, with fc = cult-off frequency 

1+2~_§_ 
roc 

+ 
~ = damping factor 
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TEB1 033-TEF1033-TEC1 033 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/9 

574 

~ 
6,2 

Datum 

(1} Nommal dtmenston 

(2) True geometrical positiOn 

8 Pins 

0.185 
0.265 

0.4 

1.75 max. 

8 Pins 



20 PINS- TRICECOP (LCC) 

mm 8.74 
9,04 

TEB1 033· TEF1 033· TEC1 033 

Datum 

1.86max. 

20 PinS 

8.74 
9,04 
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TEB4033 
TEF4033 - TEC4033 

BIPOLAR QUAD OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO 
• LOW NOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT: 2.5 MHz 
• TEMPERATURE DRIFT: 2 J.LvtC 
• LONG TERM STABILITY: 8 J.LVIYEAR 

(for Tamb:s; 50 OC) 
• THE TEB4033 AND TEF4033 ARE PIN TO PIN 

REPLACEMENT OF THE LS404C AND LS404 
RESPECTIVELY 

DESCRIPTION 

The TEB4033, TEF4033 and TEC4033 are high 
performance quad-operational amplifiers intended 
for active filter applications. The internal phase com
pensation allows stable operation as voltage follo
wer in spite of their high gain-bandwidth products. 

The circuits present very stable electrical characte
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

DIP14/CERDIP14 
S014 

Output 1 

Jnverttng tnput 1 

Non-mverting Input 1 

vee 
Non-mvertmg mput 2 

Inverting input 2 

Output 2 

December 1988 

Output 4 

vee 
10 Non-inverting tnput 3 

9 lnvertmg mput 3 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerd1p Package) 

D 
5014 

(Plastic Micropackage) 

GC 
LCC20 

{Tricecop (LCC)) 

ORDERING INFORMATION 

Part Temperature Package 
Number Range N D GC 

TEB4033 0 octo+ 70 oc • • 
TEF4033 - 40 oc to + 1 05 'C • • 
TEC4033 - 55 'C to + 125 'C 

Examples : TEB4033N, TEC4033GC 

LCC20 

1-NC 
2- Output 1 
3- Inverting Input 1 
4- Non-inverting input 1 
5-NC 
6-V&: 

7-NC 
8 - Non-1nvertmg input 2 
9 - lnvertmg input 2 

10- Output 2 

11-NC 
12- Output 3 
13- Inverting mput 3 
14 - Non-mvertmg Input 3 
15-NC 
16- VC, 
17-NC 
18- Non-Inverting input 4 
19- Inverting input 4 
20- Output4 

• 
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TEB4033-TEF4033-TEC4033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±18 v 
Vt Input Voltage ±Vee v 

Vto Differential Input Voltage ±(Vee -1) v 
Ptot Power Dissipation mW 

TEB4033D, TEF4033D 400 
TEB4033N, TEF4033N 665 
TEC4033GC 665 

Toper Operating Free-air Temperature Range oc 
TEB4033 o to+ 70 
TEF4033 - 40 to+ 105 
TEC4033 -55 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 oc 

BLOCK DIAGRAM 

EBBTEB4033-0t 

Case Outputs Inverting Non-inverting 
V"bc Vee N.C. Inputs Inputs 

DIP14 
1' 7 2, 6 3, 5 CERDIP14 8, 14 9, 13 1 0, 12 4 11 

S014 

LCC20 2, 10 3, 9 4, 8 6 16 * 
12, 20 13, 19 14, 18 

• LCC20 : Other pms are not connected. 
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ELECTRICAL CHARACTERISTICS 

Vee=± 15 V (unless otherwise specified) 
TEC 4033 : -55~ Tamb ~ + 125 'C 
TEF 4033 : -40 ~ Tamb ~ + 105 'C 
TEB 4033 : 0 ~ Tamb ~ + 70 'C 

Symbol 

Vro 

DVro 

fro 

Irs 

Avd 

SVR 

fcc 

Vr 

CMR 

los 

± Vopp 

Svo 

GBP 

Rr 

Parameter 

Input Offset Voltage 
Tamb =25 °C (Rs,:; 10 kQ) 
T m1n :::; T amb :$ T max 

Input Offset Voltage Drift 

Input Offset Current 
T amb = 25 °C 
T m1n :$ T amb :$ T max 

Input Bias Current 
T amb = 25 °C 
T m1n :$ T amb :$ T max 

Large Srgnal Voltage Gain 
(RL=2kQ,Vo=±10V) 
T amb = 25 °C 
T mm :$ T amb :$ T max 

Supply Voltage Rejection Ratio 
DVcc from± 15 V to± 4 V 
Tamb = 25 oc 
T m1n :5 T amb $ T max 

Supply Current, all Amp, no Load 
T amb = 25 °C 
T m1n 5 T amb :5 T max 

Input Voltage Range 
T amb = 25 °C 

Common Mode Rejection Ratro 
(Rs,:; 10 kQ, Vr =± 10 V) 
T amb = 25 °C 
T m1n :$ T amb :$ T max 

Output Short-circuit Current 
T amb = 25 °C 
T m1n :$ T amb $ T max 

Output Voltage Swing 
T amb = 25 ° C RL = 2 kQ 
T mm $ T amb $ T max RL = 2 kQ 
Vee = ± 4 V, RL = 2 kQ 
Vee=± 6 V, RL =600 Q 

Slew-rate (Vr = ± 10 V, RL = 2 kQ CL ,:; 100 pF, T amb = 25°C, 
unity gain) 

Gain Bandwidth Product 
(f = 100 KHz, T amb = 25 oc, VrN = 10 mV, RL = 2 kQ, 
CL = 100 pF) 

Input Resistance (T amb = 25 oc) 

~ SGS-THOMSON 
~""f/ ~Ui!:~©~~~©1i'WJ©IIIUI!:i!! 

TEB4033-TEF4033-TEC4033 

TEB 4033 
TEF 4033 

Unit TEC 4033 

Min. Typ. Max. 

mV 
0.3 1 

3 

2 (.JV/oC 

nA 
5 20 

40 

nA 
50 100 

200 

V/mV 

100 300 
100 

dB 

100 110 
100 

mA 
2 3 

4 

-12 +12 
v 

dB 

100 110 
100 

mA 
10 23 40 
10 40 

v 
13 14 
12 
2.8 3 
4.6 

0.6 1 3 V/!!S 

1.8 2.5 3.2 MHz 

1 MQ 
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TEB4033· TEF4033· TEC4033 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

THO 

Vn 

Vopp 

<pM 

Vo1 /Vo2 

Parameter 

Total Harmonic Distortion 
(I = 1KHz, Av = 20 dB, RL = 2 kQ 
CL ~ 100 pF, Tamb =25 °C, Vo =2 Vpp) 

Equivalent Input Noise Voltage 
(I= 1KHz) 
Rs =50 n 
Rs = 1 kn 
Rs = 10 kO 

Large Signal Voltage Swing 
RL = 10 kO, f = 10 KHz 

Phase Margin 

Channel Separation 

lcciMAI 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

/ 
1.40 

v 
/ 

/ 
/ 

v 

1.20 
-60 ·20 0 20 

TEB 4033 
TEF 4033 
TEC 4033 

Min. Typ. 

0.008 

8 
10 
18 

26 28 

45 

100 120 

-
~ 
~ 

,.. 

v ~ ,.. 

40 60 80 100 120 

TEMP ("C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 
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~ SGS·lliOMSON llt..""'J/ iiiiUICL'ii@OO!.rn©'illiil@ll'JUICi!l 

Unit 

Max. 

0.05 % 

15 nV/~z 

v 
Degrees 

dB 

EBBTEB4033·02 



TEB4033-TEF4033-TEC4033 

lcctMAI 

2.10 

2.00 
I 

I v 
I 

v 
..........-: v -~ ~ 

I v ......-

1.90 

1.80 

1.70 

1.60 
0 2 4 6 8 10 12 14 16 18 20 22 

+/-VS (VI 

SUPPLY CURRENT VS. SUPPLY VOL TAG£ 
E88TEB4033·03 

v,otmVI 

0.50 ~---,r---r--"';---.---,---,--,------~-----, 

I I I 
I I II 

0.40 t----1---t---t---11--+---+--r 1 . 

I i I I 
1 ~i i 
~~I 0.20 +-----'f--_l. __ _l_ __ .L__-+--+--+----·-;--

! ! I 
0.10 -1---+--t--1---1--+--+--~-~~ 

I I 
' I 

I ' . 
o+---~--+--~--~--+--~--~~--~~--~1 

0,30 

-r---__ 

Vee +1- 15 VoPLASTIC PACKAGE 

-55 -35 -15 5 25 45 65 85 105 125 

TEMP("C) 

OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 

E88TEB4033-04 
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TE 84033-TE F4033-TEC4033 

6/9 
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NOISE lnV/IIifzl 
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10 
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100 
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1.5 1-
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t-
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-

---

f--
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--- -+- --1- -

1000 10000 
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f'\ -

f\r--

100 1000 
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~r ~ 
! ml 

I ~11 
~i 

II 

I 

' ' . '' 
' 

I 

100000 

FREO.IHzl 

10000 
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GAIN (DB) 
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I 
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~ ;)l ~·-. -·· Ci·-
f-- ·fi IB -

I I I I r 111111111111 I I I I 

0 

-10 

-20 
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-40 
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TYPICAL APPLICATION 

.......... r-.. 

~ 

1000 

TEB4033-TEF4033-TEC4033 

\ 

1-- H-
l 

PHASE (DEGREES) 

100 

80 

60 

40 

20 

0 

-20 

-40 

-60 

10000 
FREO. (kHz) 

EBBTEB4033·07 

LOW-PASS FILTER 

Vo 
V; 

E8BTEB4033·08 

roc= 2 1t fc, with fc = cutt-off frequency 

~ = damping factor 
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TEB4033· TEF4033· TEC4033 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

19.9max. 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e- 1.27 .,, 

8.55 
8,75 

8/9 

584 

] 

8.5 max. • 

Ill Nom1nal dimens1on 
(2) Exact geometrical dimension 

6.35 
(1) 

0.63 
max. 

l.:2. 
4.0 

0.4 

0.4 
min. 

1.75max. 

14 Outputs 

0.185 
0.265 

14 Outputs 



20 PINS - TRICECOP (LCC) 

8.74 mm 
9.04 

e- 1.27 •I e ~ e ~ e ~ e i• Datum 

TE 84033-TEF4033-TEC4033 

l.B6max. 

8.74 
9,04 

20 Outputs 
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TSGF SERIES 
MASK PROGRAMMABLE FILTERS 

ANALOG SWITCHED CAPACITOR FILTER ARRAYS 

• HCMOS MASK PROGRAMMABLE SWITCHED 
CAPACITOR FILTERS : FAST DESIGN TURN
AROUND TIME (5 to 6 weeks average), 
THANKS TO GATE ARRAY APPROACH 

• INTEGRATION OF ANY KIND OF CLASSIC, 
NON-CLASSIC FILTERS : BANDPASS, LOW
PASS, HIGHPASS, BAND REJECT... 

• CAUER, CHEBYCHEV, BUTTERWORTH, LE
GENDRE ... 

• FILTER ORDER : FROM 2ND TO 12TH 

• CASCADABLE STRUCTURE : HIGHER OR
DER ACHIEVABLE 

• NO EXTERNAL COMPONENTS REQUIRED 
TO REALIZE THE FILTERING FUNCTION 

• ADDITIONAL OPTIONS AVAILABLE ON CHIP: 
_ UNCOMMITED OP-AMPS (for anti-aliasing . 

and/or smoothing filters, half or full wave rec
tifiers ... ); 

_ INTERNAL DIVIDER (sampling frequency 
generated from external clock) ; 

_ OUTPUT SAMPLE-AND-HOLD 

• TSGF SERIES PROVIDES : 
- LEAPFROG STRUCTURE FOR VERY LOW 

SENSITIVITY FILTERS ; 
_ CASCADABLE BIQUADRATIC CELLS FOR 

NON-CLASSIC FILTER DESIGN 

• TSGF SERIES FULLY SUPPORTED BY "FIL
CAD"® CAD SOFTWARE FROM FILTER SYN
THESIS AND SIMULATION UP TO LAYOUT 
_ APPLICATION NOTES 
_ EVALUATION BOARDS 
_ INPUT SIGNAL FREQUENCY: 0 TO 30KHz 
_ SIGNAL TO NOISE RATIO: 60 TO 85dB 

• POWER SUPPLY : DUAL± 5V 
SINGLE 0 - 1 OV 
SINGLE 0- 5V 

• ADJUSTABLE POWER CONSUMPTION 
0.5mW TO 20mW PER FILTER ORDER 

• QUALITY FACTOR : UP TO 50 
• PASS-BAND GAIN : UP TO 40dB 
• INPUT SENSITIVITY : 1 mVRMS (min) 

February 1989 

DESCRIPTION 

TSGF series is a family of Mask Programmable Fil
ters (MPFs) developed by SGS-THOMSON Micro
electronics. 

The TSGF product range is composed of 3 switched 
capacitor filter base arrays, TSGF04, TSGF08 and 
TSGF12 providing filter integration capability from 
2nd to 12th order. 

TSGF04/08/12 are using "gate array" technique : 
the filter customization is achieved only by the final 
metallization mask. 

Therefore TSGF series provide users with filter in
tegration solutions with very fast design turn-around 
time : 5 to 6 weeks up to delivery of full tested pro
totypes. 

TSGF04/08/12 base arrays provide on chip all ne
cessary functions to realize all kind of filters : 

_ transconductance amplifiers 
_ switches 
_ capacitor fields 
_ sample-and-hold 
_ non overlapping phase generator 

Additional on-chip integration capabilities are offe
red by TSGF products such as : 

- prefiltering and post filtering functions antialiasing 
and smoothing filters) 

_ cosine filter 
_ output sample-and-hold driving 
_ power consumption adjustment 
_ output DC level adjustment. 

TSGF series provide users a fast and complete 
design solution for their specific filter circuits resul
ting in highly accurate and reliable products thanks 
to switched capacitor technique. 

But SGS-THOMSON filtering approach is not only 
limited to the Mask Programmable Filter (MPF) pro
ducts. 
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TSGF SERIES PRODUCT RANGE 

Part Number of Filter Uncommitted Output 

Number on-chips Filters Order Op-amps Clock Sample-and Packages 
Hold 

TSGF04 1 2 to 4 1 Internal Oscillator' External' Driving PDIP 8-14 Pins 
TTUCMOS Levels CDIP 14 Pins 

SO Wide 16 Pins 

TSGF08 1 4 to 8 2 1 Clock Input Internal Driving PDIP 8-16 Pins 
TTUCMOS Levels CDIP 16 Pins 

SO Wide 16 Pins 

TSGF12 1 or 2 8 to 12 2 2 Clock Inputs External' Driving PDIP 16-18-20 Pins 
TTUCMOS Levels CDIP 16-18-20 Pins 

• Optional. 

Users are given : 
• Standard Device Filters which are general pur

pose filters designed by SGS-THOMSON from 
the 3 TSGF base arrays. 
_ TSG 87xx developed on TSGF04 filter array 

(2nd to 4th order) 
_ TSG 85xx developed on TSGF08 filter array 

(4th to 8th order) 
_ TSG 86xx developed on TSGF12 filter array 

(8th to 12th order). 

Refer to data sheets of these standard filter pro
ducts. 
• "Gate Array" Filters which are the TSGF04, 

TSGFOB, TSGF12 filter arrays described in this 
data sheet. 

• "Standard Cell" Filters described in the TSGSM 
Series Data Sheet. 

By offering TSGF-Iike macrocells in its library, the 
mixed analog/digital TSGSM Standard Cell family 
also provides filtering capabilities and then can ex
tend integration possibilities offered by TSGF se
ries. 

For example higher than 12th order filters or circuit 
combining filters with digital and analog functions on 
the same chip are achievable with TSGSM Stan
dard Cells. 

SWITCHED CAPACITOR TECHNIQUE 

SGS-THOMSON TSGF products are active filters 
where resistors are replaced by capacitors which 
are switched at a frequency, named sampling fre
quency (F;). 

Figure 1 is showing the basic principle of switched 
capacitor technique. 

2/37 

588 

SO Wide 18-24 Pins 

Figure 1. 

Vl ~~S-'----~----~~:~2 ______ V2 
Cl I --,--
I 

ESSTSGFSERIES-01 

The 2 switches (S1 and S2) are controlled by 2 com
plementary and non overlapping clock phases. 

During the phase 0 = 1 (S1 on, S2 off) the charge 
stored in C1 is : 

01 = C1.V1 (1) 

During the phase 0 = 1 (S1 off, S2 on) the charge 
stored in C1 becomes: 

02 = C1 .V2 (2) 
1 

During a complete clock period Ti = - = 0 + 0 
Fi 

the transferred charge is : 

llQ = 01 - 02 = C1 (V1 - V2)(3) 

During this Ti period, this charge flow is equivalent 
to a current, I : 
flO= C1 (V1 - V2) = I.Ti (4) 



C1 (V1 - V2) 
I= C1.Fi (V1 - V2) = ----- (5) 

T1 
Comparing (5} with Ohm's law applied to a resi
stance: 

V1- V2 
I= 

R 
The equivalent resistor is then : 

T1 
Req= 

C1 
Then, with (7), a RC product becomes : 

c 
Req. C = T; 

C1 

(6) 

(7) 

(8) 

SWITCHED CAPACITOR FILTER BENEFITS 

In active filters, the time constant is fixed by the RC 

SWITCHED CAPACITOR FILTER FEATURES 

Key Points 

• Monolithic Filter. 
• The coefficients of the filter transfer function are 

completely determined by : 
-a single crystal controlled clock frequency 
- and ratioed capacitors 

• Fully HCMOS Integrated Filters 
• Switched capacitor filters are sampled-and-hold 

circuits. 

SWITCHED CAPACITOR FILTER ARRAY 
ARCHITECTURE 
Analog switched capacitor filter arrays, TSGF se
ries, are processed with a 3.5/2 polysilicon layer/1 
metal layer HCMOS process. 

SGS-THOMSON offers 3 filter base arrays, 
TSGF04, TSGF08 and TSGF12, providing filtering 
capabilities from 2nd to 12th order. 

The 3 arrays are designed around a "Universal bi
quadratic filter cell", SGS-THOMSON patented. 
This cell consists of 2 adder integrators using a 
transconductance amplifier, switches, and capaci
tor fields. Fields of capacitors are composed of hun
dred unit capacitors (0.1 pF} and then provide high 
and accurate capacitor values. 

TSGF SERIES 

product but the component values R and C used 
with the Op-amp are absolutely uncorrelated : so 
trimmings, tunings are very often needed to obtain 
an accurate template. On the other hand, with swit
ched capacitor networks, only capacitor ratios are 
used. These ratios are obtained with capacitors in
tegrated on the same chip. The available accuracy 
is 0.1% to 0.5% whatever the temperature condition 
may be. 

As the time constant is fixed by capacitor ratio, ful
ly integrated filters are achievable without trimming. 
In addition, as shown in (8) the time constant RC is 
proportional to the sampling period Ti :the filter cut
off frequency can be shifted by tuning the sampling 
clock frequency without any change on the shape 
of response curves. 

Results 

• Board Size Reduction. 
• High Accuracy Template. 
• Stability in Temperature and Time. 
• High Order Filter Achievable. 
• No Adjustment. 
• Clock Tunable Cutoff Frequency. 
• Low Power. 
• No External Components. 
• Ease and Safety of Use. 
• Antialiasing prefiltering is required if the input signal 

is wide band. 
• Smoothing post filtering may be used to avoid spectral 

rays around the sampling frequency. 

Figure 2 shows the TSGF08 chips, outlining all func
tions available on TSGF filter arrays : 

_ Universal 2nd order Filter Cell. Clock divider 
generating internal sampling frequency from 
external clock. 

_ Non overlapping phase generator. 
_ Input Sample-and-Hold. 
_ Uncommitted free Op-amps. Power 

consumption Adjustment cells for filter and 
Op-amps. 

_ Output Sample-and-Hold. 

The internal sampling frequency Fi can be set from 
500Hz to 700KHz by an external oscillator (or an in
ternal one with TSGF04 base wafer). 
When the external available clock frequency is 
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higher than 700KHz, the set of Mask Programma
ble dividers by 2 is used to adapt the external clock 
frequency to the sampling frequency. In any case 
the external clock frequency must be lower than 
5MHz. 

As the ratio Fi/Fc between sampling frequency Fi 
and selected filter frequency Fe is a constant, des
igners can move the filter characteristics (central or 
cut-off frequency) only by tuning the clock. 
A 1 OV power supply, either OV and 1 OV, or- 5V and 
+ 5V, gives the best performances : maximum out
put swing of 8V. The TSGF filters can also operate 
with a standard 0/5V power supply. In that case the 
maximum output swing is 2.2V. 

Typical power consumption is 0.5mA per filter order. 
This power consumption is user adjustable between 
0.1 rnA and 2mA with an external resistor, depen
ding on the frequency range. 
The power consumption adjustment is also provided 
to the uncommitted operational amplifiers :the bias 
current must be increased when a high gain- band
width product is required. 

These uncommitted Op-amps give the designer the 
capability to create auxiliary circuits like voltage 
gain, prefiltering and post filtering functions half or 
full wave rectifier functions, or local oscillator (refer 
to application notes AN-061, AN-069, AN-070, AN-
075). 

The offset voltage of TSGF products is typically a 
few millivolts, with a 300mV max depending of the 
filter type. 
Moreover, there is a possibility to adjustthe filter out
put DC levels, thanks to an external bias voltage ap
plied on "L VL" pin. Automatic offset compensation 
can be done by mean of one uncommitted on-chip 
operational amplifier, as indicated in Application 
note AN-069. 

The TSGF products feature a high input impedance 
(typ. : 3MQ) and a low output impedance (typ. : 
1 OQ) allowing then cascadable filter network in or
derto achieve higher than 12th order. 

The output buffers are configurated as sample-and
hold amplifiers which can drive a 1 KQ load resis
tance and a 1 OOpF load capacitance. 

On the TSGF04 and TSGF12 an external sample
and-hold clocking allows to connect the filter output 
directly to an analog to digital converter (Optional ; 
see fig. 7). 
In addition some particular switched capacitor cells 
have been implemented on the first 2 integrators of 
each chip allowing realization of special functions 
like: 

TSGF SERIES 

_ cosine filter 
- complementary high pass filter 
_ exact bilinear leapfrog filter. 

Figure 3a : TSG8512 : 7th Order Cauer Low pass 
Filter. 

·~m~.-----.-.----~~~~~~~ 
~ 

E88TSGFSERIES·03 

Figure 3b : TSGB551 : 8th Order High-Q Band 
pass Filter (Q = 35). 

EBBTSGFSERIES-04 

BENEFITS 
With the TSGF series of SGS-THOMSON, de
signers are given unique "Gate Array" filter products 
for the replacement of their passive/active filters or 
the design of new filters. 

The TSGF04/08/12 provide then with gate Array te
chnique 3 complete arrays where all functions ne
cessary to realize the filter function and its external 
circuit environment are available on chips. 

The switched capacitor process permits the realiza
tion of very accurate and fully integrated filters and 
breaks down the equipment production costs by 
providing fully tested filters parts : tuning or ad
justment of external components are no more ne-
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cessary with TSGF series. 

Figures 3A, 38 is showing 2 examples of Standard 
Filters designed with the TSGF08 matrix. 

APPLICATIONS 
TSGF products from SGS-THOMSON can integrate 
all filtering functions (replacement of active or pas
sive filters ... ) and then can be implemented very qui
ckly into an application/equipment requiring a filter 
with a maximum input signal frequency of 30KHz. 

Mask Programmable Filters (MPFs) typical applica
tions are: 
- audio filtering/processing 
- signal/frequency detection 
- scrambling/coding 
- spectrum analysis 
- process control 
- remote control 
- harmonic analysis 
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- equalization 
- frequency tracking 
- alarm systems 
-robotics 
- anti-knock system 
-data acquisition (before AID and after D/A conver-
ters) 
- automatic answering 
- inwarding 
- speech processing 
-security system (coding, recognition) 
- sonar detection 
- mobile radio 
-modems 

BLOCK DIAGRAMS 
Figure 4 outlines the mean features and options of
fered by each of the 3 MPF arrays by showing 
TSGF04, TSGFOB and TSGF12 block diagrams. 



Figure 4 : Block Diagrams. 

TSGF04 

•EB 

TSGF08 -EB 

TSGF12 

SB 

-EA 

SA 

TSGF SERIES 

E88TSGF SERIES-05 

E88TSGF SERIES-06 

EBBTSGF SERIES-07 
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PIN DESCRIPTION 

The table below gives the pin description of the 3 
MPF arrays, TSGF04 TSGF08 and TSGF12. The 
pin assignment is given for the extended and com-

plete version of each array, it means with all the avai
lable on-chip options connected to the package. 

Name 
Pin TSGF04 TSGFOB TSGF12 Function Description 

Type No No No 

y+ I 1 1 1 Positive Supply 

v- I 2 2 2 Negative Supply 

LVL I 6 3 LVL1 5 Output DC Filter output DC level adjustment when 
LVL2 20 Level Adjustment connecting a potentiometer between 

v+ and v- with its middle point to LVL. 
When no adjustment is needed, LVL 
pin is connected to GND. 

IN I 7 4 IN1 4 Filter Input 
IN29 

GND I 8 5 8 General Ground v+ + v-
GND Voltage = --2-

OUT 0 9 6 OUT1 6 Filter Output 
OUT2 7 

CLK I See 7 CLK1 10 Clock Input TTUCMOS Level Compatibility 
CLKIN CLK2 11 

PWF I 14 8 12 Filter Power Adjustment Filter power consumption can be 
chosen by connecting a resistor 
between PWF and GND (or V+). Stand 
by mode is obtained by connecting 
PWF to v- (or non connected) 

PWA I 1 0* 9 13 Op Amp Power Idem PWF but for Op Amp (PWA) 
Adjustment 

-EB I 10 14 Inverting Input 
OpAmp B 

SB 0 11 15 Output Op Amp B 

+EB I 12 16 Non Inverting Input 
OpAmp B 

+EA I 5 13 17 Non lverting Input 
Op Amp A 

SA 0 4 14 18 Output Op Amp A 

-EA I 3 15 19 Inverting Input 
Op Amp A 

NC 16 Non Connected 

CLKSH I 1 0* 3 S/H Clock Input External Driving Clock of Output 
Sample-and-hold 

CLKIN I 12 Clock Input See TSGF04 Clock Oscillator Section 

CLKR 0 13 Clock Pin for External For TSGF04, external RC or crystal 
Oscillator oscillator are connected to CLKIN and 

CLKR pins. See TSGF04 clock 
oscillator section 

CLKM I 11 Clock Selection Mode Connected to GND or v- see TSGF04 
clock oscillator section 

• For TSGF04 when external dnvrng clock of output sample-and-hold (CLKSH) rs used, PWF realizes the power adjustment of both uncommit
ted Op-amp and triter. 

Note : For other packing prn-out, refer to package drawrngs and prn-out at the end of data sheet. 
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FUNCTIONAL DESCRIPTION 

INTERNAL CLOCK DIVIDER (CLK) 

The internal sampling frequency Fi can be fixed from 
500Hz to 700KHz (F, can be used between 700KHz 
and 1 MHz with some limitations) by an external os
cillator (or internal one with TSGF04 filter array). 
When the external clock frequency Fe, is higher than 
700KHz, a mask programmable on-chip divider is 
used to adapt available clock frequency to the sam
pling rate. 

TSGF04 TSGFOB TSGF12 

I Number of Divide by 2 8 10 8 
Available Per Chip 

I Max. Fe/Fi Ratio 256 1024 256 

In any case, the external clock frequency Fe must 
be less than 5MHz. 

Example : The TSG851 0 features (TSG851 0 is a 
standard filter based on TSGFOB array) : 

Fe max = 1.5MHz and F, max = 750KHz then 
Fe 
F; =2 

only one divider by 2 is used for this filter (which is 
the case of most of SGS-THOMSON' general pur
pose filters). 
Note :As the internal clock divider is mask program
mable, the ratio Fe/Fi is fixed for each filter. The 
change of this ratio is possible but results into a new 
part number. 

ADJUSTMENT OF OUTPUT DC LEVEL 
(LVL) 
The output DC offset voltage can be removed 
thanks to an external bias voltage applied on "L VL" 
pin, as shown on figure 8. 

However automatic offset compensation can be im
plemented by using one of the uncommitted on-chip 
Op-amps, as indicated in application note AN-069 
(see fig. 9 in AN-069). 
The offset voltage of TSGF filters is typically a few 
millivolts, with a 300mV max, depending on the type 
of the filter. 
A drift of this offset voltage can be observed when 
user increases the power consumption of the filter 
with an external resistor connected to PWF pin. So 
when the filter operates at high frequencies, a com
promise exists between the filter frequency res
ponse performance and its output DC offset voltage. 

When no DC output level adjustment is required, 

TSGF SERIES 

LVL pin has to be connected to the GND voltage. 

The level gain, LG, of each filter can be deduced 
from the curve representing VoUT = f (L VL). This 
curve is filter dependent. 

For example the TSG851 0 presents following curve 
shown in figure 5 (measured with Fe = 256KHz, 
IPwF = 1 00!-IA) : 

Figure 5 : Output DC Voltage Adjustment from 
LVL Pin. 

E88TSGF SERIES-OS 

The TSG8510's level gain is: 

Vour 1000 
LG=-- =--3.3 

LVL 300 

For example if one TSG851 0 presents a 1 OOmV off
set voltage at its output, user must apply an exter
nal bias voltage L VL = 30mV to compensate it. 

FILTER POWER ADJUSTMENT (PWF) 

The filter power consumption can be chosen by 
connecting an external resistor, RPWF between 
PWF and GND (or V+) pins. 

This power adjustment operates the variation of the 
bias current of the integrators used in the switched 
capacitor filter. This current, IPwF, can be low when 
filter operates at low cut-off frequencies (Fe =1KHz), 
but must be increased at high cut-off frequencies 
(Fe= 20KHz), in order to charge and discharge the 

capacitors at a higher rate. 

As a result, an optimal choice of IPwF bias current 
can be deduced from the curve representing IPwF = 
f (Fe), Fe being the external clock frequency applied 
on CLK pin. 

This curve is dependent on the filter. For example, 
as shown in figure 6, the TSG8510 presents follo
wing characteristics : 
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Example : if the cutoff frequency of the low pass 
TSG8510 filter has to be set at 3.4KHz, user must 
apply the external clock frequency Fe = 75.3 x 3.4 = 
256KHz. 

Figure 6: TSGF10 user's Guide for IPWFand 
RPWF Chaise. 

fe!Uid -
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<I'~ 
v 
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" '" '" "' ~ 

EBBTSG FS E Rl ES-09 

The User's guide for IPwF choice indicates : 
• optimaiiPWF = 1 00~ 

RPWF = 35kQ 
• non recommanded zone for IPWF 1 OO!lA 

Operation within this area can lead to increase 
the ripple in the pass band and to decrease the 
stop band attenuation. 

• zone of correct functioning with over consump-
tion for IPWF > 1 OO!lA. 

Note : Power consumption choice has to be priori
tized when major concern in TSGF design is the 
frequency response (gain versus frequency). The 

output DC offset voltage comes in 2nd position in 
that case. 

EXTERNAL DRIVING OF OUTPUT SAMPLE
AND-HOLD 

This facility allows the filter output to be connected 
directly to an analog-to-digital converter, as illustra
ted in figure 7. 

The clock signal which enters on the CLKSH pin 
must be synchronous with the sampling frequency. 
As a result, the external clock frequency Fe must be 
the sampling frequency F; (the on-chip divider does 
not have to be used). 
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Figure 7 : External Driving of Output Sample and 
Hold (example). 

EBBTSGFSERIES-1 0 

The clock signal applied on CLKSH pin has to be 
optimized in order to read a settled signal issued 
from the switched capacitor filter. 

On the example shown in figure 7, a 12th order low 
pass filter makes an ideal antialiasing filter to pre
cede data conversion. The filter precludes the need 
for oversampling when driving the AID converter. 

CLKSH option is only available on TSGF04 and 
TSGF12 arrays. 

USE OF THE MPF WITH - 5V/+5V DUAL 
POWER SUPPLY 
The adjustment of the DC output level of the M.P.F. 
is achieved by an external voltage source (for exam
ple, a bridge divider connected between the positive 
and the negative power supplies and whose the mid
dle point is connected to the LVL pin of the M.P.F.). 
If no output DC adjustment is required, the L VL pin 
can be directly connected to GND. 

The consumption of the filter can be also adjusted 
by means of an external resistance connected 
between GND (or v+) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the 
particular application. 



Figure 8 : Example of a TSGFOS Fed in Dual 
Supply: +5V, 0, -5V. 
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v· -EA 
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IN +EA 

TSGFOB 

GND + EB 

OUT SB 

CLK -EB 

PWF PWA 

GNO (OR V+l 

1 OkQ ~ RPwF, RPwA ~ 75kQ 
ESSTSGFSERIES-11 

If the Op-Amps are not used, RPWA has not to be connec
ted between PWA and GNO. 

The stand-by mode is obtained by -strapping the 
PWF pin to V (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like 
for the previous case, but via the PWA pin of the cir
cuit. The stand-by mode is also obtained by strap
ping the PWA pin to v· (or non connected). 

The clock levels are TTL, but CMOS levels are ac
cepted. With these previous conditions, the output 
linear dynamic range of the M.P.F. is about SV, 
between- 4.5V and+ 3.5V. 

A capacitor CPwF can be added in parallel with RPwF 
in order to improve the clock feedthrough rejection : 
(Typical value CPWF = 33pF). 

As for all CMOS circuits operating with dual power 
supply(- 5V, 0, + 5V), it is advised to use clamping 
diodes (Threshold voltage less than 0.6V) (Schott
ky is preferrable) in order to avoid transients during 
power up which could drive TSGF circuits over their 
maximum ratings. Only 1 Schottky diode between 
GND and V+ is sufficient for TSGF products. 

TSGF SERIES 

USE OF THE MPF WITH 0/1 OV SINGLE PO
WER SUPPLY 

In this case, v· is the reference ground of the circuit 
and GND must be adjusted to+ 5V by means of the 
potentiometer PL (V+ - v·)/2), or by using a simple 
bridge divider. But in that case small resistors va
lues (2kQ) have to be used in order to set GND at a 
low impedance value. 

The adjustments of the DC output level of the M.P.F. 
of the power consumptions of the filter and of the 
operational amplifiers can be achieved exactly like 
previously. 

The high level of the clock must be at least 1.4V up
per the GND level. 

With these previous conditions, the output linear dy
namic range of the M.P.F. is about SV between 0.5 
and 8.5V. 

Figure 9 : Example of a TSGFOS FED, in Single 
Power Supply 0- 1 OV . 

+10v 

v+ NC 

v -EA v+ 

LVL SA 

IN +EA PL 
TSGFOB 

GNO +EO 

10V SB 

-EB 

PWA 

GNO GNO •(oR v+ I GNO •(OR v+ I 

PL = 20kQ (multiturn) 
1 OkQ ~ RPWF, RPWA ~ ?SkQ ESSTSGFSERIES-12 

• GND 1s used, when the user prov1des the 5V voltage. 

USE OF THE MPF WITH 0/5V SINGLE PO
WER SUPPLY 

In this case, Vis the reference ground of the circuit 
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and GND must be adjusted to + 2.5V by means of 
the potentiometer PL ( (V+- v·)/2), and one Op-amp 
used as buffer in order to provide a low impedance 
on GND reference. 

Otherwise, without Op-amp, a simple bridge divider 
is sufficient, but small resistor values (2kQ) have to 
be used in order to set GND at a low impedance va
lue. 

The other adjustments are achieved exactly like pre
viously except for bias resistance of the filter and of 
the operational amplifiers (RPwF and RPwA), whose 
must be exclusively to V+. 

The clock levels must be CMOS levels. With these 
previous conditions, the output linear dynamic 
range of the M.P.F. is about 2.2V, between 1.2 and 
3.4V. 

ANTI-ALIASING AND SMOOTHING 
Anti-aliasing : :rhe switched capacitor filters are 
sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (F;) equal, 
at least, to the double of the upper frequency (Fe) 
contained in the spectrum to transmit. With this 
condition, no information is added or lost on the 
transmitted signal. This theorem describes the well
known phenomenon called spectrum aliasing 
shown figure 11 where the entire spectrum to trans
mit appears around F;, 2 F;, 3 Fl··· and so on. 
Thus, all spectrum components of the signal contai
ned around these frequencies are transmitted by the 
M.P.F., appositively to the desired result. 

To cancel the effects of this phenomenon,· it is re
quired, before all sampled systems, to filter all the 

Figure 11. 

GAIN 
ANTI-ALIASING 

Fll TEA TEMPLATE 

spectrum components of the intput signal upper than 
F; - Fe. An analog filter, called "anti-aliasing filter'', 
must be therefore applied before the M.P.F. 

Figure 10: Example of a TSGFOB FED in Single 
Power Supply 0-SV. 

+ 5 v .--------, 

NC 

-EA 

LVL SA 

IN 

TSGFOB 
GND + EB 

,--
1 

CPWF..j., 
"'T" 
I 

OUT 

CLK 

PWF 

Go::, GNO" :oR v+) 

PL = 20kQ (multiturn) 
1 OkQ :5 RpwF, RPWA :5 75kn 

sa 

-·· 

GNo• (OR v+) 

E88TSGFSERIES·13 

"GNO IS used, when the user provides the 2 SV Voltage. 

WITHOUT ANTI-ALIASING FILTER. 

THE SPECTRUM COMPONENTS AROUND F1 2 F1 

ARE NOT STOPPED BY THE SAMPLED FIL TEA 

\ / ~ 
I 

I I 
SPECTRUM I I 

I ALIASING OF THE SPECTRUM 
TO 

TRANSMIT 
I TO TRANSMIT AROUND F 1 

I I 

\ : 
Phenomenon of the spectrunm altasmg 

· W1thout antl·altasmg filter . Spectrum to transmit "'transmitted spectrum 
·With antl·altasing filter Spectrum to transm1t =transmitted spectrum 
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The selectivity of this filter depends upon the F,/Fc 
ratio. 

If Fi/Fc 200, a RC filter (first order low-pass) is suf
ficient. 

If Fi/Fc 200, a SALLEN-KEY structure (second or
der low-pass) must be used. This structure and its 

Figure 12. 

R1 ~ R2 ~arbitrary value 
F, ~cut-off frequency for the ant1aliasmg filter. 
An optimal choice is Fe ~ 2 x cut-off frequency of the main f1lter 
~ ~ dampmg coefficient ; the opt1mal value 1s 0. 7 

~ 
C1 ~ __ _ 

2nR1Fc 

(C1 ~ ~2- C2) 
1 

C2~ ---
2n~R1 Fe 

TSGF SERIES 

relationships are described (figure 12). In these re
lationships, Fe is the cut-off frequency desired of the 
anti-aliasing filter and s its damping coefficient. For 
a cut-off as tight as possible and in order to correct 
the sin x/x effect, s must have a value around 0.7. 

ESSTSGFSERIES-15 

SALLEN-KEY structure (second order low-pass Filter) for ant1-aliasmg and smoothing. 
Note : If F.IF, 2 (figure 13), the spectrum to transmit and the spectrum aliased have a part in common and 11 becomes Impos
sible to share the useful signals from the undeSirable signals. 

Figure 13. 

GAIN 

---------, 

SPE<"TRUM~ I 
I 

'"'~:.,~ 
ALIASING OF THE I 

SPECTRUM AROUND F 1 I 
I 
I 

~ I 
I FREO 

Fl ~FC Fe F, F• + FC E88TSGFSER IES-16 

When Fi/Fc<2, the spectrum component included between F1-Fc and Fe and wh1ch are due to spectrum al1asmg are not 
stopped by the sampled filter. 
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TSGF SERIES 

• Smoothing : As the signal obtained at the output 
of the M.P.F. is a sampled and hold signal, it is 
often required to smooth it. This smoothing filter 
can be achieved from the SALLEN-KEY struc
ture previously described (figure 12). 

• Hardware implementation : In order to make ea
sier anti-aliasing and smoothing. SGS-THOM-

Figure 14. 

>V 
oJlJL... 

TSGFOB 
>N 

SON has designed, on the TSGF chip one or, two 
general purpose operational amplifiers. A few ex
ternal components are therefore sufficient to 
achieve these functions (figure 14). 

On the other hand, in the most of M.P.F.'s, a spe 
cial integrated cell is included in the chip (cosine 
filter) to reduce the aliasing effects around Fi. 

'" 

GND GND (ORV+J GNO(OR v+, 

M.P.F. With anti-aliasing and smoothing filters. 
PL = 20kn (mullilurn) 
1 okn ,;; RPwF. RPwA ,;; 75kn 
R1,R2,C1,C2 } See anti-aliasing 
R'1, R"2,C'1 ,C'2 and smoothing cons1derat1ons 

Figure 15. 

>SV 

E88TSGFSERIES·17 

1DkU 

- 5V E88TSGFSERIES·18 

Second order low-pass Filter (SALLEN-KEY STRUCTURE) with a transistor replacing the operational amplifier. 

Nonetheless, if the application allows it, these two operational amplifiers can be used to implement other 
functions (gain, comparator, oscillator ... ). 
In this case, the circuit shown figure 15 can be used as anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described figure 12 (second order low-pass). in the same way as the 
corresponding relationships. 
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CUT-OFF FREQUENCY DEFINITION 

Figure 16 : Design Specifications. 

G ldBI 

Go 
tAP 

"// '////~ 

~ 
~ 
/ 

I 
I 
I 
I 
I 
I 

0 Fe 

0 I 

The cut-off frequency Fe is the passband limit fre
quency as defined on the design specifications 
above mentioned. The maximum value of the atte
nuation variation in the passband : Ap is 3dB for But
terworth, Bessel and Legendre filters (figure 17a), 
and is called passband ripple for Chebychev (figure 
17b) and Gauer filters (figure 17c). 

Figure 17a. Figure 17b. 

TSGF SERIES 

~ 
~ 
~ A• 

~ 
/ 
.////////// 

I 
I 
I 
I 
I 

F fHzl 
F, 

Fs/Fc ESSTSGFSERIES-19 

The passband ripple is design dependent and 
between 0.05dB and 0.2dB with TSGF standard fil
ters. The parameters Go called passband gain is the 
maximum value of the gain in the passband, and 
may have low variation from part to part. 

Figure 17c. 

ESSTSGFSERIES-20 ESSTSGFSERIES-21 ESSTSGFSERIES-22 
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TSGF SERIES 

ELECTRICAL SPECIFICATION 

The following electrical characteristics are common 
to the 3 base filter arrays TSGF04, TSGFOB and 

ABSOLUTE MAXIMUM RATINGS 

TSGF12, because their structures are designed 
with the same basic components. 

lamb = 25°C, V+ = 5V, GND = OV, V- =- 5V, lpwF = 1 00~-LA (unless otherwise specified) 

Symbol Parameter 

V+ Positive Supply Voltage 

V- Negative Supply Voltage 

v Voltage to any Pin (except for GND) 

Toper Operating Temperature Range 

Tstg Storage Temperature Range 

WARNING: DUAL POWER SUPPLY 
(- 5V, 0, + 5V) 

Although TSGF circuits are internally gate protected 
to minimize the possibility of static damage, MOS 
handling and operating procedure precautions 
should be observed. Maximum rated supply vol
tages must not be exceeded. Use decoupling net
works to remove power supply turn on/off transients, 
ripple and switching transients. 

Value Unit 

-0.1Sto+7 v 
-7 to+ 0.1S v 

(V-)- 0.3 to (V+) + 0.3 v 
T mtn -soc to T max + S°C oc 

-60 to+ 1SO oc 

Do not apply independently powered signals or 
clocks to the chip with power off as this will forward 
bias the substrate. Damage may result if external 
protection precautions are not taken : 

As for all CMOS circuits operating with three supply 
voltages (V+, GND, V-), it is advised to use clam
ping diodes (Schottky is preferable), in order to 
avoid transient during power up that would drive the 
circuit over its maximum ratings (see figure 18). 

Figure 18 :Application Hint for CMOS ICs with Three Supply Voltages. 

Threshold voltage ~~ 
l 

less than 0.6 V v+ 

,...._ GND 

I TSGFxx 
Unnecessary for TSG F ~ cirCUitS v-

I 

l I 
I 

...1.. 
EBBTSGFSERIES-23 
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TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS 
V• = 5V, GND = OV, v- =- 5V, Tamb = 25°C, lpwf = 100flA (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

v• Positive Supply Voltage 4 5 6 v 
v- Negative Supply Voltage -6 -5 -4 v 

Vour Output Voltage Swing (*) (\ll + 0.5 (V•)-1.5 Vpp 

VtN Input Voltage (*) (with filter gain = OdB) (Vl + 0.5 (V•)-1.5 Vpp 

IPwF Bias Current on PWF (stand-by mode by connecting PWF 50 250 I!A 
to v-) 

VtL TTL Clock Input "0" (**) + 0.8 v 
VtH TTL Clock Input "1" (**) 2 v 
Tcp Ext. Clock Pulse Width 80 ns 

RtN Input Resistance 1 3 MO 

CtN Input Capacitance 20 pF 

Rour Output Resistance 10 Q 

CL Load Capacitance 100 pF 

RL Load Resistance 0.1 1 kO 

Note : w1th supply (0, + 1 OV) : same spec1ficat1ons 
with smgle supply (0. + SV) : contact SGS-THOMSON sales offtce or representattve. 

(*) Dependmg on IPwF current 
( .. )TTL levels are referenced to GND voltage 

Other filter's characteristics, such as noise, power 
supply rejection ratio, total harmonic distortion ... are 
filter dependent. As a result, for such characteristics, 
SGS-THOMSON can only guarantee the lower le
vel of performance for each parameter, as indicated 
below. (this lower level has been determined from 
measurements on a set of hundred different TSGF 
filters, as shown in figure 19). 

PSRR + > 2dB : V+ Power supply rejection ratio. 

PSRR- > 1 OdB : V Power supply rejection ratio. 

Vn < 1 mVrms : Vn is the total output noise voltage 
measured in the passband of the filter. 

SNR > 57dBm/600 Ohm : Signal to noise ratio with 
VtN = 775mVrms. 

SNR > 65dBV : signal to noise ratio with 
V1N = 2Vrms. 

THO < 0.1% :Total harmonic distortion. 

As such characteristics are not predictable from si-

mulation results, their typical values are provided 
from measurements of the customized filter proto
types. (These measurements could be performed 
by SGS-THOMSON on special request). 

These typical values, obtained with TSGF products, 
are better than the lowest level guaranteed, and 
designers can get a more accurate idea about them 
by two means. 

1) Such characteristics are given for general-pur
pose filters. Refer to TSG85xx, 86xx, 87xx data 
sheets. 

2) Figure 19 gives histograms of the 5 parameters 
discussed above. These histograms indicate the 
distribution of the typical value of the considered pa
rameter over a set of hundred different TSGF filters. 
(Note that the aim of these histograms indicate the 
dispersion of the considered characteristic for a gi
ven TSGF filter). 
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TSGF SERIES 

Figure 19: Distribution of Typical Value Over a set of Hundred Different TSGF Filters. 

PSRR*>2dB 

EBSTSGFSERIES-24 

-{V10 -=2 Vrm~ 
SNR > 65dBV 

60 60 90 100 SNR 

10 30 40 50 60 PSRR (d61 

E88TSGFSER IES-25 

70% 

001 

THO <0.1% 

005 

Vn "'h~ loU! oulpul no•~ ~~wrf'd 

1n !he~~~ band ollh.e Follef 

E88TSGFSERIES-26 

01 THO ('"I 

Total Harmontt: OtUOrtmn 

ESSTSGFSERIES-27 

Figure 20 : Method of Noise Measurement. 

Frequency I IN 

Synthesizer 1---:o. MPF 

\ 

l 
GND 

Position 1 : Calibration of the spectrum analyzer to OdBV (1 Vrms). 
Position 2 : Measurement With filter input connected to GND. 
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OUT 
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Spectrum 
Analyzer 

IMH 

JOpF 
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Figure 20 : (continued). 

S~tralnotlettenuty BW = selectable bandwcdth of the s~trum analyzer 
OP = con$tdtred MPF bandwodth to analyze 

r 1 r -, 

l...-L_..L_-f--+_L-.l_L_J__..L____L.......L_L-.l_l...-_~ f•t'Q IHJJ 

0 M " 
We obtain theoretical noise voltage : Vn(Vrms)= J ~P S2 (m).dm 

and measured no1se voltage : Vn (Vrms) = V Lsetsw 
k = 1 

UNCOMMITTED ON-CHIP OPERATIONAL AMPLIFIERS 

8 2 (k). BW 

TSGF SERIES 

E88TSGFSERIES·30 

V+ = 5V, GND = OV, V- =- 5V, Tamb = 25°C, RL = 2kQ, lpwA = 1 OOf!A (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Go + DC Open Loop Gain (without load) 60 75 dB 
Go- 60 75 dB 

Gsp Gain Bandwidth Product (without load) 1 2 MHz 

V1o Input Offset Voltage (without load) ±5 ± 10 mV 

VopP Output Swing -4.5 -4.7 v 
3.5 3.7 v 

l1s Input Bias Current (without load) ±5 ±10 nA 

SVR Supply Rejection (without load) 60 65 dB 

CMR Common Mode Rejection VcM = 1V (without load) 60 65 dB 

Ro Output Resistance 10 Q 

Ia + Supply Current 2.6 3.2 rnA 
Ia- 2.6 3.2 rnA 

SR + Slew Rate 2 5 V/j.IS 
SR- 2 6 VIJ.IS 
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CAD SOFTWARE : FILCAD 

In order to take full advantage of its Mask Program
mable filter TSGF approach for Semicustom 
applications, SGS-THOMSON has developed a 
comprehensive software package called FILCAD® 
to cover all the development steps, starting from the 
feasibility evaluation of the customer's specifica
tions, up to the single-metal interconnection routing 
required for the MPF customization. 

More specifically, the FILCAD system gives the de 
signer strong assistance during the following 
steps: 

- Evaluation of MPF solutions well suited to specific 
filter circuit requirements, 

- Filter synthesis, leading to a switched capacitor 
electrical schematic, 

- MPF filter simulation (performed with MPF capaci
tor capabilities), 

- Schematic capture and routing of the optional 
connections, 

-Layout file generation, and final verification perfor
med by accurate post-routing simulation. 

All FILCAD modules run on VAX® under VMS ope
rating System, and are linked toghether as shown 
in figure 21. All modules are fully described in the 
TSGF's User's manual (Vol. 5 of SGS-THOMSON 
ASIC User's Manuals). 

TSGF SERIES 

The entry to FILCAD is the customer filter specifica
tion which can be provided to SGS-THOMSON in 
different forms : 

- amplitude - phase - group delay templates 

- poles and zeros 

- biquadratic cell coefficients 

- polynomial transfer functions 

In addition SGS-THOMSON can perform feasibility 
study of customer specific filter circuits : in order for 
customers to get fast and accurate answer, SGS
THOMSON generated a feasibility analysis TSGF 
questionnaire that customers are kindly required to 
fill. This questionnaire is available on request at 
SGS-THOMSON Design centers or nearest sales 
office or representative. 

MPF® and FILCAD ®are registered trademarks of 
SGS-THOMSON. 

VAX® is a registered trademark of Digital Equip
ment Corp. 

FILCAD, CAD software package developed by 
SGS-THOMSON for Switched Capacitor Filter 
designs, TSGF series, is also available for mixed 
analog-digital TSGSM Standard Cells or Full 
custom circuits integrating TSGF-Iike filtering func
tions. 

~ SCS·THOMSON ... ""'!I [i;]Di!:Uil@ffi~ffi©1i'lli@!llD©® 
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Figure 21. 

leapfrog structure 

Post routing 
simulation 

GDS2 layout file of 
customization mask 

FILCAD 1s a trademark of SGS· Thomson 
SWITCAP is a trademark of Columbia Umvers1ty 

22137 
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Evaluation 
Theoretical 
synthesis 

S.C.F. synth~is 
S C.F schem'at1cs 

b1quad. cascade 

S.C.F. samulations 
Scaling (voltage adJUSting process} 
Normalization of capacitors 
adapted to M P .F. 
MONTE CARLO analysis 

*S.C.F. Switched capacitor filter 
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TSGF DEVELOPMENT FLOW 

CUSTOMER - SGS·THOMSON 

TSGF FEASIBILITY 

OUESTIONNAI RE 

CUSTOMER 

APPROVAL 

SGS-THOMSON -CUSTOMER 

DELIVERY OF 

1----<o- SIMULATION RESULTS 

!LISTING FORM) 

OELIVERV OF FULL 

TESTED PROTOTYPES 

VOLUME 
PRODUCTION 

SGS-THOMSON proposes presently 2 design inter
faces to customers for the design of their filter cir
cuits with TSGF series : 

-design entirely done by SGS-THOMSON within its 
Design Centers; 

E88TSGFSERIES-34 

-design done by customer up to simulation and then 
completed by SGS-THOMSON. 

The table below outlines customer and SGS
THOMSON respective responsibilities for these 2 
design interfaces. 
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DESIGN INTERFACES 

Design Step 

Theoretical Synthesis 

Switched Capacitor Filters 
Schematics before Scaling 

Final Schematics 

Additional Simulation 

Approval 

Schematics Capture 

Layout - Personnalization Mask Generation 

Post Routing Simulation 

DOCUMENTATION AND SUPPORT 
In order to bring users the maximum support on swit
ched capacitor TSGF filter arrays, SGS-THOMSON 
generated a complete set of documentation and 
tools which are available on request : 

* TSGF User's Manual 

* Application Notes 
• AN052 : How to choose a filter in a specific ap· 

plication 
• AN061 :implementation and applications around 

24137 
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FILCAD lnt 2 lnt 3 
Software 

EVA SGS-THOMSON Customer 

SYCAB SGS-THOMSON Customer 
or 

SA FIR 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

Customer SGS-THOMSON 

SCAPTURE SGS-THOMSON SGS-THOMSON 

FACTOR SGS-THOMSON SGS-THOMSON 

SIRENA SGS-THOMSON SGS-THOMSON 
(SWITCAP) 

Standard MPFS 
• AN069 : A supplement to the utilization of swit· 

ched capacitor filters. 
ANO?O : Band Pass and Band Stop Filters. 

• AN075 : Signal detection and sinewave genera-
tion. 

* MPF's evaluation boards. 

* TSGF feasibility/analysis questionnaire. 

In addition specialists can be contacted within SGS
THOMSON Microelectronics Filter Design Centers. 



TSGF SERIES TSGF04 

2nd TO 4th ORDER ANALOG FILTER ARRAY 

With the TSGF04 array, whose block diagram is gi
ven below, user is given 2 different pin-out configu
rations: 

_ 8 pin OIL only.the filter up to 4th order is ac
cessible. 

_ 14 pin OIL version where in addition, one un
committed Op-amp and one internal oscilla
tor capability are offered. 

When the external driving of output sample-and
hold is used (CLKSH pin), PWF pin realizes the po
wer adjustement of both uncommited Op-amp and 
filter unit. 

TSGF04 are also available in SO wide package ver
sion (0.3 inch) : 16 pin version only. 

TSGF04 
BLOCK DIAGRAM 

See figure 4 (ESSTSGFSERIES-05) 

PIN CONNECTIONS 

v+ PWF 

v- CLK 

LVL OUT 

IN GND 

E88TSGF04·01 

8 pins : FIL TEA ONLY 
Compatible with TSGFOB 

v+ 
v-

-EA 

SA 

+EA 

LVL 

IN 

Jifi SGS-ntOMSON ':"!I li:\ID©!li@ffil!.l>©"ii'lil@ll!IO©I! 

p 
DIP-8 

(Plastic Package) 

p 
DIP-14 

(Plastic Package) 

PWF 

CLK R 

CLKIN 

CLKM 

PWA orCLKSH 

OUT 

GND 

E88TSGF04-02 

14 pins: Filter 
: + 1 Op-Amp 
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TSGF04 

CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible 
TTUCMOS clocks on CLKIN pin and provides an 
internal oscillator performed either by RC or crystal 
connected between CLKIN and CLKR pins. 

The clock selection mode is provided by CLKM pad 
which can be connected to V- or GND voltage le
vels. This connection is realized by two means, de
pending on the package type chosen : 

- two internal oscillator modes : 
- RC 
- Crystal 

_ with 14-pin package, via CLKM pin. 
_ with 8-pin package, by internal connection readi-

ly performed, only on custom filters. 

(Note that CLKM pin connected to V+, allows the 
selection of the internal crystal-controlled oscillator, 
but the selection by CLKM connected to V-is recom
mended). 
The different possibilities are : 

c~ r CLKR 

Cl R I 
C1N 
~ CLK II' 

v-- CLKfV< v----1cLK '1. 

~GND 

- three external clocks : 
- low-TTL 
- high-TTL 
- CMOS 

The "low-TTL" and "high-TTL" clock levels are : 

Low-TTL 

High· TTL 

26/37 
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GND 

E88TSGF04-03 E88TSGF04·04 

N.C- CLK A 

Clock CLKIN 
tnput 

f= 
CLK M 

GND 

E88TSGFD4·05 

+ lOV (resp + 5V) 

+ 5 V (resp. 0 V) 

0 V (resp. - 5 V) 

+ 5 V (resp. +10 V) 

0 V ( resp + 5 V) 

5V(resp OVI 

E88TSGF04·06 



For each package version, the following tables re
sume, the availability of the different clocks, in terms 
of the power supply. 

Note that in 8-pin version, the clock mode (CLKM) 

8-pin Package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO c c 
High-TTL NO YES YES 

CMOS c YES YES 

RC Mode NO NO NO 

Crystal Mode NO NO NO 

C = Customization option. 

ELECTRICAL OPERATING CHARACTERISTICS 

WITH SINGLE SUPPLY VOLTAGE : 

TSGF04 

is internally set to GND voltage, except in the case 
of CMOS clock and 0-SV power supply, where 
CLKM is internally connected to V- voltage. 

14-pin Package 

0/5V 0/10V - 5/+ 5V 

Low-TTL NO c c 
High-TTL NO CLKM=GND CLKM=GND 

CMOS CLKM=V- CLKM=GND CLKM=GND 

RC Mode CLKM=V- CLKM=V- CLKM=V-

Crystal Mode CLKM=V- CLKM=V- CLKM=V-

Tamb = 25°C, V + = 1 OV, V- = OV, GND = 5V (unless otherwise specified) 

CLKM Parameter Min. Typ. Max. Unit 

GND Threshold Voltage 1.5 v 
External Clock Frequency 5 MHz 

V- RC MODE: 
High Threshold Voltage on CLKIN 1 1.25 1.5 v 
Corresponding Voltage on CLKR -5 v 

Low Threshold Voltage on CLKIN 1.5 -1.25 -1 v 
Corresponding Voltage on CLKR +5 v 

Oscillator Frequency 5 MHz 
Resistor 2 10 000 kQ 
Capacitor 0 47 nF 

V- CRYSTAL MODE: 
Oscillator Frequency 5 MHz 

Resistor 1 MQ 
Capacitor CR 10 100 pF 
Capacitor C1N 10 30 pF 
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TSGF04 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

WITH DUAL SUPPLY VOLTAGE: 
T amb = 25°C, V + = 5V, V- = - 5V, GND = OV (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 6 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 3.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor C1N 10 

WITH SINGLE SUPPLY VOLTAGE: 
T amb = 25°C, V + = 5V, V- = OV, GND = 2.5V (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 3 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 1.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE: 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor C1N 10 
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Typ. Max. Unit 

6.5 v 
5 MHZ 

6.25 6.5 v 
0 v 

3.75 4 v 
+ 10 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 

Typ. Max. Unit 

3.8 v 
5 MHZ 

3.2 3.4 v 
0 v 

1.8 2 v 
+5 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 



TSGF04 

INVERTING TRIGGER FUNCTIONING FREQUENCY VARIATION AS FUNCTION OF R 

With internal RC oscillator mode, the user's guide for R and C choice is given by following curves and for 
both supply voltages : 0.5V, 0.1 OV. 

F(Hzl 

'r-. 
........ ...... ..... 

....... 

' 
....... 

~'-
1- ..... r--.' t\.. '~"' 

I 

' 
10' ........ 

·"'-
.... ·"' ' -:--r-. '\I'\ ~"'~ l ov: 

·' I C=100pF 

........ "' ~ 5V/ 

"' ·" R' 
~ 0 .... ~ 10V c= 1 r.F 

' ~ 0 5V 

wv 
C=4,7nF 

5V 

~ 
"\~ 

10V 

,"N I C = 47 nF 
5VI 

II 
10 I 

10' 101' A (ll) 

E88TSGF04-07 
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TSGF04 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

14 PINS- PLASTIC DIP 

Datum 

Or 
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( 1 ) Nom1nal d1mens1on 

12) True geometncal pos1t1on 

8.5max. •I 

(1) Nom1nal d1mensmn 

(2) True geometnca1 position 

6.35 
(1) 

8 P1ns 

14 P1ns 



TSGF SERIES TSGF08 

TSGF08- 4th TO ath ORDER ANALOG FILTER 

The TSGF08 array provides users with filter integra
tion from 4th to 8th order. 2 package versions are 
offered to users : 
_ 8 pin OIL, where only the filter unit is accessible, 
_ 16 pin OIL, where 2 uncommitted Op-amps are 

added to previous version. 

TSGF08 are also available in SO wide package ver
sion (0.3 inch) : 16 pin version only. 

TSGFOB 
BLOCK DIAGRAM 

See figure 4 (E88TSGFSERIES-05) 

PIN CONNECTIONS 

v+ 
v

LVL 

IN 

PWF 

CLK 

OUT 

GND 

E88TSGF08-01 

8 pins: FILTER ONLY 
Compatible with TSGF04 

v+ 

p 
DIP-S 

(Plastic Package) 

p 
DIP-16 

(Plastic Package) 

LVL2 

-EA 

SA 

+EA 

+ EB 

-EB 

PWA 

PWF 

EBBTSGFOB·02 

16 pins: Filter 
:+ 20p-Amp 

Compatible with TSGF12 (with a single filter) 
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TSGF08 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

16 PINS - PLASTIC DIP 

Datum 
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22.•44 max_ 

( 1) Nomrnal drmensron 

(2) True geometncal posrtron 

8 Pms 

Ill Nommal drmension 
{2) True geometrical positron 

6.35 
(1) 16 pons 



TSGF SERIES TSGF12 

TSGF12- ath TO 12th ORDER ANALOG FILTER 

TSGF12 array offers the capability to integrate ei
ther one single from 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12. 

These 2 different filters can have either same clock 
or 2 different clock inputs. 

The TSGF12 package versions are: 

- 16 pin DIL 1 filter+ 2 Op-amps 
- 16 pin DIL 1 filter+ 2 Op-amps 

+ driving of output S/H 
- 16 pin DIL 2 filters + 1 Op-amp 

+ 2 clock inputs. 
- 18 pin DIL 2 filters + 2 Op-amps 

+ 1 clock input. 
- 20 pin DIL 2 filters + 2 Op-amps 

+ 2 clock inputs. 
- 20 pin DIL 2 filters + 2 Op-amps 

+ 2 clock inputs 
+ driving of output S/H. 

TSGF12 array are also avaialble in SO wide 
package version (0.3 inch) : 18 and 24 pin versions. 

In case of dual filter integration, the CLKSH pin ope
rates only on the output of filter n' 1 (OUTPUT 1). 
In the same case, for the 16 pin version, only LVL2 
pin is available : therefore user can only adjust the 
Output DC level of filter 2. 

Clock divider : 

The number of dividers by 2 available on TSGF12 
array is 8. 

Therefore in case of dual filter on chip integration, 
there are 2 possibilities to use the clock divider : 
_ if one filter does not require internal dividers, the 

8 dividers by 2 are 9-vailable for the second filter ; 
_ if the first filter requires n internal dividers, it re

mains only 7-n ones available for the second fil
ter. 

TSGF12 
BLOCK DIAGRAM 

See figure 4 (E88TSGFSERIES-05) 

p 
DIP-16 

(Plastic Package) 

P SUFFIX 
DIP-18 

(Plastic Package) 

p 
DIP-20 

(Plastic Package) 
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TSGF12 

PIN CONNECTIONS 

34137 

620 

v+ LVL2 

v- -EA 

IN1 SA 

OUT1 + EA 

OUT2 NC 

GNO PWA 

IN2 PWF 

CLK1 CLK2 

E88TSGF12-01 

16 PINS :2 filters 
+ 1 OP-Amp 
+ 2 Clock inputs. 

v+ CLKSH 

v- -EA 

LVL SA 

IN + EA 

+ EB 

SB 

--EB 

PWA 

E88TSGF12-03 

16 PINS : 1 filters 
+2 OP -Amps 
+ Driving of outputS/H. 

v+ LVL2 

v- -EA 

NC SA 

IN1 +EA 

LVL1 +EB 

OUT1 SB 

OUT2 -EB 

GNO PWA 

IN2 PWF 

CLK1 CLK2 

E88TSGF12-05 

20 PINS : 2 filters 
+2 OP -Amps 
+ 2 Clock inputs. 

v+ NC 

v- -EA 

LVL SA 

IN +EA 

GND + EB 

SB 

CLK -EB 

PWF PWA 

E88TSGF12-02 

16 PINS : 1 filter 
+20P-Amp 

Compatible with TSGFOB 

v+ 

v-

IN1 

LVL1 

OUT1 

.JUT2 

GND 

CLK 

LVL2 

-EA 

SA 

+ EA 

+ EB 

-EB 

PWA 

PWF 

EBBTSGF12-04 

18 PINS : 2 filters 
+10P-Amp 
+ 1 Clock input. 

v+ LVL2 

v- -EA 

CLKSH SA 

IN1 +EA 

LVL1 +EB 

OUT1 SB 

OUT2 -EB 

GND PWA 

IN2 PWF 

CLK1 CLK2 

EBBTSGF12-06 

20 PINS : 2 filters 
+20P-Amps 
+ 2 Clock inputs 
+ Driving of outputS/H. 



PACKAGE MECHANICAL DATA 

16 PINS- PLASTIC DIP 

mm 

Datum 

18 PINS- PLASTIC DIP 

Or 

22.44 max. 

(1) Nommal dimension 

121 True geometrical position 

6,35 
Ill 

(1) Nommal d1mensio 
!2) True geometrical position 

TSGF12 
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TSGF12 

20 PINS- PLASTIC DIP 

36137 

622 

8.5mox. 4 57 -(T'ax 1 

....--r-!-....-----rt: _____ , 

Nom1nal d1mens1on 
True geometncal pos1t1or 

20 P1ns 



ORDER CODES 

SGS-THOMSON 
Microelectronics 

Mask Programmable 
Filter Family 

Filter Array 

04 2nd to 4th order 
08 4th to 8th order 
12 8th to 12th order 

Customer identification 
Number 

Revision 
index 

TSGF12 

Screening Class 

D Burn-in 
: Standard 

Package 
C Ceramic DIL 
J Cerdip DIL 
P Plastic Dl L 
FP SO 

Operating 
Temperature Range 

c o•c. + 1o•c 
1 -2s•c + ss•c 
M - ss•c: + 12s•c 
v - 4o•c. + as•c 
T -40°C,+ 105"C 

37/37 
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TSG8510 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• CAUERTYPE 
• 5TH ORDER 
• STOPBAND ATTENUATION: 33dB (typ.) 
• PASSBAND RIPPLE: 0.05dB (typ.) 
• CLOCK TO CUT-OFF FREQ; RATIO: 75.3 
• CLOCK FREQUENCY RANGE: 1 TO 1500kHz 
• CUT-OFF FREQUENCY RANGE : 13Hz TO 

20kHz 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG851 0 is a HCMOS lowpass elliptic filter. 

PIN CONNECTIONS 

LVL 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

16 pins : FILTER + 2 OP-AMPs 
DIP-16 Package 

E88TSG851 0-01 E88TSG851 0-02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
E88TSG851 0-03 

1/6 
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TSG8510 

AMPLITUDE RESPONSE CURVE 

-10 1\ 
a; 

-20 ::1 
w 
0 -30 :J 
f-

~ -40 1(\/ r-.. 
:; 

" -50 
........ 

-SO 

0,05 0.1 0.2 0.5 10 20 

NORMALIZED FREQUENCY 
EBBTSG851 0-04 

FILTER SPECIFICATIONS 
Lowpass Filter : TSG851 0 ; Type : Cauer ; Order : 5. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwF = 1 00!-LA 

Symbol Parameter 

Fe External Clock Frequency 

F, Internal Sampling Frequency 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple Fe= 256kHz 

As Stopband Attenuation Fe= 256kHz 
F > 1.37 Fe 

Voff Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RPWF PWF Resistance 

IPwF Input Current on PWF 

I+ v• Supply Current Fe= 100kHz 
1- v- Supply Current lpwa = 011A 

PSRW v• Supply Rejection Ratio Fe= 256kHz 

PSRR- v- Supply Rejection Ratio Fin= 1kHz 

R1N Input Resistance 

C1N Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW = 3.4kHz 
Fe= 256kHz 

SNR Signal to Noise Ratio Vin = 2Vrms 

(*) At maximum Fe · -stopband attenuation As > 32dB for F > 1 37Fc 
(with lpw1 = 250~A) - passband ripple _ Ap = 0 8dB 

- passband gain : Go = - 0 4dB 
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Typ. 

1 
1500(*) 

05 
750(*) 

75.3 ± 1% 

0.013 
20(*) 

-0.3 
0 

0.05 

33 

± 100 

± 60 

3.3 

10 
72 

50 
250 

3 

3 

35 

55 

3 

20 

+ 3.5 
-4.5 

89 

87 

Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

dB (min) 
dB (max) 

0.4 dB (max) 

32 dB (min) 

± 200 mV (max) 

mV 

kn (min) 
kQ (max) 

11A (min) 
llA (max) 

5 mA (max) 

5 mA (max) 

dB 

dB 

MQ 

pF 

Vp- p (max) 

11Vrms 

dB-



TSG8510 

PHASE RESPONSE CURVE (in passband) 

+180 

+oo 

--r--.. r----:----

~ 
:!! 

-1---.. 
--............ 
~ 

w 
:!1 
il' ~ 

-00 

-1110 

0 0.1 02 0.3 0.4 0.5 06 07 0.8 09 

(Fcl 
NORMAliZED FREQUENCY 

E88TSG851 0-05 

GROUP DELAY CURVE (in passband) 

>-t ..:z 
..JW 

:1: 
W:J oa g ~w :;,a: 

!'! 0"-,.. O:>l 
ClU 

<t cO ..J 
w w-' 
0 Nu 

-..J .. -'..: 
:J <z 
0 :Eo: 
a: a:w 

"' o,_ 
~ 

zx 
w 

N II ::; ,.. 
<t <t :;; ..J 
a: w 
0 0 
z ~ 

:J 

100 J 

I 
J 

v v 
L---1---

75 

50 

0 
a: 25 

!:! 

0 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 DB 09 

NORMALIZED FREQUENCY 

E88TSG851 0-06 
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TSG8510 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

c 
:il 
I 

~ 
I 

c 
g 
I 

VauTtmVI 

2000 

1500 

1000 

~ 
I 

~--~----~----+---~----~~--+---~----~----+---~-.-LVL 

-1000 

-1500 

-2000 

USER'S GUIDE FOR IPwF AND RPWF CHOICE 

1500 

1000 

500 

200 

100 

50 

20 

10 

Fe (kHz) 

I 
1-- NON RECOMMENDED 1'1'o"' 

ZONE ~ 
oY-<. ~ 

0 0 lmV) 
g lil 

EBBTSG851 0-07 

---c~ 

ZONE OF 
-

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

50 100 150 200 250 
IPWF ]JlA) 

RPWF (kl11 

72 35 20 14 10 Connected to GNO 

EBBTSG8510-08 
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PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

22.44 max. 

8 PINS- Plastic Dip 

mm 

(1) Nominal dimemion 

(2) True geometrical position 

6.35 
(1) 

( 1) Nominal dimens1on 

(2) True geometncal pos1t1on 

16 pins 

B PinS 

TSG8510 

5/6 
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TSG8510 

16 PINS- Plastic Micropackage 

mm 

0.185 
0.265 

0.63 
max. 

0.35 
0.45 

9.8 1.75 
10.0 max. 

16 pins 

ORDER CODES 

Plastic 16 Pins Package : TSG851 OXP 

Ceramic 16 Pins Package : TSG851 OXC 

Cerdip 16 Pins Package : TSG851 OXJ 

Plastic 8 Pins Package: TSG85101XP 

X :Temperature Range = C: 0°C, + 70°C 
I: - 25°C, + 85°C 

V: - 40°C, + 85°C 
M: - 55°C, + 125°C 

6/6 
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TSG8511 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• CAUERTYPE 
• 7TH ORDER 
• STOPBAND ATTENUATION: 55dB (typ) 
• PASSBAND RIPPLE : 0.1 dB (typ) 
• CLOCK TO CUT-OFF FREQ. RATIO: 75.3 
• CLOCK FREQUENCY RANGE: 1 TO 1300kHz 
• CUT-OFF FREQUENCY RANGE : 13Hz TO 

17.3kHz 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG851 1 is a HCMOS lowpass elliptic filter. 

PIN CONNECTIONS 

V+os PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins : FILTER ONLY 

EBBTSG8511-01 

v+ 

V

LVL 

IN 

GND 

OUT 

CLK 

PWF 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

16 pins: FILTER+ 2 OP-AMPs 

DIP Package DIP Package E88TSG8511-02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

v+ 
-

v 
LVL 

IN 

GND 

OUT 

CLK 

PWF 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 +EB 

11 58 
-EB 

PWA 

S0-16 Package 

E88TSG8511·03 
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TSG8511 

AMPLITUDE RESPONSE CURVE 

-10 
;;; 

-20 ;g 
w 
0 -30 " 1-
::; 

-40 

" 
"r t--

" -50 

-60 

005 0.1 02 05 1 2 5 10 20 

NORMALIZED FREQUENCY 

E88TSG8511-04 

FILTER SPECIFICATIONS 
Lowpass Filler : TSG8511 ; Type : Cauer ; Order: 7. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwF = 1 001-LA 

Symbol Parameter 

Fe External Clock Freq. 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple Fe= 256kHz 

As Stopband Attenuation Fe= 256kHz 
F > 1.3Fc; 

Volt Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RpwF PWF Resistance 

lpwf Input Current on PWF 

I+ v+ Supply Current Fe= 100kHz 
1- v- Supply Current lpwa =Of!A 

PSRR• v• Supply Rejection Ratio Fe= 256kHz 

PSRR- v- Supply Rejection RatiO Fin=1kHz 

R1N Input Resistance 

GIN Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW =3.4kHz 

SNR Signal to Noise Ratio 
Fe= 256kHz 
Vm = 2Vrms 

(•) At max1mum Fe :- stopband attenuation As > 50d8 for F > 1_3Fc 
(w1th lpwl = 250f1A) - passband npple A,= 0.5dB 

- passband gam . Go = - 0. ?dB 

2/6 

632 

Typ. 

1 
1300(*) 

0.5 
650(.) 

75.3 ± 1% 

0.013 
17.3(.) 

- 0_3 
0 

0.1 

55 

± 150 

± 64 

-4.7 

10 
72 

50 
250 

3.5 

3.5 

32 

47 

3 

20 

+ 3.5 
-4.5 

158 

82 

Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

dB (min) 
dB (max) 

0.5 dB (max) 

50 dB (min) 

± 300 mV (max) 

mV 

kn (min) 
kQ (max) 

flA (min) 
f!A (max) 

5 rnA (max) 

5 rnA (max) 

dB 

dB 

MQ 

pF 

Vp-p (max) 

f!Vrms 

dB 



PHASE RESPONSE CURVE (in passband) 

-90 

E 
-180 w 

"' "' ~ 

-270 

~ 
~ 
~ !--.... 
-~ 

'"' ---- ---··--

~ 
~ 
~ 

--I-

~ 
~ 

1\ -360 

0 01 0.2 03 04 05 0.6 07 08 0.9 1 
{Fe} 

NORMALIZED FREQUENCY 

EBBTSG8511-05 

GROUP DELAY CURVE (in passband) 

250 

>->-u 
<tZ 
.JW 
W::> 

I oa 

~ 
~w 200 
::>0: 
0"-!'! C:>< 

>- C!U 

:5 oO 
w-' w N'-' 

0 -_J 

~ -'«: 150 ::> "'z 
0 "a: 
a: a:w 

"' 
Oo-

fil z~ 

I 

I v 
N It 
:::; >-
"' :5 100 

" a: w 
0 0 
z ~ 

::> 
0 
a: 
~ 

50 

/ 

v v 
1---" L---

0.1 0.2 03 0.4 0.5 06 0.7 08 09 

NORMALIZED FREQUENCY 
(Fe) 

E88TSG8511-06 

TSG8511 
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TSG8511 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

VouTimVI 

3000 

2500 

2000 

1500 

1000 

-1000 

-1500 

-2000 

-2500 

3000 

USER'S GUIDE FOR IPWF AND RPwF CHOICE 
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1300 
1000 

500 

100 

50 

20 

10 

2 

Fe (kHz! 

NON RECOMME~OEO 
ZONE 

~ 0~ 

,/ 

50 

72 

~ 
~ 

~ / 

ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

-

100 150 200 

35 20 14 

E88TSG8511-07 

-

--~ 

--

250 
1rwr !#AI 

RpwF lkrll 

10 Connected to GND 

E88TSG8511-08 



PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

16 PINS - Plastic Micropackage 

mm 

9.8 
10.0 

(1) Nom mal d1mens10n 
(2) True geometrical position 

6,35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

lfi pms 

TSG8511 
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TSG8511 

8 PINS- Plastic Dip 

mm 

( 1) Nom1na1 d1mens1on 

(2) True geometncal pOSition 

8 Pins 

ORDER CODES 

Plastic 16 Pins Package : TSG8511 XP 

Ceramic 16 Pins Package : TSG8511 XC 

Cerdip 16 Pins Package : TSG8511 XJ 

Plast1c 8 Pins Package : TSG85111 XP 

X :Temperature Range = C: ooc + 70°C 
I: - 25°C + 85°C 

V: - 40°C + 85°C 
M: - 55°C + 125°C 

6/6 
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TSG8512 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• GAUER TYPE 
• 7TH ORDER 
• STOPBAND ATTENUATION: 85dB (typ) 
• PASSBAND RIPPLE: 0.15dB (typ} 
• CLOCK TO CUT-OFF FREQ. RATIO: 100 
• CLOCK FREQUENCY RANGE : 1 TO 2000kHz 
• CUT-OFF FREQUENCY RANGE : 10Hz TO 

20kHz 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8512 is a HCMOS lowpass elliptic filter. 

PIN CONNECTIONS 

LVL 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

EBBTSGB512·01 

16 pins : FILTER+ 2 OP-AMPs 
DIP-16 Package 

EBBTSG8512·02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
EBBTSG8512·03 
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TSG8512 

AMPLITUDE RESPONSE CURVE 
0 

-10 

-20 
iii 
~ -30 
w -40 0 
:> -50 ,_. 
:::; -60 

\ 
\ 
\ 
\ 
\ 

~ -70 \ 
<( 

-80 \ - -
0.1 0.2 0.5 2 10 

NORMALIZED FREQUENCY 

EBBTSG8512·04 

FILTER SPECIFICATIONS 
Lowpass Filter : TSG8512 ; Type : Gauer ; Order : 7. 
V+ = 5V, v- =- 5V, T = 25°C, Rl = 5kQ, CL = 1 OOpF, lpwF = 1 OO!lA 

Symbol Parameter 

Fe External Clock Freq. 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple Fe= 100kHz 

As Stopband Attenuation Fe= 100kHz 
F > 1.8Fc 

Voff Output DC Offset Voltage LVL =OV 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

IPWF Input Current on PWF 

I+ v• Supply Current Fe= 100kHz 
1- v- Supply Current lpwa = O~A 

PSRW v• Supply Rejection Ratio Fe= 200kHz 

PSRW v- Supply Rejection Ratio Fin= 1kHz 

RtN Input Resistance 

CtN Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW =1kHz 
Fe= 100kHz 

SNR Signal to Noise Ratio Vin = 2Vrms 

(") At maxtmum Fe :·stopband attenuatton As > 62dB for F > t 8Fc 
(with lpw1 = 250~A) · passband ripple : A,= 0 6dB 

·passband gain : Go=- 0.4dB 
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Typ. 

1 
2000(*) 

0.5 
1 000(*) 

100 ± 1% 

0.010 
20(*) 

-0.3 
0 

0.15 

85 

± 150 

± 22.5 

- 11.1 

10 
72 

50 
250 

3.5 

3.5 

20 

35 

3 

20 

+ 3.5 
-4.5 

112 

85 

Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

dB (min) 
dB (max) 

0.5 dB (max) 

75 dB (min) 

± 250 mV (max) 

mV 

kQ (min) 
kQ (max) 

~(min) 
~(max) 

5 rnA (max) 

5 mA (max) 

dB 

dB 

MQ 

pF 

Vp-p (max) 

~Vrms 

dB 



PHASE RESPONSE CURVE (in passband) 
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TSG8512 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

~--~----~----+---~r----r----+---~~---+-e-LVL 

~ 
I 

USER'S GUIDE FOR IPWF AND RPwF CHOICE 

Fe lkHzl 

2000 

cui\>~~----
NON RECOMMENDED ~ f---

ZONE ~ f- ,;;.:-~ 

~""' 
"'" ~ 

1000 

500 

200 

100 

50 

ZONE OF 
20 

CORRECT FUNCTIONING 
10 

WITH OVERCONSUMPTION 

50 100 150 200 

72 35 20 14 

416 

640 

(mV) 

EBBTSG8512-07 

250 
'PwF (JtAI 

RPWF (kS"ll 

10 Connected to GND 

E88TSG8512-08 



PACKAGE MECHANICAL DATA 

16 PINS- Plastic Dip 

mm 

Datum 

22.44 max. 

16 PINS - Plastic Micropackage 

mm 

6.3 
6.6 

9.8 
10.0 

(11 Nom mal dimension 
(2) True geometrical position 

6,35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16P'"' 

TSG8512 
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TSG8512 

8 PINS- Plastic Dip 

mm 

ORDER CODES 

Plastic 16 Pins Package : TSG8512XP 

Ceramic 16 Pins Package : TSG8512XC 

Cerdip 16 Pins Package : TSG8512XJ 

Plastic 8 Pms Package: TSG85121XP 

X :Temperature Range : 

6/6 

642 

c: ooc 
I : - 25°C 

V: - 40°C 
M: - 55°C 

+ 70°C 
+ 85°C 
+ 85°C 
+ 125°C 

( 1} Nommal dtmenston 

(2) True geometncal posttton 

B Pins 



TSG8513 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• CHEBYCHEV TYPE 
• 8TH ORDER 
• STOPBAND ATTENUATION : 69dB (typ) AT 

2 X Fe 
• PASSBAND RIPPLE: 0.15dB (typ) 
• CLOCK TO CUT-OFF FREQ; RATIO: 60 
• CLOCK FREQUENCY RANGE: 1 TO 1500kHz 
• CUT-OFF FREQUENCY RANGE : 16Hz TO 

25kHz 

Note : For general characteristic.>, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8513 is a HCMOS lowpass polynomial fil
ter. 

PIN CONNECTIONS 

LVL 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

E88TSG8513·01 

16 pins : FIL TEA + 2 OP-AMPs 
DIP-16 Package 

E88TSG8513·02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
E88TSG8513·03 
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TSG8513 

AMPLITUDE RESPONSE CURVE 
0 

-10 

-20 ., 
-30 :!! 

w -40 
c -50 :::l 
1- -60 :::; 

\ 
\ 
\ .. -70 :;; 

..: -80 

-90 

0.1 02 0.5 2 5 10 

NORMALIZED FREQUENCY 

E88TSG8513-04 

FILTER SPECIFICATIONS 
Lowpass Filter: TSG8513; Type: Chebychev; Order: 8. 
V+ = 5V, V- =- 5V, T = 25°C, RL = 5k.Q, CL = 1 OOpF, lpwf = 1 OOf.lA 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple 

As Stopband Attenuation 

Voff Output DC Offset Voltage 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

lpwF Input Current on PWF 

I+ v+ Supply Current 

I v- Supply Current 

PSRR+ v• Supply Rejection Ratio 

PSRW v- Supply Rejection Ratio 

R1N Input Resistance 

GIN Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise 

SNR Signal to Noise Ratio 

rl At maximum Fe . -stopband attenuation As > 55dB for I> 2Fc 
(w1th lpwr = 250~A) - passband npple : Ap = O.BdB 

- passband ga1n : Go = - 0.6dB 

216 

644 

Fe= 60kHz 

Fe= 60kHz 
F > 2Fc 

LVL =OV 

Fe= 100kHz 
lpwa = 011A 

Fe= 120kHz 
Fin= 1kHz 

BW =1kHz 
Fe= 60kHz 
Vin = 2Vrrns 

Typ. 

1 
1500(*) 

0.5 
750(*) 

60± 1% 

O.Q16 
25(*) 

-0.3 
0 

0.15 

69 

± 100 

± 100 

-2.5 

10 
72 

50 
250 

3.8 

3.8 

25 

40 

3 

20 

+ 3.5 
-4.5 

107 

85 

Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

dB (min) 
dB (max) 

0.5 dB (max) 

65 dB (min) 

± 250 mV (max) 

mV (max) 

kn (min) 
kn (max) 

flA (min) 
flA (max) 

5 rnA (max) 

5 rnA (max) 

dB 

dB 

Mn 
pF 

Vp-p (max) 

11Vrms 

dB 



PHASE RESPONSE CURVE (in passband) 
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TSG8513 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

150) 

VouT 
(mV) 

-1500 

USER'S GUIDE FOR IPWF AND RPWF CHOICE 

4/6 
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1500 

1000 

200 

100 

50 

20 

10 

F C e kHz 

I----
~ NON RECOMMENDED "'(\0~ -

~ ZONE co~ 

1#" R 0 v 
ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

50 100 150 

72 35 20 

----

200 

14 

LVL 
(mV) 

EBBTSGB513·07 

250 

10 

1PWF CilAl 

RPWF Ck!ll 

Connected to GriD 

E86TSG8513-08 



PACKAGE MECHANICAL DATA 

16 PINS- Plastic Dip 

mm 

Datum 

22.44 max. 

16 PINS - Plastic Micropackage 

mm 

6.6 

9.8 
10.0 

(1) Nom mal dimension 

{21 True geometrical position 

6.35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
mox. 

16 pins 

TSG8513 
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TSG8513 

8 PINS - Plastic Dip 

mm 

( 1) Nommal d1mens1on 

(2) True geometncal pos1t1on 

B Pins 

ORDER CODES 

Plastic 16 Pins Package : TSG8513XP 

Ceramic 16 Pins Package : TSGB513XC 

Cerd1p 16 Pins Package : TSG8513XJ 

Plastic 8 Pins Package: TSG85131XP 

X :Temperature Range = I: ooc + 70°C 
C: - 25°C + 85°C 
V: - 40°C + 85°C 
M: - 55°C + 125°C 

6/6 
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TSG8514 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• BUTTERWORTH TYPE 
• 8TH ORDER 
• STOPBAND ATTENUATION : 74dB (typ) AT 

3.6 X Fe 
• PASSBAND RIPPLE: MAXIMALLY FLAT 
• CLOCK TO CUT-OFF FREQ. RATIO: 80 
• CLOCK FREQUENCY RANGE: I TO lOOOkHz 
• CUT-OFF FREQUENCY RANGE : 12.5Hz TO 

12.5kHz 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8514 is a HCMOS lowpass polynomial fil
ter. 

PIN CONNECTIONS 

LVL 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

EBBTSG8514-01 

16 pins :FILTER+ 2 OP-AMPs 
DIP-16 Package_ 

EBBTSGB514·02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
EBBTSG8514·03 

1/6 
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TSG8514 

AMPLITUDE RESPONSE CURVE 
D 

-10 

iii -20 
:!! 

'\ 
\ 

' w -30 c 
:::1 

-40 1-
::; 
0.. -50 :; 
< -60 

-70 

\ 
\ 
\ 

Q.1 0.2 0.5 1 2 5 10 20 50 100 

NORMALIZED FREQUENCY 

EBBTSGB514-04 

FILTER SPECIFICATIONS 
Lowpass Filter: TSG8514; Type: Butterworth ; Order: 8. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5k.Q, CL = 100pF, lpwF = 100flA 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple Fe= 80kHz 

As Stopband Attenuation Fe= 80kHz 
F > 3.6 Fe 

Voff Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

lpwf Input Current on PWF 

I+ v• Supply Current Fe= 100kHz 
I v- Supply Current lpwa = OJ.!A 

PSRR+ V+ Supply Rejection Ratio Fe= 160kHz 

PSRW v- Supply Rejection Ratio Fin= 1kHz 

R1N Input Resistance 

c1N Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW = 3.4kHz 
Fe= 256kHz 

SNR Signal to Noise Ratio Vin = 2Vrms 

("} At max1mum Fe · - stopband attenuation As > 50dB for F > 3 6Fc 
(with lpwf = 250!lA) - passband ga1n :Go=- 0.5dB 

2/6 
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Typ. 

1 
1000(*) 

0.5 
500(*) 

80± 1% 

0.0125 
12.5(*) 

-0.3 
0 

maximally 
Flat 

74 

± 100 

± 100 

-2 

10 
72 

50 
250 

3.8 

3.8 

30 

42 

3 

20 

+ 3.5 
-4.5 

86 

87 

Tested 
Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

dB (mm) 
dB (max) 

dB (max) 

68 dB (min) 

± 200 mV (max) 

mV 

kQ (min) 
kn (max) 

J.lA (min) 
J.lA (max) 

5 rnA (max) 

5 rnA (max) 

dB 

dB 

Mn 

pF 

Vp-p (max) 

J.!Vrms 

dB 



TSG8514 

PHASE RESPONSE CURVE (in passband) 
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TSG8514 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

VouT 
1000 (mVI 

750 

500 

250 

-250 

-500 

-750 

-1000 

USER'S GUIDE FOR IPwF AND RPwF CHOICE 

Fe kHz 

1000 

0 
0 

I 
~ ~ NON RECOMMENDED 

500 -

100 

50 

20 

10 

5 

2 
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ZONE ~ ..:;~v 
co~? 

~Y ~-<.\ 

/ 

50 100 

72 35 

ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

150 

20 

I:fi Sl:iS·ntOMSON 
~I li!tJU©Il©~~~©VIill©lmU©~ 

200 

14 

E88TSG8514-07 

250 
1PWF WAl 

R~WF lkfll 

10 Connected to GND 

E88TSG8514-08 



PACKAGE MECHANICAL DATA 

16 PINS- Plastic Dip 

mm 

Datum 

16 PINS - Plastic Micropackage 

mm 

9.8 
10.0 

( 11 Nom1nal dimension 
{2, True geometrical position 

6,35 
Ill 

0.63 
max 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16 pms 

TSG8514 
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TSG8514 

8 PINS - Plastic Dip 

mm 

ORDER CODES 

Plastic 16 Pins Package : TSG8514XP 

Ceramic 16 Pins Package : TSG8514XC 

Cerdip 16 Pins Package : TSG8514XJ 

Plastic 8 Pins Package: TSG85141XP 

X :Temperature Range = 

6/6 

654 

c: 0°C 
I: - 25°C 

V: -40°C 
M: - 55°C 

+ 70°C 
+ 85°C 
+ 85°C 
+ 125°C 

( 1} Nommal d1mens1on 

(2) True geometnca1 posrt1on 

B Pins 



TSG8530 

SWITCHED CAPACITOR MASK PROGRAMMABLE FIL TEA 

• CAUER TYPE 
• 3TH ORDER 
• STOPBAND ATIENUATION: 15dB (typ) 
• PASSBAND RIPPLE : 0.2dB (typ} 
• CLOCK TO CUT-OFF FREQ. RATIO: 320 
• CLOCK FREQUENCY RANGE : 4 TO 2400kHz 
• CUT-OFF FREQUENCY RANGE : 12Hz TO 

?.5kHz 

• According to spectrum alrasing phenomenon. the TSG8530 must 
be considered as a highpassfrlter only in the range [Fe, Fi/2], where 
Fi is the internal sampling frequency. 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8530 is a HCMOS highpass* elliptic filter. 

PIN CONNECTIONS 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

EBBTSG8530-01 

16 pins : FILTER+ 2 OP-AMPs 
DIP-16 Package 

EBBTSG8530-02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-S 

(Plastic Package) 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
E88TSG8530·03 
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TSG8530 

AMPLITUDE RESPONSE CURVE 

( 
-5 

;;; -10 
"0 

w -15 0 
::J 
t-

-20 ::J v \ 
:;; 

-25 <( I/ 
-30 

0.1 0 2 0.5 1 2 " 10 20 

NORMALIZED FREQUENCY 

E88TSG8530·04 

FILTER SPECIFICATIONS 
Highpass Filter : TSG8530 ; Type : Gauer ; Order : 3. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwF = 1 OO~A 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Rtpple [Fe, 30Fc] Fe =320kHz 

As Stopband Attenuation F < 0.49Fc Fe =320kHz 

Volt Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

lpwF Input Current on PWF 

I+ v• Supply Current Fe= 100kHz 
1- v- Supply Current lpwa = Oj.iA 

PSRW v• Supply Rejection Ratio Fe= 32kHz 

PSRW v- Supply Rejection Ratio Fin= 1kHz 

RtN Input Resistance 

CtN Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW =2kHz 
Fe= 32kHz 

SNR Signal to Noise Ratio Vin = 2Vrms 

(") At max1mum Fe . -stopband attenuation As > 14dB for F < 0.49Fc 
(with lpwl = 250~A) - passband npple Ap = 0.2dB 

- passband gam Go=- 0.6dB 

2/6 
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Typ. Tested Unit Limits 

4 kHz (min) 
2400(.) kHz (max) 

2 kHz (min) 
1200(.) kHz (max) 

320 ± 1% 

0.0125 kHz (min) 
7.5(.) kHz (max) 

-0.3 dB (min) 
0 dB (max) 

0.2 0.5 dB (max) 

15 14 dB (min) 

± 100 ± 200 mV (max) 

± 40 mV 

-6 

10 kQ (min) 
72 kQ (max) 

50 j.iA (min) 
250 j.iA (max) 

2.8 5 rnA (max) 

2.8 5 rnA (max) 

33 dB 

38 dB 

3 MQ 

20 pF 

+ 3.5 Vp-p (max) 
-4.5 

80 j.iVrms 

85 dB 



PHASE RESPONSE CURVE (in passband) 
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TSG8530 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

VouT {mVI 

5000 

4000 

-5000 

USER'S GUIDE FOR IPWF AND RPWF CHOICE 

(Fe kHz) 

-----I 11'~10~ NON RECOMMENDED 
r---- cu 

~~ ZONE ,r. 
,_co 

~ 

1ULJU 

500 

200 

100 

~ 
50 

20 ZONE OF CORRECT 

FUNCTIONING 
10 

WITH OVERCONSUMPTION 

0 50 100 150 200 

72 35 20 14 
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EBBTSGB530-07 

250 1PWF (JJAl 

RrwF ikl11 
10 Connected to GND 

EBBTSGB530-08 



PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

22.44 max. 

16 PINS- Plastic Micropackage 

mm 

9.8 
10.0 

(1) Nominal dimension 

{21 True geometrical position 

6.35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16 pinS 

TSG8530 
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TSG8530 

8 PINS- Plastic Dip 

mm 

( 1) Nom1nal dimens1on 

(2) True geometncal pos1t10n 

8 Pins 

ORDER CODES 

Plastic 16 Pins Package : TSG8530XP 

Ceramic 16 Pins Package : TSG8530XC 

Cerdip 16 Pins Package : TSG8530XJ 

Plastic 8 Pins Package: TSG85301XP 

X :Temperature Range = C: ooc + 70°C 
I: - 25°C + 85°C 

V: - 40°C + 85°C 
M: - 55°C + 125°C 

6/6 
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TSG8531 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• CAUER TYPE 
• 6TH ORDER 
• STOPBAND ATTENUATION: 32dB (typ) 
• PASSBAND RIPPLE: 0.15dB (typ) 
• CLOCK TO CUT-OFF FREQ. RATIO: 400 
• CLOCK FREQUENCY RANGE: 4 TO 1800kHz 
• CUT-OFF FREQUENCY RANGE : 1OHz to 

4.5kHz 

• Accord1ng to spectrum al1asing phenomenon. the TSG8531 must 
be considered as a highpass filter only 1n the range [Fe. Fl/2], where 
Fi is the internal sampling frequency. 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8531 is a HCMOS highpass* elliptic filter. 

PIN CONNECTIONS 

v+Da PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

LVL 

OUT 

CLK 

NC 

-EA 

SA 

+EA 

+EB 

SB 

- EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

E88TSG8531-01 

16 pins : FILTER + 2 OP-AMPs 
DIP-16 Package 

EBBTSGB531·02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

S0-16 Package 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

EBBTSGB531 ·03 
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TSG8531 

AMPLITUDE RESPONSE CURVE 

FILTER SPECIFICATIONS 

-10 I 
-20 

-30 

-4<l ~ 
-50 

-60 

0 1 0.2 0.5 1 2 5 10 

NORMALIZED FREQUENCY 

EBBTSGB531-04 

Highpass Filter : TSG8531 ; Type : Cauer ; Order : 6. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwf = 1 001-!A 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Freq. 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple [Fe, 30Fc] 
Fe= 400kHz 

As Stopband AttenuatJon F < 0.55Fc 
Fe= 400kHz 

Voff Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

lpwf Input Current on PWF 

I+ v• Supply Current Fe= 100kHz 
1- v- Supply Current lpwa = OJ.!A 

PSRW v• Supply Rejection Ratio Fe= 40kHz 

PSRR v Supply Rejection Ratio 
Fin=1kHz 

R1N Input Resistance 

c,N Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW =2kHz 

SNR Signal to Noise Ratio 
Fe= 40kHz 
Vin = 2Vrms 

(') At max1mum Fe ·-stopband attenuatiOn As > 30dB for F < 0.55Fc 
(w1th lpwl = 250~A) - passband npple : A,= 0.3dB 

-passband ga1n . Go=- 1dB 

2/6 
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Typ. Tested Unit Limits 

4 kHz (min) 
1800(*) kHz (max) 

2 kHz (min) 
900(*) kHz (max) 

400 ± 1% 

0.01 kHz (min) 
4.5(*) kHz (max) 

-0.1 dB (min) 
0.1 dB (max) 

0.15 0.4 dB (max) 

32 30 dB (min) 

± 100 ± 200 mV (max) 

± 300 mV 

0.1 

10 kO (min) 
72 kO (max) 

50 J1A (min) 
250 J.!A (max) 

3.5 5 mA (max) 

3.5 5 mA (max) 

36 dB 

48 dB 

3 MQ 

20 pF 

+ 3.5 Vp-p (max) 
-4.5 

178 !!Vrms 

80 dB 



PHASE RESPONSE CURVE (in passband) 
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TSG8531 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 
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USER'S GUIDE FOR IPWF AND RPwF CHOICE 

Fe (kHz) 

1800 

~ NON REC6MMENDED , ZONE >) 

1000 

500 

200 

~ ... ,~ 

7' 
100 

50 

ZONE OF CORRECT 

20 I 
FUNCTIONING 

10 

WITH OVERCONSUMPTION 

0 50 100 150 

72 35 20 

4/6 

664 

8 
M 

0 
0 ... 

E88TSG8531·07 

-----

lpwf IJlAI 
200 250 

RpwF lkDI 
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PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

16 PINS- Plastic Micropackage 

mm 

9.8 
10.0 

(1) Nom mal dimension 

(2) True geometrical position 

6.35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16 pinS 

TSG8531 
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TSG8531 

8 PINS - Plastic Dip 

mm 

ORDER CODES 

Plastic 16 Pins Package : TSG8531 XP 

Ceramic 16 Pins Package : TSG8531 XC 

Cerdip 16 Pins Package : TSG8531 XJ 

Plastic 8 Pins Package : TSG85311 XP 

X :Temperature Range ~ 

6/6 

666 

c: ooc 
I: - 25°C 

V: - 40°C 
M: -55°C 

+ 70°C 
+ 85°C 
+ 85°C 
+ 125°C 

( 1) Nom1nal d1mens1on 

(2) True geometncal pos1t10n 

8 Pins 



TSG8532 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• CHEBYCHEV TYPE 
• 6TH ORDER 
• STOPBAND ATTENUATION : 60dB (typ) AT 

0.25 X Fe 
• PASSBAND RIPPLE: 0.45dB (typ) 
• CLOCK TO CUT-OFF FREO. RATIO: 500 
• CLOCK FREQUENCY RANGE : 5 TO 1800kHz 
• CUT-OFF FREQUENCY RANGE : 1OHz TO 

3.6kHz 

• According to spectrum aliasing phenomenon, the TSG8532 must 
be considered as a high pass filter only tn the range [Fe, Ft/2], where 
Ft is the internal sampltng frequency. 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information 

DESCRIPTION 

The TSG8532 is a HCMOS highpass* polynomial 
filter. 

PIN CONNECTIONS 

v+ 

V-

LVL 

IN 

v+Da PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

GND 

OUT 

CLK 

PWF 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins: FILTER ONLY 16 pins : FILTER + 2 OP-AMPs 
DIP-8 Package 

E88TSG8532·01 

March 1989 

DIP-16 Package 
E88TSG8532·02 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(Plastic Package) 

V-

LVL 

IN 

GND 

OUT 

CLK 

PWF 

NC 

-EA 

SA 

+EA 

+EB 

SB 

- EB 

PWA 

S0·16 Package 
E88TSG8532·03 
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TSG8532 

AMPLITUDE RESPONSE CURVE 
0 

-10 I 
iii -20 IJ 
~ -30 
w 
0 -40 :::J I 
1-
::; -50 I 
0. 
::; -60 .. 

-70 

I 
I 

0 1 0.2 0.5 1 2 5 10 

FIL TEA SPECIFICATIONS 

NORMALIZED FREQUENCY 

E88TSG8532·04 

Highpass Filter : TSG8532 ; Type : Chebychev ; Order : 6. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwf = 1 OOf.!A 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Frequency 

Fe/Fe Clock to Cutoff fr. Ratio 

Fe Cutoff Frequency 

Go Passband Gain 

Ap Passband Ripple [1 Fe, 45Fc] 
Fe= 500kHz 

As Stopband Attenuation F < 0.25Fc 
Fe= 500kHz 

Vall Output DC Offset Voltage LVL = OV 

LVL DC Level Adjustment 

LG Level gain 

RPwF PWF Resistance 

lpwf Input Current on PWF 

I+ v+ Supply Current Fe= 100kHz 
1- v- Supply Current lpwa = OJ.!A 

PSRW v+ Supply Rejection Ratio Fe= 50kHz 

PSRW v- Supply Rejection Ratio Fin= 1kHz 

R1N Input Resistance 

CIN Input Capacitance 

Vo Output Voltage Swing 

Vn Output Noise BW =2kHz 
Fe= 50kHz 

SNR Signal to Noise Ratio Vin = 2Vrms 

(')At max1mum Fe · 
(w1th lpwl = 250~A) - passband ripple · A,= 0 SdB 

- passband ga1n · Go=- O.BdB 

2/6 
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Typ. Tested Unit Limits 

5 kHz (min) 
18oon kHz (max) 

2.5 kHz (min) 
900(.) kHz (max) 

500 ± 1% 

O.Q1 kHz (min) 
3.6(.) kHz (max) 

-0.4 dB (min) 
0 dB (max) 

0.45 0.8 dB (max) 

60 55 dB (min) 

± 80 ± 200 mV (max) 

± 75 mV (max) 

-2.7 

10 kn (min) 
72 kQ (max) 

50 !-lA (min) 
250 jlA (max) 

3.4 5 rnA (max) 

3.4 5 rnA (max) 

49 dB 

46 dB 

3 MO 

20 pF 

+ 3.5 Vp-p (max) 
-4.5 

88 J.!Vrms 

85 dB 



TSG8532 

PHASE RESPONSE CURVE (in passband) 
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TSG8532 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

VouT (mVI 

2000 

1500 

-1500 

-2000 

USER'S GUIDE FOR IPwF AND RPwF CHOICE 

Fe 1kHz) 

1800 

1000 

NON AECO~MENDED )~~ r--
ZONE ~ 

o"s\l 
P.'-c 

__# 

500 

200 

100 

50 

ZONE OF 
20 

CORRECT FUNCTIONING 

10 WITH OVERCONSUMPTION 

5 

50 100 150 200 

72 35 20 14 
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-----

E88TSG8532-07 

250 
1rwF (pAl 

RrwF lk!>21 
10 Connected to GND 

EBBTSG8532-08 



PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

16 PINS - Plastic Micropackage 

mm 

9.8 
10.0 

(1} Nominal dimemion 
(2) True geometrical position 

6.35 
(I) 

0.63 
moK. 

0.35 
0.45 

16 pins 

0.185 
0,265 

1.75 
max. 

16 pms 

TSG8532 
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TSG8532 

8 PINS- Plastic Dip 

mm 

( 1) Nommal d1mens1on 

(2) True geometncal pos1t1on 

ORDER CODES 

Plastic 16 Pins Package : TSG8532XP 

Ceramic 16 Pins Package : TSG8532XC 

Cerdip 16 Pins Package : TSG8532XJ 

Plastic 8 Pins Package : TSG85321 XP 

X :Temperature Range = C: ooc + 70°C 
I: - 25°C + 85°C 

V: - 40°C + 85°C 
M: - 55°C + 125°C 

6/6 
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TSG8540 

SWITCHED CAPACITOR FILTER 

• 6TH ORDER 
• SELECTIVITY FACTOR : Q = 5 
• ATTENUATION AT CENTER FREQUENCY 

FROM 36dB TO 56dB DEPENDING ON CEN
TER FREQUENCY 

• TYPICAL CLOCK TO CENTER FREQUENCY 
RATIO: 925 

• CLOCK FREQUENCY RANGE : 18.5kHz TO 
1110kHz 

• CENTER FREQUENCY RANGE : 20Hz TO 
1200Hz 

Note : For general characteristics, see TSGF08 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8540 is a HCMOS band reject filter. 

PIN CONNECTIONS 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

- EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

EBBTSG8540-01 

16 pins : FILTER + 2 OP-AMPs 
DIP-16 Package 

EBBTSG8540-02 

March 1989 

p 
DJP-16 

(Plastic Package) 

FP 
S0-16 

(PlastiC Micropackage) 

p 
DIP-8 

(Plastic Package) 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
EBBTSG8540-03 
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TSG8540 

AMPLITUDE RESPONSE CURVE 

FILTER SPECIFICATIONS 

AMPLITUDE (dB) 

0~~--~~~~~-r~ 
~ 

-50 l--+-+-f----1f--+--l 

-£QL-~--L-i-~L--L-~ 

0.25 0.5 0. 75 1 1.25 1.5 1 75 

NORMALIZED FREQUENCY 

E88TSG8540-04 

T = 25°C, V aD = + 5V, V ss =- 5V, RL = SkQ, CL = 1 OOpF, lpwf = 140!-lA (unless otherwise specified) 

Symbol Parameter 
Value 

Unit 
Min. Typ. Max. 

fe External Clock Frequency 18.6 1116 kHz 

f, Internal Sampling Freq. fo =;/(fie . fhc) 9.3 558 kHz 

fe/fo Clock to Center fr. Ratio 930 ± 2% 

to Center Frequency 20 1200 kHz 

Go Attenuation at Center Frequency with fe = 370kHz 30 35 dB 

fie Low Cut-off Frequency Fie= 0.91fo 18.2 1092 Hz 

fhc High Cut-off Frequency with Fe =372kHz fhc = 1.1fo 22 1320 Hz 

BW - 3dB Sandwich 1.1/fo- 0.91/fo 3.8 228 Hz 

Q Quality Factor Q =fO BW 5 

Alp Low Passband Gain for f < fo/2 - 1 0 + 1 dB 

Ahp High Passband Gain for f > 2fo -1.5 0 + 0.5 dB 

Votf Output DC Offset Voltage LVL = OV ± 100 ± 250 mV 

LVL DC Level Adjustment ±17 ± 42 mV 

LG Level Gain 6 

Rpwf PWF Resistance 72KQ 9.7 272 kQ 

lpwf Input Current on PWF 50 260 !!A 
I+ Supply Current fe =372kHz 4.6 9 mA 

IPwF = 140).1A 
1- lpwA = O).IA -4.6 -9 

PSSR + Supply Rejection Ratio fe =372kHz 20 dB 
PSSR- fin= 500kHz 33 

R,n Input Resistance 3 MQ 

C,n Input Capacitance 20 pF 

Vo Output Voltage Swing + 3.5 VPP 
-4.5 

Vn Output Noise I BW =93kHz 900 ).IVrms 
I fe =372kHz 

SNR Signal to Noise Ratio VtN = 2Vrms 67 dB 
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PACKAGE MECHANICAL DATA 

16 PINS - Plastic Dip 

mm 

Datum 

22.44 max. 

16 PINS - Plastic Micropackage 

mm 

9.8 
10.0 

(1) Nom mal dimension 

(2) True geometrical position 

6.35 
(1) 

0.63 
max. 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16 pms 

TSG8540 
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TSG8540 

8 PINS - Plastic Dip 

mm 

( 1 } Nommar d1mens1on 

(2) True geometncal pos1t10n 

8 Pins 

ORDER CODES 

Plastic 16 Pins Package : TSG8540XP 

Ceramic 16 Pins Package : TSG8540XC 

Cerdip 1 6 Pins Package : TSG8540XJ 

Plastic 8 Pins Package : TSG8540XP 

X :Temperature Range = C: ooc + 70°C 
I: - 25°C + 85°C 

V: - 40°C + 85°C 
T: -40°C + 105°C 
M: - 55°C + 125°C 

414 
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TSG8550 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• 6TH ORDER 
• SELECTIVITY FACTOR : Q = 7 
• GAIN AT CENTER FREQUENCY: OdB (typ) 
• LOW STOPBAND ATTENUATION: 40d8 (typ) 
• HIGH STOPBAND ATTENUATION: 40dB (typ) 
• CLOCK TO CENTER FREQ. RATIO: 48 
• CLOCK FREQUENCY RANGE: 1 TO 1200kHz 
• CENTER FREQUENCY RANGE : 20.8Hz TO 

25kHz 

Note : For general characteristics, see TSGBSXX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8550 is a HCMOS Cauer band-pass filter. 

PIN CONNECTIONS 

LVL 

v+Ds PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

E88TSG8550-01 

16 pins : FIL TEA + 2 OP-AMPs 
DIP-16 Package 

E88TSG8550-02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DIP-8 

(PlastiC Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWA 

S0-16 Package 
EBBTSGBSS0-03 
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TSG8550 

AMPLITUDE RESPONSE CURVE 

. 
' . 

/ 
v ,...._____ 

~ 
......... 

!'--
v 

NORMALIZED FREQUENCY 

EBBTSGBSS0-04 

FILTER SPECIFICATIONS 
Band-pass Filter : TSG8550 ; Type : GAUER ; Order : 6 
V• = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwF = 50~-!A 

Symbol Parameter 

Fe External Clock Frequency 

Fi Internal Sampling Frequency 

Fe/Fo Clock to Center Frequency Ratio 

Fo Center Frequency 

Go Gam at Center Frequency Typ. Go =- 0.2dB 
for Fe =48kHz 

Fie Low Cutoff Frequency Fie = 0.971 Fo 

Fhc High Cutoff Frequency Fhc = 1.035 Fo 

BW - 3dB Bandwidth [0.926 Fo, 1.07 Fo] 

Q Selectivity Coefficient Q = Fo/BW 

Ap Passband Ripple 

A Is Low Stopband Attenuation F < 0.8 Fo 

Ahs H1gh Stopband Attenuation F > 1.24 Fo 

Voff Output DC Offset Voltage LVL = OV 

LG Level Gain 

LVL DC Level Adjustment 

RPwF PWF Resistance 

IPwF Input Current on PWF 

(') At max1mum Fe · -stopband attenuation Als > 39dB for F < 0 BFo 
(with lpw1 = 250f!A) -stopband attenuation Ahs > 42dB for F > 1 24Fo 

- passband npple Ap = 0 3dB 
- Ga1n at center freq Go=- 1.5dB 
-- 3d8 bandwidth BW = 3 15kHz [0 926Fo, 1.052Fo] 
- Selectivity 0 = 7 9 

2/7 
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Typ. 

1 
1200(') 

0.5 
600(') 

48 ± 1% 

0.0208 
25(') 

0 

0.0204 
24.5(') 

0.0216 
25.9(') 

0.003 
3.15(') 

7 

0.05 

40.5 

40.5 

± 100 

-1.7 

± 118 

10 
72 

50 
250 

Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

0 dB (max) 
-2 dB (min) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

0.3 dB (max) 

40 dB (min) 

40 dB (min) 

± 200 mV (max) 

mV (max) 

kQ (min) 
kQ (max) 

j.tA (min) 
j.tA (max) 



TSG8550 

FILTER SPECIFICATIONS (continued) 

Symbol Parameter Typ. Tested Unit Limits 
I+ v+ Supply Current Fe= 48kHz 1.7 5 mA (max) 

1- v- Supply Current lpwa = O!!A 1.7 5 mA (max) 

PSRW v+ Supply Rejection Ratio Fe= 48kHz 9 dB 

PSRW v- Supply Rejection Ratio Fin= 1kHz 20 dB 

Rin Input Resistance 3 MQ 

Gin Input Capacitance 20 pF 

Vo Output Voltage Swing + 3.5 Vp-p (max) 
-4.5 

Vn Output Noise BW =144kHz 272 11Vrms 
CrwF = 33pF 

SNR Signal to Noise Ratio Fe= 48kHz 78 dB 
Vin = 2Vrms 

PHASE RESPONSE CURVE (in passband) 

0 

./ 
........ 

AMPLITUDE ..... ~ 
135 

1'--/ \ 
I ............_ 

\ 
I ............... 

r.......... ~ 
I ~HASE \ 
I ............. \ 1--.. 

............ 
!'..... 

45 

~ 
w 

"' "' -45 iE 

-135 

-1 

-2 

-3 

0.926 0.96 0.98 1 02 1.04 1.07 

NORMALIZED FREQUENCY 

EBBTSGB550·05 
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TSG8550 

GROUP DELAY CURVE (in passband) 

m 
"C 

w 
0 
:J 
1-
::; .. 
::;; 

"' 

0.926 096 0.98 1 02 

NORMALIZED FREQUENCY 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

1000 

4/7 

680 

VouT 
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USER'S GUIDE FOR lpwf AND RPWF CHOICE 

1200 
1000 

500 

200 

100 

50 

20 

10 

2 

Fe (kHz) 

NON RECOMMENCED ZONE J ~t-----
oPTtr.II'LCON 

~ 

ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

50 100 150 

72 35 20 

200 

14 

TSG8550 

250 
1PWF IJ1Al 

RpwF lkl11 

1° Connected to GND 

E8BTSGB550-0B 
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TSG8550 

PACKAGE MECHANICAL DATA 

16 PINS- Plastic Dip 

mm 

Datum 

16 PINS - Plastic Micropackage 

mm 

6,6 

6/7 

682 

9.8 
10.0 

(1) Nominal dimension 

(21 True geometrical position 

6.35 
(I) 

0.63 
mox. 

0.35 
0.45 

16 pins 

0.185 
0,265 

16 p1ns 



8 PINS- Plastic Dip 

mm 

ORDER CODES 

Plastic 1 6 Pins Package : TSG8550XP 

Ceramic 16 Pins Package : TSG8550XC 

Cerdip 16 Pins Package : TSG8550XJ 

Plastic 8 Pins Package: TSG85501XP 

X :Temperature Range = C: 
I: 

V: 
M: 

ooc 
- 25°C 
- 40°C 
- 55°C 

+ 70°C 
+ 85°C 
+ 85°C 
+ 125°C 

TSG8550 

( 1) Nomrnal drmensron 

(2) True geometncal posrtron 

8 Pms 

717 
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TSG8551 

SWITCHED CAPACITOR MASK PROGRAMMABLE FILTER 

• 8TH ORDER 
• SELECTIVITY FACTOR : Q = 35 
• GAIN AT CENTER FREQUENCY: 30dB (typ) 
• LOW STOPBAND ATIENUATION : 70dB (typ) 
• HIGH STOPBAND ATIENUATION: ?OdB (typ) 
• CLOCK TO CENTER FREQ. RATIO: 187.2 
• CLOCK FREQUENCY RANGE : 4 TO 3800kHz 
• CENTER FREQUENCY RANGE : 22Hz TO 

20.3kHz 

Note : For general characteristics, see TSG85XX 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8551 is a HCMOS high selectivity band
pass filter. 

PIN CONNECTIONS 

LVL 

V+oa PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

NC 

-EA 

SA 

+EA 

+EB 

SB 

- EB 

PWA 

8 pins : FILTER ONLY 
DIP-8 Package 

E88TSG8551-01 

16 pins : FILTER+ 2 OP-AMPs 
DJP-16 Package 

E88TSG8551·02 

March 1989 

p 
DIP-16 

(Plastic Package) 

FP 
S0-16 

(Plastic Micropackage) 

p 
DJP-8 

(Plastic Package) 

LVL 

NC 

-EA 

SA 

+EA 

+EB 

SB 

- EB 

PWA 

S0-16 Package 
E88TSG8551·03 
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TSG8551 

AMPLITUDE RESPONSE CURVE 
30 

20 

10 

~ 0 
w 
0 -10 
::J 
1- -20 ::; 
~ -30 
<( 

-40 

FILTER SPECIFICATIONS 

I \ 
I \ 

I 1\ 
1/ \ 

/ "' v !'-... 
/ 

0.8 0.85 0.9 0.95 1 1.05 1 1 1.15 1.2 

NORMALIZED FREQUENCY 

EBBTSGB551-04 

Bandpass Filter : TSG8551 ; Type : High Q ; Order : 8. 
V+ = 5V, v- =- 5V, T = 25°C, RL = 5kQ, CL = 1 OOpF, lpwF = 1 OOJ.!A 

Symbol Parameter Typ. 

Fe External Clock Frequency 4 
3800(*) 

Fi Internal Sampling Frequency 0.5 
475(*) 

Fe/Fo Clock to Center Ratio 187.2 ± 1% 

Fo Center Frequency 0.022 
20.3(*) 

Go Gain at Center Frequency Fe= 400kHz 30 

Q Selectivity Coefficient 35 

Ap Passband Ripple 

A Is Low Stopband Attenuation F < 0.8 Fo 70 

Ahs High Stopband Attenuation F > 1.2 Fo 70 

Volt Output DC Offset Voltage LVL = OV ± 100 

LVL DC Level Adjustment ± 70 

LG Level gain -3.3 

RpwF PWF Resistance 10 
72 

lpwF Input Current on PWF 50 
250 

I+ v+ Supply Current Fe= 100kHz 3.8 
1- v- Supply Current lpwa = OJ.!A 3.8 

PSRW v+ Supply Rejection Ratio Fe = 187.2kHz 10** 

PSRW v- Supply Rejection Ratio Fin= 1kHz 
19** 

RIN Input Resistance 3 

C1N Input Capacitance 20 

Vo Output Voltage Swing + 3.5 
-4.5 

Vn Output Noise BW =3Hz 56** 

SNR Signal to Noise Ratio 
Fe= 187.2kHz 
Vin = 2Vrms eo·· 

• IPWF = 200f'A 
• • Value divided by the gain. 

2/6 
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Tested Unit Limits 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

32 dB (min) 
28 dB (max) 

dB (max) 

55 dB (min) 

55 dB (min) 

± 200 mV (max) 

mV (max) 

KQ (min) 
KQ (max) 

J.IA (min) 
J.IA (max) 

5 mA (max) 

5 mA (max) 

dB 

dB 

MQ 

pF 

Vp-p (max) 

J.!Vrms 

dB 



TSG8551 

PHASE RESPONSE CURVE (in passband) 
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c 
:J 

~ 1-
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NORMALIZED FREQUENCY 

EBBTSGB551-05 

AMPLITUDE RESPONSE TEMPLATE (tested) 

E88TSG8551-06 
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TSG8551 

OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 
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-2000 

USER'S GUIDE FOR IPwF AND RPWF CHOICE 
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~ c,0 

~ r?"-
NON RECOMMENDED 5v"" 

ZONE c.¢ 
~>-" 

~v"'~ 
/ 

ZONE OF CORRECT 

FUNCTIONING 

WITH OVERCONSUMPTION 

0 50 100 150 

72 35 20 

200 

14 

LVL (mV) 

E88TSG8551-07 

2~ 

10 

I PWF (IJA) 

RPWF lknJ 

Connected to GND 

EBBTSG8551-08 



PACKAGE MECHANICAL DATA 
16 PINS- Plastic Dip 

mm 

Datum 

16 PINS- Plastic Micropackage 

mm 

9.8 
10.0 

( 1) Nommal dimension 
(2) True geometrical position 

6.35 
(1) 

0.63 

0.35 
0.45 

16 pins 

0.185 
0.265 

1.75 
max. 

16 pinS 

TSG8551 
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TSG8551 

8 PINS- Plastic Dip 

mm 

( 1) Nominal d1mens1on 

(2) True geometncal poSition 

8 Pins 

ORDER CODES 

Plastic 16 Pins Package : TSG8551 XP 

Ceramic 16 Pins Package : TSG8551 XC 

Cerdip 16 Pins Package : TSG8551 XJ 

Plastic 8 Pins Package : TSG85511 XP 

X :Temperature Range= C: ooc + 70°C 
I: - 25°C + 85°C 

V: - 40°C + 85°C 
M: - 55°C + 125°C 
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TSG8670 
MPF VOICE-GRADE DUAL FILTER FOR TELEPHONE LINE 

INTERFACE SWITCHED CAPACITOR FILTER 

OUT1 : RECEIVE LOW-PASS FILTER 
• CAUERTYPE 
• 4TH ORDER 
• STOPBAND ATIENUATION: 34dB 
• PASSBAND RIPPLE : 0.3dB 
• CLOCK TO CUTOFF FREQUENCY RATIO : 

85.33 
• CLOCK FREQUENCY RANGE: 32TO 1000kHz 
• CUTOFF FREQUENCY RANGE : 188Hz TO 

12kHz 

OUT2 :TRANSMIT BAND-PASS FILTER 
• 8TH ORDER (5th order GAUER low-pass + 3rd 

order CHEBYCHEV high-pass) 
• SELECTIVITY FACTOR : Q = 0.52 
• UPPER STOPBAND ATIENUATION: 42dB 
• PASSBAND RIPPLE : 0.2dB 
• CLOCK TO CENTER FREQUENCY RATIO : 

148 
• CLOCK FREQUENCY RANGE: 32 TO 1OOOkHz 
• CENTER FREQUENCY RANGE : 216Hz TO 

6.7kHz 

DESCRIPTION 

The TSG8670 is a HCMOS voice-grade dual filter 
for telephone line interface. 

PIN CONNECTIONS 

DIP-18 Package 

LVL2 

·EA 

SA 

+EA 

+EB 

SB 

-EB 

PWF 

E88TSG8670-01 

March 1989 

p 
DJP-18 

(Plastic Package) 

FP 
S0-18 

(Plastic Micropackage) 

NC orCLKSH 

-EA 

SA 

+EA 

+EB 

SB 

·EB 

PWF 

S0-18 Package 

E88TSG8670-02 
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TSG8670 

BLOCK DIAGRAM 

PWA IN1 PWF LVLl 

OUT1 

+Eo 

-EB 
OUT2 

58 

+EA 

-EA 
LVL2 

SA 

IN2 cue V+ GND V-

EBBTSG8670-03 
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TYPICAL AMPLITUDE RESPONSE CURVE FOR TELEPHONE APPLICATION 
(CLK = 256kHz) 

AMPLITUDE (dB) 
0 
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TSG8670 

EBBTSG8670-05 
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TSG8670 

ELECTRICAL OPERATING CHARACTERISTICS 
Tamb = 25°C, V + = 5V, V- =- 5V, RL = 5kQ, CL = 1 OOpF, lpwF = 50J.lA (unless otherwise specified) 

Symbol Parameter 

le External Clock Frequency 

I, Internal Sampling Freq. 

le lc Clock to Cutoff lr. Ratio 

lc Cut Off Frequency 

Go Passband Gain le =256kHz 

Ap Passband Ripple le =256kHz 

As Stop Band Attenuation I> 1.6310 

Voff Output DC Offset Voltage LVL = OV 
lpwF = 50J.lA 

LVL DC Level Adjustment 

LG Level gain 

RpwF PWF Resistance 

lpwf Input Current on PWF 

I+ Supply Current (**) le =256kHz 
1- lpwF = 50J.lA 

lpwA = O!lA 

PSRR+ Supply Rejection Ratio le =256kHz 
PSRR- 110 =1kHz 

R,N Input Resistance 

c,N Input Capacitance 

Vo Output Voltage Swing 

VA Output Noise I BW = 5.9kHz 

SNR Signal to No1se Ratio 1 
le =256kHz 
V1N = 2Vrms 

(*) At max1mum f, (w1th lewF = 150~A) : f,/fo = 85.3 ± 2%. 
(' ") For both rece1ve and transmit filters. 
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Value 
Unit 

Min. Typ. Max. 

32 1000C) kHz 

16 soon kHz 

83.6 85.33 87.05 

0.188 12(*) kHz 

-0.2 0.065 + 0.3 dB 

0.3 0.5 dB 

33 34.8 dB 

± 80 ± 150 mV 

± 45.5 mV 

-3.3 

20 200 kQ 

50 150 J.lA 

3.6 5 mA 
3.6 5 

46 dB 
42 

3 MQ 

20 pF 

+ 3.5 VPP 
-4.5 

190 !lVrms 

80 dB 



TSG8670 

TYPICAL AMPLITUDE RESPONSE CURVE 
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TSG8670 

TYPICAL PHASE RESPONSE CURVE IN PASSBAND 
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TYPICAL OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

USER'S GUIDE FOR IPwF AND RPWF CHOICE 

1024 
fe 1kHz) 

EBBTSG8670-1 0 

TSG8670 
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TSG8670 

2nd FIL TEA SPECIFICATIONS 
Transmit bandpass filter Order: 8 

ELECTRICAL OPERATING CHARACTERISTICS 
Tamb = 25°C, V + = 5V, V- =- 5V, RL = 5kil, CL = 1 OOpF, lpwF = 50j.lA (unless otherwise specified) 

Symbol Parameter 

fe External Clock Frequency 

f, Internal Sampling Freq. 

felfc Clock to Center fr. Ratio 

fo Center Frequency fo =(fie + fhe)/2 

Go Passband Gain fe =256kHz 

f1e Low Cut-off Frequency F1c = 0.148 fo 

fhe High Cut-off Frequency fhc = 1.852fo 

BW - 3dB Bandwidth (0.0925f0 , 2.023fo] 

Q Quality Factor Q = fo/BW 

Ap Passband Ripple fe =256kHz 

A Is Low Stopband Attenuation f < 0.0145 fo 

Ahs High Stopband Attenuation f > 2.83 fo 

Vofl Output DC Offset Voltage LVL = OV 
lpwF = 50J.1A 

LVL DC Level Adjustment 

LG Level Gain 

RPwF PWF Resistance 

IPwF Input Current on PWF 

I+ Supply Current (**) fe =256kHz 
IPWF = 50J.1A 

1- lpwA = OJ.!A 

PSRR + Supply Rejection Ratio fe =256kHz 
PSRR- fm = 1.73kHz 

R,N Input Resistance 

c,N Input Capacitance 

Vo Output Voltage Swing 

VA Output Noise I BW = 3.34kHz 

SNR Signal to Noise Ratio 
I fe =256kHz 

V1N = 2Vrms 

(*)At max1mum fe (With IPWF = 150!1A) 10/10 = 148 ± 2% and- 0.7dB <Go<- 0.3dB. 
(* *) For both receive and transmit filters. 
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Value 
Unit 

Min. Typ. Max. 

32 1000(*) kHz 

16 500(*) kHz 

145 148 151 

0.216 6.757(*) kHz 

-0.4 -0.2 +0 dB 

0.032 1 (*) kHz 

0.4 12.5(*) kHz 

0.417 13(*) kHz 

0.52 

0.15 0.3 dB 

41 42 dB 

41 42 dB 

±50 ± 300 mV 

± 48 mV 

-6.2 

20 200 kQ 

20 150 J.IA 

3.6 5 rnA 

3.6 5 

32 dB 
42 

3 Mn 
20 pF 

+ 3.5 VPP 
-4.5 

277 J.!Vrms 

77 dB 



TSG8670 

TYPICAL AMPLITUDE RESPONSE CURVE 

AMPLITUDE (dB) 
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TSG8670 

TYPICAL PHASE RESPONSE CURVE IN PASSBAND 
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TYPICAL OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

VouT !mVl 
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TSG8670 

PACKAGE MECHANICAL DATA 

18 PINS- Plastic Dip 

18 PINS- Plastic Micropackage 

~ 
I I ! I I i 

I : 1 I I .--
I 

I 
10 

j"Q"6s 

I 
I 

I u 
I 

I. 11,35 
II. 75 

D Index Area 
Zone de repere 
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(1) Nom mal d1mensio 
12) True geometrical pos1t10n 

18 pins 

74 
T.6 

I 2.35 

II 26~ 

4% 



TSG8670 

ORDER CODES 

Plastic 18 Pins Package : TSG8670XP 

Ceramic 18 Pins Package : TSG8670XC 

Cerdip 18 Pins Package : TSG8670XJ 

X :Temperature Range = C : oac + 70°C 
I - 25°C + 85°C 
v - 40°C + 85°C 
M - 55°C + 125°C 
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TSG8751 

SWITCHED CAPACITOR FILTER 

• 4TH ORDER 
• SELECTIVITY FACTOR Q = 25 
• GAIN AT CENTER FREQUENCY Go : 20dB 

(typ.) 
• LOW STOPBAND ATTENUATION : Go :- 65dB 

(typ.) AT f < 0.3 fo 
• HIGH STOPBAND ATTENUATION: Go: -65dB 

(typ.) AT f > 3 fo 
• CLOCK TO CENTER FREQ. RATIO: 60 
• CLOCK FREQUENCY RANGE: 1.5 TO 720kHz 
• CENTER FREQUENCY RANGE : 25Hz TO 

12kHz 

Note :For general characteristics, see TSGF04 
specifications. For non standard quality level, 
consult SGS-THOMSON general ordering 
information. 

DESCRIPTION 

The TSG8751 is a HCMOS high selectivity band
pass filter. 

PIN CONNECTIONS 

V+ 

~:ol ~ :~:IN +EA 

LVL 3 6 OUT 

IN 4 5 GND 

PWF 

CLK R 

CLKIN 

CLKM 

PWA 

OUT 

8 pins : FILTER ONLY 
DIP-8 Package 

14 pins: FILTER+ 1 OP-AMP 
DIP-14 Package 

EBBTSG8751-01 EBBTSGB751-02 

March 1989 

p 
DIP-14 

(Plastic Package) 

FP 
S0-18 

(Plastic Micropackage) 

p 
DIP-8 

(Piast1c Package) 

v+ 
v 

LVL 

IN 

GND 

OUT 

CLK 

PWF 8 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 +EB 

SB 

-EB 

PWA 

S0-16 Package 

E88TSG8751-03 
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TSG8751 

AMPLITUDE RESPONSE CURVE 
AMPLITUDE (dB) 
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BLOCK DIAGRAM 
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PWII OUT 

CLKJN 

TTL/CMOS 
LEVEL CLOCK 

SCHMITT TRIGGER 
OSCILLATOR 

OUAHlZ 
OSCILLATOR 

PWF LVL 

CLK R v+ GND v-

IN 
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TSG8751 

FILTER SPECIFICATIONS 

ELECTRICAL OPERATING CHARACTERISTICS 
Tamb = 25°C, V + = 5V, V- =- 5V, RL = SkQ, CL = 100pF, IPwF = SO(lA (unless otherwise specified) 

Symbol Parameter 

fe External Clock Frequency 

f, Internal Sampling Freq. 

fe fo Clock to Center fr. Ratio 

fo Center Frequency 

Go Gain at Center Frequency 

f1e Low Cut Off Frequency 

fhe High Cut Off Frequency 

BW - 3dB Sandwich 

Q Quality Factor 

A Is Low Stopband Attenuation 

Ahs High Stopband AttenuatiOn 

You Output DC Offset Voltage 

LVL DC Level AdJUStment 

LG Level Gam 

RPwF PWF Resistance 

IPWF Input Current on PWF 

I+ Supply Current 

1-

PSRR + Supply Rejection Rat1o 
PSRR-

R1N Input Resistance 

c,N Input Capacitance 

Vo Output Voltage Swmg 

VA Output Noise 

SNR Signal to Noise Ratio 

nAt maximum f, (w1th lewF = 150J.lA) · f,/10 = 61 .t 2% 
(* *) Value d1v1ded by the ga1n 

fo =(fie + fhe) 2 

fe =60kHz 
lpwF = 50J.1A 

F1e = 0.98 lo 

fhe = 1.02 fo 

[0.98 fo, 1.02 fo] 

0 =fo BW 

I< 0.3 fo 

I> 3 lo 

LVL = OV 
lpwF = 50J.1A 

fe =60kHz 
lpwF = 50J.IA 
lpwA = OJ.!A 

fe =60kHz 
1m= 1kHz 

I BW =1kHz 

1 
fe =60kHz 
V1N = 2Vrms 

Value 
Unit 

Min. Typ. Max. 

1.5 720(") kHz 

0.75 360(*) kHz 

58 8 60 61.2 

0.025 12(*) kHz 

19 20 21 dB 

0.0245 11.76 kHz 

0.0255 12.24 kHz 

1 480 Hz 

25 

Go- 63 Go- 65 dB 

Go- 63 Go- 65 dB 

± 100 ± 200 mV 

± 67 mV 

3 

20 72 kn 

50 150 J.IA 

1.6 3 rnA 

1.6 3 

30(**) dB 
31(**) 

3· MQ 

20 pF 

+ 3.5 VPP 
-4.5 

91.8(**) J.!Vrms 

66 dB 
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TSG8751 

TYPICAL AMPLITUDE RESPONSE CURVE 

AMPLITUDE (dB) 
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TYPICAL PHASE RESPONSE CURVE IN PASSBAND 
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TSG8751 

TYPICAL OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 

2000 VouT !mVI 

-750 
r---~----+----+----;---~~~~--~~--4---~----;-----r---.-LVL 

USER'S GUIDE FOR IPWF AND RPWF CHOICE 

1 5 

50 75 

72 50 
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100 125 

35 28 

~ SCS·niOMSON .._""!I l>llo©~@~~~©1i'~@!llo~~:~ 

750 lmVI 

E88TSG8751-1 0 

lpwFI.uA) 
150 

Rpwf (kH) 
20 Connected to GNO 
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CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible 
TTUCMOS clocks on CLKIN pin and provides an 
internal oscillator performed either by RC or crystal 
connected between CLKIN and CLKR pins. 

The clock selection mode is provided by CLKM pad 
which can be connected to V- or GND voltage le
vels. This connection is realized by two means, de
pending on the package type chosen : 

- with 14-pin package, via pin CLKM 

CLK R 

c )R 

v-~: CLK IN 

v- CLK M 

.--- GNO 

EBBTSG8751 -12 

- three external clocks : 
-low-TTL 
- high-TTL 
-CMOS 

The "low-TTL" and "high-TTL" clock levels are : 

Low-TTL 

High-TTL 

TSG8751-

- with 8-pin package, by internal connection readily 
performed, only on custom filters. 

(note that CLKM pin connected to V+, allows these
lection of the internal crystal-controlled oscillator, 
but the selection by CLKM connected to V- is rec
ommended). 
The different possibilities are : 

- two internal oscillator modes : 
- RC 
- Crystal 

~~-+--...--; CLK R 

R 

v- ---;CLK M 

GND 

E88TSG8751-13 

N.C.- CLK R 

Clock -----t CLK IN 
1nput 

~ CLKM 

-- GND 

"" 
E88TSG8751-14 

+ 10V (resp.+ 5V) 

5 V (resp. 0 V) 

0 V (rcsp. - 5 V) 

+ 5V(resp.+10V) 

0 V (resp. + 5 V) 

5 V (rcsp 0 V) 

EBBTSG8751-15 
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TSG8751 

For each package version, the following tables re
sume, the availability of the different clocks, in terms 
of the power supply. 

8-Pin Package 

0.5V 0.10V - 5. + 5V 

Low-TTL NO c c 
High-TTL NO YES YES 

CMOS c YES YES 

RC Mode NO NO NO 

Crystal Mode NO NO NO 

C = Customtzatton optton 

ELECTRICAL OPERATING CHARACTERISTICS 

WITH DUAL SUPPLY VOLTAGE 

Note that in 8-pin version, the clock mode (CLKM) 
is internally set to GND voltage, except in the case 
of CMOS clock and 0-5V power supply, where 
CLKM is internally connected to V- voltage. 

14-Pin Package 

0.5V 0.1 ov - 5. + 5V 

Low-TTL NO c c 
High-TTL NO CLKM = GND CLKM = GND 

CMOS CLKM = v- CLKM = GND CLKM = GND 

RC Mode CLKM = v- CLKM = v- CLKM = v-
Crystal Mode CLKM = v- CLKM = v- CLKM = v-

Tamb = 25°C, V+ = 5V, V- =- 5V, GND = OV, (unless otherwise specified) 

Symbol Parameter 
Value 

Unit 
Min. Typ. Max. 

GND Threshold Voltage 1.5 v 
External Clock Frequency 5 MHz 

V- RC MODE: 
High Threshold Voltage on CLKIN 1 1.25 1.5 v 
Corresponding Voltage on CLKR -5 v 
Low Threshold Voltage on CLKIN -1.5 -1.25 -1 v 
Corresponding Voltage on CLKR +5 v 
Oscillator Frequency 5 MHz 

Res1stor 2 10 000 kQ 
Capacitor 0 47 nF 

V- CRYSTAL MODE : 
Oscillator Frequency 5 MHZ 

Resistor 1 MQ 
Capacitor CR 10 100 pF 
Capacitor C1N 10 30 pF 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 

WITH SINGLE SUPPLY VOL lAGE 
lamb= 25°C, V+ = 10V, V- = OV, GND = 5V, (unless otherwise specified) 

CLKM Parameter 
Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 6 
Corresponding Voltage on CLKR 
Low Threshold Voltage on CLKIN 3.5 
Corresponding Voltage on CLKR 
Oscillator Frequency 

Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor CIN 10 

WITH SINGLE SUPPLY VOLTAGE 
lamb= 25°C, V+ = 5V, V- = OV, GND = 2.5V, (unless otherwise specified) 

CLKM Parameter 
Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 3 
Corresponding Voltage on CLKR 
Low Threshold Voltage on CLKIN 1.5 
Corresponding Voltage on CLKR 
Oscillator Frequency 

Resistor 2 
Capacitor 0 

V- CRYSTAL MODE: 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor CIN 10 

TSG8751 

Value 
Unit 

Typ. Max. 

6.5 v 
5 MHz 

6.25 6.5 v 
0 v 

3.75 4 v 
+ 10 v 

5 MHz 
10 000 kQ 

47 nF 

30 
5 

1 MHZ 
Mn 

100 pF 

Value 
Unit 

Typ. Max. 

3.8 v 
5 MHZ 

3.2 3.4 v 
0 v 

1.8 2 v 
+5 v 

5 MHz 
10 000 kQ 

47 nF 

5 
1 MHz 

100 Mn 
30 pF 
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TSG8751 

With internal RC oscillator mode, the user's guide 
for R and C choice is given by following curves and 

10112 

714 

F(Hz) 

107 
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i-r-. 

["'-, 

t-r-. 

" 

..... ~ 
!"... 
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" 
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...... ~ 

for both supply voltages: 0-5V, 0-1 OV. 

·" ~ 

.. , I 'I 

"l' I" 10V: 

I. I c=1oo,.F 
5V• 

" 10V c= 1 nF 
5v'•ll 

10V, 
C=4.7nF 

5V 

I-'. 

'~ 
10V 

.:'IJ C=47 nF 
SV' 

11 
II 

10• R (HI 

E88TSG8751-16 



PACKAGE MECHANICAL DATA 

14 PINS- Plastic Dip 

Datum 

Or 

19.9max. 

8 PINS- Plastic Package 

l 

8.5max . .,1 

( 1) Nommal dtmenston 

(2) True goomotncal posttton 

6.35 
(1) 

( 1) Nomtnal dtmenston 

(2) True geometncal postlton 

TSG8751 

14 Pms 

8 Prns 

11/12 
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TSG8751 

16 PINS - Plastic Micropackage 

14 

Datum 

Or 

19.9max. 

ORDER CODES 

Plastic 14 Pins Package : TSG8751 XP 

Ceramic 14 Pins Package : TSG8751 XC 

Cerdip 14 Pins Package : TSG8751 XJ 

Plastic 8 Pins Package : TSGB7511 XP 

12/12 
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1 

8.5 max. •I 

( 1) Nommal d1mens1on 

(2) True geometncal pos1!10n 

6.35 
(1) 14 Pms 



~ SGS·ntOMSON BZW04-5V8, B A.., I ~o©~©rnrLrn©li'~©lR!lD©~ ezwo4Psva, e 
~ 376, B 
~ 376, B 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
400 W I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.8 v ---7376 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T; Initial = 25 oc 
See note 1 

T amb =50 oc 
Ti Initial = 25 oc 

t = 1 oms 

F 126 
(Plastic) 

Value 

400 

1.7 

50 

Unit 

w 

w 

A 

Tstg Storage and Operating Junction Temperature Range -55 to 150 oc 
Tl 150 oc 
h Maximum Lead Temperature for Soldering During 10 sat 4 mm 230 oc 

from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 
Note : 1. For surges upper than the maximum values, 

the diode will present a short·circuit anode·cathode 

January 1989 

Value 

60 

1 v;__Ipp 10 9 Pulse wave for11 10/:tOOO 

100 -oj----L-

5:~.t 
1 •s DSSTRANSIL 1 
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8ZW04-5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 

ELECTRICAL CHARACTERISTICS (TJ = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 

lpp Peak Pulse Current 

!XT Temperature Coefficient of V(BRJ 

c Capacitance 

tclampmg Clamping T1me (0 volt to V(BRJ) I Unidirectional Types 

I Bidirectional Types 

Types lAM@ YAM Y(BR)* @ 
max. (V) 

Unidirectional Bidirectional (~A) (V) min. nom. max. 

p BZW04P5V8 p BZW04P5V8B 1000 5.8 6.45 68 7.48 
BZW04-5V8 BZW04-5V88 1000 5.8 6.45 6.8 7.14 
BZW04P6V4 P BZW04P6V48 500 6.4 7.13 7.5 8.25 
BZW04-6V4 BZW04-6V48 500 6.4 7.13 7.5 7.88 
BZW04P7VO p BZW04P7VOB 200 7.02 7.79 8.2 9.02 
BZW04-7VO BZW04-7VOB 200 7.02 7.79 8.2 8.61 
BZW04P7V8 BZW04P7V8B 50 7.78 8 65 9.1 10.0 
BZW04-7V8 BZW04-7V8B 50 7.78 8.65 9.1 9 55 
BZW04P8V5 BZW04P8V5B 10 B.55 9.50 10 11.0 
BZW04-BV5 BZW04-BV58 10 B 55 9.50 10 10 50 

p BZW04P9V4 p BZW04P9V48 5 94 10.5 11 12.1 
BZW04-9V4 BZW04-9V48 5 94 10.5 11 11.6 
BZW04P10 BZW04P10B 5 10.2 11 4 12 13.2 
BZW04-10 BZW04-10B 5 10.2 11.4 12 12.6 

p BZW04P11 p BZW04P11B 5 11.1 12.4 13 14.3 
BZW04-11 BZW04-11B 5 11.1 12.4 13 13.7 

p BZW04P13 p BZW04P13B 5 12.8 14.3 15 16.5 
BZW04-13 BZW04-13B 5 12.8 14.3 15 15.8 

p BZW04P14 p BZW04P14B 5 13.6 15 2 16 17.6 
BZW04-14 BZW04-14B 5 13.6 15 2 16 16.8 

p BZW04P15 p BZW04P15B 5 15.3 17.1 18 19 8 
BZW04-15 BZW04-15B 5 15 3 17.1 18 18.9 
BZW04P17 BZW04P17B 5 17.1 19 20 22 
BZW04-17 BZW04-17B 5 17.1 19 20 21 
BZW04P19 BZW04P19B 5 18.8 20.9 22 24.2 
BZW04-19 BZW04-19B 5 18.B 20.9 22 231 
BZW04P20 p BZW04P20B 5 20.5 22 8 24 26.4 
BZW04-20 BZW04-20B 5 20.5 22.B 24 25 2 

p BZW04P23 BZW04P23B 5 23.1 25 7 27 29.7 
BZW04-23 BZW04-23B 5 231 25.7 27 28.4 

p BZW04P26 p BZW04P26B 5 25.6 28 5 30 33 
BZW04-26 BZW04-26B 5 25 6 28.5 30 31 5 
BZW04P28 P BZW04P288 5 28 2 31.4 33 36.3 
BZW04-28 BZW04-28B 5 28.2 31.4 33 34.7 

p BZW04P31 p BZW04P31B 5 30.8 34.2 36 39.6 
BZW04-31 BZW04-31B 5 30.8 34.2 36 37.8 

p BZW04P33 BZW04P33B 5 33.3 37.1 39 42.9 

• Pulse test t, ,; 50 ms o < 2 % 
•• Div1de these values by 2 for b1direclional types 
For bidirectional types. electrical characteristics apply m both directions. 
P · Preferred device. 
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lA Y(CL) @ lpp 
max. 

1ms expo 

(rnA) (V) (A) 

10 10.5 38 
10 10 5 38 
10 11.3 35.4 
10 11.3 35.4 
10 12.1 33 
10 12.1 33 

1 13.4 30 
1 13.4 30 
1 14 5 27.6 
1 14 5 276 
1 15.6 25 7 
1 15.6 25.7 
1 16 7 24 
1 16.7 24 
1 18.2 22 
1 18.2 22 
1 21.2 19 
1 21.2 19 
1 22 5 17 8 
1 22.5 17 8 
1 25.2 16 
1 25.2 16 
1 27.7 14.5 
1 27.7 14.5 
1 30.6 13 
1 30.6 13 
1 33.2 12 
1 33.2 12 
1 37 5 10 7 
1 37 5 10.7 
1 41.5 9.6 
1 41.5 96 
1 45.7 8.8 
1 45.7 8.8 
1 49.9 8 
1 49.9 8 
1 53.9 7.4 

Value 

See tables 

1 ps max. 

5 ns max. 

Y(CL) @ lpp <IT C** 
max. max. typ. 

VR=O 
8-20~s expo 1:1 MHz 

(V) (A) (1o-•t"Cl (pF) 

13 4 174 5.7 3500 
'13 4 174 57 3500 
14.5 160 6.1 3100 
14.5 160 6.1 3100 
15.5 148 6.5 2700 
15.5 148 6.5 2700 
17.1 134 6.8 2300 
171 134 6 8 2300 
1B 6 25B 7.3 2000 
1B 6 258 7.3 2000 
20.3 236 75 1750 
20 3 236 7 5 1750 
21.7 221 7.8 1550 
21.7 221 7.8 1550 
23.6 203 8 1 1450 
23.6 203 8.1 1450 
27.2 176 B.4 1200 
27.2 176 8.4 1200 
28.9 166 8.6 1100 
28.9 166 8 6 1100 
32.5 148 8 8 975 
32.5 148 8.8 975 
36.1 133 9.0 850 
36.1 133 9.0 850 
39.3 122 9.2 BOO 
39.3 122 9 2 BOO 
42 B 112 9.4 725 
42 B 112 9.4 725 
4B 3 99 9 6 625 
48 3 99 9.6 625 
53.5 90 9.7 575 
53.5 90 9.7 575 
59 81.5 9.8 510 
59 81.5 9.8 510 
64.3 74.5 9.9 480 
64.3 74.5 9.9 4BO 
69.7 69 10.0 450 



8ZW04-5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 

Types IRM @ VRM V (BR)* @ 

max. (V) 

Unidirectional Bidirectional (J.lA) (V) min. nom. max. 

BZW04-33 BZW04-33B 5 33.3 37.1 39 41 
BZW04P37 p BZW04P37B 5 36.8 40.9 43 47.3 
BZW04-37 BZW04-37B 5 36 8 40.9 43 45.2 
BZW04P40 BZW04P40B 5 40.2 44.7 47 51.7 
BZW04-40 BZW04-40B 5 40.2 44.7 47 49.4 
BZW04P44 BZW04P44B 5 43.6 48.5 51 561 
BZW04-44 BZW04-44B 5 43.6 48 5 51 53.6 
BZW04P48 BZW04P48B 5 47.8 53 2 56 61.6 
BZW04-48 BZW04-48B 5 47.8 53 2 56 58.8 
BZW04P53 BZW04P53B 5 53 58 9 62 68 2 
BZW04-53 BZW04-53B 5 53 58 9 62 65.1 
BZW04P58 BZW04P58B 5 58.1 64.6 68 74.8 
BZW04-58 BZW04-58B 5 58.1 64 6 68 71 4 
BZW04P64 BZW04P64B 5 64.1 71.3 75 82.5 
BZW04-64 BZW04-64B 5 64.1 71.3 75 78.8 
BZW04P70 p BZW04P70B 5 701 77.9 82 90.2 
BZW04-70 BZW04-70B 5 70.1 77.9 82 86.1 
BZW04P78 BZW04P78B 5 77.8 86.5 91 100 
BZW04-78 BZW04-78B 5 77.8 86 5 91 95.5 

p BZW04P85 BZW04P85B 5 85.5 95 100 110 
BZW04-85 BZW04-85B 5 85.5 95 100 105 
BZW04P94 BZW04P94B 5 94 105 110 121 
BZW04-94 BZW04-94B 5 94 105 110 116 
BZW04P102 BZW04P102B 5 102 114 120 132 
BZW04-102 BZW04-102B 5 102 114 120 126 

p BZW04P111 BZW04P111B 5 111 124 130 143 
BZW04-111 BZW04-111B 5 111 124 130 137 

p BZW04P128 p BZW04P128B 5 128 143 150 165 
BZW04-128 BZW04-128B 5 128 143 150 158 

p BZW04P136 p BZW04P136B 5 136 152 160 176 
BZW04-136 BZW04-136B 5 136 152 160 168 

p BZW04P145 BZW04P145B 5 145 161 170 187 
BZW04-145 BZW04-145B 5 145 161 170 179 
BZW04P154 BZW04P154B 5 154 171 180 198 
BZW04-154 BZW04-154B 5 154 171 180 189 
BZW04P171 BZW04P171B 5 171 190 200 220 
BZW04-171 BZW04-171B 5 171 190 200 210 
BZW04P188 p BZW04P188B 5 188 209 220 242 
BZW04-188 BZW04-188B 5 188 209 220 231 

p BZW04P213 BZW04P213B 5 213 237 250 275 
BZW04-213 BZW04-213B 5 213 237 250 263 

p BZW04P239 BZW04P239B 5 239 266 280 308 
BZW04-239 BZW04-239B 5 239 266 280 294 
BZW04P256 BZW04P256B 5 256 285 300 330 
BZW04-256 BZW04-256B 5 256 285 300 315 
BZW04P273 BZW04P273B 5 273 304 320 352 
BZW04-273 BZW04-273B 5 273 304 320 336 

p BZW04P299 BZW04P299B 5 299 332 350 385 
BZW04-299 BZW04-299B 5 299 332 350 368 
BZW04P342 BZW04P342B 5 342 380 400 440 
BZW04-342 BZW04-342B 5 342 380 400 420 
BZW04P376 BZW04P376B 5 376 418 440 484 
BZW04-376 BZW04-376B 5 376 418 440 462 

* Pulse test tp ::; so ms 0 < 2 %. 
** Oiv1de these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions 
P · Preferred device 

IR V (CL) @ lpp V(CL) @ lpp ar C" 
max. max. max. typ. 

VR=O 
1 ms expo 8-20J.1S expo 1:1MHz 

(mA) (V) (A) (V) (A) (10 4 / 0 C) (pF) 

1 53.9 7.4 69.7 69 10.0 450 
1 59.3 6.7 76 8 62 5 101 400 
1 59.3 6.7 76.8 62.5 10.1 400 
1 64.8 6.2 84 57 10.1 370 
1 64.8 6.2 84 57 10.1 370 
1 70.1 5.7 91 52.5 10.2 350 
1 70.1 5.7 91 52.5 10.2 350 
1 77 52 100 48 10.3 320 
1 77 52 100 48 10.3 320 
1 85 4.7 111 43 10 4 290 
1 85 4.7 111 43 10.4 290 
1 92 4.3 121 39.5 10.4 270 
1 92 4.3 121 39.5 10.4 270 
1 103 3.9 134 36 10.5 250 
1 103 3.9 134 36 10.5 250 
1 113 3.5 146 33 10.5 230 
1 113 3.5 146 33 10.5 230 
1 125 3.2 162 29.5 10 6 210 
1 125 3.2 162 29.5 10.6 210 
1 137 2.9 178 27 10.6 200 
1 137 2.9 178 27 10.6 200 
1 152 2.6 195 24.5 10.7 185 
1 152 2.6 195 24.5 10.7 185 
1 165 2.4 212 22.5 10.7 170 
1 165 2.4 212 22.5 10.7 170 
1 179 2.2 230 20.8 10.7 165 
1 179 2.2 230 20 8 10.7 165 
1 207 2.0 265 18.1 10.8 145 
1 207 2.0 265 18.1 10.8 145 
1 219 1.8 282 17 10.8 140 
1 219 1.8 282 17 10.8 140 
1 234 1.7 301 16 10.8 135 
1 234 1.7 301 16 10 8 135 
1 246 1.6 317 15.1 10.8 125 
1 246 1.6 317 15.1 10.8 125 
1 274 1.5 353 13 6 10.8 120 
1 274 1 5 353 13.6 10.8 120 
1 301 1.4 388 12.4 10.8 110 
1 301 1.4 388 12.4 10.8 110 
1 344 1.5 442 12 11 100 
1 344 1.5 442 12 11 100 
1 384 1.5 494 12 11 95 
1 384 1.5 494 12 11 95 
1 414 1.2 529 10 11 90 
1 414 1.2 529 10 11 90 
1 438 1.2 564 10 11 85 
1 438 1 2 564 10 11 85 
1 482 09 618 9 11 80 
1 482 09 618 9 11 80 
1 548 0.9 706 8 11 75 
1 548 0.9 706 8 11 75 
1 603 0.8 776 8 11 70 
1 603 0.8 776 8 11 70 
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BZW04·5V8, B -> 376, B/BZW04P5V8, B -> 376, B 
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"o 106 P 
(N) 

Tj initial 25 °C 

Ill 

105 II IIIII II Ill 
VeR < 10 V ... -.... 
10 V (I VeR < 250 V 

VeR ;?; 250 V ---
104 

... 
~~ 1;:.-

"':'-

tp (ms) expo 

10 10-3 10 

10 

F1y.1- Peak pulse power versus exponential pulse duration. 

BZW 04P78 

BZW 04P53 ... -·· 
BZH r4Pra,1,4-jeJ..u~-+--+-1-+4~~.--..• ~.-~ .... -+. ~. '-~ •• --H-II+F-~~---l--1--H++Hl 

BZW ~4Pn 
~-=--·· ···-

BZW 04PBV5 

BZW 04P5VB 

10 

Fig. 2 - Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 ps ....... _. 

t= 1ms---
t = 10 ms --

Ipp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula: •W(BR) =OCT(V(BRJJ X !Tj - 251 X V(BR] 
For intermediate voltages. extrapolate the given results. 

DBBBZW04P4 



8ZW04·5V8, 8 -> 376, 8/8ZW04P5V8, 8 -> 376, 8 

Pp [Tjl 
P [T · ~ 25 "Cl I 'P 

100 
'r-.. 

....... 

""" !'.... 

""" ..... 
r-..... 50 

Tj initial ("Cl 

0 25 50 75 100 125 150 175 

Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
junction-ambient for mounting n"2 
versus pulse duration (L = 10 ml) • 

D88BZW04P5 
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0 
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\. 
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Tamb (oC) '~ 
50 100 150 

Fig.4 - Power dissipation versus ambient 
temperature. 

Mounting n• 1 
INFINITE HEATSINK 

Mounting n• 2 
PRINTED CIRCUIT 

~.~ 
tconnexion Soldering 

1o2 IFM (A) 

10 

I! Tj ~ 150"C 

VTo .9 v 
rT = .075 n v ... 

~ ... 

?" 
£' ., 

I 
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250C 
1500C ---
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I 

I 

VFM (VI 
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Fig.7 -Peak forward current 
versus peak forward val tage drop 
(typical values for unidirectional 
types). 
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BZW04-5V8, 8 -> 376, B/BZW04P5V8, 8 -> 376, B 

4 c (pf) 
10 

:.§Lw 04Psva 
J li 
~ 04P13 

:lil!L04P26 

~ ~04P171 

BZW 04P342 

10 

10 

Tj - 25 •c 
f I MHZ 

r;;::: f-. 

VA (V) 

100 500 

4 c (pf) 
10 

BZW 04P5VBB 

lizw 04P13B 

BZW 04P26 

BZW 04P588 

BZW 04P17!B 

BZW 04P3428 
10 

Tj 25 •c 
f ~ 1 MHZ 

VA (V) 

10 100 500 

Fig. Ba - Capacitance versus reverse applied 
voltage for unidirectional types 

Fig .Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

F 126 Plastic 

L 

note 1 L1 

II I 

G 

-I- "- f--1-1--------

II I 
I 
I 
I 
I 0 b2 

L__ 

note 2 

Ref. 
Millimeters Inches 

Min. Max. Min. Max. 

0 b2 0.76 0.86 0.029 0.034 

(typical values) . 
D88BZW04P6 

L 

L! note 1 

I II 
1-!--- f---r---- I--

I II I 
I 

~ 
I 
I 

Notes 

00 2.95 3.05 0.116 0.120 1 -The lead d~ameter 0 b2 is not controlled over zone L1. 

G 6.05 6.35 0.238 0 250 
2 - The minimum axial lengh within which the dev1ce may be placed with 

L 26 - 1.024 - its leads bent at right angles IS 0.59" (15 mm). 

L1 - 1.27 - 0.050 

Cool1ng method :by convectiOn (method A). 
Marking . type number , white band indicates cathode for unidirectional types. 
We1ght : 0.4 g. 
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Gi SGS·niOMSON P6KE6V8P, A~ 440P, A 

~I ~O~rnl@~[L~~li'~@ffi!JO~~ P6KE6V8CP, CA ~ 440CP, CA 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
600 W /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE : 
5.8 v~376V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER+ SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 
Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOL,UTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

Tamb = 75 °C 

T1 Initial = 25 oc 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
Tl 

h Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for LJead = 10 mm 
Note : 1. For surges upper than the maximum values, 

/ 
CB-417 
(Plastic) 

Value 

600 

5 

100 

-55 to 175 
175 

230 

Value 

20 

Unit 

w 

w 

A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. I Ipp Pulse IIBYB fDrll iO/iOOO 

~L 
February 1989 

50 -- 1 
I 
I 

0 I t 
i •s D88TRANSIL1 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (TJ = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

ar Temperature Coefficient of V(BR) 

c Capacitance 

!clamping Clamping Time (0 volt to V(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

VFM Forward Voltage Drop for Unidirectional Types (IFM =50 A) 3.5 V max. 

Types IRM@ VRM V(BR)* @ IR V(CL) @ lpp V(CL) @ lpp ay 

max. (V) max. max. max. 

1 ms expo 8-20 11s expo 

Unidirectional Bidirectional (I! A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (10-4/'C) 

p P6KE6V8P p P6KE6V8CP 1000§ 5.8 6.45 6.8 7.48 10 10.5 57 13.4 261 5.7 
P6KE6V8A P6KE6V8CA 1000§ 5.8 6.45 6.8 7.14 10 10.5 57 13.4 261 5.7 

p P6KE7V5P p P6KE7V5CP 500§ 6.4 7.13 7.5 8.25 10 11.3 53 14.5 241 6.1 
P6KE7V5A P6KE7V5CA 500§ 6.4 7.13 7.5 7.88 10 11.3 53 14.5 241 6.1 

p P6KE8V2P P6KE8V2CP 200§ 7.02 7.79 8.2 9.02 10 12.1 50 15.5 226 6.5 
P6KE8V2A P6KE8V2CA 200§ 7.02 7.79 8.2 8.61 10 12.1 50 15.5 226 6.5 
P6KE9V1P P6KE9V1CP 50§ 7.78 8.65 9.1 10 1 13.4 45 17.1 205 6.8 
P6KE9V1A P6KE9V1CA 50§ 7.78 8.65 9.1 9.55 1 13.4 45 17.1 205 6.8 
P6KE10P P6KE10CP 10§ 8.55 9.5 10 11 1 14.5 41 18.6 387 7.3 
P6KE10A P6KE10CA 10§ 8.55 9.5 10 10.5 1 14.5 41 18.6 387 7.3 
P6KE11P P6KE11CP 5§ 9.4 10.5 11 12.1 1 15.6 38 20.3 355 7.5 
P6KE11A P6KE11CA 5§ 9.4 10.5 11 11.6 1 15.6 38 20.3 355 7.5 

P P6KE12P p P6KE12CP 5 10.2 11.4 12 13.2 1 16.7 36 21.7 332 78 
P6KE12A P6KE12CA 5 10.2 11.4 12 12.6 1 16.7 36 21.7 332 7.8 

P P6KE13P p P6KE13CP 5 11.1 12.4 13 14.3 1 18.2 33 23.6 305 8.1 
P6KE13A P6KE13CA 5 11.1 12.4 13 13.7 1 18.2 33 23.6 305 8.1 

p P6KE15P p P6KE15CP 5 12.8 14.3 15 16.5 1 21.2 28 27.2 265 8.4 
P6KE15A P6KE15CA 5 12.8 14.3 15 15.8 1 21.2 28 27.2 265 8.4 
P6KE16P P6KE16CP 5 13.6 15.2 16 17.6 1 22.5 27 28.9 249 8.6 
P6KE16A P6KE16CA 5 13.6 15.2 16 16.8 1 22.5 27 28.9 249 8.6 

p P6KE18P p P6KE18CP 5 15.3 17.1 18 19.8 1 25.2 24 32.5 222 8.8 
P6KE18A P6KE18CA 5 15.3 17.1 18 18.9 1 25.2 24 32.5 222 8.8 

p P6KE20P P6KE20CP 5 17.1 19 20 22 1 27.7 22 36.1 199 9.0 
P6KE20A P6KE20CA 5 17.1 19 20 21 1 27.7 22 36.1 199 9.0 
P6KE22P p P6KE22CP 5 18.8 20.9 22 24.2 1 30.6 20 39.3 183 9.2 
P6KE22A P6KE22CA 5 18.8 20.9 22 23.1 1 30.6 20 39.3 183 9.2 
P6KE24P P6KE24CP 5 20.5 22.8 24 26.4 1 33.2 18 42.8 168 9.4 
P6KE24A P6KE24CA 5 20.5 22.8 24 25.2 1 33.2 18 42.8 168 9.4 

p P6KE27P P6KE27CP 5 23.1 25.7 27 29.7 1 37.5 16 48.3 149 9.6 
P6KE27A P6KE27CA 5 23.1 25.7 27 28.4 1 37.5 16 48 3 149 96 

p P6KE30P P6KE30CP 5 25.6 28.5 30 33 1 41.5 14 5 53.5 134 9.7 
P6KE30A P6KE30CA 5 25 6 28.5 30 31.5 1 41.5 14.5 53.5 134 9.7 

p P6KE33P p P6KE33CP 5 28 2 31.4 33 36.3 1 45.~ 13.1 59 122 9.8 
P6KE33A P6KE33CA 5 28 2 31.4 33 34.7 1 45.7 13.1 59 122 9.8 

p P6KE36P P6KE36CP 5 30.8 34.2 36 39.6 1 49.9 12 64.3 112 9.9 
P6KE36A P6KE36CA 5 30.8 34.2 36 37.8 1 49.9 12 64.3 112 9.9 . Pulse test t.,; 50 ms a< 2 %. 

•• Divide these values by 2 for bidirectional types. 
For bidirectional types P6KE6V8CP --> 11 CA, IRM must be double that spec1f1ed for unidirectional types. 
For bidirectional types, electrical charactenst1cs apply in both directions. 
P : Preferred dev1ce. 
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C** 
typ 

VR=D 
1=1 MHz 

(pF) 

4000 
4000 
3700 
3700 
3400 
3400 
3100 
3100 
2800 
2800 
2500 
2500 
2300 
2300 
2150 
2150 
1900 
1900 
1800 
1800 
1600 
1600 
1500 
1500 
1350 
1350 
1250 
1250 
1150 
1150 
1075 
1075 
1000 
1000 
950 
950 



P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

Types IRM @ VRM Y(BR). @ IR Y(CL) @ lpp VeL @ lpp ur c·· 
max. (V) max. max. max. typ. 

VR=O 
1 ms expo 8-20 ~s expo 1=1 MHz 

Unidirectional Bidirectional (f!A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (10- 4 /,C) (pF) 

p P6KE39P P P6KE39CP 5 33.3 37.1 39 42.9 1 53.9 11.1 69.7 103 10.0 900 
P6KE39A P6KE39CA 5 33.3 37.1 39 41 1 53.9 11.1 69.7 103 10.0 900 
P6KE43P P6KE43CP 5 36.8 40.9 43 47.3 1 59.3 10.1 76.8 94 10.1 850 
P6KE43A P6KE43CA 5 36.8 40.9 43 45.2 1 59.3 10.1 76.8 94 10.1 850 
P6KE47P P P6KE47CP 5 40.2 44.7 47 51.7 1 64.8 9.3 84 86 10.1 800 
P6KE47A P6KE47CA 5 40.2 44.7 47 49.4 1 64.8 9.3 84 86 10.1 BOO 

p P6KE51P P6KE51CP 5 43.6 48.5 51 56.1 1 70.1 8.6 91 79 10.2 750 
P6KE51A P6KE51CA 5 43.6 48.5 51 53.6 1 70.1 8.6 91 79 10.2 750 

p P6KE56P P6KE56CP 5 47.8 53.2 56 61.6 1 77 7.8 100 72 10.3 700 
P6KE56A P6KE56CA 5 47.8 53.2 56 58.8 1 77 7.8 100 72 10.3 700 
P6KE62P P6KE62CP 5 53 58.9 62 68.2 1 85 7.1 111 65 10.4 650 
P6KE62A P6KE62CA 5 53 58.9 62 65.1 1 85 7.1 111 65 10.4 650 

p P6KE68P P6KE68CP 5 58.1 64.6 68 74.8 1 92 6.5 121 59.5 10.4 625 
P6KE68A P6KE68CA 5 58.1 64.6 68 71.4 1 92 6.5 121 59.5 10.4 625 
P6KE75P P6KE75CP 5 64.1 71.3 75 82.5 1 103 5.8 134 53.5 10.5 575 
P6KE75A P6KE75CA 5 64.1 71.3 75 78.8 1 103 5.8 134 53.5 10.5 575 

p P6KE82P P6KE82CP 5 70.1 77.9 82 90.2 1 113 5.3 146 49 10.5 550 
P6KE82A P6KE82CA 5 70.1 77.9 82 86.1 1 113 5.3 146 49 10.5 550 
P6KE91P P6KE91CP 5 77.8 86.5 91 100 1 125 4.8 162 44.5 10 6 525 
P6KE91A P6KE91CA 5 77.8 86.5 91 95.5 1 125 4.8 162 44.5 10.6 525 
P6KE100P P6KE100CP 5 85.5 95 100 110 1 137 4.4 178 40.5 10.6 500 
P6KE100A P6KE100CA 5 85.5 95 100 105 1 137 4.4 178 40.5 10.6 500 
P6KE110P P6KE110CP 5 94 105 110 121 1 152 3.9 195 37 10.7 470 
P6KE110A P6KE110CA 5 94 105 110 116 1 152 3.9 195 37 10.7 470 
P6KE120P P6KE120CP 5 102 114 120 132 1 165 3.6 212 34 10.7 450 
P6KE120A P6KE120CA 5 102 114 120 126 1 165 3.6 212 34 10.7 450 

p P6KE130P P6KE130CP 5 111 124 130 143 1 179 3.4 230 31.5 10.7 420 
P6KE130A P6KE130CA 5 111 124 130 137 1 179 3.4 230 31.5 10.7 420 
P6KE150P P6KE150CP 5 128 143 150 165 1 207 2.9 265 27 2 10.8 400 
P6KE150A P6KE150CA 5 128 143 150 158 1 207 2.9 265 27.2 10.8 400 
P6KE160P P P6KE160CP 5 136 152 160 176 1 219 2.7 282 25 5 10.8 380 
P6KE160A P6KE160CA 5 136 152 160 168 1 219 2.7 282 25.5 10.8 380 
P6KE170P P6KE170CP 5 145 161 170 187 1 234 2.6 301 24 10.8 370 
P6KE170A P6KE170CA 5 145 161 170 179 1 234 2.6 301 24 10.8 370 

p P6KE180P P6KE180CP 5 154 171 180 198 1 246 2.4 317 22.7 10.8 360 
P6KE180A P6KE180CA 5 154 171 180 189 1 246 2.4 317 22.7 10.8 360 

p P6KE200P P6KE200CP 5 171 190 200 220 1 274 2.2 353 20.4 10.8 350 
P6KE200A P6KE200CA 5 171 190 200 210 1 274 2.2 353 20.4 10.8 350 
P6KE220P P6KE220CP 5 188 209 220 242 1 301 2 388 18.6 10.8 330 
P6KE220A P6KE220CA 5 188 209 220 231 1 301 2 388 18 6 10.8 330 

p P6KE250P P6KE250CP 5 213 237 250 275 1 344 2 442 19 11 310 
P6KE250A P6KE250CA 5 213 237 250 263 1 344 2 442 19 11 310 
P6KE280P P6KE280CP 5 239 266 280 308 1 384 2 494 18 1_1 300 
P6KE280A P6KE280CA 5 239 266 280 294 1 384 2 494 18 11 300 
P6KE300P P6KE300CP 5 256 285 300 330 1 414 1.6 529 14 11 290 
P6KE300A P6KE300CA 5 256 285 300 315 1 414 1.6 529 14 11 290 
P6KE320P P6KE320CP 5 273 304 320 352 1 438 1.6 564 14 11 280 
P6KE320A P6KE320CA 5 273 304 320 336 1 438 1.6 564 14 11 280 
P6KE350P P6KE350CP 5 299 332 350 385 1 482 1.6 618 14 11 270 
P6KE350A P6KE350CA 5 299 332 350 368 1 482 1.6 618 14 11 270 

p P6KE400P P P6KE400CP 5 342 380 400 440 1 548 1.3 706 11 11 360 
P6KE400A P6KE400CA 5 . 342 380 400 420 1 548 1.3 706 11 11 360 

p P6KE440P P6KE440CP 5 376 418 440 484 1 603 1.3 776 1{ 11 350 

P6KE440A P6KE440CA 5 376 418 440 462 1 603 1.3 776 11 11 350 

• Pulse test t, 5 50 ms o < 2 % . 
.. Divide these values by 2 for b1direct1onal types. 
For b1d~rect10nal types, electrical characteristics apply 1n both directions. 
P : Preferred device. · 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig .1 - Peak pulse power versus exponential pulse duration. 
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Tj initial ~ 25 •c 
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Fig. 2 - Clalllping voltage versus peak pulse current. 
exponential wavefor111 t ~ 20 ps .......... 

t= 1ms---
t = 10 IllS--

Note : The curves of the figure 2 are specified for a junction temperature of 25 •c 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula: llV(BR) =ocr(V(BRJJ X [Tj- 25] X V[BRJ 
For intermediate voltages, extrapolate the given results. 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 
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Fig _3 - Allowable power dissipation versus 
l unction ~emperature _ 
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Fig _5 - Thermal resistance versus 
lead length_ 
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Fig.6 - Transient thermal impedance 
junction-ambient for 111ounting n"2 
versus pulse duration {L = 10 mm) . 
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Fig .4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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P6KE6V8P, A-> 440P, A/P6KE6V8CP, CA -> 440CP, CA 

4 C (pF) 
10 

~svsp 
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~88P 
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10 

-f-.-
10 

Tj = 25 •c 
f - 1 MHZ 
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Fig .Ba - Capacitance versus reverse applied 
voltage tor unidirectional types 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectional types 

(typical values) • 

PACKAGE MECHANICAL DATA 

CB-417 Plastic 

L 

note 1 L1 

II I 

(typical values) . 

G L 

L1 note 1 

I II 
- e-------.- 1-- --1--------- f-- f-- 1---r--

II I :II I 
I I 
I I 
I lil b2 ~ I 
I L___ I 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 - 1.092 - 0.043 

00 - 3.683 - 0.145 1 · The lead diameter 0 b2 IS not controlled over zone L 1• 

G - 8 89 -

DBBP6KEP6 

0.350 

L 
2 · The m1mmum ax1al lengh Within which the device may be placed with 

25 4 - 1.000 - 1ts leads bent at right angles is 0.59" (15 mm). 

L, - 1.25 - 0.049 

Cooling method :by convection (method A). 
Marking :type number ; white band indicates cathode for unidirectional types. 
Weight : 0.6 g 
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~ SGS·niOMSON .. ~I ~~©rnJ@[g[b[g©lJ'rnJ@[fl!l~~~ P7T -10, 8 ~ 110, 8 
UNl-AND BIDIRECTIONAL TRANSIENT 

VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
700 W I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
10V~110V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 
Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS {limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

T amb =50 °C 

T1 Initial = 25 oc 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
Tl 

TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

Note : 1. For surges upper than the maxrmum values, 

/ 
CB-417 
(Plastic) 

Value 

700 

5 

120 

-55 to 150 
150 

230 

Value 

20 

Unit 

w 

w 
A 

oc 
oc 
oc 

the diode wrll present a short-crrcuit anode-cathode. 

·~·"'"" 
·:~ .. 

i as DBBTRANSIL 1 
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P7T-10,B --7110,8 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

UT Temperature Coefficient of v(BR) 

c Capacitance 

tclampmg Clamping Time (0 volt to v(BRJ) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types IRM @ VRM V(BR)' @ IR Vccl) @ lpp Vccl) @ lpp <XT C" 
max. (V) max. max. max. typ. 

VR=O 
1 ms expo 8-20 IJS expo 1:1 MHZ 

Unidirectional Bidirectional (II A) (V) min. nom. max. (rnA) (V) (A) (V) (A) (1 o- 4/°C) (pF) 

P7T-10 P7T-10B 5 10 13 18 20 5 25 30 32 265 8.4 2600 
P7T-27 P7T-27B 5 27 29.6 36 43.5 5 53 13 68 125 9.6 1100 
P7T-43 P7T-43B 5 43 50 62 75 5 90 8 115 74 10.3 620 
P7T-110 P7T-110B 5 110 130 160 200 5 235 3 300 28 10.8 370 

• Pulse test t, ,; 50 ms li < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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DBBP7TP3 

P7T-10, B ---7 110, B 

"a (H) 
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I--. 
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iO 

Fig.! - Peak pulse power versus exponential pulse duration. 

:Ti initial 25"C 
I Ipp 

50 }-, 
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1
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Fig.2 - Clamping voltage versus peak pulse current. 
exponential waveform t - 20 ps .......... 

t~ ims---
·t = 10 ms --

tr.:; 10 ps 

Ipp (A) 

103 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : I!.V (BA) =exT (V (BA)) X [Tj - 25] X V (BA) 
For intermediate voltages, extrapolate the given results. 
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P7T·10, B --7 110, B 

P [T 25 "Cl S "o . -
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...... ~--.., 
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Fig .3 - Allowable power dissipation versus 
junction temperature. 
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Fig.5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal impedance 
junction-ambient for mounting n°2 
versus pulse duration (L ~ 10 mm) • 
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F1g.4 - Power dissipation versus ambient 
temperature. 

Mounting n°1 
INFINITE HEATSINK 

Mounting n° 2 
PRINTED CIRCUIT 

~.~ 
tconnexion Soldering 

500 IFM (A) 
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I! Ti ~ 15o•c 

Vro = .B v 
rr = .047 n 

~...or-.-
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types). 
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P7T-10, 8 ---7 110, 8 

• C (pF) 
10" 

33: 
~27 
,!!T-43 

~-JJO 

10 

r--1--

10 

Tj = 25 "C 

f - 1 MHz 

VR (V) 

100 500 

Fig .Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) . 

D88P7TP5 

PACKAGE MECHANICAL DATA 

CB-417 Plastic 

L 

note 1 L1 

II I 

G 

4 C (pF) 
10 

P7T-108 

P7T-278 

;:I?T-438 

~7T-JJOB 

10 
10 

Tj - 25 "C 

f - 1 MHZ 

VR (V) 

100 500 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectiumtl tn1~~ 
(typical values) . 

L 0 D 

L1 note 1 

I II 
- r- ............., I-- +--------- r- t-- r--r--

II I 
I II I 

I I 
I I 
I ~ b2 ~ b2 I 
I '--- - I 

note 2 

Millimeters Inches 
Ref. Notes 

Min. Max. Min. Max. 

0 b2 - 1.092 - 0.043 

0D - 3.683 - 0.145 t -The lead diameter 0 b2 is not controlled over zone L1 • 

- -G 8.89 0.350 
2 - The minimum axial lengh within which the dev1ce may be placed with 

L 25.4 - 1.000 - its leads bent at right angles is 0.59" (15 mm). 

Lt - 1.25 - 0.049 

Cooling method: by convection (method A). 
Marking :type number ; white band indicates cathode for unidirectional types. 
Weight : 0.6 g. 
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~ SGS·THOMSON 1.5KE6V8P,A --7 440P,A 

.. ~I ~D~~@~[L~~TI'~@[R!]O~~ 1.5KE6V8CP,CA --7 440CP,CA 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
1 .5 kW I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.8 V ~376V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 
Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

T amb = 75 °C 

T1 Initial= 25 oc 
I= 10 ms 

Tstg Storage and Operating Junction Temperature Range 
Tr 

h Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for Lread = 10 mm 

Note : 1. For surges upper than the maximum values, 

CB-429 
(Plastic) 

Value 

1.5 

5 

250 

- 65 to 175 
175 

230 

Value 

20 

Unit 

kW 

w 

A 

oc 
oc 
oc 

the diode will present a short-circuit anode-cathode. .. : K:' ""'" 
50 -- 1 

I 
' I 

0 I t 
1 •s DBBTRANSIL 1 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BRJ Breakdown Voltage 

V(CLJ Clamping Voltage 
See tables 

lpp Peak Pulse Current 

aT Temperature Coefficient of V(BR) 

c Capacitance 

tctampmg Clamping Time (0 volt to V(BR)) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types IRM@ VRM V(BR)* @ IR V(CL) @ lpp V(CL) @ lpp aT 
max. (V) max. max. max. 

1 ms expo 8-20 11s expo 

Unidirectional Bidirectional (I! A) (V) min. nom. max. (mA) (V) (A) (V) (A) (10- 4 /•C) 

p 1 5KE6V8P p 1.5KE6V8CP 1000§ 5.8 6.45 6.8 7.48 10 10.5 143 13.4 746 5.7 
1 5KE6V8A 1 5KE6V8CA 1000§ 5.8 6 45 6.8 7.14 10 10.5 143 13.4 746 5.7 

p 1.5KE7V5P 1.5KE7V5CP 500§ 6.4 7.13 7.5 8 25 10 11.3 132 14.5 690 6.1 
1.5KE7V5A 1.5KE7V5CA 500§ 6.4 7.13 75 7.88 10 11.3 132 14.5 690 61 
1.5KE8V2P 1.5KE8V2CP 200§ 7.02 7.79 8.2 9 02 10 12.1 124 15.5 645 6.5 
1.5KE8V2A 1.5KE8V2CA 200§ 7.02 7.79 82 8.61 10 12.1 124 15.5 645 6.5 
1.5KE9V1P 1.5KE9V1CP 50§ 7.78 8.65 9.1 10 1 13.4 112 17.1 585 6.8 
1.5KE9V1A 1.5KE9V1CA 50§ 7.78 8.65 9.1 9.55 1 13.4 112 17.1 585 6.8 

p 1.5KE10P 1.5KE10CP 10§ 8.55 9.5 10 11 1 14.5 103 18.6 968 7.3 
1.5KE10A 1.5KE10CA 10§ 8.55 9.5 10 10.5 1 14.5 103 18.6 968 7.3 
1.5KE11P 1.5KE11CP 5§ 9.4 10.5 11 12.1 1 15.6 96 20.3 887 7.5 
1.5KE11A 1.5KE11CA 5§ 9.4 10.5 11 11.6 1 15.6 96 20.3 887 7.5 

P 1.5KE12P p 1.5KE12CP 5 10.2 11.4 12 13 2 1 16.7 90 21.7 829 7.8 
1.5KE12A 1.5KE12CA 5 10.2 11.4 12 12.6 1 16.7 90 21.7 829 7.8 

p 1.5KE13P 1.5KE13CP 5 11.1 12 4 13 14.3 1 18.2 82 23 6 763 8.1 
1.5KE13A 1.5KE13CA 5 11.1 12.4 13 13.7 1 18.2 82 23.6 763 81 
1.5KE15P 1.5KE15CP 5 12.8 14.3 15 16.5 1 21.2 71 27.2 662 8.4 
1.5KE15A 1.5KE15CA 5 12.8 14.3 15 15.8 1 21.2 71 27.2 662 8.4 

p 1.5KE16P 1.5KE16CP 5 13.6 15.2 16 17.6 1 22.5 67 28.9 623 8.6 
1.5KE16A 1.5KE16CA 5 13.6 15.2 16 16.8 1 22.5 67 28.9 623 8.6 

p 1.5KE18P p 1.5KE18CP 5 15.3 17.1 18 19.8 1 25.2 59.5 32.5 554 8.8 
1.5KE18A 1.5KE18CA 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 554 8.8 

p 1.5KE20P p 1.5KE20CP 5 17.1 19 20 22 1 27.7 54 36.1 498 9.0 
1.5KE20A 1.5KE20CA 5 17.1 19 20 21 1 27.7 54 36.1 498 9.0 

p 1.5KE22P 1.5KE22CP 5 18 8 20.9 22 24.2 1 30.6 49 39.3 458 9.2 
1.5KE22A 1.5KE22CA 5 18.8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 
1.5KE24P 1.5KE24CP 5 20.5 22.8 24 26.4 1 33.2 45 42.8 421 9.4 
1.5KE24A 1.5KE24CA 5 20.5 22.8 24 25.2 1 33.2 45 42.8 421 9.4 

p 1.5KE27P 1.5KE27CP 5 23.1 25.7 27 29.7 1 37.5 40 48.3 373 9.6 
1.5KE27A 1.5KE27CA 5 23.1 25.7 27 28.4 1 37.5 40 48.3 373 9.6 

p 1.5KE30P p 1.5KE30CP 5 25.6 28.5 30 33 1 41.5 36 53.5 336 9.7 
1.5KE30A 1.5KE30CA 5 25.6 28.5 30 31.5 1 41.5 36 53.5 336 9.7 

p 1.5KE33P p 1 5KE33CP 5 28.2 31.4 33 36.3 1 45 7 33 59 305 9.8 
1.5KE33A 1.5KE33CA 5 28 2 31.4 33 34.7 1 45.7 33 59 305 9.8 

p 1.5KE36P p 1.5KE36CP 5 30.8 34.2 36 39.6 1 49 9 30 64.3 280 9.9 
1.5KE36A 1.5KE36CA 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 

p 1.5KE39P p 1.5KE39CP 5 33.3 37.1 39 42.9 1 53.9 28 69.7 258 10.0 

* Pulse test t, ~ 50 ms li < 2 %. 
•• Divide these values by 2 for bidireclional types. 
§ For bidirectional types 1.5KE6V8CP -> 11 CA, lAM must be double that specil1ed for unidirectional types. 
For bidirectional types, electncal characteristics apply in both directions. 
P : Preferred dev1ce. 
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C** 
typ. 

VR=D 
1:1 MHZ 

(pF) 

9500 
9500 
8500 
8500 
8000 
8000 
7500 
7500 
7000 
7000 
6400 
6400 
6000 
6000 
5500 
5500 
5000 
5000 
4700 
4700 
4300 
4300 
4000 
4000 
3700 
3700 
3500 
3500 
3200 
3200 
2900 
2900 
2700 
2700 
2500 
2500 
2400 



1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 

Types IRM @ VRM Y(BR) 0 @ 

max. (V) 

Unidirectional Bidirectional (~A) (V) min. nom. max. 

1 5KE39A 1.5KE39CA 5 33.3 37.1 39 41 
p 1.5KE43P 1.5KE43CP 5 36.8 40.9 43 47.3 

1.5KE43A 1.5KE43CA 5 36.8 40.9 43 45.2 
p 1.5KE47P P 1.5KE47CP 5 40.2 44.7 47 51.7 

1.5KE47A 1.5KE47CA 5 40.2 44.7 47 49.4 
p 1.5KE51 P 1.5KE51CP 5 43.6 48.5 51 56.1 

1.5KE51A 1.5KE51CA 5 43.6 48.5 51 53.6 
1.5KE56P 1.5KE56CP 5 47.8 53.2 56 61.6 
1.5KE56A 1.5KE56CA 5 47.8 53.2 56 58.8 
1.5KE62P 1.5KE62CP 5 53 58.9 62 68.2 
1.5KE62A 1.5KE62CA 5 53 58.9 62 65.1 

p 1.5KE68P P 1.5KE68CP 5 58.1 64.6 68 74.8 
1.5KE68A 1.5KE68CA 5 58.1 64.6 68 71.4 
1.5KE75P 1.5KE75CP 5 64.1 71.3 75 82.5 
1.5KE75A 1.5KE75CA 5 64.1 71.3 75 78.8 

p 1.5KE82P P 1.5KE82CP 5 70.1 7-7.9 82 90.2 
1.5KE82A 1.5KE82CA 5 70.1 77.9 82 86.1 
1.5KE91P 1.5KE91CP 5 77.8 86.5 91 100 
1.5KE91A 1.5KE91CA 5 778 86.5 91 95.5 
1.5KE100P 1.5KE100CP 5 85.5 95 100 110 
1.5KE100A qKE100CA 5 85.5 95 100 105 
1.5KE110P p 1.5KE110CP 5 94 105 110 121 
1.5KE110A 1.5KE110CA 5 94 105 110 116 
1.5KE120P 1.5KE120CP 5 102 114 120 132 
1.5KE120A 1.5KE120CA 5 102 114 120 126 
1.5KE130P p 1.5KE130CP 5 111 124 130 143 
1.5KE130A 1.5KE130CA 5 111 124 130 137 
1.5KE150P 1.5KE150CP 5 128 143 150 165 
1.5KE150A 1.5KE150CA 5 128 143 150 158 
1.5KE160P 1.5KE160CP 5 136 152 160 176 
1.5KE160A 1.5KE160CA 5 136 152 160 168 

p 1.5KE170P 1.5KE170CP 5 145 161 170 187 
1.5KE170A 1.5KE170CA 5 145 161 170 179 

p 1.5KE180P P 1.5KE180CP 5 154 171 180 198 
1.5KE180A 1.5KE180CA 5 154 171 180 189 

p 1.5KE200P P 1.5KE200CP 5 171 190 200 220 
1.5KE200A 1.5KE200CA 5 171 190 200 210 
1.5KE220P P 1.5KE220CP 5 188 209 220 242 
1.5KE220A 1.5KE220CA 5 188 209 220 231 

p 1.5KE250P P 1.5KE250CP 5 213 237 250 275 
1.5KE250A 1.5KE250CA 5 213 237 250 263 
1.5KE280P 1.5KE280CP 5 239 266 280 308 
1.5KE280A 1.5KE280CA 5 239 266 280 294 

p 1.5KE300P p 1.5KE300CP 5 256 285 300 330 
1.5KE300A 1.5KE300CA 5 256 285 300 315 
1.5KE320P 1.5KE320CP 5 273 304 320 352 
1.5KE320A 1.5KE320CA 5 273 304 320 336 

p 1.5KE350P P 1.5KE350CP 5 299 332 350 385 
1.5KE350A 1.5KE350CA 5 299 332 350 368 

p 1.5KE400P P 1.5KE400CP 5 342 380 400 440 
1.5KE400A 1.5KE400CA 5 342 380 400 420 

p 1.5KE440P p 1.5KE440CP 5 376 418 440 484 
1.5KE440A 1.5KE440CA 5 376 418 440 462 

• Pulse test tp,; 50 ms o < 2 %. 
•• Div1de these values by 2 for bidirecttonal types. 
For bid1rect10nal types, eiectncal characteristiCS apply tn both d1rect1ons. 
P : Preferred dev1ce. 

IR Y(CL) @ lpp Y(CL) @ lpp IXT c .. 
max. max. max. typ 

VR:O 
1 ms expo 8-20 ~s expo 1:1 MHz 

(rnA) (V) (A) (V) (A) (1 0" 4/"C) (pF) 

1 53.9 28 69.7 258 10.0 2400 
1 59.3 25.3 76.8 234 10.1 2200 
1 59 3 25.3 76 8 234 10.1 2200 
1 64.8 23.2 84 214 10.1 2050 
1 64.8 23.2 84 214 10.1 2050 
1 701 21.4 91 198 10.2 1950 
1 70.1 21.4 91 198 10.2 1950 
1 77 19.5 100 180 10.3 1800 
1 77 19.5 100 180 10.3 1800 
1 85 17.7 111 162 10.4 1700 
1 85 17.7 111 162 10 4 1700 
1 92 16.3 121 148 10.4 1550 
1 92 16.3 121 148 10.4 1550 
1 103 14.6 134 134 10.5 1450 
1 103 14.6 134 134 10.5 1450 
1 113 13.3 146 123 10.5 1350 
1 113 13.3 146 123 10.5 1350 
1 125 12 162 111 10.6 1250 
1 125 12 162 111 10.6 1250 
1 137 11 178 101 10.6 1150 
1 137 11 178 101 10.6 1150 
1 152 9.9 195 92 10.7 1050 
1 152 9.9 195 92 10.7 1050 
1 165 9.1 212 85 10.7 1000 
1 165 9.1 212 85 10.7 1000 
1 179 8.4 230 78 10.7 950 
1 179 8.4 230 78 10.7 950 
1 207 7.2 265 68 10.8 850 
1 207 7.2 265 68 10.8 850 
1 219 6.8 282 64 10.8 800 
1 219 6.8 282 64 10.8 800 
1 234 6.4 301 60 10.8 750 
1 234 6.4 301 60 10.8 750 
1 246 6.1 317 57 10.8 725 
1 246 6.1 317 57 10.8 725 
1 274 5.5 353 51 10.8 675 
1 274 5.5 353 51 10.8 675 
1 328 4.6 388 46.5 10.8 625 
1 '328 4.6 388 46.5 10 8 625 
1 344 5.0 442 47 11 560 
1 344 5.0 442 47 11 560 
1 384 5.0 494 47 11 520 
1 384 50 494 47 11 520 
1 414 5.0 529 47 11 500 
1 414 5.0 529 47 11 500 
1 438 4.5 564 42 11 460 
1 438 4.5 564 42 11 460 
1 482 4.0 618 37 11 430 
1 482 4.0 618 37 11 430 
1 548 4.0 706 37 11 390 
1 548 40 706 37 11 390 
1 603 3.5 776 33 11 360 
1 603 3.5 776 33 11 360 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 
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Fig .1 - Peak pulse power versus exponential pulse duration. 
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Fig. 2 - Clamping vel tage versus peak pulse current. 
exponential waveform t = 20 ps .......... 

t 1ms---
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : l1V (BR) =IX T (V (BR)) X [T i - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 
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Fig .3 - Allowable power dissipation versus 
i unction temperature. 
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Fig .5 - Thermal resistance versus 
lead length. 
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Fig .6 - Transient thermal iJnpedance 
junction-ambient for mounting n"2 
versus pulse duration IL = 10 ~~) . 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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1.5KE6V8P, A-> 440P, A/1.5KE6V8CP, CA -> 440CP, CA 
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Fig.Ba - Capacitance versus reverse applied 
voltage fer unidirectional types 

Fig .Bb - Capacitance versus reverse. applied 
val tage for bidirectional types 

(typical values) . 

PACKAGE MECHANICAL DATA 

CB-429 Plastic 

L 

note 1 L1 

II I 

G 

- ---.,-t-- I----------

II I 
I 
I 
I 0 b2 
I '---

note 2 

Millimeters Inches 
Ref. 

Min. Max. Min. Max. 

0 b2 - 1.06 - 0.042 

(typical values). 
D881.5KEP6 

L 0 0 

L1 note 1 

I II 
1- ·-f-r~ ·---: 1-

I II I 
I 

0 b2 I 
I -

Notes 

0D - 5.1 - 0.20 1 - The lead diameter 0 b2 is not controlled over zone L 1 . 

G - 9.8 - 0.386 
2 - The m1nimum axial lengh within which the device may be placed with 

L 26 - 1.024 - its leads bent at right angles is 0.70" (18 mm). 

L, - 1.27 - 0.050 

Cooling method :by convection (method A). 
Marking :type number ; white band 1nd1cates cathode for unidirectional types. 
Weight : 0.9 g. 
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~ SGS·ntOMSON .. , I ~0©[ffi@~l1~©LJ'[ffi@ffi!l0©~ BZWS0-1 0,8 ~ 180, B 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY: 
5 kW /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
10V~180V 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX B FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

T1 Initial = 25 oc 
See note 1 

T amb = 75 oc 
T; Initial = 25 oc 

t = 10 ms 

Tstg Storage and Operating Junction Temperature Range 
Tt 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCE 

Parameter 

Junction-leads on Infinite Heatsink for L1ead = 10 mm 

Note : 1. For surges upper than the max1mum values, 

AG 
(Plastic) 

Value 

5 

5 

500 

-65 to 150 
150 

230 

Value 

15 

Unit 

kW 

w 

A 

oc 
oc 
oc 

the diode will present a short·circult anode-cathode. .. :L·"""' 
50 -- 1 

I 
I 

0 I t 
i IB D88TRANSIL 1 

February 1989 1/5 

741 



8ZW50-10, 8 --7 180, 8 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 
See tables 

lpp Peak Pulse Current 

<XT Temperature Coefficient of V(BRI 

c Capacitance 

tctampmg Clamping Time (0 volt to V(BRJ) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types lAM@ VRM V(BR)* @ lA V(CL) @ lpp V(CL) @ lpp <XT C** 
max. (V) max. max. max. typ. 

VR=D 
1 ms expo 8-20 ~s expo 1:1 MHZ 

Unidirectional Bidirectional (~A) (V) min. nom. max. (mA) (V) (A) (V) (A) (10-4/°C) (pF) 

8ZW50-10 8ZW50-108 5 10 11.1 12.4 13.6 1 18.8 266 23.4 2564 7.8 24000 
8ZW50-12 8ZW50-12B 5 12 13.3 14.8 16.3 1 22 227 28 2143 84 18500 
8ZW50-15 8ZW50-15B 5 15 16.6 18.5 20.4 1 26.9 186 35 1714 8.8 13500 
BZW50-18 BZW50-188 5 18 20 22.2 24.4 1 32.2 155 41.5 1446 9.2 11500 
8ZW50-22 8ZW50-228 5 22 24.4 27.1 29.8 1 39.4 127 51 1177 9.6 8500 
BZW50-27 BZW50-27B 5 27 30 33.3 36.6 1 48.3 103 62 968 9.8 7000 
8ZW50-33 BZW50-33B 5 33 36.6 40.7 44.7 1 59 85 76 789 10 5750 
8ZW50-39 8ZW50-398 5 39 43.3 48.1 53 1 69.4 72 90 667 10.1 4800 
8ZW50-47 8ZW50-478 5 47 52 57.8 63.6 1 83.2 60.1 108 556 10.3 4100 
8ZW50-56 8ZW50-568 5 56 62.2 69.1 76 1 99.6 50 129 465 10.4 3400 
BZW50-68 BZW50-688 5 68 75.6 84 92.4 1 121 41 157 382 10.5 3000 
8ZW50-82 8ZW50-82B 5 82 91 101.2 111 1 145 34 189 317 10.6 2600 
8ZW50-100 8ZW50-1008 5 100 111 123.5 136 1 179 28 228 263 10.7 2300 
8ZW50-120 8ZW50-1208 5 120 133 148.1 163 1 215 23 274 219 10.8 1900 
8ZW50-150 8ZW50-1508 5 150 166 185.2 204 1 269 19 343 175 10.8 1700 
BZW50-180 BZW50-180B 5 180 200 222 244 1 322 16 410 146 10.8 1500 

• Pulse test tp,; 50 ms 8 < 2 %. 
•• Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply 1n both directions. 
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BZWS0-1 0, B ---7 180, B 
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Fig .1 - Peak pulse power versus exponential pulse duration. 
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Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t ~ 20 ps · 

t 1 ms ---
t ~ 10 ms ---

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : liV (BR) =exT (V (BR) J X [T j - 25] X V (BR) 
For intermediate voltages. extrapolate the given results. 
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8ZW50-1 0, 8 ~ 180, 8 
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Fig .3 - Allowable power dissipation versus 
junction temperature. 
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lead length. 
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Fig .6 - Transient thermal impedance· 
junction-ambient for mounting n"2 
versus pulse duration (L = Hi mml. 
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temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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BZW50-1 0, B ~ 180, B 

5 C (pF) 
10 

Tj 25 °C 
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Fig .Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) • 
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PACKAGE MECHANICAL DATA 

AG Plastic 

L G 

note 1 Lt 

II~ ___ ...........__ 
f- ------

II I 
I 
I 
I 
I 

~ D2 I 
I -

note 2 

Ref. 
Millimeters Inches 

Min. Max. Min. Max. 

0 b2 1.35 1.45 0.053 0.057 

io5 C (pF) 

Tj = 25 °C 

f = 1 MHZ 

5.-BZW 50-108 

8ZW S0-188 

8ZW 50-398 
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Fig .8b - Capacitance versus reverse applied 
voltage for bidir·ectiundl type~ 
(typical values) • 
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Notes 

00 - 8 - 0.315 1 • The lead diameter 0 b2 is not controlled over zone L1. 

- -G 9 0.354 
2 - The minimum axial lengh within which the device may be placed with 

L 20 - 0.787 - its leads bent at right angles is 0. 79" (20 mm). 

L, - 1.27 - 0.050 

Coolmg method :by convection (method A). 
Marking :type number ; white band indicates cathode for unidirectional types. 
Weight: 1 g. 
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• BIDIRECTIONAL DEVICE USED TO TELE
PHONE PROTECTION 

• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Voff) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 

ABSOLUTE RATINGS (limiting values) (T1 = 25 'C- L = 10 mm) 

Symbol Parameter 
p Power Dissipation on Infinite Heatsink Tamb =50 °C 

lpp Peak Pulse Current 1 ms expo 

8-20 f.LS expo 

hsM Non Repetitive Surge Peak on-state Current tp = 20 ms 

di/dt Critical Rate of Rise of on-state Current Non Repetitive 

dv/dt • Critical Rate of Rise of off-state Voltage 67% V(BRJ min 

Tstg Storage and Operating Junction Temperature Range 
TJ 

TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

THERMAL RESISTANCES 

Symbol Parameter 

Rth(J·I) Junction-leads on Infinite Heatsink 

I 
L = 10 mm 

Rth(J·a) Junction-ambient on Printed Circuit 

March 1989 

TPA SERIES 

F 126 
(Plastic) 

Value 

1.7 

50 

tOO 

30 

100 

5 

-40 to 150 
150 

230 

Value 

60 
100 

TRISIL 

Unit 

w 
A 

A 

Nf.LS 

kV/J.!S 

oc 
oc 
oc 

Unit 

oc/W 
oc/W 
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TPA SERIES 

ELECTRICAL CHARACTERISTICS 
(T1 = 25 oc) 

Symbol Parameter 

VRM Stand-off Voltage 

VBR Breakdown Voltage 

VBo Clamping Voltage 

IH Holding Current 

VT On-state Voltage : 2.5 V typ. @ IT = 1 A 
(tp = 300 !lS) 

Types IRM @ VRM 
max. 

(!lA) (V) 

TPA62A -12or18 2 56 

(1) TPA62B -12or18 2 56 
TPA68A - 12 or 18 2 61 

(1) TPA68B - 12 or 18 2 61 
(1) TPA75A - 12 or 18 2 67 

(1) TPA75B -12or18 2 67 
(1) TPA82A -12or18 2 74 
{1) TPA82B -12or18 2 74 

(1) TPA91A -12or18 2 82 
(1) TPA91 B -12or18 2 82 
P TPA100A- 12 or 18 2 90 

TPA100B- 12 or 18 2 90 
TPA110A- 12 or 18 2 99 
TPA110B- 12 or 18 2 99 

p TPA120A- 12 or 18 2 108 
TPA120B- 12 or 18 2 108 

p TPA130A- 12 or 18 2 117 
TPA130B- 12 or 18 2 117 

(1)TPA150A -12or18 2 135 
(1)TPA150B -12or18 2 135 
(1) TPA160A- 12 or 18 2 144 
(1)TPA160B -12or18 2 144 
(1)TPA180A -12or18 2 162 
(1) TPA180B- 12 or 18 2 162 
(1) TPA200A - 12 or 18 2 180 
(1)TPA200B -12or18 2 180 
P TPA220A- 12 or 18 2 1g8 

TPA220B- 12 or 18 2 198 
p TPA240A- 12 or 18 2 216 

TPA240B- 12 or 18 2 216 
p TPA270A- 12 or 18 2 243 

TPA270B- 12 or 18 2 243 

P : Preferred dev1ce. 
(1) :These volages are on request. Consult us. 
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lpp - Transmnt 
opera! ron 

Standby 

o(~J~allon 
lmA ;--------

lm.1 ~-- v 

r 

088TRISIL3 

v(BRl@ IR VBo I so IH 
min. max. max. min. 

(V) (mA) (V) (mA) (mA) 

62 1 82 800 
62 1 75 800 
68 1 90 800 
68 1 82 800 
75 1 100 800 
75 1 91 800 
82 1 109 300 
82 1 99 300 
91 1 121 300 
91 1 110 300 

12 Suffix 
100 1 133 300 

for 120 mA 
100 1 121 300 
110 1 147 300 
110 1 133 300 
120 1 160 300 
120 1 145 300 
130 1 173 300 
130 1 157 300 
150 1 200 300 
150 1 181 300 18 Suffix 
160 1 213 300 for 180 mA 
160 1 193 300 
180 1 240 300 
180 1 217 300 
200 1 267 300 
200 1 241 300 
220 1 293 300 
220 1 265 300 
240 1 320 300 
240 1 289 300 
270 1 360 300 
270 1 325 300 
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Fig .1 - Power dissipation versus ambient 
temperature. 
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Fig .3 - Transient thermal impedance 
JUnction-ambient for mounting n"2 
versus pulse duration {L - 10 mm) . 
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Fig.4- Non repetitive surge peak on-state 
current versus number of cycles. 

DB8TPAP3 
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Fig.2 - Thermal resistance versus 
lead length. 
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Fig. 5 - Peak forward current 
versus peak forward voltage drop 
{typical values) . 
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TPA SERIES 

1.2 
IH [T j =25"Cl 

1.0 

0.8 

0.6 

0 . .4 

0.2 
0 
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Fig.B- Relative variation of holding 
current versus junction temperature. 

PACKAGE MECHANICAL DATA 

F 126 Plastic 

26min 

~~ 

,;' 

~ax 

150 

6 35 max 

10 

10 

2 C (pF) 

:---.... Tj = 25 •c 
f = 1 MHZ 

........... 

-
VR (V) 

10 100 500 

Fig.7- Capacitance versus reverse 
applied voltage. 

DBBTPAP4 

26min 

~~~ax 

// 
- 1-----·"'/--- --- -------1- ----H--- - -W II 

0 0,76 
0,86 

Cooling method : by conduction (method A) 
Marking · type number 
Weight· 04 g 
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• BIDIRECTIONAL DEVICE USED TO TELE
PHONE PROTECTION 

• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vott) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 

ABSOLUTE RATINGS (limiting values) (Tamb = 25 'C- L = 10 mm) 

Symbol Parameter 
p Power Dissipation on lnfmite Heatsink Tamb =50 oc 

lpp Peak Pulse Current 1 ms expo 

8-20 (.IS expo· 

ITSM Non Repetitive Surge Peak on-state Current tp = 20 ms 

dildt Critical Rate of Rise of on-state Current Non Repetitive 

dvldt Critical Rate of Rise of off-state Voltage 67 % V(BR) min 

Tstg Storage and Operating Junction Temperature Range 
Tl 

TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 

THERMAL RESISTANCES 

Symbol Parameter 

Rth(J-I) Junction-leads on Infinite Heatsink 

I 
L = 10 mm 

Rth(J-a) Junction-ambient on Printed Circuit 

March 1989 

TPB SERIES 

CB 429 
(Plastic) 

Value 

5 

100 

150 

50 

100 

5 

-40 to 150 
150 

230 

Value 

20 
75 

TRISIL 

Unit 

w 
A 

A 

Af(.IS 

kVi(.IS 

oc 
oc 
oc 

Unit 
oc;w 
oc;w 
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TPB SERIES 

ELECTRICAL CHARACTERISTICS 
(Ti = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

VT On-state Voltage : 1.6 V typ. @ IT = 1 A 
(tp = 300 l!S) 

Types IRM @ VRM 
max. 

(I! A) (V) 

TPB62A - 12 or 18 2 56 
(1) TPB62B - 12 or 18 2 56 

TPB68A - 12 or 18 2 61 
(1) TPB68B - 12 or 18 2 61 

(1) TPB75A - 12 or 18 2 67 
(1) TPB75B - 12 or 18 2 67 
(1) TPB82A - 12 or 18 2 74 
(1) TPB82B - 12 or 18 2 74 
(1) TPB91A - 12 or 18 2 82 
(1) TPB91B -12or18 2 82 
P TPB100A - 12 or 18 2 90 

TPB100B - 12 or 18 2 90 
TPB110A- 12 or 18 2 99 
TPB110B- 12 or 18 2 99 

p TPB 120A - 1 2 or 1 8 2 108 
TPB 1208 - 1 2 or 1 8 2 108 

p TPB130A- 12 or 18 2 117 
TPB130B- 12 or 18 2 117 

(1) TPB150A - 12 or 18 2 135 
(1)TPB150B -12or18 2 135 
(1)TPB160A -12or18 2 144 
(1) TPB160B - 12 or 18 2 144 
(1) TPB180A- 12 or 18 2 162 
(1) TPB180B - 12 or 18 2 162 
( 1) TPB200A - 12 or 18 2 180 
(1) TPB200B - 12 or 18 2 180 
P TPB220A- 12 or 18 2 198 

TPB220B- 12 or 18 2 198 
p TPB240A- 12 or 18 2 216 

TPB240B- 12 or 18 2 216 
p TPB270A- 12 or 18 2 243 

TPB270B - 12 or 18 2 243 

P : Preferred devtce. 
(1) : These voltages are on request Consult us. 
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lpp - Trans1cnt 
operat1on 

'r 
Standby 

IH I 

,': L.-.·.·_·_·::7'Ja 1on 

rm.-1 ~---- v 

r 

08BTAISIL3 

V(BR)@ IR Vso lao IH 
min. max. max. min. 

(V) (rnA) (V) (rnA) (rnA) 

62 1 82 800 
62 1 75 800 
68 1 90 800 
68 1 82 800 
75 1 100 800 
75 1 91 800 
82 1 109 300 
82 1 99 300 
91 1 121 300 
91 1 110 300 

12 Suffix 
100 1 133 300 

for 120 rnA 
100 1 121 300 
110 1 147 300 
110 1 133 300 
120 1 160 300 
120 1 145 300 
130 1 173 300 
130 1 157 300 
150 1 200 300 
150 1 181 300 18 Suffix 
160 1 213 300 for 180 rnA 
160 1 193 300 
180 1 240 300 
180 1 217 300 
200 1 267 300 
200 1 241 300 
220 1 293 300 
220 1 265 300 
240 1 320 300 
240 1 289 300 
270 1 360 300 
270 1 325 300 
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Fig.! - Power dissipation versus ambient 
temperature. 

_o2 z th -a (°C/H) 

10 

1/ ~ 

~ 

1.--' 

t (s) 

!0 

Fig .3 - Transient thermal impedance 
junction-ambient for mounting n°2 
versus pulse duration (L = !0 mm) . 
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Fig.4 - Non repetitive surge peak on-state 
current versus number of cycles. 

088TPBP3 

TPB SERIES 

SO Ath (°C/W) 
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L (mm) 
0 

5 !0 15 20 25 

Fig. 2 - Thermal resistance versus 
lead length. 
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Mounting n° 2 
PRINTED CIRCUIT 
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tcannexion Soldering 
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Fig .5 - Peak forward current 
versus peak forward voltage drop 
(typical values). 
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TPB SERIES 

lH !Tjl 
I [T 25"1:] H , i~ 

1.2 

1.0 

O.B 

0.6 

0.4 

0.2 
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r... 
........ 

"" 

Tj ("C] 

50 

...... 
........ 

"" ........ 

100 

Fig.B- Relative variation of holding 
current versus junction temperature 

PACKAGE MECHANICAL DATA 

CB 429 Plastic 

26 . m1n. 

10 

10 
150 

98 max 

3 C (pF] 

Tj - 25 •c 
f 1 MHz 

- t-

VR IV) 

10 100 500 

Fig.7 - Capacitance versus reverse 
applied voltage. 

DBBTPBP4 

26 min 

r-- 1------- -------
Jf__b 

0 1,06 max. 

Cooling method · by conduction (method A) 
Marking : type number 
We1ght: 0 9 g 
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• CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vol!) 

• HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTICS (Von) 

• AUTOMATIC RECOVERY AFTER SURGE 

DESCRIPTION 

The LS5018B, LS5060B and LS5120B/B1 are bidi
rectional transient overvoltage suppressor desi
gned to protect sensitive components in electronic 
telephones and telecommunication equipments 
against transient caused by lightning, induction from 
power lines, etc. 

ABSOLUTE RATINGS (limiting values) (T1 = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 

LS5018B/LS5060B 
LS5120B/LS512081 

BIDIRECTIONAL TRISIL 

1 ms expo 

8-20 f!S expo• 

Mini dip 
(Plastic) 

Value 

100 

500 

Unit 

A 

ITsM Non Repetitive Surge Peak on-state Current tp = 20 ms - Sinus 50 A 

dildt Critical Rate of Rise of on-state Current Non repetitive 100 NflS 

Tstg Storage and Junction Temperature Range -40 to 150 oc 
Tl 150 oc 

THERMAL RESISTANCE 

Parameter Value 

80 

Pulse wave form 

April1989 1/3 
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LS5018B/LS5060B/LS5120B/LS5120B1 

ELECTRICAL CHARACTERISTICS I 
(T1 = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage Ipp ---

VeR Breakdown Voltage IT ---
' 

Vao Clamping Voltage ' ' ' 
IH Holding Current I so _:g IH 
VT On-state Voltage @ IT 

1 rnA 

I so Breakover Current IRM ---,------- ' i 
v 

lpp Peak-pulse Current See note i VT VRM VsR Vso 
DB9TRISIL5 

Type lAM@ VAM V(BA)@ lA Veo@ leo IH VT c 
max. min. max. min. typ. max. min. typ. max. 

See note 2 IT= 1 A VA= 5 V 
F = 1 MHz 

(fl. A) (V) (V) (mA) (V) (mA) (mA) (mA) (mA) (V) (pF) 

LS5018B 5 16 17 1 22 1300 200 2 150 

LS5060B 10 50 60 1 85 1000 200 2 150 

LS5120B 20 100 120 1 180 500 1250 250 2 150 

LS5120B1 20 100 120 1 180 500 1250 200 2 150 

Notes : 1. Same charactenst1c both s1des. 
2. These dev1ces are not designed to function as zeners ; continuous operation between 1 mA and lso w111 damage them. 

PACKAGE MECHANICAL DATA 

MINIDIP Plastic 
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Fig.1 -Relative variation of holding 
current versus ambient temperature. 
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Fig.3 -Relative variation of leakage 
current versus ambient temperature. 

75 

75 

10 Vno~ (V) 

8 

8 

4 

2 

Tj = 25 oc 

/ 

In~ (A) 

10 

Fig. 5 - On-state vo 1 tage versus on-state 
current (typical values) . 
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Fig.2 - Relative variation of breakdown 
voltage versus ambient temperature . 
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Fig.4 -Junction capacitance versus 
reverse applied voltage. 
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DESCRIPTION 

This protection device has been especially designed 
for subscriber line-card and terminal protection. By 
itself, it enables to protect integrated SLIC against 
transient overvoltages. A diode clips positive over
loads and breakover device negative overloads. 

Its ion-implanted technology confers excellent elec
trical characteristics on it. 

This is why this THBT 200 D easily corresponds to 
the main protection standard norms which are rela
ted to the overvoltages on subscribers lines. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITI K17 - K20 { 10/700 !iS 
5/310 !iS 

1.5 kV 
38A 
2kV 
50 A 

VDE0433 

CNET 

{ 10/700 !iS 
5/200 !iS 

{ 0.51700 liS 
0.2/310 !iS 

1.5 kV 
38A 

ABSOLUTE RATINGS (limiting values) (T1 = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 

ITSM Non Repetitive Surge Peak on-state Current 

dildt Critical Rate of Rise of on-state Current 

1 ms expo 

8·20 j.lS expo• 

tp = 20 ms 

Non Repetitive 

Tstg Storage and Operating Junction Temperature Range 
TJ 

TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

• ANSI STD C62. 

THERMAL RESISTANCES 

Symbol Parameter 

Rth(J·C) Junction to Case for DC 
Rth(J·a) Junction to Ambient 

April1989 

THBT 200 D 

TO 220 AB 
(Plastic} 

Value 

75 

150 

30 

100 

-40 to 150 
150 

230 

Value 

5 
60 

TRISIL 

Unit 

A 

A 

A/j.lS 

oc 
oc 
oc 

Unit 

ocrw 
ocrw 
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THBT 200 D 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off Voltage 

VsA Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

lpp -r 
IT -

lao_ 1 ______ 1 IH -.: I 
II I 
01 I 
I t I V 
\ YAM /Vso 
VT VsR 

VT On-state Voltage 

I so Breakover Current 

lpp Peak-pulse Current 

) 
DBBTRISILl 

Symbol Test Conditions Min. Typ. Max. Unit 

lAM T1 = 25 oc VRM=180V 10 ~ 

VsR T1 = 25 oc lA = 1 mA 200 v 

Vso T1 = 25 oc tp=1001.lS 290 v 

I so T1 = 25 oc tp=1001.lS 150 800 mA 

IH T1 = 25 oc IT= 2 A 150 mA 

VT T1 = 25 oc IT =5 A tp=1001.lS 3 v 

aT 20 10-4;oc 

c T1 = 25 oc F = 1 MHz VA =5 V 200 pF 

dv/dt T1 = 25 oc Exponential Ramp 67 % VsA 5000 V/l.lS 

ORDER CODE 

T H B T 200 D 

Bidirectional 

_j 1 LTD 220 "" 

Breakdown voltage 

Trisil 
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PACKAGE MECHANICAL DATA 

TO 220 AB Plastic 

10 3±01 4.65 ± 0.17 
+ 1 + I + 0 J.rf--t_;=:___ 

~~.·~ :',~ '"t 
I N 

!!i 
I 

IJ ill ------;-
i i ·~· ; 

o s ± o 1s i I ~ 

I I +0.3 
~ 

2.54 ± 0.251 1 1 2.s•; "' 

APPLICATION CIRCUIT 

Line 

Test 
Relay 

0.5 ± 0.15 

2.4:!: 0.3 

THBT200 D 

THBT 200 D 

PIN CONNECTIONS 

0 

• 1 = Tip or Ring 
• 2 =GROUND 1 2 3 
• 3 =Tip or Ring 
Tab 1s connected to center pin. DBBTRISTD220i 

Cooling method :by conduction (Method C) 
Marking :type number 
Weight: 2 g. 

Ring Generator 

Ring 
Relay 

DBBTRISAPPLI 1 

INTEGRATED 
SLIC 
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THBT 200 D 
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Fig.1 -Relative variation of holding 
current versus junction temperature. 
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Fig.3 - Peak on-state voltage versus peak 
on-state current {typical values] . 
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DESCRIPTION 

This protection device has been especially designed 
for subscriber line-card and terminal protection. By 
itself, it enables to protect integrated SLIC against 
transient overvoltages. A diode clips positive over
loads and breakover device negative overloads. 

Its ion-implanted technology confers excellent elec
trical characteristics on it. 

This is why this THDT 58 D easily corresponds to 
the main protection standard norms which are rela
ted to the overvoltages on subscribers lines. 

IN ACCORDANCE WITH FOLLOWING 
STANDARDS: 

CCITT K17 - K20 { 10/700 j.ts 
5/310 J.lS 

1.5 kV 
38 A 
2kV 
50 A 

VDE 0433 

CNET 

{ 1 0/700 J.lS 
5/200 J.lS 

{ 0.5/700 f.!S 
0.2/310 J.lS 

1.5 kV 
38 A 

ABSOLUTE RATINGS (limiting values) (T1 = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 

IFSM Non Repetitive Surge Peak on-state Current 
lrsM 

dildt Critical Rate of Rise of on-state Current 

1 ms expo 

8-20 flS expo· 

tp = 20 ms 

Non Repetitive 

Tstg Storage and Operating Junction Temperature Range 
Tl 

TL Maximum Lead Temperature for Soldering During 10 sat 4 mm 
from Case 

*ANSI STD C62. 

THERMAL RESISTANCES 

Symbol Parameter 

Rth(J·C) Junction to Case for DC 
Rth(J·B) Junction to Ambient 

April 1989 

THDT 58 D 

TO 220 AB 
(Plastic) 

Value 

75 

150 

30 

100 

-40 to 150 
150 

230 

Value 

5 
60 

TRISIL 

Unit 

A 

A 

A/flS 
oc 
oc 
oc 

Unit 

oc;w 
oc;w 
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THDT 58 D 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

VT On-state Voltage 

VF Forward Voltage Drop 

I so Breakover Current 

lpp Peak-pulse Current 

Symbol Test Conditions 

lAM Ti = 25 oc VAM=-56V 

VsA T1 =25°C IR=-1mA 

Vso T1 = 25 oc tp = 100 ~s 

I so T1 =25°C tp=100~s 

IH T1 = 25 oc h=-2A 

VT T1 = 25 oc IT=- 5 A 

VF T1 =25°C IF =5 A 

<XT 

c T1 = 25 oc F = 1 MHz 

I 
If 

' I 
I 

Vso VBR VT : Vf 

-\--'o-{:/=V::::,R~M~~~\-!---t'/-::-:-___ V 
:' 1 IRM 
I ----------~ 1 rnA 

I 
I 
I IH 

I so 

lpp 088TRISIL2 

Min. Typ. Max. Unit 

-10 ~A 

-58 -60 v 
-80 v 

-150 -800 mA 

- 150 mA 

lp=100~s -3 v 

tp = 100 ~s 3 v 

10 10-4;oc 

VA=- 5 V 500 pF 

dv/dt T1 =25°C Exponential Ramp 67% VsR 5000 V/~s 

ORDER CODE 

58 D l Lm,o '"'" 
Breakdown voltage 

Trisil 

2/4 
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PACKAGE MECHANICAL DATA 

TO 220 AB Plastic 

2,8 9,8 

2,54 2,54 

APPLICATION CIRCUIT 

Line 

Test 
Relay. 

THBT 200 D 

4,4 

4,5 

1,25 
1,35 

THDT 58 D 

PIN CONNECTIONS 

0 

• 1 = Ttp or Ring 
• 2= GROUND 1 2 3 

• 3 = Ttp or Ring 
Tab is connected to center pin. JBBTRIST02201 

Cooling method :by conductton (Method C) 
Marking :type number 
Weight: 2 g. 

Ring Generator 

Ring 
Relay 

JBBTRISAPPLI1 

INTEGRATED 
sue 
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THDT 58 D 
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766 

1.0 

0.8 

0.6 

0.~ 

0.2 

0 

-IH [T · -25°C] 

!'.... 

" I'-. 

" I'-. 
I'-. 

I'-. 
I"'-

Ti (•C) 

50 100 

Fig.! - Relative variation of holding 
current versus junction temperature. 

150 

35 IrsM (A) 

30 

25 

20 

15 

10 

5 

Tj initial = 25 •c 

r.... 
..... 

r--.... 

Number of cycles 

10 

Fig .2 - Non_repetitive surge peaK on-state 
current versus number of cycles 
(1 cycle = 20 ms) . 

2.8 Vr (V) 2.0 VF IV) 

2.6 

2.4 

2.2 

2.0 

i/ 

I 
I 

I 

~,....-- Ir (A) 

10 

Fig. 3 - PeaK on-state voltage versus peak 
on-state current (typical values) . 

3 C (pF) 
10 

-

10 

-

I 

1.8 I 

1.6 
I 

1.~ I 

1.2 

f.-- IF (A) 

1. ~0 1 10 

r--

10 

Fig.4- Peak forward voltage drop versus 
peak forward current (typical values) . 

Tj = 25 •c 
f a 1 MHz 

VA (V) 

Fig. 5 - Capaci tam~e versus reverse 
applied voltage (typical values) . 
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L31008 
L310081 

TRISIL 
UNIDIRECTIONAL PROGRAMMABLE VOLTAGE AND CURRENT SUPPRESSOR 

• HIGH CURRENT CAPABILITY 
• PROGRAMMABILITY BOTH IN VOLTAGE AND 

CURRENT 
• AUTOMATIC RECOVERY 

DESCRIPTION 
The L31 OOB/B1 is a transient overvoltage suppres
sor/overcurrent arrester designed to protect sensi
tive components in electronic telephones and 
telecommunication equipments against transients 
caused by lightning, induction from power lines, etc. 

The L31 OOB/B1 characteristic, that is its firing volt
age and current, can be easily programmed by 
means of inexpensive external components ; more 
over, since this device recoveres automatically 
when the surge current falls below a fixed holding 
current, it may be used on remotely supplied lines. 
Finally, if destroyed, it becomes a permanent short 
circuit. 

ABSOLUTE RATINGS (limiting values) (T1 = 25 ac) 

Symbol Parameter 

lpp Peak Pulse Current 1 ms expo 

8-20 !lS expo• 

lrsM Non Repetitive Surge Peak on-state Current tp = 1 0 ms - Sinus 

dildt Critical Rate of Rise of on-state Current Non repetitive 

Tstg Storage and Junction Temperature Range 
Tl 

THERMAL RESISTANCE 

Parameter 

Junction to Ambient 

April1989 

Minidip 
(Plastic) 

Value 

150 

250 

50 

100 

- 40 to 150 
150 

Value 

80 

Pulse wave form 

Unit 

A 

A 

Af!lS 

oc 
oc 

1/4 
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L31008/81 

ELECTRICAL CHARACTERISTICS 
(T1 = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

Vr On-state Voltage @ lr 

I so Breakover Current 

lpp Peak-pulse Current 

VGN Gate Voltage 

IGN Firing Gate N Current 

VRGN Reverse Gate N Voltage 

IGP Firing Gate P Current 

OPERATION WITHOUT GATE 

Type IRM@ VRM VeR 
max. min. max. 

(~A) (V) (V) (V) 

L3100B/B1 6 60 255 (3) 
40 250 265 (4) 

OPERATION WITH GATES 

Type VGN 
(V) 

IG = 200 mA 

min. max. 

L3100B/B1 0.6 1.8 

@ IR Yeo@ leo IH 
max. min. max. min. 

See note 2 

(mA) (V) (mA) (mA) (mA) 

1 350 200 500 210 (3) 
280 (4) 

IGN VRGN 
(mA) (V) 

VA-C=100V IG =- 1 mA 

min. max. min. max. 

30 200 0.7 

Notes : 1. Reverse charactenstlc : IR < 1 rnA @ VR = 0. 7V. 

D89TRISIL5 

Vr c 
typ. max. 

lr = 1 A VR = 5 V 
F = 1 MHz 

(V) (pF) 

2 100 

IGP 
(mA) 

VA- C = 100 V 

min. max. 

150 

2. These dev1ces are not designed to function as zeners ; continuous operation between 1 rnA and lso Will damage them 

2/4 
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PACKAGE MECHANICAL DATA 

MINIDIP Plastic 

CONNECTION DIAGRAM 

GATE-N [ 1 

N.C. [ 2 

GATE-P [ 3 

CATHODE [ 4 

DB9TRISILB 

~ 
~ 

B ~ 
7 ~ 

ANODE 
6 ~ 

5 J 

L31 008/81 

P001·FWt 

SCHEMATIC DIAGRAM 

ANODE 

CATHODE 

3/4 
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L3100B/B1 

1.2 

1.1 

1.0 

0.9 

0.6 

0.7 

10 
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IH [T amb = 25 oc] 

""' r-.... 
i"'-- I--.. 

' !'-.... 
r-....~-... 

........ 
r-.... 

r-.... 

Tamb toe) 

0 25 50 

Fig.i- Relative variation of holding 
current versus ambient temperature. 

VA a 60 v ---
VA a 250 V 

p 
... ~..--

c;:::; 

75 

L-

Tamb (OC) 

25 50 

Fig.3 - Relative variation of leakage 
current versus ambient temperature. 

75 

1.04 

1.02 

1.00 

0.96 

V6R [T amb = 25 °C] 

IR = 1 mA _ 

~ 
....... ~ 

~..-- ....... 
~ 

~ 
....... 

1.---

Tamb (OC) 

0 25 50 

Fig.2- Relative variation of breakdown 
voltage versus ambient temperature. 

75 

C (pF) 
100 

60 

60 

40 

20 

0 

F = 1 MHZ 
Tamb = 25 oc 

............_ 

r--

....... 
!--... 

"" 
I'... 

f' 
VA (V) 

1 10 100 

Fig.4 - Junction capacitance versus 
reverse applied voltage. 
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L3121B 
TRISIL 

BIDIRECTIONAL PROGRAMMABLE VOLTAGE AND CURRENT SUPPRESSOR 

• HIGH CURRENT CAPABILITY 
• PROGRAMMABILITY BOTH IN VOLTAGE AND 

CURRENT 
• AUTOMATIC RECOVERY 

DESCRIPTION 
The L3121 B is a bidirectional transient overvol
tage/overcurrent protections derived from the pro
grammable L31 01 B to provide full feature protection 
for the subscriber line interface. 

Full programmability is allowed through access to 
the triggering gate available on the chips. The 
L3121 B protects the line to ground either against 
positive or negative transients with external and in
dependent adjustment of the threshold voltages (ze
ner or external battery) in the two directions. 

ABSOLUTE RATINGS (limiting values) (T1 = 25 °C) 

Symbol Parameter 

lpp Peak Pulse Current 1 ms expo 

8-20 !iS expo* 

hsM Non Repetitive Surge Peak on-state Current tp = 10 ms Sinus 

di/dt Critical Rate of Rise of on-state Current Non repetitive 

Tstg Storage and Junction Temperature Range 
TJ 

THERMAL RESISTANCE 

Parameter 

Junction to Ambient 

April1989 

50 

SIP-4 
(Plastic) 

Value 

150 

250 

50 

100 

-40 to 150 
150 

V~lue 

80 

Unit 

A 

A 

Ai!lS 

oc 
oc 

Pulse wave form 

DB9TRISIL4 
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L3121 8 

ELECTRICAL CHARACTERISTICS 
(T1 = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

VsR Breakdown Voltage 

Vso Clamping Voltage 

IH Holding Current 

Vr On-state Voltage @ lr 

leo Breakover Current 

lpp Peak-pulse Current 

VG Gate Voltage 

IGN Firing Gate N Current 

IGP Firing Gate P Current 

OPERATION WITHOUT GATE 

Type IRM@ VRM VeR 
max. min. max. 

(J.LA) (V) (V) (V) 

L3121B 5 60 100 
8 90 

OPERATION WITH GATES 

Type VG 
(V) 

IG = 200 mA 

min. max. 

L3121 B 0.6 1.8 

Notes : 1 Same charactenst1c both Sides 

@ IR 

(mA) 

1 

See note 1 

Vee@ leo 
max. typ. max. 

See note 2 

(V) (mA) (mA) 

180 200 500 

IGN 
(mA) 

I r---------------
1 
I 
I 
I 
I ---r------------

---t-------

IH VT 
min. typ. 

lr = 1 A 

(mA) (V) 

150 2 

IGP 
(mA) 

089TRISIL5 

c 
max. 

VR = 5 V 
F = 1 MHz 

(pF) 

200 

VA-C=60V VA-C=60V 

min. max. min. max. 

80 200 180 

2. These devices are not designed to function as zeners ; continuous operation between 1 rnA and leo will damage then. 
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PACKAGE MECHANICAL DATA 

SIP-4 Plastic 

I• 10 max •I 

CONNECTION DIAGRAM 

GATE-D GND 

LINE 

GATE+ 
DB9TRISIL9 

3. smax 

H 

C-0149 

X 

"' E 

SCHEMATIC DIAGRAM 

DB9TRISIL7 

L3121 B 
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L3121 B 

1.1 

1.0 

0.9 

0.8 

0.7 

10 

4/4 

774 

....... 
........ 

r-.. 
....... r-.. 

r-.. 
...... r-.. 

I' 

T amb (oc) 

0 25 50 

Fig.1 -Relative variation of holding 
current versus ambient temperature. 

VR a 60 V ---
VR = 90 V --

.~;..--

?' 
.-: 

b 

"' / 

I' 
~ .. 

~ Tamb (OC) 

25 50 

Fig.3 - Relative variation of leakage 
current versus ambient temperature. 

75 

75 

1.08 
VsR IT amb - 25 °C) 

lR = 1 mA 

1.06 / 

1.04 

1.02 

1.00 

0.98 
/ 

0.96 
0 

v 
/ 

/ 

25 

v 
/ 

I" 

/ 

Tamb (oc) 

50 

Fig.2- Relative variation of breakdown 
voltage versus ambient temperature. 

C (pF) 
250 

............... 

200 

150 

100 

50 

0 
1 

I" 
F a 1 MHZ 

Tamb = 25 oc 

1'-

r-......... 
........ 

~ 

VR (V) 

10 

Fig.4 -Junction capacitance versus 
reverse applied voltage. 

75 
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SM4T6V8, A ~ 220, A 
SM4T6V8C, A ~ 200C, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
400 W I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v ~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER+ SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 
Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for UAidirectional Types 

SOD 6 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 
• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
400 w 

See note 1 

T amb = 25 °C 1.2 w 
Ti Initial = 25 oc 

50 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range - 65 to 175 oc 
Tl 150 oc 
TL Maximum Lead Temperature for Soldering During 10 s 260 oc 

THERMAL RESISTANCE 

Parameter Value 

Junction-leads 20 

Note : 1. For surges upper than the max1mum values, 
the d1ode w111 present a short-circUit anode-cathode. I ~ '"''' '''' fono i0/!000 

1:000 v--t-----
'-----J.--------+1 t 

t IS D88TRANSIL1 

February 1989 1/6 
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SM4T6V8, A -> 220, A/SM4T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage 

lpp Peak Pulse Current 

CXT Temperature Coefficient of v(BR) 

c Capacitance 

tclamp~ng Clamping Time (0 volt to V(BR)) I Unidirectional Types 

I Bidirectional Types 

Types Marking lnM @ VnM V(BR)' @ In 
max. (V) 

Unldlrec- Bidirec- Unidirec- Bidlrec- lilA) (V) min. nom. max. (mA) 
llonal Ilona I Ilona I Ilona I 

SM4T6V8 SM4T6VSC OD VD 1000 5.5 6.12 6.8 7.48 
SM4T6VSA SM4T6V8CA OE VE 1000 58 645 6.8 714 
SM4T7V5 SM4T7V5C OF VF 500 605 6 75 75 8.25 
SM4T7V5A SM4T7V5CA OG VG 500 64 713 7.5 7 88 
SM4T10 SM4T10C ON VN 10 8.1 9 10 11 
SM4T10A SM4T10CA OP VP 10 8.55 9.5 10 105 
SM4T12 SM4T12C OS VS 5 9.72 10.8 12 13.2 
SM4T12A SM4T12CA OT VT 5 10.2 11.4 12 12.6 
SM4T15 SM4T15C ow vw 5 12.1 13.5 15 16.5 
SM4T15A SM4T15CA OX vx 5 12.8 14.3 15 15.8 
SM4T18 SM4T18C RD UD 5 14.5 16.2 18 19.8 
SM4T18A SM4T18CA RE UE 5 15 3 17.1 18 18.9 
SM4T22 SM4T22C RH UH 5 17.8 19.8 22 24.2 
SM4T22A SM4T22CA RK UK 5 18 8 20 9 22 23 1 
SM4T24 SM4T24C RL UL 5 19.4 21 6 24 26 4 
SM4T24A SM4T24CA RM UM 5 20 5 22.8 24 25 2 
SM4T27 SM4T27C RN UN 5 21.8 24.3 27 29.7 
SM4T27A SM4T27CA RP UP 5 231 25.7 27 28.4 
SM4T30 SM4T30C RO UO 5 24.3 27 30 33 
SM4T30A SM4T30CA RR UR 5 25 6 28.5 30 31.5 
SM4T33 SM4T33C RS us 5 26.8 29.7 33 36.3 
SM4T33A SM4T33CA RT UT 5 28 2 31.4 33 34.7 
SM4T36 SM4T36C RU uu 5 291 32 4 36 39.6 
SM4T36A SM4T36CA RV uv 5 30.8 34 2 36 37.8 
SM4T39 SM4T39C RW uw 5 31.6 351 39 42 9 
SM4T39A SM4T39CA RX ux 5 33.3 37.1 39 41 
SM4T68 SM4T68C SN WN 5 55.1 61.2 66 74.6 
SM4T66A SM4T68CA SP WP 5 58.1 64.6 66 71.4 
SM4T100 SM4T100C sw ww 5 61 90 100 110 
SM4T100A SM4T100CA SX wx 5 65.5 95 100 105 
SM4T150 SM4T150C TH XH 5 121 135 150 165 
SM4T150A SM4T150CA TK XK 5 128 143 150 158 
SM4T200 SM4T200C TS XS 5 162 180 200 220 
SM4T200A SM4T200CA TT XT 5 171 190 200 210 
SM4T220 TU 5 178 198 220 242 
SM4T220A TV 5 188 209 220 231 

• Pulse test tp ,; 50 ms B < 2 %. 
•• D1v1de these values by 2 for bid1rect1onal types. 
For b1d1rect1onal types, electncal characteristics apply 1n both directions. 
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~ SGS·ntOMSON ... ., I ilii~i::lll@llll.!W"illlil@lllOICili 

10 
10 
10 
10 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

V(CL)@ lpp 
max. 

1 ms expo 

(V) (A) 

10.8 37 
105 38 
11 7 34 
11 3 354 
15 27 
145 27 6 
17.3 231 
16.7 24 
22 18.2 
21.2 19 
26.5 15.1 
25.2 16 
319 12.5 
30 6 13 
34.7 11.5 
33 2 12 
391 10.2 
37.5 10 7 
43.5 9.2 
41.5 9.6 
477 8.4 
45 7 8.8 
52 7.7 
49.9 8 
56 4 71 
53.9 74 
96 4.1 
92 4.3 

144 2.6 
137 2.9 
215 1.9 
207 2 
287 1.4 
274 1.5 
315 1.3 
301 14 

Value 

See tables 

1 ps max. 

5 ns max. 

V ICL) @ lpp <lT C" 
max. max. typ. 

Vn=O 
8-2011s expo 1=1MHz 

(V) (A) (10- 4/'C) (pF) 

14 164 5.7 3500 
13.4 174 5.7 3500 
15.2 151 6.1 3100 
14.5 160 6.1 3100 
19.5 246 7.3 2000 
18 6 258 73 2000 
22 7 211 78 1550 
21.7 221 7.8 1550 
28 4 169 84 1200 
27.2 176 8.4 1200 
34 141 8.8 975 
32.5 148 8.8 975 
41.2 116 92 BOO 
39 3 122 9.2 800 
44.9 107 9.4 725 
42 8 112 94 725 
50.5 95 9.6 625 
48.3 99 9.6 625 
56.1 86 9.7 575 
53.5 90 9.7 575 
61.7 78 9.8 510 
59 81.5 9.8 510 
67.3 71 9.9 480 
64.3 74.5 99 480 
73 66 100 450 
69 7 69 100 450 

127 36 10.4 270 
121 39.5 10.4 270 
187 25.5 10.6 200 
176 27 10.6 200 
277 17.3 10.6 145 
265 18.1 10.8 145 
370 13 10.8 120 
353 13 6 10 8 120 
406 11 8 108 110 
388 12 4 10 8 110 



SM4T6V8, A -> 220, A/SM4T6V8C, A -> 200C, A 

ORDER CODE 

SM 4 T 6V8 CA 

Sml•ce Mooo<de"" _] '1 
Power range : 4 - 400 W ==:__j 
TRANSIL :..T 

PACKAGE MECHANICAL DATA 

SOD 6 Plastic 

At=Q ,1 

tT 

-"fl-

D1=P 
~ 

088500 

c 

FOOT PRINT DIMENSIONS (Millimeters) 

-~ 

LTolerances: with suffix A± 5% 
without suffix ± 10 % 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

L_ _____ VBR voltage range 

Millimetres Inches 
Ref. Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
B 6.0 6.4 0.236 0.252 
c 3.8 4.2 0.150 0.165 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 0.9 1.3 0.035 0.051 

Laser markmg. 
The logo Indicates cathode for umd~rect10nal types. 

1_, 
00 

1· ,, roo· I 

L~ ~ 
0885006 

3/6 

777 



SM4T6V8, A -> 220, A/SM4T6V8C, A -> 200C, A 

4/6 
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Tj initial 25 oc 

I 1111111 

VeR < 10 V ........... 
10 V .. VeR < 250 V 

······ .. .. 
~ 

tp (ms) expo 

10 10-3 10 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

SM4T 220A 

SM4T \50A 0 0 0 0 r-n-· ······ 
SM4T BBA 

SM4T 39A 

SM4TI 2dA 
I I 

SM4T iOA 

SM4T 6VBA 

·············· ....... ·············· 

.::: ....... . 

········ 

······ ·············· 

--:.::: ...... ········ 

10 

·.:::::::·· 

Fig.2 - Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ·········· 

t = 1 ms ---
t = 10 ms --

Ipp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : llV (BR) =IX T[V (BR) 1 X [T j - 251 X V (BR) 
For intermediate voltages. extrapolate the given results. 

OBBSM4TP4 
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50 

100 

80 

60 

40 

20 

10 

SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 

Pp [Tjl _ 
Pp [T j - 25 °C] % 

" ' " ....... 
" ' ............. 

............. 

T j initial (•c) 

25 50 75 100 125 150 175 

Fig .3 - Allowable power dissipation versus 
junction temperature. 

th -a 

i\ 

' ....... -r-r--

S (Cu) (cm2) 

2 3 4 5 

Fig.5- Thermal resistance junction-
ambient versus Cu surface (printed circuit) . 

th -a 

v 

/ 

t Is) 

10 

Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 

D88Siol4TP5 

P (W) 
1.5 

!.0 

0.5 

0.0 

I'-. 

T amb (•c) 

50 

I'-. 

' 1'-. 
1'-.' 

"" ' 100 !50 

Fig. 4 - Power dissipation versus ambient 
temperature. 

10 

~ Tj = 15o•c 

vTo - . s v 
rT = .075 .0. 

/ ..-" 
-0" 

t~ 

f/ ~ 

I 
Tj initial -

25•c 
1so•c ---,, 

I 

I 

VFM (V) 

0 2 3 4 5 

Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM4T6V8, A-> 220, A/SM4T6V8C, A-> 200C, A 

4 C (pF) 
10 

~BVBA 
.L .[1 

~15A 
~30A. 

~ ~T 200A 

10 
10 

T i 25 •c 
f = 1 MHZ 

1:::::-
VR (V) 

100 500 

Fig.Ba - Capacitance versus rev~rse applied 
voltage for unidirectional types 
~ypical values) . 
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4 C (pF) 
10 

SM4T 6VBCA 

SM4T 15CA 

SM4T 30CA 

~4T BBCA 

SM4T 200CA 

10 I I II 
10 

Tj - 25 •c 
f - 1 MHZ 

-
VR (VI 

100 500 

Fig.Bb - Capacitance versus reverse applied 
voltage for bidirectional types 
(typical values) . 

D88SM4TP6 



~ SGS·niOMSON SM6T6V8, A ----7 220, A 
11!. '1 I ~D©ffil©rnlbrn©Vffil©ffillD©~ sMsTsvsc, A ----7 2ooc, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
600 W I 1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v ~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFSM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SOD 6 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
600 w 

See note 1 

Tamb = 25 oc 1.2 w 
T1 Initial = 25 oc 

50 A 
I= 10 ms 

Tstg Storage and Operating Junction Temperature Range -65 to 175 oc 
Tl 150 oc 
TL Maximum Lead Temperature for Soldering During 10 s 260 oc 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. 

February 1989 

Value 

20 

1 r;__Ipp 10 5 
Pulse wave for11 10/1000 

100 -oJ--...--L-

500 J 
~ _________________ _. ____________ __., t 

1 •s D88TRANSIL 1 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

ELECTRICAL CHARACTERISTICS (T1 = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

C!T Temperature Coefficient of v(BR) 

c Capacitance 

tclamp1ng Clamping Time (0 volt to VIBRJ) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM @ VRM V (BR)' @ IR V(CL)@ lpp V(CL)@ lpp ar C" 
max. (V) max. max. max. typ. 

VR= 0 
1 ms expo 8-20~s expo 1=1 MHz 

Unidirec- Bidirec· Unidirec- Bidirec· (~A) (V) min. nom. max. (mA) (V) (A) (V) (A) (1 0" 4i°C) (pF) 

tiona I tional tional tional 

SM6T6VB SM6T6VBC DD LD 1000 5.5 6.12 68 7 48 10 10 8 55 14 250 5.7 4000 
SM6T6VBA SM6T6VBCA DE LE 1000 58 6.45 68 714 10 10 5 57 13 4 261 57 4000 

SM6T7V5 SM6T7V5C DF LF 500 6.05 6.75 75 8 25 10 11.7 51 15 2 230 6.1 3700 

SM6T7V5A SM6T7V5CA DG LG 500 6.4 7.13 7.5 7.88 10 11.3 53 14 5 241 61 3700 

SM6T10 SM6T10C DN LN 1 0 8.1 9.0 10 11 1 15 40 19 5 369 73 2800 

SM6T10A SM6T10CA DP LP 10 8 55 95 10 10.5 1 14.5 41 18.6 387 73 2800 

SM6T12 SM6T12C DS LS 5 9 72 10.8 12 13.2 1 17 3 35 22.7 317 78 2300 

SM6T12A SM6T12CA DT LT 5 10.2 11.4 12 12 6 1 16 7 36 21.7 332 7.8 2300 
SM6T15 SM6T15C DW LW 5 12 1 13 5 15 16 5 1 22 27.5 28.4 254 8.4 1900 
SM6T15A SM6T15CA DX LX 5 12.8 14 3 15 15.8 1 21.2 28 27.2 265 84 1900 
SM6T18 SM6T1BC ED MD 5 14.5 16 2 18 19 8 1 26 5 22 5 34 212 88 1600 
SM6T18A SM6T18CA EE ME 5 15.3 17.1 18 18 9 1 25 2 24 32 5 222 88 1600 
SM6T22 SM6T22C EH MH 5 17.8 19.8 22 24 2 1 31 9 18 5 41 2 175 9.2 1350 
SM6T22A SM6T22CA EK MK 5 18.8 20.9 22 23.1 1 30 6 20 39 3 183 92 1350 
SM6T24 SM6T24C EL ML 5 19.4 21.6 24 26.4 1 34 7 17.5 44 9 160 94 1250 
SM6T24A SM6T24CA EM MM 5 20.5 22.8 24 25.2 1 33.2 18 42.8 168 94 1250 
SM6T27 SM6T27C EN MN 5 21.8 24.3 27 29.7 1 39.1 15.5 50.5 143 9.6 1150 
SM6T27A SM6T27CA EP MP 5 23.1 25 7 27 28.4 1 37 5 16 48.3 149 9.6 1150 
SM6T30 SM6T30C EO MO 5 24.3 27 30 33 1 43 5 13.5 56.1 128 9.7 1075 
SM6T30A SM6T30CA ER MR 5 25 6 28 5 30 31.5 1 41.4 14 5 53.5 134 9.7 1075 
SM6T33 SM6T33C ES MS 5 26 8 29 7 33 36 3 1 477 12 5 61 7 117 98 1000 
SM6T33A SM6T33CA ET MT 5 28.2 31.4 33 34.7 1 45 7 13 1 59 122 98 1000 
SM6T36 SM6T36C EU MU 5 29.1 32.4 36 39 6 1 52 11 5 67.3 107 99 950 
SM6T36A SM6T36CA EV MV 5 30.8 34 2 36 37.8 1 49 9 12 64 3 112 99 950 
SM6T39 SM6T39C EW MW 5 31.6 35.1 39 42.9 1 56 4 10 6 73 99 10 0 900 
SM6T39A SM6T39CA EX MX 5 33.3 37.1 39 41 1 53.9 11.1 69.7 103 10 0 900 
SM6T68 SM6T68C FP NP 5 55.1 61 2 68 74.8 1 98 61 127 57 10.4 625 
SM6T68A SM6T68CA FO NO 5 58.1 64 6 68 71.4 1 92 6.5 121 59.5 10.4 625 
SM6T100 SM6T100C FX NX 5 81 90 100 110 1 144 42 187 38.5 10 6 500 
SM6T100A SM6T100CA FY NY 5 85 5 95 100 105 1 137 4.4 178 40 5 10.6 500 
SM6T150 SM6T150C GK OK 5 121 135 150 165 1 215 28 277 26 10 8 400 
SM6T150A SM6T150CA GL OL 5 128 143 150 158 1 207 29 265 27.2 10 8 400 
SM6T200 SM6T200C GT OT 5 162 180 200 220 1 287 2.1 370 19 4 10 8 350 
SM6T200A SM6T200CA GU ou 5 171 190 200 210 1 274 22 353 20 4 10 8 350 
SM6T220 GV 5 t'78 198 220 242 1 316 1.9 406 17 7 10.8 330 
SM6T220A GW 5 188 209 220 231 1 301 2 388 18.6 10.8 330 

* Pulse test tp ~ 50 ms S < 2 % 
•• D1v1de these values by 2 for bidirectional types 
For bidirectional types, electrical charactens1ics apply in both directions 
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SM6T6V8, A -> 220, A/SMoT6V8C, A -> 200C, A 

ORDER CODE 

SM 6 T 6V8 CA 

'"''"' Mmml '"'~ _] '] 

Power range : 6 - 600 W ~ 
TRANSIL: T 

PACKAGE MECHANICAL DATA 

SOD 6 Plastic 

088SDD 

FOOT PRINT DIMENSIONS (Millimeters) 

-~ 

LTolerances : with suffix A ± 5 % 
without suffix ± 1 0 % 

Products characteristics : 
without suffix Unidirectional 
with suffix C Bidirectional 

L_ _____ VBR voltage range 

Ref. 
Millimetres Inches 

Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
B 6.0 6.4 0.236 0.252 
c 3.8 4.2 0.150 0.165 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 0.9 1.3 0.035 0.051 

Laser marking 
The logo indicates cathode for unidirectional types. 

l'ool. ,,. r~1 

L~ ~ 
0885006 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

4/6 
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'n (W) 

Tj initial - 25 °C 

Ill 

' II II II II II 
VsR < 10 V ........... 
10 V ~ VsR < 250 v 

····· 
.. .. 

····· 
'h.. 

!'---

tp (ms) expo 

10 w-3 10 

103 
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10 

Fig .1 - Peak pulse power versus exponential pulse duration. 

VeL (V) 

Tj initial- 25 °C 

SMBi 220A 
·········· .... ····· . 

t=;si 15aA:· ·: 
.. 

········· ····· ········ 
······ 

········· 

SM6T 68A 

SMBT 39A ··············· 
SM6i 21A 

········· .... 
1 1 

SM6T 10A 
······ ·····:::::-··· ····· ····· .. 

SMBT BVBA 

Ipp (A) 

10 

Fig .2 - Clamping voltage versus peak pulse current. 
exponential waveform t 20 ps ·········· 

t 1 ms --
t = 10 ms --

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : llV (BR) =!X T IV (BR)) X [T j - 25] X V (BRJ 
For intermediate voltages. extrapolate the given results. 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

-p = 
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Fig.3 - Allowable power dissipation versus 
i unction temperature. 
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Fig.5 - Thermal resistance junction-
ambient versus Cu surface (printed circuit). 
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10 

Fig .6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig. 4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM6T6V8, A -> 220, A/SM6T6V8C, A -> 200C, A 

4 C (pF) 
10 

~BVBA 
~ 15A 

~30A 
~BA 
~200A 

10 

--
10 

Tj 25 •c 
f = 1 MHZ 

VR (V) 

100 500 

Fig. Sa - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) . 
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Fig.Bb - Capacitance versus reverse appl iPd 
voltage for bidi~ectional types 
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~ SGS·ntOMSON SM15T6V8, A ----7 220, A 
~~I ~D(Q;~@~[]J~(Q;Lf~@[ii!]O(Q;~ SM15T6V8C, A ----7 200C, A 

UNl-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 

• HIGH SURGE CAPABILITY : 
1.5 kW /1 ms EXPO 

• VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

• LARGE VOLTAGE RANGE: 
5.5 v ~ 188 v 

• ORDER CODE : 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER +SUFFIX C FOR 
BIDIRECTIONAL TYPES 

DESCRIPTION 

Transient voltage suppressor diodes especially use
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 

ABSOLUTE RATINGS (limiting values) 

Symbol Parameter 

Pp Peak Pulse Power for 1 ms Exponential 
Pulse 

p Power Dissipation on Infinite Heatsink 

IFsM Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 

SOD 15 
(Plastic) 

SURFACE MOUNT TRANSIL FEATURES 

• A PERFECT PICK AND PLACE BEHAVIOUR 
• AN EXCELLENT ON BOARD STABILITY 
• A FULL COMPATIBILITY WITH BOTH GLUING 

AND PASTE SOLDERING TECHNOLOGIES 
• BODY MARKED WITH TYPE CODE AND 

LOGO 
• STANDARD PACKAGING: 12 mm TAPE 

(EIA STD. RS481) 
• TINNED COPPER LEADS 
• HIGH TEMPERATURE RESISTANT RESIN 

Value Unit 

T1 Initial = 25 oc 
1500 w 

See note 1 

T amb = 25 °C 1.7 w 
T1 Initial = 25 oc 

150 A 
t = 10 ms 

Tstg Storage and Operating Junction Temperature Range - 65 to 175 oc 
Tt 150 oc 
h Maximum Lead Temperature for Soldering During 10 s 260 oc 

THERMAL RESISTANCE 

Parameter 

Junction-leads 

Note : 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode 

February 1989 

Value 

10 

1 ~1PP 10 5 Pulse wave for11 10/1000 

100+--r-.....1--

500 J 
~-----------------~--------------+• t 

1 •s DSSTRANSIL 1 
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SM15T6V8, A-> 220, A/SM15T6V8C, A-> 200C, A 

ELECTRICAL CHARACTERISTICS (Ti = 25 °C) 

Symbol Parameter Value 

VRM Stand-off Voltage 

V(BR) Breakdown Voltage 

V(CL) Clamping Voltage See tables 
lpp Peak Pulse Current 

UT Temperature Coefficient of v(BR) 

c Capacitance 

tclampmg Clamping Time (0 volt to V(BRI) I Unidirectional Types 1 ps max. 

I Bidirectional Types 5 ns max. 

Types Marking IRM @ v •• V (BRI' @ IR V (Cl) @ lpp V (Cl) @ lpp ar C" 
max. (V) max. max. max. typ. 

v •= 0 
1 ms expo 8-2011s expo f:1MHz 

Unidirec- Bidirec· Unidirec- Bidirec- (llA) (V) min. nom. max. (mA) (V) (A) (V) (A) (1 0 4/°C) (pF) 
tiona I tlonal tiona! tiona! 

SM15T6V8 SM15T6V8C MDD BDD 1000 5.5 6.12 6.8 7 48 10 10.8 139 14 714 5.7 9500 
SM15T6V8A SM15T6V8CA MDE BDE 1000 5.8 6.45 6.8 7.14 10 10.5 143 13 4 746 5.7 9500 

SM15T7V5 SM15T7V5C MDF BDF 1000 6.05 6.75 7.5 8.25 10 11.7 128 15.2 660 6.1 8500 
SM15T7V5A SM15T7V5CA MDG BDG 1000 64 7.13 7.5 7.88 10 11.3 132 14.5 690 61 8500 
SM15T10 SM15T10C MDN BDN 1 0 8.1 9.0 10 11 1 15 100 19.5 928 7.3 7000 
SM15T10A SM15T10CA MDP BDP 1 0 8.55 9.5 10 10.5 1 14.5 103 18 6 968 7.3 7000 
SM15T12 SM15T12C MDS BDS 5 9.72 10.8 12 13 2 1 17.3 87 22.7 793 7.8 6000 
SM15T12A SM15T12CA MDT BDT 5 10 2 11 4 12 12 6 1 16 7 90 21 7 829 78 6000 
SM15T15 SM15T15C MDW BDW 5 12.1 13.5 15 16 5 1 22 68 28 4 634 8.4 5000 
SM15T15A SM15T15CA MDX BOX 5 12 8 14 3 15 15.8 1 21.2 71 27.2 662 8.4 5000 
SM15T18 SM15T18C MED BED 5 14.5 16.2 18 19.8 1 26.5 56 5 34 529 8.8 4300 
SM15T18A SM15T18CA MEE BEE 5 15.3 17.1 18 18.9 1 25.2 59.5 32.5 554 88 4300 
SM15T22 SM15T22C MEH BEH 5 17.8 19.8 22 24.2 1 31.9 47 41.2 437 9.2 3700 
SM15T22A SM15T22CA MEK BEK 5 18.8 20.9 22 23.1 1 30.6 49 39.3 458 9.2 3700 
SM15T24 SM15T24C MEL BEL 5 19.4 21.6 24 26.4 1 34.7 43 44.9 401 9.4 3500 
SM15T24A SM15T24CA MEM BEM 5 20.5 22 8 24 25.2 1 33.2 45 42.8 421 9.4 3500 
SM15T27 SM15T27C MEN BEN 5 21 8 24.3 27 29 7 1 391 38.5 50.5 356 9.6 3200 
SM15T27A SM15T27CA MEP BEP 5 23 1 25 7 27 28 4 1 37.5 40 48.3 37.3 9.6 3200 
SM15T30 SM15T30C MEQ BEQ 5 24.3 27 30 33 1 43 5 34.5 56.1 321 9.7 2900 
SM15T30A SM15T30CA MER BER 5 25 6 28 5 30 31.5 1 41.4 36 53 5 336 97 2900 
SM15T33 SM15T33C MES BES 5 26.8 29.7 33 36.3 1 47.7 31.5 61 5 292 98 2700 
SM15T33A SM15T33CA MET BET 5 28.2 31.4 33 34 7 1 45.7 33 59 305 98 2700 
SM15T36 SM15T36C MEU BEU 5 29.1 32.4 36 39.6 1 52 29 67 3 267 9.9 2500 
SM15T36A SM15T36CA MEV BEV 5 30.8 34.2 36 37.8 1 49.9 30 64.3 280 9.9 2500 
SM15T39 SM15T39C MEW BEW 5 31.6 35.1 39 42.9 1 56.4 26.5 73 246 10.0 2400 
SM15T39A SM15T39CA MEX BEX 5 33.3 37.1 39 41 1 53 9 28 69.7 258 10.0 2400 
SM15T68 SM15T68C MFN BFN 5 55.1 61.2 68 74.8 1 98 15.3 127 142 10.4 1550 
SM15T6BA SM15T68CA MFP BFP 5 58.1 64 6 68 71 4 1 92 16 3 121 148 10.4 1550 
SM15T100 SM15T100C MFW BFW 5 81 90 100 110 1 144 10 4 187 96 10.6 1150 
SM15T100A SM15T100CA MFX BFX 5 85 5 95 100 105 1 137 11 178 101 10.6 1150 
SM15T150 SM15T150C MGH BGH 5 121 135 150 165 1 215 7 277 65 10.8 850 
SM15T150A SM15T150CA MGK BGK 5 128 143 150 158 1 207 72 265 68 10.8 850 
SM15T200 SM15T200C MGU BGU 5 162 180 200 220 1 287 52 370 48 5 10 8 675 
SM15T200A SM15T200CA MGV BGV 5 171 190 200 210 1 274 5.5 353 51 10.8 675 
SM15T220 MGW 5 175 198 220 242 1 344 4.3 406 44.5 10.8 625 
SM15T220A MGX 5 185 209 220 231 1 328 4.6 388 46.5 10.8 625 

* Pulse test tp :5 50 ms 0 < 2 %. 
•• DIVIde these values by 2 for bldirecllonal types. 
For bidirectional types. electrical characteristics apply in both directions. 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

ORDER CODE 

SM 15 T 6V8 CA 

Surt~ Moom '"'" __} l 1 
Power range: 15 -1500W ~ 
TRANSIL: T 

PACKAGE MECHANICAL DATA 

SOD 15 Plastic 

DBBSDD 

c 

FOOT PRINT DIMENSIONS (Millimeters) 

T [l ''''""'~, wi<" '"'"' '* 5% 
without suffiX ± 10 % 

Products charactenstics : 
without suffix Unidrrectional 
with suffix C Bidrrect1onal 

'---~-~~- VsR voltage range 

Ref. 
Millimetres Inches 

Min. Max. Min. Max. 

A 2.8 3.2 0.110 0.126 
B 7.6 8.0 0.300 0.315 
c 4.8 5.2 0.190 0.200 
D 2.5 3.1 0.098 0.122 
E - 0.1 - 0.004 
F 1.3 1.7 0.051 0.067 

Laser marking. 
The logo indicates cathode for unidirectional types. 

5,08 

08850015 
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SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 
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rr 1111 I IIIII 
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10 V ~ VBR < 250 V 

tp (ms) expo 

10 

Fig .1 - Peak pulse power versus exponential pulse duration. 
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10 

Fig.2- Clamping voltage versus peak pulse current. 
exponential waveform t = 20 ps ·········· 

t 1ms---
t = 10 ms --

····· 

Ipp (A) 

Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula: llV(BR) =IXT(V(BR)) X [Ti- 25] X V(BR) 
For intermediate voltages. extrapolate the given results. 
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SM15T6V8, A-> 220, A/SM15T6V8C, A -> 200C, A 
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Fig.3 - Allowable power dissipation versus 
junction temperature. 
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Fig. 5 - Thermal resistance junction-
ambient versus Cu surface (printed circuit). 
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Fig.6 - Transient thermal impedance 
junction-ambient versus pulse duration. 
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Fig. 4 - Power dissipation versus ambient 
temperature. 
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Fig. 7 - Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 

5/6 

791 



SM15T6V8, A -> 220, A/SM15T6V8C, A -> 200C, A 

6/6 
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Fig .Ba - Capacitance versus reverse applied 
voltage for unidirectional types 
(typical values) . 
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Fig.Bb - Capacitance versus reverse applied 
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GS-T25/30 
FAMILY 

25-30 WATT DC-DC CONVERTERS 

• MTBF IN EXCESS OF 1M HOURS AT + 45"C 
AMBIENT TEMPERATURE 

• PCB OR CHASSIS MOUNTABLE 
• NO EXTERNAL COMPONENT REQUIRED 
• SIX SIDED CASE 
• HIGH EFFICIENCY (see data) 
• 500 Voc MINIMUM ISOLATION 
• WIDE INPUT VOLTAGE RANGE (36to 72V) 
• REVERSE INPUT POLARITY PROTECTION 
• PEAK INPUT OVERVOLTAGE WITHSTAND 

(90V/1 sec.) 
• MINIMIZED INPUT REFLECTED CURRENT 
• SOFTSTART 
• REMOTE INHIBIT/ENABLE WITH LOW STAND 

BY CURRENT 
• REMOTE OUTPUT VOLTAGE SENSE 
• NON LATCHING PERMANENT SHORT CIR

CUIT PROTECTION 
• LATCHING OUTPUT OVERVOL TAGE PRO

TECTION 
• PARALLEL OPERATION 
• NO DERATING OVER THE TEMPERATURE 

RANGE 

DESCRIPTION 

The GS-T25/30 series is a family of isolated DC-DC 
converters specially designed for Telecom applica
tion, available in different output voltages : 5V ; 6V ; 

PRODUCTS FAMILY 

Order Number Output Voltage 

GS· T25-0500 5V 
GS-T27-0600 6V 
GS-T30-1200 12V 
GS-T30-1500 15V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage 

Vrpk Input Transient Overvoltage (T,:; 1sec.) 

v, Input Reverse Voltage 

Tstg Slorage Temperature Range 

Top Operating Temperature Range 

May 1989 

12Vand 15V. (OTHER OUTPUT VOLTAGES avail
able on request). 

The output power is in the range of 25W to 30W. 

To ensure very long life, these converters don't use 
any electrolytic capacitor or optoelectronic feedback 
system. 

The converters permit paralleling of outputs. 

Output Current Output Power 

SA 25W 
4.5A 27W 
2.5A 30W 
2A 30W 

Value Unit 

34 to 72 v 
90 v 
100 v 

-55 to 105 oc 
- 25 to 71 oc 
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CONNECTION DIAGRAM AND MECHANICAL DATA (bottom view) 

INH 

0 
21.1 +0.5 
(!1.83) 

0.5 
(0,02) 

5.6mrn 
(0.22) 

All DIMENSIONS IN mm (INCHES) 

PIN FUNCTIONS 

Pin Function 

1 -Input. 

2 +Input. Unregulated input voltage (typically 4BV) must be applied between pin 1-2. The input section 
of the DC-DC converter is protected against reverse polarity by a series diode. No external fuse is 
required. Input is filtered by a Pi network. 

3 Remote inhibit/enable logically compatible with CMOS or open collector TTL. The converter is ON 
when the voltage applied to pin 3 is 1.8Voc min or left open referenced to the pin 1. 
The converter is OFF for a control voltage lower than 1.2V0c. 

4 Sensing Positive. For connection to remote loads this pin allows voltage sensing to the load itself. TO 
BE CONNECTED TO PIN 6 WHEN REMOTE SENSING IS NOT USED. 

5 Sensing Negative. See pin 4. TO BE CONNECTED TO PIN 7 WHEN REMOTE SENSING IS NOT 
USED. 

6 +Output. 

7 -Output. 
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ELECTRICAL CHARACTERISTICS (lamb = 25°C unless otherwise specified) 

INPUT 

Type GS-T25-0500 GS-T27-0600 GS-T30-1200 

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

v, Input Voltage Full Load 36 48 72 36 48 72 36 48 72 

I, No Load Input ViN = 48V 15 15 15 
Current 

I, Full Load Input ViN = 48V 640 680. 730 
Current 

lor Input Reflected viN = 48V/full 200 200 200 
Current Load 
(sinusoidal) 

I, Input Short ViN = 48V 22 24 43 
Circuit Current 

l1sb Input Stand by ViN = 48V 5 5 5 
Current V3 = ov 

ViNHL Low Inhibit V1N = 48V, 1.2 1.2 1.2 
Voltage Full Load 

viNHH High Enable V1N = 48V, 1.8 1.8 1.8 
Voltage Full Load or open or open or open 

IINH Input Inhibit V1N = 48V, I 8 1.8 1.8 
Current Full Load 

OUTPUT 

Type GS-T25-0500 GS-T27-0600 GS-T30-1200 

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

Vo Output Voltage V1N = 48V 4.95 5.00 5.05 5.94 6.00 6 06 II 88 12 00 12 12 
Full Load 

!No Line Regulation ViN = 36V to 72V ± 0.001 ± 0 001 ± 0.001 
Full Load 

!No Load Regulation V1N = 48V ± 0.05 ± 0 05 ± 0 05 
Full Load to no 
Load 

v, Ripple and V1N = 48V 5 5 5 
NOISe Vollage Full Load 

Voov Output ViN = 48V 6.8 8.2 15 
Overvoltage Full Load 
Protection 

AVo Remote Sense ViN = 36V 0.6 0.6 0.6 
per Leg 

Iss Soft Start Time V1N = 48V Full 30 30 30 
Load 

lo Max Output VoN= 48V 5 4.5 2.5 
Current 

lsck Output Current V1N = 48V 5.5 4.95 2.75 
Llmtt Overload 

lose Output Average VtN = 48V, 0.7 0.8 1.1 
Short C~rcutt 
Current 

GS-T30-1500 
Unit 

Min. Typ. Max 

36 48 72 v 

20 mA 

730 rnA 

200 mApp 

55 rnA 

5 rnA 

1.2 v 

1.8 v 
or open 

1.8 rnA 

GS-T30-1500 

Min. Typ. Max. 
Unit 

14.85 15.00 15.15 v 

± 0.001 % 

± 0.05 % 

5 mVRMS 

18 v 

0.6 v 

30 ms 

2 A 

22 A 

1.2 A 
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ELECTRICAL CHARACTERISTICS (continued) 

OUTPUT (continued) 

Type GS-T25-0500 

Symbol Parameter Test Conditions Min. Typ. Max. 

T,, Transient VtN = 48V 75 
Recovery T1me 61o = 25% 

Step Load 
Change 

Tc Temperature V1N = 48V. + 0 02 
Coelf1c1ent Full Load; 

Operatmg 
Temperature 
Range 

GENERAL 

Type GS-T25-0500 

Symbol Parameter Test Conditions Min. Typ. Max. 

l] Elf1etency V1N = 36 to 72V 81 
Full Load 

pd Power V1N = 48V 1.06 
Dissipation in 
Short Ctrcuit 
Cond1t1on 

V1s Isolation 500 
Voltage 

R1s Isolation 109 

Resistance 

I, Switch1ng V1N = 48V 150 
Frequency Full Load 
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GS-T27-0600 GS-T30-1200 GS-T30-1500 

Min. Typ. Max. Min. Typ. 
Unit 

Max. Min. Typ. Max. 

75 75 75 ~s 

+ 0.02 + 0.02 + 0.02 %/oC 

GS-T27 -0600 GS-T30·1200 GS·T30-1500 
Unit 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max 

82 86 86 % 

1.15 2 06 2.6 w 

500 500 500 Vee 

109 109 109 Q 

150 150 150 kHz 



The GS-T25/30 series of DC-DC converter has 
been designed to meet the demanding application 
of the Telecommunication industry. 

Particular attention has been devoted to maximize 
the reliability of the converters as described in the 
following. 

SYSTEM ARCHITECTURE 

The switching push-pull current mode architecture 
has been adopted because : 
_ it allows large duty cycle (80%) so lowering the 

input peak current ; 
_ it minimizes the transformer flux imbalance (cur

rent mode cycle by cycle control) : 
_ it allows, because of its symmetry and together 

with a switching frequency of 150kHz, to mi
nimize the inductance and capacitance values ; 

_ it offers exceptional performance in terms of line 
regulation because of the feedforward effect in
herent to current mode control. 

COMPONENT CHOICE 

Elecause of the system architecture, ceramic or solid 
tantalum capacitors only are used. 

In addition, the voltage regulation loop is closed by 
sensing directly the output voltage on the second
ary side without any optocoupler feedback device. 

Power MOS transistors with a current capability 

Figure 1 : Typical Overload Protection. 

Vo 

GS-T25/30 FAMILY 

30 times larger than maximum operating condition 
have been adopted as primary side switches ; volt
age capability is 2.5 times higher than nominal con
dition. 

Efficiency is maximized by lowering switching and 
conduction losses on the primary side and rectifica
tion losses on the secondary side by use of Schott
ky diodes on the GS-T25/27 models. 

PACKAGE 

The package is of die casted aluminum type that of
fers a typical thermal resistance case to ambient of 
4°C!W. 

This, together with the low power dissipation, allows 
to keep junction temperature of silicon devices at 
less than 100°C even for ambient temperature of 
71 OC with free air convection. 

OVERLOAD PROTECTION 

The overload protection has been designed so that 
two different objectives are met : 
_ parallel connection possibility, to increase avail

able output regulated power ; 
_ reduction of available current during heavy over

load and/or short circuit. 

The typical diagram of this protection is shown in 
fig. 1. 

Vo~------------------------~~ 

VOK 
o.svo 

ViN=48V 

Io lscK=1.1IO Io 
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During short circuit, current stresses on primary and 
secondary side are actually lower than in nominal 
condition. 

Power dissipation inside the module is minimized. 

OVERVOL TAGE PROTECTION 

In case of output voltage higher than overvoltage 
limits, the DC-DC converter is shut down and it re
mains in a latching condition. 

Current drain at the input is 20mA typically, so that 
this latching condition is not hazardous for the whole 
equipment where the DC-DC converter is used. 

SOFT START 

To avoid heavy inrush current the output voltage rise 
time is controlled as a function of the load condition : 
the larger the output current, the softer the output 
voltage rise. See fig. 2. 

Figure 2 : Soft Start as a Function of the Output Current. 

Vo 

0 10 20 

EFFICIENCY 

The efficiency of these DC-DC converters is shown in fig. 3, 4, 5 and 6. 

Figure 3. Figure 4. 

90 
GS -T30 -1200 

85 t:-------------.. - GS-TJ0-1500 

I::=======:-:==== GS -T27 -0600 
80 ~· GS-T25-0500 

75 lo =Full Load 

70 

36 40 44 48 52 56 60 64 68 72 V1N !Vl 
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Figure 5. Figure 6. 
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APPLICATION NOTE 

M088 DIGITAL SWITCHING MATRIX 

INTRODUCTION 
The M088 DIGITAL SWITCHING MATRIX device 
can be used as a basic component in modern digi
tal switching systems. 

This Technical Note is a guide for designers who 
wish to use the M088 in their systems. 

Section 1 contains introductory material in the field 
of digital switching and can be quickly passed over 
by experienced designers. 

The main characteristics of the M088 are shown in 
Section 2. 

AN177/1188 

BY ANGELO PARIANI 

Sections 3 and 4 describe, respectively, the internal 
structure, and the various functions which may be 
implemented. 

Some detailed material concerning timing and some 
important services are examined in Section 5. 

Section 6 is dedicated to applications. Another com
ponent, the M116, used in this field, are introduced 
in this section ; of particular note is the fact that the 
M116 is a digital device which realizes conference 
functions. 
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APPLICATION NOTE 

1. DIGITAL SWITCHING TUTORIAL 

WHAT IS A DIGITAL SWITCHING MATRIX 
(DSM)? 

A Digital Switching Matrix is a device which permits 
switching a certain number of signals among them
selves. 

The signals to be switched can either be digital or 
analog ; in the latter case, digitalization of these sig
nals must be provided before switching takes place. 

Digitalization takes place in three stages : 

a) band limiting (by a low pass filter) ; 

b) sampling ; 

c) digital coding. 

PULSE CODE MODULATION (PCM) 

The technique of digitalizing signals used in tele
phonic applications is called PCM. 

The signal to be digitalized is sampled every 125 ).IS, 
in other words, with a frequency equal to 8 KHz 
since, according to the Nyquist law, the sampling 
frequency must be greater or equal to twice the 
maximum frequency of the analog signal being sam
pled. As is well known in telephony, this frequency 
is less than 4 KHz. 

Based on input signal sampling (see fig. 1-1 }, the 
coding links a given sample to an 8-bit binary num
ber. 

Thus, the number of discrete levels becomes 
28 = 256. 

Non-linear coding laws are used. The main ones are 
the two following : 
_ Mu law used in the USA, Canada and Japan ; 
_ A law used in Europe, South America, Australia 

and Africa (see fig. 1-2). 

Since the sampling frequency is 8 KHz, the digi
talized signal will be made up of a number of bits per 
second equal to (8 • 8000) = 64000 bit/s. 

TIME DIVISION MULTIPLEXER (TOM) 

TOM is a technique which permits merging various 
digital signals into a single high velocity signal. Many 
stages of switching will, thus, become easier. 

Fig. 1-3 presents a diagram of the TOM principle. 

TOM is based on the serializer, which accepts PCM 
signals at the input, and provides them at the out
put, accessed cyclically. 

Each input channel is linked to a time slot, and is 
thus fixed precisely in the serialized output stream. 
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Figure 1.1 : SAMPLING & CODING. The Analog 
Signal to be digitalized is First Band
width limited (fig. 1 .1 a) Then Sampled 
at a Frequency fs (fig. 1.1b). TheRe
sulting Periodic Sequence of Samples 
is shown in Fig. 1.1c. Each Sample is 
then replaced with an 8-Bit Word rep
resenting the Amplitude (fig. 1.1 d). 

• SIGNAL 
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~l_jiL....L_I...J.I_jiL....L_I...J.I_jiL....LI....I.l_jl_~· SAMPLING 
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LfL.S1..JL 
(B b1t) 

Figure 1.2 : The Quantization Curve for A-law Li
mited to Positive Samples. Each 
Group of 16 Steps is Contained in a 
Segment and the Normalized Values 
of the Input Signal Corresponding to 
the Extremes of Each Segment are 
One Half of Each Other. 
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A very stable oscillator provides the master clock 
and all the timing functions used in the multiplexer. 

The international standards for the TOM are two, 
namely: 

APPLICATION NOTE 

a) the North American Standard (PCM 24 Trans
mission System) ; 

b) the European Primary System (PCM 30 Trans
mission System) ; 

Figure 1.3: The Basic Principle of Time Division Multiplexing (TOM). Data from n Independent Channels 
are Compressed and Transferred to a Single Output. Each Channel Outputs Its Data in Sep
arate Time Slots Defined by a Timing Circuit. 

CHANNELl~ 

m-LJ I 
(11 121131141 lnl 

MULTIPlEXED CHANNEL""TIME SLOTs·· 

, ' 

CHAN>£L n ~ i 
(n)~ 

_n _______ _.nL------ TIMING SIGNALill 

_n nL-...----- TIMING SIGNALI1l 

'------ TIMING SIGNALIJI 

___ __.nL _______ ..JnL----- TIM.,GSK>NAL14l 

==t:::;=::;=2~~~n~::::::=t~~~~~~IL~;= TIMING SIGNALinl r--- FMME n FRAME ln.ll 

--'\e-:l_j\_:2_]\_:J_,l..:::•J.\ _ __l.\ :..:.".L\ _ ___L\ c_' -'-\ ::...2 ,_\3-'-\•-'-\ _ __.\~n~\- '-'r~~T~ii_eg'~~- CHANNEL 

J L!!ME SLOT DEDICATED 
~OCHANNELJ 

THE NORTH AMERICAN STANDARD (PCM 24) 

Fig. 1-4 presents the PCM 24 Transmission System 
frame format. 

Each of the 24 channels has already been sampled 
at 8 KHz and coded, using Mu law with 8-bit words. 

Messages reaching the channels are word inter
leaved, forming an uninterrupted sequence of 
192 bits. 

TIME 

5 -9 '>15 

A single alignment framing digit (bit X) is inserted at 
the beginning of each sequence; thus the total num
ber of digits in a frame is 193. The velocity of the 
signal in bit/s is thus (8000 · 193) = 1544 Kbit/s. 

In certain applications, usually PABX, the Extra bit 
(bit X) is omitted. In this last case the velocity of the 
signal becomes (8000 · 192) = 1536 Kbit/s. 
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Figure 1.4 : Frame Format of the Bell T1 (PCM24) System. Each Frame Contains 24 Channels PLus One 
Signalling Bit (bit X). This Format is Used in the USA, Canada and Japan. 

CHI 

12345878B.a 

THE EUROPEAN PRIMARY SYSTEM (PCM 30) 

Fig. 1-5 shows the European Primary System frame 
format. 

TOM combines 30 voice channels, sampled at 
8 KHz, and coded using A law with 8-bit words. 

Various channels messages are combined by word 

Bit X Frame Alignment 
Digit 

interleaving ; thirty 8-bit words are inserted in a 
frame with 32 time slots, numbered from 0 to 31. 

Two of the slots (0 and 16) are used for frame align
ment and signalling. 

Each frame has (8 • 32) = 256 bits, and its velocity 
is (8000 • 256) = 2048 Kbit/s. 

Figure 1.5 : Frame Format of the European System (PCM30). Each Frame contains 32 Channels of which 
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two are dedicated to signalling. This Format is used in Europe, Latin America, Australia and 
Africa. 

f-----------lframenumberD--~-------------IfnrMnumber1------

Fr.,.. axle Multrfrllme code 

R1Annnnn 

31 0 1 

____ J 

--------------------::.-.:~:.'""'""'on'l '"""' x, n Reserved for Nttonal rou~ (logteal 1 
lntemat!Onlll1 

--------- ! ~,'!·~r::.,::n:~::n.r'"" 
abed Channel asmci81ed liwYIIIng dtg~bi 
MFC Multtframe code 

__ LI ~··~~~~~~~:~1~·~1~•-LI ~·~I~·~I~·_LI_,~I~·-LI~·~I~·~·-L~"~I~,~·-L~,·~I-,~·~1~'·-L~·~I-~F~~mMn 
15,30 MFC 1, 16 2, 17 3, 18 15,3DMFC 



TIME AND SPACE DIVISION SWITCHING 

Fig. 1-6 represents, using blocks, a digital switching 
system. Individual analog lines are applied to a 
multiplexer, which provides for their digitalization 
and merges them into a frame. 

The various frames are transmitted to the switching 
matrix which carries out exactly the switching func
tion, building various output frames as required. 

These frames are transmitted to a demultiplexer 
which separates them into single channels, which, 
after conversion from digital to analog, are trans
mitted to the respective analog output lines. 

Fig. 1-6 presents an example : subscriber S1-5 
wishes to be connected to subscriber 88-11 ; 81-8 

APPLICATION NOTE 

with S4-10. 

The connection operation between 81-5 and 88-11 
involves two operations : 

1) transfer of information from layer F1 to layer F8 
(space division switching) ; 

2) transfer from position 5 to 11 (time division 
switching). 

Likewise, the connection between S1-8 and S4-1 0 
involves space switching between F1 and F4, and 
time switching between positions 8 and 10. 

SGS THOMSON digital switching matrixes operate, 
using this technique of time and space division 
switching, permitting switching without blocking, in 
other words, simultaneously of 256 channels. 

Figure 1.6: Space-and-Time-switching Digitally encoded Signals. 
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2. INTRODUCTION TO THE MOBB DSM 

GENERAL DESCRIPTION 

The M088 device implements a non-blocking digital 
switching matrix, which operates with a maximum 
of 256 x 256 channels. 

These channels are applied and extracted from the 
device, using 8 PCM frames at 2048 KbiVs, each 
containing 32 channels. 

The M088 can connect each input channel with, or 
disconnect it from, any output channel in addition to 
carrying out other functions described in Section 4. 

It can also be used at lower velocity, for example, to 
switch 192 x 192 channels, organized in eight 
frames of 24 channels each, at 1544 KbiVs, using 
the North American Standard (PCM 24) or at 
1536 KbiVs. 

Finally, there is no prohibition against using the de
vice for non-standard applications, for example, in 
the field of Data Communications. A few examples 
are cited in Section 6. 

KEY FEATURES 
_ A 256 input and 256 output channels digital 

switching matrix ; 
A building block designed for large capacity elec
tronic exchanges, subsystems, voice-data 
PABXs; 
European Primary System compatible (32 chan
nels per frame) ; 
North American Standard (T1 System) com
patible (24 channels par frame) (*) ; 
PCM input and output mutually compatible ; 
Actual input-output channel connections stored 
and modified using an on-chip 8-bit parallel 
microprocessor interface. 
6 main functions or instructions available ; 
5-volt power supply with internal-generated bias 
voltage ; 
MOS and TTL inpuVoutput levels compatible ; 
Constructed with SGS THOMSON N-Channel 
silicon gate high-density MOS 

(*) For further information, see below, Section 6. 

3. MOBB INTERNAL STRUCTURE 

The component includes a Speech Memory, Con
trol Memory, circuits for Serial to Parallel Conver
sion of incoming PCM links and for Parallel to Serial 
Conversion of the outgoing PCM links and a Bidi
rectional interface for an 8-bit microprocessor (e. g., 
Z80 or Z8). In addition, the M088 performs other 
useful functions, such as Byte Insertion and Extrac
tion, Addressing Memory Reading and 0 Channel 
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Extraction. Referring to Fig. 3-1, the following func
tional blocks can be distinguished : 
_ Time Base 

Serial Parallel Converter for the PCM input links 
Speech Memory 
Control Memory 
Internal PCM Bus 
Parallel Serial Converter for the PCM output links 
Control and Interface Logic to and from the JlP 

TIME BASE 

The time base generates the internal synchronous 
timing signals, using only two external signals, the 
clock (4.096 MHz) and the frame synchronism 
(8KHz). supplied to the corresponding external pins 
of the device (CK and SYNC pins). The time base 
provides two ring counters, generating two sets of 
timing signals (e1 to e8 and u1 to u8), used for Ser
ial to Parallel Conversion of input time slots and Par
allel to Serial reconversion of output PCM time slots, 
respectively. 

The time base consists mainly of a fast synchron
ous parallel resettable counter of which stages are 
obtained by repeated clock division and grouped 
into three subsets : the first, CT1, starting from the 
250ns rate, generates the time phases controlling 
the 4JlS input and output time slot servicing ; in par
ticular, the signal 03 (4JlS) specifies two working 
phases :one dedicated to the microprocessor inter
face operations, the other related to PCM oper
ations. The other two subsets, CT2 and CT3, 
operating synchronously with respect to CT1, 
generate the sequential channel addresses for con
trol memory reading and for speech memory read
ing, respectively. 

The counter CT2 addresses the control memory, 
using the output PCM channel address increased 
by one ; the counter CT3 addresses the speech 
memory, using the input PCM channel address de
creased by one. This address difference is necess
ary to compensate for the internal component delay 
due to input and output PCM conversion. 

INPUT SERIAL TO PARALLEL PCM CONVER
TER 

During each time slot (4Jls), the 8 serial PCM (2048 
KbiVs) input bits are regenerated and sampled using 
a 500 ns clock signal, QO, and then are stored in 
8-bit latches clocked by the input ring counter's e1 
to e8 signals. As soon as the 64 bits are updated, 
they are written, using a single write pulse, into the 
speech memory at the corresponding input channel 
address, selected by subset counter CT3, perfor
ming the parallel conversion in the same writing 
operation. 
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Figure 3.1 : The Fundamental Blocks are the Speech Memory (SM), which memorizes for Each Frame the 
Contents of All 256 Channels, and the Control Memory (CM) which contains Information on 
the Status of the 256 Output Channels (connected or not connected, loaded by the micro with 
a given byte). 

7/24 

809 



APPLICATION NOTE 

SPEECH MEMORY 

The memory is organized as 32 planes of 8 rows 
and 8 columns each ; every plane corresponds to 
an input PCM channel, every row to a bit of content 
and every column to an input PCM line. The work
ing cycle is about 4!15, with this time divided into 
211s phases. The first one consists of eight 250 ns 
cycles : one particular cycle is devoted to memory 
updating according to input channel data ; in the 
other cycles, functions engaged by the 11P interface 
logic can be performed at random in the memory 
(that is the case of PCM output channel reading). In 
the second, memory is cyclically read 8 times, using 
the control memory addresses, CO to C? (switching 
function). 

CONTROL MEMORY 

Control Memory is organized in 32 planes of 9 rows 
and S columns each ; every plane corresponds to 
any output PCM channel, every row to a content bit 
and every column to an output PCM line. The Con
trol Memory working cycle is similar to the Speech 
Memory. 

During the first 211s phase, the Control Memory is 
idle and normally accessible to 11P interface. On oc
casion, because of network connection updating or 
11P requests, some cycles are stolen here for this 
purpose. During the latter 211s phase, the memory 
is read eight times, using the addresses coming 
from the time base (subsets CT1 and CT2). The out
put contents of 9 bits each are used as addresses 
for Speech Memory (CO to C?) and as a control sig
nal for switching the internal PCM bus to the proper 
Control or Speech Memory output data (CS). 

INTERNAL PCM BUS 

Speech and Control Memories are connected to the 
internal S-bit parallel bus. The 9th Control Memory 
bit controls each memory's output during the switch 
function ; otherwise, it is forced by the 11P interface. 

The internal bus is connected on one side to the 11P 
interface to perform functions like memory content 
transfer. On the other side, the bus connects the 
PCM Parallel to Serial conversion unit. 

OUTPUT PARALLEL TO SERIAL CONVERTER 

The bytes of the internal PCM bus, belonging to the 
S cycles previously mentioned in Control Memory, 
are saved in a group of S temporary registers, each 
selected by the timing signals PO toP? (see fig. 3-1 ). 
When all bytes are stored, a single pulse transfer 
takes place in order to supply new PCM data to the 
output registers. 
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The proper time phases u1 and uS sequentially scan 
the S output registers and simultaneously feed the 
output pins performing the Parallel to Serial conver
sion. The output PCM flows are resynchronized, 
using a 500ns clock signal (QO). PCM outputs are 
open drain type. 

MICROPROCESSOR INTERFACE LOGIC 

The interface logic controls, asynchronously with re
spect to the PCM timing, the S bit data bus and the 
control bus to and from the microprocessor. It also 
stores, in a five byte stack, the data field and the op
code instruction. It gives the other internal blocks the 
necessary signals to perform the function in the right 
time phase. Moreover, it stores the status informa
tion, which can be read by the 11P for diagnostic pur
poses, in two internal registers, OR1 and OR2. 

The external control bus allows the component to 
be used as a standard S-bit peripheral device, com
patible with most.!:§, such as the ZSO and ZS. It con
sists of RD and WR signals for reading cmd writing 
into the MOBS respectively, and the C/D signals, 
which selects between data and operating the code 
of command bY.tes to the written into the MOBS. Sig
nals CS1 and CS2 activate the component when 
other peripheral devices are connected to the same 
bus. 

Signals A 1, 81, A2 and S2 allow more MOBBs to be 
connected in a simple way to obtain non-blocking 
matrix structures. An MOSS in a match condition 

4. FUNCTIONAL DESCRIPTION 
The device, controlled by the microprocessor, im
plements six different instructions. A specific func
tion is executed after the microprocessor has 
transmitted, using the data bus, the data bytes and 
the command bytes. 

Two or four data bytes carry the information necess
ary for the correct interpretation of the function. The 
command byte follows these with the operative cod
ing information necessary for MOSS to execute the 
function. 

Brief descriptions of individual functions are given 
here. For further information, the MOSS data sheet 
for the device should be consulted. 

FUNCTION 1 : CHANNEL CONNECTION/DIS
CONNECTION 

This function permits the formation of a new con
nection between a given input channel (CtN) and a 
given output channel (Cour). See fig. 4-1. 



The message coming from the microprocessor con
sist of four data bytes plus a command byte. 

The first two data bytes carry, respectively, informa
tion about the PCM input line and the input chan
nel ; the third and fourth bytes carry information 
about the PCM output line and the output channel. 

The first two bytes are loaded in the control mem
ory cell (CM), the address of which is specified in 
the last two bytes. 

It cases of switching systems of more than 256 x 
256 channels some examples are given in Sec
tion 6 use is made of additional M088 chips, inter
connected as required (multi-chip matrices). 
In this case, the connection function is executed only 
by the M088 in match condition (A 1 = S1 and 
A2 = S2) ; all the other M088s of the multi-chip ma
trix involved with channel Cour will execute a dis
connection operation from that selected output 
channel (Cour). 

FUNCTION 2 : CHANNEL DISCONNECTION 
Disconnect the selected output (Cour). See fig. 4-2. 

The message coming from the microprocessor is 
made up of two data bytes plus a command byte. 

The first and the second bytes carry, respectively, 
information about the PCM output line and the out
put channel which must be disabled. 

FUNCTION 3 : BYTE INSERTION/CHANNEL 
DISCONNECTION 

The function permits a byte furnished by the micro
processor to be inserted in an output data channel 
(Cour). See fig. 4-3. 

The message is made up of four data bytes plus a 
command byte. 

The first and second bytes contain information for 
transferral to the PCM output channel. This 8-bit in
formation is memorized inside a control memory cell 
(CM). 

The third and fourth data bytes contain, respective
ly, information on the PCM output lines and on the 
output channel in which the byte is to be inserted. 
These last bytes are used as an address to specify 
the CM cell in which to load the information con
tained in the first two data bytes. 

APPLICATION NOTE 

As was the case for the first instruction examined, 
in the case of multi-chip matrices, this instruction is 
executed only by the selected MOBB ; all the remain
ing MOBBs of the matrix will execute a disconnection 
operation on the selected output channel. 

FUNCTION 4 : BYTE EXTRACTION 

This function permits transferral of the byte con
tained in an output data channel to the microproces
sor, using the data bus. 

The message is made up of two data bytes plus a 
command byte. 

The first and second bytes contain, respectively, the 
number of PCM output line and of the output chan
nel, the contents of which are to be read by the 
microprocessor. 

The PCM octet is memorized by the device in reg
ister OR1 ; thereafter, the microprocessor, using the 
aforementioned register's read cycle, transfers the 
PCM sample to the CPU. 
If it is useful to read the PCM byte from an input data 
channel GiN, GiN must be connected with a particu
lar output channel Cour, and thus apply the extrac
tion function to Cour. See fig. 4-4. 

Figure 4.1 : Connection Any of the 256 Input 
Channels (GiN) can be Permanently 
connected to any of the 256 Output 
Channels (Cour). It is Possible tohave 
256 Connections simultaneously. 
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Figure 4.2 : Disconnection. Each Connection Pre
viously made can be interrupted at 
any Time. 

Figure 4.3 : Insertion of a Byte. The Control Micro
processor can send a given Byte to 
Any Output Channel. 
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Figure 4.4 : Extraction of a Byte. The Micro Can 
Extract from Any Output Channel 
(Cour) the Contents (Bour) at the 
Time of the Request. 

FUNCTION 5 :CONNECTION MAP READING 

This function makes it possible to know, starting 
from a particular output channel Cour. the contents 
of the corresponding control memory cell CM, the 
address of which is exactly the same as Cour. See 
fig. 4-5. 

As already explained in Section 3, each control mem
ory cell CM is made up of nine bits (CS, C7 .... CO). 

If the ninth bit is equal to zero, the eight remaining 
bits (C7, C6 .... CO) provide information concerning 
the input channel C1N connected simultaneously 
with Cour. In particular, C7, C6 and C5 provide the 
PCM input line number, while C4, C3, C2, C1 and 
CO provide the relevant C1N channel number. 

On the contrary, if bit CB is equal to one, two possi
bilities can be examined : 

a) byte C7, C6 .... CO is equal to 11111111 -in this 
case, output channel Cour is not connected to 
any input channel C1N, and the microprocessor 



never loaded any byte on the basis of instruc
tion 3; 

b) byte C?, C6 .... CO is not equal to 11111111-
also, in this case, the GouT channel is not con
nected to any input channel C1N, however, the 
aforementioned byte is a copy of the one which 
the microprocessor has already loaded in GouT. 

The message coming from the microprocessor is 
made up of two data bytes plus a command byte. 

The first and second bytes correspond, respective
ly, to the number of PCM output line and to the GouT 
channel, and, as already mentioned, correspond to 
the CM cell address whose contents the micropro
cessor must read. 

Bits C?, C6 .... CO are memorized in the OR1 regis
ter, while bit CB is memorized in the OR2 register. 

With two read cycles, the microprocessor can thus 
transfer the contents of the two registers OR 1 and 
OR2 into the CPU. 

Figure 4.5 : Reading the Control Memory. 

PCM IN 

Through This Operation the Micropro
cessor Can Read the Status of Every 
Output Channel. 
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FUNCTION 6 :CHANNEL 0 CONNECTION 
MASK STORE/DATA TRANSFER 

This last function is used to extract information 
rapidly from channel 0. See fig. 4-6. The indispens
able requirement for the extraction to take place is 
that the two most significant bits of the byte con
tained in channel 0 not be equal to 01. 

The PCM input lines from which the 0 channels are 
extracted are selected by using the microprocessor 
to load two data bytes, comprising the mask byte 
and a command byte. 

The contents of channel 0 are available from the 
OR1 register, from which the microprocessor can 
transfer them externally by successive reads frorn 
the same register. 

Experimental testing has shown that, with a CPU 
clock of 4.000 MHz in a time frame (125~). it is 
possible to extract the 0 channels from all eight PCM 
lines. 

Figure 4.6 : Rapid Extraction of Channel 0. Allows 
the Extraction of the Contents of the 
Active Channel Zeros and Channels 
with the Most Significant Bits Not 
Equal to 01. 
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5. VARIOUS NOTES AND CONSIDERA
TIONS ABOUT THE MOBS 
In this section, certain aspects of the timing and oper
ation of the device will be described in some detail. 

In order to better understand the subject matter, it 
is recommended to have already read the compo
nent's data sheet. 

SYNC TIMING 

One of the aspects which should be handled with 
particular attention in the use of the component is 
the timing relation between the synchronization sig
nal (SYNC) and the clock signal (CK). 

The SYNC signal, specifically its rising edge, spe
cifies the beginning of the frame and, thus, bit 0 of 
channel 0. 

The zone sketched in fig. 5-1 shows the areas of 
possible transition of the rising and falling edges of 
the SYNC signal with respect to the CK signal. 

The absolute value of the width of this zone (tv) is : 

tv (SY) = tcK- IR- tHL (SY) -IsH (SY) 

in which: 

tv (SY) is the maximum time width of the area 
of the rising edge of SYNC ; 

(= 25 ns); 

tHL (SY) is the SYNC minimum low level hold 
time (= 40 ns) ; 

IsH (SY) is the SYNC minimum high level set-up 
time(= 80 ns). 

The falling edge of SYNC can take place anywhere 
if the length of level 1 is greater or equal to tcK and 
the length of level 0 is greater than or equal to : 

tsL (SY) + IR + lHL (SY) = 145 ns, 

tsL (SY) being the SYNC min low level set-up 
time (80 ns). 

PCM INPUT SIGNAL TIMING 

Another very important point is the timing relation
ship between the PCM input signals and the SYNC 
signal. 

In many cases, it is of major importance to know how 
much the eight PCM input signals can be mutually 
dephased with respect to the CK signal. 

Fig. 5-2 presents an example of dephasing of the 
general PCM input signal with respect to CK. To bet
ter illustrate this aspect in the figure, the PCM input 
signal is represented both with the minimum, and 
with the maximum, permissible delay. 

tcK is the clock (CK) period ; In the same figure, an extremely interesting aspect 
tR • is the maximum clock (CK) rise time · is evident, namely, that the various PCM input flows 

Figure 5.1 : SYNC Signal Timing. The Shaded Zones are the Regions of Possible Transitions. The Rising 

CK 

SYNC 

12/24 

814 

Edge of SYNC Determines Bit 0 of Channel 0. 
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are able to mutually tolerate dephasing at a level of 
nearly one bit-time. 

Indeed, the time variation between the PCM input 
signals with minimum and maximum permissible 
delays, tv (PCM), is as follows : 

tv (PCM) = (2 • tcK)- (tH (PCM) + tR (CK)- ts (PCM)) 
Therefore, referring to fig. 5-2 ; 

tv (PCM) = (2 • tcK) 65 ns. 

APPLICATION NOTE 

In the case of the European PCM (2048 Kbit/s), tv 
(PCM) = 423 ns, or 86 % of bit-time. 

In the case of the North American PCM (1544 Kbit/s, 
tv (PCM) = 582 ns, or 90 %of bit-time. 

This fact suggests one of the component's possible 
alternative applications, namely that of the PCM 
flow rephaser for delays included in values which 
have already been mentioned. 

Figure 5.2 : Timing of the PCM Input Signal (INP PCM). This Diagram Illustrates the Cases of (INP PCM) 
with the Minimum (b) and Maximum (c) Tolerated delay Referred to the Clock Period (a) Corre
sponding to Bit 0 of Channel 0. Note That the Regions of Possible Variation Correspond to Al
most One PCM Bit Period. 

(bit7,bmestot 31) (bit O.t1me slot 0) (bit 1,timeslot0) 

CK 

INPPCI\.1 
(min delay) 

----

" 

b 

INP PCM 
(max delay) b1t 7.hme slol31 

PCM OUTPUT SIGNAL TIMING 

Fig. 5-3 shows the areas of variation of the edges 
of the PCM output signal with respect to the CK sig
nal, the PCM input signal with maximum and mini
mum delay. 

The width of such areas amounts to 155ns. 

5-9591 

Also, the figure clearly indicates the possibility of 
using the PCM output flows as PCM input flows, in 
other words, to create a loop between the PCM out
.puts and inputs. 

This could be used for test operations or for intro
ducing frame delays into the PCM flow. 

13/24 
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Figure 5.3 : Timing of the PCM Output Signal (OUT PCM). The Shaded Regions Indicate Where the Tran
sitions May Take Place. 
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READ AND WRITE TIMING 

The MOSS device requires that the PCM signals be 
correlated with the CK signal. 

In theory, the microprocessor interface signals could 
be completely asynchronous with the CK signal. 

In reality, that is completely true only in cases where 
MOSS is, not inserted in a multi-chip matrix. In this 
last case_JUs indeed to be recommended to link the 
RD and WR signals to the CK signal. 
In particular, their rising edges must be delayed with 
respect to the falling edge of CK in a single phase, 
tv (RW), in the range between 20ns and (20ns + twL 
(CK) = 120ns. · 

5-9610 

Fig. 5-4 presents an example of areas of transition 
among the rising edges of the aforementioned sig
nals with respect to CK. 
Given certain special conditions which are very diffi
cult to deal with, problems could occur if the recom
mended synchronization for a multi-chip switching 
matrix is not respected. The connection of the rele
vant MOSS will be carried out before the disconnec
tion of the output channels of all the remaining MOBBs 
of the matrix. 

This could cause an error in the correlation of the 
first bit in the first byte of the signal transferred. 

Figure 5.4 : The Shaded Area Shows the Recommended Variation in the Rising Edge of the READ and 
WRITE Signals in the Case of Multi-chip Matrices. 

20ns •t WL(CK) 

20ns 

CK 
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Anyhow, this only concerns the first byte transferred 
; there will be no problem with those following. _ 
Another interesting parameter concerning the RD 
and WR signals is the minimum timing interval to 
maintain between two consecutive cycles, in other 
words, between the two rising edges. 

The timing, tREP, is a CK period function, namely : 

tREP = 40 ns + 2 tcK + twL (CK) + tR (CK). 

When tcK = 244ns, tREP = 653ns. 

The reading operations of the OR1 and OR2 regis
ters during instruction 6 are the only exceptions. 

In this case, a request is indeed made for the mini
mum time between RD rising edges to be 3 CK peri
ods for sequences from OR1 to OR2, and 13, for 
sequences from OR2 to OR1. 

INSTRUCTION EXECUTION TIMING 

Within a time slot (3.9211S for PCM input flows of 
2048 Kbit/s), there are 16 CK periods. Each period 
corresponds to a machine cycle. 

Of the 16 cycles contained in a time slot, 8 are free 
and are used to carry out instructions received from 
the microprocessor. Fig. 5-5 shows the internal dis
tribution in a time slot with these cycles. 

Figure 5.5 : The Division within Each Time Slot 
Between the Time Reserved for Inter
nal Processing and That Reserved for 
the Execution of Commands Supplied 
by the Microprocessor. 

APPLICATION NOTE 

Physical time for internal execution of an instruction 
amounts to 5 cycles, excluding loading time for data 
bytes and commands coming from the microproces
sor. 

This time can be increased by 8 cycles if the instruc
tion execution is not complete before the beginning 
of the block of 8 cycles reserved for internal oper
ations. 

Moreover, if instruction 6 is activated, all other in
structions will be processed after instruction 6 has 
been completed or, at the latest, at the beginning of 
the new frame. 

By activating instruction 1 (Connection/Disconnec
tion) between a given input channel C1N and an out
put channel GouT, the byte transferred to GouT 
corresponds to the byte taken from C1N in the same 
or the preceding frame, based on the relative posi
tion of CouT with respect to C1N. 

In particular, if the number of CouT channels 
(NCouT) is greater than or equal to two units as com
pared with the number of C1N channels (NC1N), the 
connection occurs in the same frame. 

6. APPLICATIONS 

EXCHANGE NETWORK 

The M088 device was designed to be used as a 
basic element in large-scale switching systems, with 
up to 65536 connections. 

An example of a structure which could be used for 
this purpose is shown in fig. 6-1, which shows that 
a system of 64 K users (2048 PCM links, each hav
ing 32 channels) is made up of eight central mo
dules, each with a capacity equal to 8 K connections 
(256 PCM links, each having 32 channels) and of 
(256 + 256) M088 peripherals. 

Fig. 6-2 shows the internal organization of a central 
module with 8 K connections. 

It should be noted that it is made up of eight switch
ing units, each with a capacity equal to 1 K connec
tions (32 PCM links, each having 32 channels) and 
of {32 + 32) M088 peripherals. 
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Figure 6.1 : Simplified Block Diagram of a Switching Matrix with 65536 Channels Concentrated in 2048 
PCM Links at 2048 KbiVs Each. 

modulE" 7 1048 
l•nks 

1 256X256 \ I 
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Figure 6.2 : Simplified Block Diagram of a Switching Module Four 8192 Channels Concentrated Into 256 
PCM Links at 2048 Kbits/s. 

The internal structure of a switching unit with 1 K con
nections is shown in fig. 6.3. 

It is made up of 16 MOBBs organized in a square 
matrix (multi-chip matrix). 

It is important to stop, finally, with this last structure, 
insofar as it could, without any variation, be used as 
a PABX switching matrix, up to 1000 lines. 

The 1000 lines, or, more precisely, 1024, are con
centrated in 32 PCM flows at 2048 KbiVs. 

All16 MOBBs have micrQQ[Pcessor i!J!.erface signals 
in common (07 to DO, RD, WR, C/D, RESET), as 
well as CK, SYNC and selection pins A 1, A2 and 
CS2. 

Also, all 4 MOBBs belonging to the same column 
have the same output channels in common and all 
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4 MOBBs belonging to the same row have the same 
input channels. When the microprocessor needs to 
execute an operation on a certain output channel 
CouT, the relevant MOSS column is chosen from 
among the chip select signals CS1 0, CS11, CS12 
and CS13. 

Thus, the microprocessor transmits the relevant 
bytes which, obviously, are received by all the 
MOBBs of the matrix. 

However, only one of these MOBBs should execute 
the instruction. 

The single MOSS which should execute the function 
request is the one in which pins S1 and S2 have 
been connected to Vee and Vss in such a way as to 
correspond to the signals present, respectively, on 
the common wires A 1 and A2. 
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Figure 6.3 : Switching Matrix for 1 024 Channels Concentrated Into 32 Links at 2048 Kbits/s. 
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The other M088s in the column selected recognize 
that, even though having to do with an operation of 
a channel under their control, this operation must be 
carried out by another M088 in their column and they 
act on this basis. 

In the case of instructions 1 and 3, they carry out a 
disconnection from the relevant output channel 
GouT, instruction 5 is unaffected and instructions 2, 
4 and 6 are not executed. 

*Bus reading only takes place on M088 in match 
condition (A1 = 81, A2 = 82). 

This fact greatly simplifies the controlling software of 
the matrix insofar as, when a new connectionneeds 
to be executed or a byte loaded on a certain GouT, it 
is possible to ignore the same GouT disconnection 
from earlier connections because the disconnection 
is carried out automatically by the multichip matrix. 

PABX 

What was explained in the previous paragraph ap
plies to switching systems up to 1 024 lines. 

The switching matrix for systems up to 512 users is 
represented in fig. 6-4. 

Also, in this case, it is important to demonstrate the 
great simplification in the control software deter
mined by the use of 81, 82, A1 andA2forthe choice 
of M088 involved in operations. 

A single M088 will suffice for switching system up to 
256 channels. 

In the sphere of the PABX, regardless of its size, a 
function currently always in demand is the con
ference function, that is, the possibility to intercon
nect several users. 
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Figure 6.4 : Switching Matrix for 512 Channels Concentrated Into 16 PCM Links at 2048 Kbits/s. 
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Figure 6.5 : Typical M088-M116-J.tP Configura
tion. One Output Stream of the MOBS 
are Connected to the M116 and Dedi
cated to the Conference Function. 
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SGS-THOMSON has developped a device for this 
purpose, called CONFERENCE CALL (M116), 
which is used in conjunction with the MOBS to carry 
out this function. 
Fig. 6-5 demonstrates this application. 
The M116 is also controlled by an 8-bit micropro
cessor, for example, the ZBO or the ZB, and, there
fore, has been given a parallel interface for the 
microprocessor, using characteristics exactly the 
same as those available in the MOBS. 

In order to carry out a conference operation, it is es
sential to reserve a PCM output and input in the ma
trix, for which, when using a single MOBS, switching 
capacity decreases to (224 x 224) users. With a sin
gle M116, it is possible to carry out from 1 to 1 0 
conferences simultaneously, with the only limitation 
being that the total number of users involved in the 
conferences must be less than 32 ; fig. 6-6 illus
trates this aspect. 
With reference to fig. 6-7, in which the case of three 
users in conference is examinated, we can see 
which phases are required to bring about a confe
rence: 
1) the channels to use for the conference (A, Band 

C, in the example) are allocated in any channel 



position of the reserved PCM bus. The operation 
is carried out by the M088. 

2) the supplementary channels are added together, 
in other words, the contents of channel B are re
placed by the sum of channels (A and C) etc. 
This is carried out by the M116. These sum si
gnals are loaded in the reserved PCM output 
bus. 

3) the sum signal are withdrawn from the reserved 
PCM bus and switched into the relevant output 
channels. This operation is carried out by the 
M088. 

Figure 6.6 : With a Single M 116 It is Possible to 
Realize from 1 to 10 Independent 
Conferences with a Total of up to 
32 Channels Conferenced. 
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Figure 6.7 : Example of a conference with three 
channels ; A, Band C. 

1) The M088 allocated A, B and C to 
the PCM stream applied to the 
M116. 

2) The M116 processes the channels 
A, B and C, returning to the outputs 
B+C, A+C and A+B respectively. 

3) The M088 allocates the signals 
B+C, A+C and A+B, to the outputs 
corresponding to the time slots of 
the channels A, B & C. 

MOB8/M044 

Q) A. B. C 

M116 

S-8751 

It is also possible to use the M116 in a multi-chip 
switching matrix- see fig. 6-8- or use more than one 
M116 in the same matrix- see fig. 6-9. 
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Figure 6.8 : The M116 Can Also Been Used in 
Multichip Matrices. 
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Figure 6.9 : More Than One M116 May be Added 
to Each Matrix to Increase the Num
ber fo Conferences (1 0 per device). 
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For more detailed information see the M116 data
sheet. 

Finally, it is interesting to note how the M116, on its 
own, can be used with other types of switching ma
trixes ; however, two considerations lead to recom
mending its use with the MOBS ; 

a) M116 PCM signal timing and microprocessor in
terface are exactly the same as those of the 
MOBS; 
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b) the command format that the microprocessor 
sends to the M116 to program the different oper
ations is the same as the one used to program 
the MOBS. 

To sum up, by using the M116 with the MOBS, com
plete compatibility is obtained, both with hardware 
and software, between switching matrices and the 
M116. 

MOBS WITH LESS PCM LINKS THAN 32 CHAN
NELS 

It is also possible to use MOBS 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 MOBS 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 all instructions in which reference is made to 
the input channel (N-1}, the number 31 should 
be substituted for the number (N-1) ; 

b) in all instructions in which reference is made to 
the output channel 0, the number N should be 
substituted for the number 0. 

These variations can be made insofar as the MOSS 
is internally programmed to execute the different 
operations using 32 channels. 

In particular, during the time slot which corresponds 
to the last channel of the frame, channel (N-1 ), the 
MOSS loads the bits corresponding to the next chan
nel to be output in the next slot time into its regis
ters. 

We consider this last channel to be channel 0, but 
for the MOBS it is Channel N ; indeed, the MOBS 
draws the bits that it will successively output from 
the corresponding cells of Channei-N. 

Likewise, during the general time slot X, MOBB!oads 
the PCM input frame bits corresponding to channel 
X ; simultaneously, it memorizes the bits loaded in 
the previous time slot into the Speech Memory (SM) 
memory location corresponding to channel (X-1 ). 



Therefore, during the time slot corresponding to 
channel 0, MOBS memorizes the bits received in the 
previous time slot, which we consider to be channel 
(N-1 ), in the SM memory locations corresponding to 
channel31. 

For whoever wishes to connect the input channel 
(N-1) to any output channel, the same channel's 
PCM samples will be drawn from locations reserved 
for channel 31. 

MOBS WITH THE NORTH AMERICAN PCM 
STANDARD 

The operation of the MOBS with PCM frames using 
the North American standard can be considered a 
special case of the operating mode described in the 
previous paragraph. 

The only variable in this case is the presence in each 
frame of an auxiliary bit (bit X), for which the total 
number of bits in a frame is : 

(24 channels . 8 bits) + 1 bit= 193 bits/frame 

As in the preceding case, in alteration in the num
bering of the canals is introduced, in particular, the 
number 23 is replaced by the number 31 in every 
case in which reference is made to the last channel 
of the PCM input frame, and in every case where 
reference is made to output channel 0, the number 
0 is replaced by the number 24. 

Also, the signals for synchronization (SYNC) and for 
clock (CK) are modified as shown in fig. 6-10. 

In particular, the rising edge of the SYNC signal 
must appear in bit X's bit time (the 193rd of the PCM 
input frame). The single variation in the timing of this 
signal as far as the MCK and CK signals is con
cerned in that the minimum time for twH SYNC high 
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level width must be from 1 tcK to 3 tcK and thus with 
(3. 324) ns = 972ns. 

The clock (CK) signal to be applied to the MOBS (pin 
6) must be frozen for two clock periods during bit X's 
bit time. A scheme which is recommended for ob
tain CK beginning from the MCK and SYNC signals 
is shown in fig. 6-11. 

The signal bits located in the PCM input frames are 
ignored, while, in the corresponding positions of the 
PCM output frames, they assume the same logical 
values of the 0 bits of channel 0. 

If you use the MOBS with an M116 the scheme rec
ommended of fig. 6.11 is not necessary. In fact the 
"frozen clock" is provide by M116 itself (pin EC). 

Therefore is enough to connect pin EC of M116 to 
pin CK of MOBS. Of course the SYNC signal must 
be the same as shown in Fig. 6.1 0 and must be con
nect both to MOBS and M116. 

DATA FLOW SWITCHING 

A very simple, but very important, application of the 
MOBS is that of using it to switch PCM or other high 
speed data links. 

To enable this function, it suffices to switch all rele
vant input channels to their preselected output 
channels. 

The data rate of these data flows can have any value 
less that the maximum permissible velocity (2048 
Kbit/s). 

Obviously, the CK frequency must be the double of 
the data rate chosen, while the SYNC frequency 
must be included between 1/16 and 1/256 of the 
same data rate. 

Figure 6.10 :Timing of the CLOCK, SYNC and PCM IN Signals for 1544 Kbit/s PCM Streams. At the 193 rd 
Bit (bit X) the CLOCK Signal applied to the MOBS is frozen for two Periods. 

MCK 
(3088MHz) 

PCM IN 

CK 

-----------r-----fWHMIN _____ ___ 
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Figure 6.11 :Auxiliary Circuit to use the M088 with 1544 Kbits/s PCM Streams. This Circuit is not necess
ary if the M088 is used with an M116. 

8Yt-----...., Jct.t.t7t.ttCto5lO 
1Cl=M74HC02 
ICJ .. M7loi1COC. 

02 
03 

It is particularly interesting, in this application, to 
demonstrate a characteristic of the MD88 which has 
already been mentioned and, therefore, of the fact 
that the device accepts that a certain delay can exist 
between one data flow and another. 

The absolute value of the maximum acceptable 
delay is not constant, but depends on the velocity of 
the data flow ; in any case, it is always greater than 
80 % of bit time. 

This obviously means that when the data flows are 
not generated internally, but come from peripheral 
devices located at different distances- See fig. 6-12-
within certain limits, it is not necessary to equalize the 
delays caused by variable arrival times. 

CK 

TO M088 

RS232 CN-24 DATA INTERFACE SWITCHING 

One of the alternative fields for possible use of the 
M088 is that of DATA COMMUNICATIONS. 

Fig. 6-13 presents the block diagram of one of the 
possible applications : a device which allows for 
switching between the V-24 interface of four DTEs 
and the V-24 of four DCEs. 

As is well known, the RS232 CN-24 is one of the 
most common connection interfaces between Data 
Terminal Equipment (DTE), i.e., computers and ter
minals, and Data Communication Equipment 
(DCE), i.e., modems, etc. 

Figure 6.12 :Structure of a PABX with Peripheral Concentration Blocks. Note That the CE-PP Connections 
are PCM Links. 
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Figure 6.13 :Switching Matrix for Parallel Data Interfaces (eg: RS232CN24). Signals from the Parallel In-
terfaces are Serialized, Switched and Parallelized. · 

r, 9 $•1 BLOCK 01.(;11.1.~ CJ> liS 1J7C I Y1~ 

O.I.U INI£HH£ SWITCHING 

The table in fig. 6-14 presents the names of 25 dis
tinct pins which determine the interface and the di
rection of the same signals (13 DCE -7 DTE and 8 
DTE -7 DCE). 

The basic idea of the device is to sample, using a 
frequency of 115.2 KHz, the 21 usable interface sig
nals, serialized at a velocity of 1843.2 Kbit!s, and 
send or receive them through the switching matrix 
exactly as if they were PCM streams. 

In the case of interfaces coming from DCE, of the 
21 usable signals, 13 are signals inputting the de
vice, and 8 outputting it, thus it is necessary to run 
a parallel/serial conversion on the first, and obvious
ly, serial/parallel on the second. 

For reasons of simplicity in the serialization phase 
for the 13 bits, three bits are added so that every 
sampling period (8.7 !!S) will amount to exactly two 
octets ; in the parallel/serial conversion phase, the 
three additional bits are disregarded. 

Concerning the DTE, the discussion is similar, with the 
obvious exception of the fact that the signals under
going serial/parallel conversion are 13 and those which 
undergoing parallel/serial conversion are 8. 

To these last 8 bits should be added, for the same 
reasons mentioned before, 8 bits so that, during 
each sampling period, exactly 16 bits are serialized. 

An input and an output made available by the MOBS 
are reserved for each interface. 

The MOBS views the data streams which are enter
ing exactly if they were PCM frames at 1843 Kbitls. 

In this case, the difference is that the number of 
channels used is only two, thus each two octets re
quire that the MOBS internal channel counter be 
reset to zero. 

This is obtained simply by raising the frequency of 
the SYNC signal from the usual8 KHz to 115.2 Khz, 
in other words, to use as SYNC the same signal 
used to sample the interfaces (see fig. 6-13). 

Wanting, for example, to switch the V-24 from DCE1 
to that of DTE4 is sufficient through the micropro
cessor sending to the M088 instructions for connect
ing channels 0 and 1 of input 0 with channels 0 and 
1 of output 7, channels 0 and 1 of input 7 with 0 and 
1 of output 0. 
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Figure 6.14: RS-232-CN. 24 Data Interface Connector Pin Assignements. 
Circuit 

Pin EIA CCITT 

1 AA 101 
2 BA 103 
3 BB 104 
4 CA 105 
5 CB 106 
6 cc 107 
7 AB 102 

8 CF 109 

9 
10 
11 126 
12 SCF 122 

13 SCB 121 
14 SBA 118 
15 DB 114 

16 SBB 119 
17 DD 115 

18 141 
19 SCA 120 
20 CD 108/2 
21 CG 110 
22 CE 125 
23 CH 111 

24 DA 113 

25 142 

Obviously, it is possible to carry out simultaneously 
all four connections in any combination. 

Using MOBS instead of standard analog cross-point 
besides switching, you can also implement addition 
functions as monitoring or programming by j.!P the 
status of the interfaces using the instruction 3 and 4 
of the MOBS itself. 

Using more MOBBs extends at will the number of in
terfaces thus switchable due to their subdivision be
tween DTE and DCE V-24s. 

Finally, there are no limits to the use of this system 
for switching other interface types. 

7. SUPPORT MATERIAL 

To introduce users to the useoftheM088 and M116, 
a demonstration board have been developed. 
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Direction 
SIGNAL NAME DTE DCE 

Protective Ground 
Transmitted Data 
Received Data 
Request to Send 
Clear to Send 
Data Set Ready 
Signal Ground (Common 
Return) 
Received Line Signal 
Detector 
Unassigned 
Unassigned 
Select Tx Frequency 
Secondary Received Line 
Signal Detector 
Secondary Clear to Send 
Secondary Transmitted Dat< 
Transmit Signal Element 
Timing (DCE Source) 
Secondary Received Data 
Receiver Signal Element 
Timing (DCE Source) 
LocaiLoopback 
Secondary Request to Send 
Data Terminal Ready 
Signal Quality Detector 
Ring Indicator 
Data Signal Rate Selector 
(DTE Source) 
Transmit Signal Element 
Timing (DTE Source) 
Test Indicator 

This board allows the user to study the behavoir of 
MOBS and M116 without building any external hard
ware but using mnemonic and easy commands 
through a standard asynchronous terminal. 

On the board there are also 4 SGS THOMSON 
MICROELECTRONICS CMOS Combos M5914 
that allow the test of the Conference function start
ing from analog signals. 

There are two versions of the demoboard : 
_ Democonf 
_ Democonf-Pius 

The second one is delivered in a specially-designed 
executive briefcase and consists of the board, four 
telephone handsets, a power supply and a user ma
nual. 
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TS5070/5071 COMBO II PROGRAMMING AND HYBRID 
BALANCING WITH SOLID-STATE SLICs 

1. INTRODUCTION 

2. SCHEMATIC DIAGRAM 

3. PROGRAMMING THE TS5070/71 COMBO II 
_ Control 

_ Latches 

_ Time-slot and Ports 

_ TX gain and RX gain 

4. HYBRID BALANCING 

_ Echo path of the SLIC 

_ Optimization software 

5. CONCLUSION 
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APPLICATION NOTE 

1. INTRODUCTION 

The TS5070/71 COMBO II is a programmable Co
dec/Filter circuit especially developped for the subs
criber line card applications in a central office or 
PABX. 

Compared to the currently used first generation co
fidecs, such as : ETC 5054/57, M5913/14, ... the 
TS5070/71 COMBO II provides two major enhance
ments: 

1) Several functions, previously assumed by exter
nal components, are now "on-chip" with the 
TS5070171 COMBO II. Such features include : 

- Gain adjustable transmit and receive amplifiers 
(25.4dB range). 

-Time-slot assignment (one out of 64). 
- PCM port assignment (2 transmit and receive 

ports, on the TS5070). 
- Analog and digitalloopback, for test mode. 
- Hybrid balance cancellation filter. 

2) All these added functions are programmed by the 
card-controller, through a 4-wire serial bus. Other 
programmable features include : 

-A-law or 11-law selection. 
- European (2.048 or 4.096MHz) or North American 

master clock (1.536 or 1.544MHz). 
- 6 inpuVoutput interface latches (5 on the TS5071 ). 

These latches facilitate the logical interface with a 
transformer or an electronic parallel control SUC, 
such as L3090 or any other function. 

The programmable features of the TS5070/71 
COMBO II simplify the design of the line card and 
provide more flexibility, especially when the same 
module must operate in different countries and must 
deal with the various telecom administrations requi
rements : only a few external components must be 
changed in the sue and the major adaptations are 
assumed by the TS5070171 COMBO II program
ming. 

As an example, this note describes briefly the de
sign of a line card module, using a TS5070/71 COM
BO II with a transformer SUC and the solid state 
SUCs from SGS-THOMSON Microelectronics :the 
TDB7711 Central-office oriented SUC, the L3090 
PABX oriented sue and the adaptation of the line 
card kit to several telecom administrations require
ments. 

The TS5071 basic version of the COMBO II is 
packaged in a 20-pin OIL case. The TS5070 is a full 
feature version available in a 28-pin PLCC or 28-pin 
DIP package : 

- Interface latch pin IL5 is bonded out : 6 inpuVout
put latches are available. 
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- Programmable ports : DX1, DR1, and TSX1 are 
bonded out : 2 PCM port are available. 

- Serial interface : Cl and CO are separated. 
- Clock inputs : BCLK and MCLK are not bonded to-

gether, providing two separate clock inputs. 

2. SCHEMATIC DIAGRAM 

TRANSFORMER SUC 

The design of the transformer is greatly simplified, 
due to the on-chip hybrid balance cancellation filter 
:Only one single secondary winding is required (see 
fig. 1). ZT is the line termination impedance as re
flected through the transformer (impedance measu
red between Tip and Ring) : its value is determined 
by the administration requirements and the transfor
mer characteristics. 

ZT provides an echo : a part of the receive signal on 
VFRO is injected into the transmit path VFXI. The 
internal hybrid balance filter is designed in order to 
replicate the echo path, and thus to cancel it. 

In this application, the inpuVoutput latches are used 
as relay drivers (buffered through an external tran
sistor) :ring relay, test relays ... and line monitoring : 
off-hook detection, ground key detection. Thus, the 
card controller can monitor the whole line card mo
dule through the unique control port of the 
TS5070/71 COMBO II. 

When the CS pin is held high by the card controller 
(chip disabled), the CO output of the TS5070 is pla
ced in a high impedance state, allowing several 
TSS0?0/71 COMBO II to share the same data link. 

SGS-THOMSON MICROELECTRONICS SUC 
AND THE TS5070171 COMBO II :A KIT 
APPROACH 

SGS-THOMSON Microelectronics provides now 
solid-state monolithic SUCs. These chip-set (a high 
voltage line interface and a low voltage control unit), 
associated with the TSS0?0/71 COMBO II and the 
especially designed protection components, feature 
all the BORSCH functions (i.e. Battery feeding, 
Overvoltage protection, Ringing injection, Supervi
sion of the loop, Codec/Filter and Hybrid 2-wire to 
4-wire conversion). The versatility of these kits al
lows an easy adaptation for the different Telecom 
Administrations requirements throughout the world. 

The schematic diagrams are detailed in fig. 2 and 3. 
When using the TDB7711 , or the L3030, serial in
terface SUC, the control interface must be directly 
connected to the card controller through a separate 
serial data link for informations exchange between 
the sue and the card controller (see fig. 2). 



When using the L3090 PABX dedicated SUC, its 
parallel control interface allows the use of the IL in
terface latches of the TS5070/71 COMBO II (see 
fig. 3). 

The ZAC impedance synthesizes the output impe
dance of the SUC on Tip & Ring ; hence, this net
work should be designed differently for each 
country. The structure of this network is a copy of 
the line impedance ; please, refer to the relevant 
SUC data-sheet for more details. The "balancing" 
network, ZA and ZB is used by the SUC to balance 
the 2-wire/4-wire conversion. When using the 
TS5070/71 COMBO II, this balancing network is re
duced : 2 single resistors, the main part of the hy
brid balancing is performed by the "Hybal" filter of 
the Combo. 

3. PROGRAMMING THE TS5070/71 
COMBO II 

The control information of the TS5070/71 COMBO 
II require 2 bytes of informations, with the exception 
of a single-byte power-up/down command. 

When CS is pulled low a first "instruction" byte is 
shifted into the TS5070 COMBO II, at pin Cl (orCI/0 
for the TS5071) on the falling edge of each CCLK 
clock pulse, the most significant bit first. During the 
8th (dummy) bit. the content of this instruction is de
coded by the Combo and, depending wether a 
"read" or a "write" instruction is performed, a second 
"data" byte is shifted into or shifted out from the 
Combo. 

* Bit #1 is the single-byte control bit: when 0, this is 
a single-byte power-up/down instruction, no data 
byte is expected. 

Table 1 : Instruction Byte. 

Bit# 

Single Byte Power-up/down 

Control Register 

Latch Direction Register 

Interface Latch Register 

Receive Time-slot/port 

Transmit Time-slot/port 

Receive Gain Register 

Transmit Gain Register 

Hybrid Balance Register # 1 

Hybrid Balance Register # 2 

Hybrid Balance Register # 3 

P = Power control bit: "0" =Power-up, "1" Power-down 
W ~ Read/Wnte control b1t : "0" ~ Wnte, "1" ~ Read 
X~ don't care (0 or 1) 

APPLICATION NOTE 

* Bit #2 is the read/write control bit : when 0, the da
ta byte will be written by the card controller into the 
Combo. When 1, the data byte will be read by the 
card controller from the Combo. 

* Bit #3, 4, 5, 6 specify which one of the 10 registers 
of the TS5070/71 COMBO II is to be accessed. 

* Bit #7 is the power control bit : when 0, the Com
bo is placed in power-up state ; when 1, the Combo 
is placed in power-down. Note that the power state 
can be set in any instruction. 

* Bit #0, the last bit, is a dummy bit to allow for de
coding of the 7 previously entered bits. Its value is 
not taken into account and has no influence on the 
TS5070/71 COMBO II operation. 

When writing to the TS5070/71 COMBO II, the da
ta byte may follow the instruction byte immediately, 
orCS may be pulled high between the 2 bytes. The 
data byte is shifted into the Combo in the same way 
as the instruction byte : MSB first, on the falling edge 
of each CCLK clock pulse. 

When reading from the TS5070 COMBO II, the da
ta byte is shifted out, onto the CO pin (CI/0 pin for 
the TS5071). MSB first, on the rising edge of each 
CCLK clock pulse. As for the write operation, CS 
can be pulled high between the instruction and the 
data byte. 

After a read or a write operation is completed, it is 
recommended, although this is not mandatory, that 
the CS pin should be put high to reset the control 
port logic. 

The content of the instruction byte is detailed in ta
ble 1 : 

7 6 5 4 3 2 1 0 
p X X X X X 0 X 
p 0 0 0 0 w 1 X 
p 0 0 1 0 w 1 X 
p 0 0 0 1 w 1 X 
p 1 0 0 1 w 1 X 
p 1 0 1 0 w 1 X 
p 0 1 0 0 w 1 X 
p 0 1 0 1 w 1 X 
p 0 1 1 0 w 1 X 
p 0 1 1 1 w 1 X 
p 1 0 0 0 w 1 X 
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DATA BYTE: CONTROL REGISTER 

The content of the control register is detailed in table 2 : 

Table 2 : Control Register. 

Bit Number 
Function 

7 6 5 4 3 2 1 0 

0 0 MCLK =512KHz 
0 1 MCLK = 1.536 or 1.544MHz 
1 0 MCLK = 2.048MHz' 
0 1 MCLK = 4.096MHz 

0 X J.l-255 Law* 
1 0 A-law, with Even Bit Inversion 
1 1 A-law, no Even Bit Inversion 

0 Delayed Data Timing 
1 Non-delayed Data Timing' 

0 0 Normal Operation' 
1 X Digital Loopback 
0 1 Analog Loopback 

0 Power Amp Enabled in PDN 
1 Power Amp Disabled in PDN* 

• = State at power-on InitialiZation. 

The* specifies the default value of the control regis
ter at the power-on initialization. 

MCLK : Master clock used by the Combo's filters, 
encoder and decoder. It is necessary to indicate 
which frequency is beeing applied to the Combo, for 
a correct filter operation. 

COMPANDING LAW: the Jl-255 compressing and 
expanding law is used in USA & Japan, A-law in 
Europe. Usually, in A-law, even bits are inverted : 
0000 0000 becomes : 01 01 0101 ; if this even bit in
version is performed in another part of the switching 
system, a "No even bit inversion" is available. 

DATA TIMING: In Non-delayed Data Timing mode, 
the time-slot always begin with the rising-edge of 
FSX or FSR ; Time-slot Assignment is not available 
in this mode. 
In Delayed Data Timing mode, time-slot begins af
ter a falling edge of BCLK, when FSX or FSR is set 
high ; the Time-slot Assignment feature of COMBO 
II can be used in this mode only. 

Note that PCM port selection is available in both ti
ming modes. 

LOOPBACK : Test modes : In Analog Loopback, 
VFXI is isolated from input pin and internally connec
ted to the VFRO output, providing a complete D to 
D test loop. 

In Digital Loopback, the PCM byte written into the 
Receive register, can be read back in any Transmit 
Time-slot at DXO (or DX1) pin. 

POWER AMP : if "1 ", the power amplifier, at VFRO 
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output is disabled during the power-down state, i.e. 
VFRO pin is high impedance state. 

It is very easy to set the TS5070/71 COMBO II confi
guration in any "U.S." or "European" environment. 

In the following example, the line card module must 
be adapted to an european telecom administration 
specifications ; should be selected : 

- Master clock= 2.048MHz 
- A-law with even bit inversion 
- Delayed data timing (which allows the Time-slot 

assignment feature) 
- Normal operation (no loop back) 
- Power amp disabled in power-down 

Consequently, the instruction byte 10000010 (82 
hexadecimal), followed by the data byte "1 01 00001" 
(A 1 hexadecimal) should be written into the COM-
BO II. . 

DATA BYTE: LATCH DIRECTION REGISTER 

Bit Number 

7 6 5 4 3 2 1 0 

LO L 1 L2 L3 L4 L5 X X 

* The bits #7 to #2 specify the function of each in
terface latch pin ; bit #0 and bit #1 are dummy bits. 
* If Ln = 0 then ILn is a high-impedance input. 
* If Ln = 1 then ILn is an output. 
Notes : - unused pins should be programmed as 

outputs. 
-When using the TS5071 the IL5 pin 

should be programmed as an output. 



In the case of a L3090 SUC, as described in fig. 3, 
ILO pin, IL 1 and IL4 are connected to L3090 inputs 
:they must be programmed as outputs. IL2 and IL3 
must be set as inputs, because they are connected 
to L3090 outputs and IL5 is not used: this pin should 
be set as output. 

In this example a "11 0011 00" (CC hexadecimal) 
code should be written into the Latch Direction Re
gister. 

DATA BYTE: INTERFACE LATCH REGISTER 

Bit Number 

7 6 5 4 3 2 1 0 

DO 01 02 03 04 05 X X 
X = Don't Care. 

APPLICATION NOTE 

* When writing to this register, the IL pins program
med as outputs assume the state of the correspon
ding bit On, in data byte. 

* When reading from this register : for the IL pins 
programmed as outputs, the Dn bits correspond to 
the data previously written in this register; for the IL 
pins programmed as inputs, the On bits correspond 
to the data read by these input pins. 

In the case of the L3090 (fig. 3), if the sue must be 
put in "stand-by" mode, i.e. PWON and RNG pins= 
0 and NCS = 1, "00001 000" (08 hexadecimal) 
should be written into the Interface Latch Register. 
Note that bit #5 and bit #4 have no effect, since the 
IL2 and IL3 pins are programmed as input. 

DATA BYTE: RECEIVE TIME-SLOT REGISTER AND TRANSMIT TIME-SLOT REGISTER 

Bit Number and Name 

7 6 5 4 3 2 1 0 
EN PS T5 T4 T3 T2 T1 TO 
0 1 X X X X X X Disable DX Outputs (in TX reg.) 

Disable DR Inputs (in RX reg.) 
1 0 Time-slot (0-63) Enable DXO Output, Disable DX1 (in TX reg.) 

Enable ORO Input, Disable DR1 (in RX reg.) 

1 1 Time-slot (0-63) Enable DX1 Output, Disable DXO (in TX reg.) 
Enable DR1 Input, Disable ORO (in TX reg.) 

*The 6 bits T5-TO assign one time-slot from 0 to 63 
(111111 in binary) ; available in Delayed Data Ti
ming only. 

*The PS "Port Selection" bit #6 selects the ORO in
put, when 0, or the DR1 input, when 1, in the Re
ceive Time-slot register, and, respectively DXO or 
DX1 output in the Transmit Time-slot register. 

Note :On the TS5071 the DR1 and DX1 pins are 
not bonded out : the PS bit must always 
be set to 0. 

* The EN bit enables (when 1) the PCM input or out
put selected by the PS bit or disables them (when 
0). 

Note : the disabled pins are in a high impedance 
state. 

In the above example, "Delayed Data Timing" was 
selected in the Control Register : when using the 
DXOIDRO PCM port, time-slot #5 for transmission 
and time-slot #27 for reception, the contents of the 
TX time-slot and RX time-slot registers must be : 
"1 0000101" (85 hexadecimal) and "1 0011011" (9B 
hexadecimal). 

DATA BYTE : TRANSMIT GAIN AND RECEIVE 
GAIN REGISTER 

The TS5070171 COMBO II includes a transmit and 
a receive programmable amplifier ; these amplifiers 
allow an easy setting of the transmission level point 
(OTLP = OdBmO) of the COMBO II, within the speci
fied limits. The following formulas give the 2 bytes 
to be programmed in the TX and the RX gain regis
ters: 

200 X log1 0 (VVFXI I .Y0.6) + 191, for the TX Gain 
Register, converted in binary. 

200 X log1 0 (VvFRO I .Y0.6) + 174, for the RX Gain 
Register, converted in binary. 

V is the desired analog voltage, at VFXI pin for TX 
gain and VFRO pin for RX gain, expressed in Vrms, 
and corresponding to a digital OdBmO PCM level, as 
defined in CCITI G.711 ; the transmit input signal 
at VFXI must be in the range of 0.087 to 1.619Vrms, 
and the output receive amplifier at VFRO provides 
a signal from 0.106 to 1.96Vrms (for a OdBmO PCM 
signal). 

The TX and RX gains can be also calculated from 
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the desired analog levels at VFXI and VFRO expres
sed in dBm into 600Q ; in this case, the bytes to be 
programmed are calculated as follows: 

10 X (VFXI level in dBm 600Q) + 191, for the TX 
Gain Register, converted in binary. 

Figure 4 : Example of TX and RX Levels. 

10 X (VFRO level in dBm 600Q) + 174, for the RX 
Gain Register, converted in binary. 

Refer to the following example (fig. 4) : 

(2-wir€) (4-wire) (Digital) 

• ~ 
OdBm (600Q) • OdBm (600Q) OdBmO PCM 

TDB 7711 
VFXI 

TS 5070/71 COMBO II 
DXI or VFRO 

l3090 
Ring 

4 4 4 
-7 dBm ( 600Q) -7 dBm (600Q) OdBmO PCM 

- the transmit signal is OdBm (600Q) on Tip-Ring 
wires for a OdBmO PCM level at the DXO output. 

- the receive signal is - 7dBm (600Q) on Tip-Ring 
wires for a OdBmO PCM level at the DRO input. 

The OdBmO PCM level is the bit sequence defined 
in the CCITT recommendation G.711. 

We must first determine the analog levels at VFXI 
input and VFRO output of the TS5070171 COMBO 
II. Due to their "feedback loop" structure, the SGS
THOMSON SLICs always have a unity gain, in both 
transmit and receive direction. Consequently, the 
analog level at VFXI input will be : OdBm (600Q) = 
0.7746Vrms, and the output level at VFRO: 
- 7dBm(600Q) = 0.346Vrms. 

The TX gain to be programmed in the TS5070/71 
COMBO II will be : 

10 X (OdBm) + 191 = 191 = BF hexa = 10111111 bi
nary 

this byte must be written in the TX gain register. 

The RX gain will be : 

10 X (-7dBm) + 174 = 174-70 = 104 = 68 hexa = 
01101000 binary 

this byte must be written into the RX gain register. 
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These programmable gains provide more flexibility 
for the design of the line-card : if the transmit signal 
is- 8dBm instead of OdBm, it is easy to re-program 
the TX gain register : 

10X(-8dBm)+191 =191-80=111 =6Fhexa= 
011 01111 binary 

In this case, TX gain must be set to 111 decimal = 
6F hexadecimal = 01101111 binary. It is easy to 
adapt this example to any particular configuration. 
The designers shall notice that the gains are adjus
ted in 0.1dB steps. Consequently, the gain for -
8dBm will be 80 steps below the gain for OdBm, i.e. 
191 - 80 = 111. 

Note that if the analog output level, at VFRO, ex
ceeds 1.7Vrms, for a OdBmO PCM input at DRO, 
there are some restrictions on the value of the load 
connected at VFRO : 

- if the level is less than 1. 7Vrms, the load impe
dance must be greater than 300Q 

-if the level is between 1.7Vrms and 1.9Vrms, the 
load impedance must be greater than 600Q 

- if the level is between 1.9Vrms and 1.96Vrms, the 
load impedance must be greater than 15KQ 



4. HYBRID BALANCING 

The hybrid balance filter of the TS5070/71 COMBO 
II is entirely programmable : the "zero" and "pole" 
combinations for the low frequency Hybal filter #1 

Figure 5 : Hybrid Balance Cancellation Filter. 

TEST 
NETWORK 

SLIC 

VFXI 

VOUT ,.____ 
VFRO 

The Hybrid Balance Filter is set by the contents of 
3 registers ; an optimization software (TS5077) de
termines the 3 bytes to be written in these registers. 

ECHO PATH OF THE SUC 

The first step for the calculation of the Hybrid Ba
lance Filter is the echo path of the SUC : VIN/VOUT 
(see fig. 5). The amplitude and the phase of the echo 
signal must be determined for 14 frequencies, from 
200 to 3500Hz. A "Hybrid Balance" test network 
must be connected between Tip and Ring wires. 

The echo path can be measured or calculated by si
mulation of the transfer function of the SUC. The 
TS5077 optimization software includes a simulation 
module for a transformer sue. 
OPTIMISATION SOFTWARE 

The echo path must be entered into the program, 
for each balancing network, then the optimization 

APPLICATION NOTE 

and the high frequency Hybal filter #2 can be set by 
the card controller ; in addition, a programmable at
tenuator adjust the amplitude of the cancellation si
gnal (see fig. 5). 

to JX·: · VTX 
encoder· . · --.. 

: TS 5070/71 
COMBO II 

·from RX · · · +
·decoder·. VOUT 

routine is run. This routine tests all the combinations 
of the Hybrid Balance Filter and selects the one 
which is the closest to the echo path, and then pro
vides the three bytes to be programmed into the 
three Hybrid Balance registers. Some optimization 
examples with the different SUC kits from SGS
THOMSON Microelectronics are described in the 
Application Note "COMBO II Hybal optimization with 
STM's sue kits". 

5. CONCLUSION 

These examples show the great flexibility of the 
TS5070/71 COMBO II in its adaptation with different 
line-cards, different SUCs and different countries. 
This flexibility, coupled with the programmable fea
tures, enhance the integration of the line-card: more 
subscribers per board, more reliability, easier adap
tation, ... and, last but not least: a significant reduc
tion of the total cost of the line card. 
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Figure 2 : Interface with TDB 7711 + 7722 Solid-state SLIC. 
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Figure 3 : Interface with L3090 + L3000 Solid-state SLIC. 
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SLICOMBO Line Card Demonstration Board 
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board for the subscriber line card oriented circuits 
developped by SGS-THOMSON Microelectronics. 
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achieve the "BORSCH" function (Battery feed, 
Overvoltage protection, Ringing, Signalling, Co
dec/filter, Hybrid 2-wire/4-wire conversion). 
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The 2-wire interface of each SUC can be connec
ted to a telephone set or to an appropriate test 
equipment. The PCM interface of the 2 COMBOs 
can also be connected to a PCM test equipment, or 
to the same PCM highway, thus allowing a real 
phone conversation between the 2 telephone sets 
through the 2 SUCs and the 2 COMBOs. 

As SGS-THOMSON Microelectronics provides a 
wide range of sues, they are implemented on in
terchangeable modules ; 2 modules are available : 
one version is for the central office oriented sue 
TDB7711/7722, and one version for the PABX 
oriented sue L3090/L3000. SUCOMBO can ope
rate either with 2 TDB7711 or with 2 L3090 SUC 
modules. 

The mother-board includes a ringing signal and te
letax metering signal generator, a ringing signal am
plifier, for the sues, a master clock, bit clock and 
frame synchronization signal generator for Euro
pean (4096KHz and 2048KHz) and North-American 
frequencies (1536KHz). 

The card controller is a single-chip ZB microcompu-

12/12 
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ter : the Z86E11 A includes 4K bytes of on-chip 
EPROM, 48-bit 1/0 ports, a serial asynchronous 1/0 
port and runs with a 11 .0592MHz clock in order to 
provide a 9600 bits/sec baud rate to the SIO. The 
ZB manages the programming of the internal regis
ters of the 2 COMBOs and the 2 SUCs ; the ZB al
so manages the different clocks and 
synchronization signals that must be applied to the 
COMBOs. 

The user interface with the board is performed by 
an IBM Personna! Computer or true compatible. An 
interactive software inputs the commands from the 
user and displays the results on the screen ; a mul
ti-menus approach is used by the software to make 
easy the programming of the SUCOMBO board. 
The PC sends the commands to the ZB on the SU
COMBO board through a RS232 data link : the Z8 
executes the command and sends back the result 
to the PC for checking. 

For availability of this board, please contact your lo
cal SGS-THOMSON Microelectronics sales office. 
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SLIC L3000/L3090 
MAXIMUM LOOP RESISTANCE ANALYSIS 

1. INTRODUCTION 
This evaluation was carried out in order to evaluate 
the maximum loop resistance allowed using the 
SUC KIT L3000/L3090, the best for PABX applica
tions. 

The evaluation is performed in conversation mode ; 
it shows how the maximum loop resistance (RI) is 
influenced by the battery voltage (Vb), the feeding 
resistance (Rfs) and the common mode current 
(lcm). 

Figure 1 : SUC Characteristic and Load Curve. 

I l 

( 1) 
Il im 

5U 

f188L3B9B-B5 

If the operating point is on region (1) its coordinates 
are: 

111 = llim 

Vl1 = 5 + (100+RI)xllim (1) 

Note : The slope of region (2) is 2xRfs where the 
feeding resistor Rfs is fixed by an external resistor. 

If the operating point is on region (2) you can find its 
coordinates solving the system of two equations : 

AN294/01/89 
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2. MAXIMUM LOOP RESISTANCE EVA
LUATION 

In fig. 1 you can see the L3090 DC characteristic 
and the load curve. The load curve is obtained as 
the series of the loop resistance (RI) and the sub
scriber telephone set. The subscriber telephone set 
is represented as the series of a 1 OOQ resistor and 
a 5V zener diode. 

Ul=5+!188+Rll*Il 

Udr 

Ud 

1) VI= (Vb-Vdr)-2xRfsxll 

2) VI = 5+(1 DD+RI)xll 

obtaining: 

112 = (Vb-Vdr-5)/(1 00+RI+2*Rfs) 

Ub 

Ul 

Vl2 = 5+(100+RI)x(Vb-Vdr-5)/(100+RI+2xRfs) (2) 
If you consider the DC characteristic of the device 
you can see that the longer is the line the lower is 
the voltage drop between the battery voltage (Vb) 
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and the line voltage (VI). It can happens that for ve
ry long line the voltage drop is not large enough to 
guarantee the fully AC performance of the device. 
In such condition the device is still working, but large 
signal can appear slightly distorted on the line. If you 
want guarantee the optimum behavior of the device 
you must be sure that the operating point of the de
vice (II, VI) satisfy the following condition : 

VI::; Vb-Vd. 

with Vd=5+ 1 00xll+60xii+2+Vdcm 

where: 
5 : internal drop 

100xll: drop on sensing resistors (2x50Q 
max) 

60xll : drop on external resistors (2x30Q) 

2 : maximum AC signal peak 

Vdcm : (=1 OOxlcm) drop for common mode 
current (lcm) 

You can obtain the maximum value for Rl (maximum 
loop length) imposing : 

VI= Vb-Vd 

If the operating point is on region (1) solving the 
equation Vl1 =Vb-Vd where Vl1 is given by the rela
tion (1) you obtain : 

Rlmax= (Vb-12-260xllim-1 OOxlcm)/llim (3) 

If the operating point is on region (2) solving the 
equation VI2=Vb-Vd where Vl2 is given by the rela
tion (2) you obtain : 

Rlmax = ((1 00+2xRfs)x(Vb-12-1 00xlcm)-260x(Vb
Vdr-5))/(7-Vdr+ 1 OOxlcm) 

In the following you can find graphical repre
sentations of Rim ax versus lcm in four different si
tuations: 

3. CONCLUSION 

The above relations show the possibility to work with 
good performances also in presence of common 
mode current. With a battery voltage of -48V, Rfs = 
2000 and no common mode current, the maximum 
loop resistance is over 3KQ ; in the same condition 
but with a common mode current of 20mA the maxi
mum loop resistance is about 2KQ. Higher loop re
sistance can be obtained increasing Rfs (see fig. 2). 

The parameters of each curve are the battery vol
tage (Vb) and the feeding resistance (Rfs). 

Figure 2 : Maximum Line Resistance Versus Common Mode Current (conversation mode). 
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sue L3ooo/L309o 
PERFORMANCE ANALYSIS WITH -24V BATTERY 

1. INTRODUCTION 
This technical note describes the L3000/L3090 
sue performances when used with a battery vol
tage of- 24V. All the main characteristics are ana
lyzed and compared with the results obtained with 
a standard battery voltage of- 4BV. 

The following data were obtained from a typical de
vice in order to have an idea on how DC characte
ristic, power consumption, ringing voltage and AC 
performances are influenced by a reduced battery 
voltage. 

2. POWER CONSUMPTION 
Table 2.1 shows the L3000-L3090 current 
consumption with the battery voltage of - 4BV and 
-24V. The measurements are made in the different 
operating modes (Power Down ; Stand-By; Conver
sation with IL = 0 ; IL = 44mA and Ringing without 
AC Line Load (Ringing Equivalent Number 
REN = 0). 

Table 2.1 : Slic Current Consumption with 
Different Battery Voltages. 

Current Consumption (mA) 

- 48V + 72V - 24V + 72V 

PW- DOWN 0 0 0 0 

SBY (IL = 0) 3.3 0 3.1 0 

CVS (IL =0) 10.6 0 9.7 0 

CVS (IL = 44mA) 61.1 0 60.9 0 

RING (0 REN) 23.9 15.4 21.8 13.4 

You can see that using- 24V of battery voltage we 
have a reduction of the power consumption of more 
than the 50% in STD-BY and CVS and of about 35% 
in RING mode. 

AN295101/89 
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3. DC CHARACTERISTICS 
In fig. 3.1. you can see the typical DC characteristics 
for the two battery voltages; feeding resistance was 
set to 2x200Q. 

3.1. MAXIMUM LOOP LENGHT 

Two are the parameters influenced by line length in
crement : the first is the DC line current and the se
cond is the maximum AC signal that can be sent 
without distortion (THD 1%), see AN294. Here be
low are shown the maximum loop resistance values 
and the relative line current in correspondance of 
which distortion is still less than 1% for +4dBm (1.23 
VRMS) AC signals. The SUC feeding resistance is 
set to 2 x 200!1. 

Vbatt. =- 48V Vbatt. = - 24V 

Rmax. = 2200Q 

IL = 16.61 rnA 

Rmax. = 940Q 
IL = 14.47mA. 

3.2. ON/OFF HOOK CURRENT THRESHOLDS 

Here below are reported the typical values of the DC 
current thresholds used by the sue to detect the 
ON hook and OFF hook line conditions. 
Vbatt. = - 48V 

ON/OFF Hook commutation. 

IL = 8.1 OmA VL = 40.5BV RL = SKQ 

OFF/ON Hook commutation. 

IL = 5.91mA VL = 41.30V RL = 7KQ 
Vbatt. =- 24V 

ON/OFF Hook commutation. 

IL = 8.24mA VL = 16.52V RL = 2KQ 

OFF/ON Hook commutation. 

IL = 5.82mA VL = 17.44V RL = 3KQ 
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Figure 3.1 :DC Characteristic with a 2 x 200Q Feeding Resistance. 

L3000/3090 DC Characteristic. 
feeding resistance : 2 x 200.Q 

limiting currents : 42mA ; 62mA 
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4. AC PERFORMANCES 

All the AC performances : TXgain, RX gain, Return 
Loss, Transhybrid Loss and Longitudinal Balance 
were measured and no significative variations were 
found changing from- 48V to- 24V of battery vol
tage. 

GRX, GTX and THL variation were inside .03dB ; 
RL inside .07dB and longitudinal balance inside 
.9dB. 

5. RINGING PERFORMANCES 

L3000/L3090 SUC injects directly the ringing signal 
into the line. The ringing signal has a DC compo
nent superimposed with the AC one. Here below 
you can see the measured values of these DC and 
AC voltages with a positive supply of+ 72 and a bat
tery voltage of -48V and -24V. 

5.1 . DC LEVEL 

Vbatt. = - 48V 

Vdc = + 21.06V 
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Vbatt. = - 24V 

Vdc = + 17.68V 

5.2. MAX AC LEVEL (Volts RMS) WITH A DIS
TORTION THO < 4% 

Vbatt. = - 48V 

Vac = 70.58V (RMS) 

Vbatt. =- 24V 

Vac = 47.30V (RMS) 

6. CONCLUSIONS 

The measurements carried on show that it is 
possible to make the sue working also with redu
ced battery voltage (down to -24V) without any de
gradation in terms of AC performances. 

It should be noted that with- 24V battery voltage 
you can get good performances up to 950Q of loop 
length. In case you need higher line currents you 
can increase the battery voltage of the amount you 
need, optimizing in this way power dissipation. 
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SLIC L3000/L3090 
USED IN KEY SYSTEM AND ANALOG PABX 

1. L3000/L3090 SLIC KIT ; MAIN CHARAC
TERISTICS: 
* Programmable DC feeding resistance and limiting 
current (two values available). 

* Four operating modes 
(PW-DOWN/SBY/CVS/RNG). 

* Signalling function (OFF-HOOKIGND-KEY). 

* Hybrid function. 

* Possibility to work with reduced battery voltage 
(- 24V). 

* Possibility to work in two-wire configuration. 

* Ringing generation with quasi zero output impe
dance, zero crossing injection (no external relay 
needed) and ring trip detection. 

. *Automatic ringing stop when OFF-HOOK is detec
ted. 

* Parallel latched digital interface (5 pins). 

* Low number of standard tolerance external com
ponents, only 9 1% resistors and 4 10-20% capaci
tors (for 600Q appl.) 

* Possibility to work also with high common mode 
currents. 

* Integrated thermal protection. 

Figure 2.1 : L3090/L3000 Simplified AC Model. 

R2 

8 
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2. L3090/L3000 INTERNAL STRUCTURE 

Here below you can see the simplified internal struc
ture of the L3090/L3000 SLIC KIT and how it is pos
sible to make it working in a two wire configuration. 
The output stage (L3000) is represented as single 
ended only to have a simplified model. 

-Rae ; R1 ; R2 ; and Rs are external components, 
can be real or complex and are chosen in order to 
set the desired AC performances of the system. 

- Rp is equal to the sum of the two external series 
resistor on the line. 

- Z2w is the load impedance at the two wire termi
nation and represents the input impedance at the 
same point of another SLIC in the same configura
tion . 

If you look at fig. 2.1 it is evident that both the trans
mit and receive signals are present at the 2W point 
(typical for a two wire configuration). In fact if you 
suppose to inject a signal in the 2W point it will be 
transferred to the line through the A amplifier after 
a partition on the R 1 ; R2 network. On the other side 
if a signal is applied at the line termination it will pro
duce a current Is that scaled by 50 is fed back and 
injected on Rae, finally through the B amplifier the 
line signal is transferred at the 2W termination. 

A 
Rp Is 
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3. HOW 'TO CHOOSE EXTERNAL COMPO· 
NENTS FOR EACH APPLICATION 

it is possible to obtain all the typical parameters of 
the system ; in particular, defining 

Analyzing the circuit configuration shown in fig. 2.1 G = 2 x R2 I (R1 + R2) the results are : 

- Z2w defined as V2w/12w is the input impedance at the two wire termination : 
Rs 

Z2W= 
1 + G x Rac/(25 X (Rp + Rl)) 

- Zin defined as VI/Is is the input impedance at the line termination : 

Zin = Rp + Rae x (G/25) x 

Substituting the (1) in the (2) you obtain : 

Z2w 

Rs + Z2w 

Rp+ Rl 
Zin = Rp + G x Rae x 

50 x (Rp + Rl) + G x Rae 

(1) 

(2) 

(3) 

- GTX defined as V2wNI is the transmit gain and can be evaluated applying VI at the line termination and 
measuring V2w : 

1 
GTX= (4) 

G x (1 + (Rp/(Rp + Rl)) +50 x (Rp/Rac) 
- GRX defined as VIN2w is the receive gain and can be evaluated applying V2W at the 2W termination and 
measuring VI : 

Rl 
GRX=-G x 

Rl+ Rp 
(5) 

The problem is now how to choose the external components in order to obtain the desired value for the above 
parameters. 

Solving the equations (1); (3); (4) and (5) you can obtain: 

From the (5) : 
R2 = K x (ZI + Rp) 

R1 = K x ((2/GRX) -1) x Rl- K x Rp 

The value of K must be chosen in order to have R1, R2 > Z2w. 

From the (4) : 

From the (3) : 

From the (1) : 

50 X Rp X ZI/GRX 
Rac=---------------------------

((1 - GRX x GTX)/(GRX x GTX)) x Rl- 2 x Rp 

Rp= 
(1 - GRX x GTX) x Zin x Rl 

Rl + GRX x GTX x Zin 

Rs=Z2wx( 1 +Gx 
Rae ) 

25 X (Rp + Rl) 

(6) 

(7) 

(*) (8) 

(9) 

If you want to try a different approach in the Appendix you can find the input file for SPICE simulation of the 
circuit. The components names are the same used in fig. 2.1 and fig. 4.1. 

(*) : If you want to keep the possibility to choose Rp not depending on the desired AC parameters of your 
system you can add a resistor Ro between the 2W termination and Z2w and select its value in the proper 
way. 
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4. ONE APPLICATION EXAMPLE 

4.1. EXTERNAL COMPONENTS DEFINITION 

Once defined the desired specs. (Zin, Z2w, GTX, 
GRX) from the (6) to (9) it is possible to define all 
the external components. 

Let's suppose you want : 

GTX =- 3dB (= .708) 

GRX =- 3dB 

Zin = 600Q 

APPLICATION NOTE 

Z2w = 600Q 

Substituting in the above relations you obtain : . 

Rp = 200Q (from the (8)) 

Rae= 42.4 KQ 

R1 = 43.6 KQ 

R2 = 39 KQ 

Rs = 1800Q 

(from the (7)) 

(from the (6)) 

(from the (9)) 

Here below you can see the complete application 
diagram for the two wire configuration : 

Figure 4.1 : L3090/L3000 SLIC KIT in Two Wire Configuration. 
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4.2. MEASUREMENTS 

Here below you can see the results of some mea-

Figure 4.2: Return Loss at Line Termination 
(Rref = 600Q). 
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Figure 4.4 :TX Gain Flatness 
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surements on the application shown in fig. 4.2. The 
2w termination is loaded with 600 ohm ; the line im
pedance is 600 ohm. 

Figure 4.3 :Return Loss at the 2W Termination 
(Rref = 600Q). 

MODE B II RETURN LOSS TX" +0 0 RX" -- dBr 
HD 0 m 

RX: 
TS 

0 
~ 
~ m.a I RX 

RESULT I 1'-

dB m.o 

t!D.Q 
100 1000 2DGD 3000 

TX: TS 0 +0. 00 dBmO 201Hz 

Figure 4.5 : RX Gain Flatness 
(GRX (1KHz) =-3d B). 
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APPLICATION NOTE 

L3090 2 WIRE AC ANALYSIS 

********************************************* 
* * * SLIC DEFINITION IN 2W CONFIGURATION * 

* * 
********************************************* 

.SUBCKT SLIC 7 8 

******** SLIC EXTERNAL COMPONENTS *********** 

RAC 1 0 42.4K 
RS 2 3 1.8K 
R1 9 4 43.6K 
R2 4 0 39.0K 
RP 5 6 200 
C1 3 8 lOU 
C2 3 9 lOON 
CCOMP 1 0 120P 

********* END SLIC EXTERNAL COMPONENTS ****** 

********* SLIC INTERNAL CHARACTERISTICS ***** 
*********DO NOT MODIFY THESE VALUES !I ***** 

Vl 7 6 

F1 1 0 Vl .02 

El 2 0 1 0 2 
E2 5 0 4 0 -2 

********* END SLIC INTERNAL CHARACTERISTICS * 

.ENDS SLIC 

********************************************* 
* END SLIC DEFINITION * ********************************************* 

.AC DEC 10 10 10K 

.WIDTH IN•80 OUTa80 

***** INSERT ONLY ONE OF THE FOLLOWING BLOKS DEPENDING ********* 
***** ON WHICH ANALYSIS YOU WANT ********* 

***************************************************************** 
* * 
* ANALYSIS ON ONLY ONE SLIC TERMINATED ON RL (LINE SIDE) * 
* AND ON R2W (TWO WIRE SIDE) * 

* * ***************************************************************** 

**** INPUT IMPEDANCE EVALUATION ********************************* 
*X1 1 2 SLIC 
*R2W 2 0 600 
*IL 0 1 AC 
*.PRINT AC VM(1) VP(1) 
***************************************************************** 

**** 2W IMPEDANCE EVALUATION ************************************ 
*X1 1 2 SLIC 

~ SGS·THOMSON A.., I li\IJO©Dl@~I!JID'ii'ill@llJO©lil 
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APPLICATION NOTE 

*RL 1 0 600 
*RG 0 2 10MEG 
*I2W 0 2 AC 
*.PRINT AC VM(2) VP(2) 
***************************************************************** 

**** SINGLE TX GAIN EVALUATION ********************************** 
*X1 1 2 SLIC 
*VL 1 0 AC 
*R2W 2 0 600 
*.PRINT AC VM(2) VP(2) 
***************************************************************** 

**** SINGLE RX GAIN EVALUATION ********************************** 
*X1 1 2 SLIC 
*RL 1 0 600 
*V2W 2 0 AC 
*.PRINT AC VM(1) VP(1) 
***************************************************************** 

***************************************************************** 
* * * ANALYSIS ON TWO SLIC CONNECTED TOGETHER AT THE 2W TERMINATION * 
* * 
***************************************************************** 

**** INPUT IMPEDANCE EVALUATION ********************************* 
*X1 1 2 SLIC 
*X2 3 2 SLIC 
*R2W 2 0 10MEG 
*IL 0 1 AC 
*RL 3 0 600 
*.PRINT AC VM(1) VP(1) 
***************************************************************** 

**** TX GAIN EVALUATION ***************************************** 
*X1 1 2 SLIC 
*X2 3 2 SLIC 
*R2W 2 0 10MEG 
*VL 1 0 AC 
*RL 3 0 600 
*.PRINT AC VM(2) VP(2) 
***************************************************************** 

**** OVERALL GAIN EVALUATION ************************************ 
*X1 1 2 SLIC 
*X2 3 2 SLIC 
*R2W 2 0 10MEG 
*VL 1 0 AC 
*RL 3 0 600 
*.PRINT AC VM(3) VP(3) 
***************************************************************** 

.END 
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APPLICATION NOTE 

SLICs PROTECTION CIRCUITS 
By W. Rossi ; A. Pariani 
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1. INTRODUCTION. 
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L5120 OR TRISIL. 
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5. TDB7722/7711 PROTECTION CIRCUIT BASED ON DUAL TRISIL {THDT58D). 
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APPLICATION NOTE 

1. INTRODUCTION. 

In this technical note are described different ways 
to protect L3000/L30XX and TDB7722/7711 SLIC 
KITs. 

The L3000/L30XX are the more complex to protect 
because the positive battery can be either GND or 
VB+ (typ. + 72V) depending on the SLIC operating 
mode. In the following the first three protection so
lutions refers to L3000/L30XX KITs and the last one 
to TDB7722/7711. 

The first solution in based on programmable tran
sient suppressor L3121; and this is the most com
plete one: another simpler solution, based on 
standard transient suppressor like LS5120 or TRI
SIL is proposed. In addition a way to use only one 
transient suppressor for more subscribers is descri
bed. Finally a protection circuit for TDB7722/7711 
SLIC KIT is proposed. 

2. L3000/L30XX PROTECTION CIRCUIT 
BASED ON PROGRAMMABLE TRAN
SIENT SUPPRESSOR L3121. 
In fig. 2.1. you can see the circuit configuration used 

Figure 2.1 :Protection Circuit for L3000 (half section). 

UB+ 
GND 

3 4 

SW1 

to protect the L3000/L30XX SLIC KITs with L3121. 
(The same structure is applied to the RING termina
tion). When the voltage on the line increase above 
VB+ (typ +72V) or decrease below VB (typ. -48V) 
the transient suppressor L3121 intervenes and 
shorts the wire to ground. 

For each wire we need one L3121 ; one 22nF ca
pacitor to increase the intervention speed and three 
diodes : two to program the intervention voltage le
vels and one to pull up the supply voltage of the in
ternal stages in order to avoid reverse voltage 
between line termination and supply voltage. In fact 
if you look at fig. 2.1. you can see that the internal 
output stage of the device can be fed either by GND 
or by VB+ depending on the status of the internal 
switch SW1. Since in normal operation the circuit is 
fed by GND and the protection intervenes when the 
line voltage exceeds VB+ it is evident that the re
verse voltage between line termination and supply 
can damage the device. To avoid this fact a diode 
connected between line and supply increases the 
supply voltage when the line voltage increases (see 
fig.2.1.). 

BA157 

MNT 2 
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3. L3000/L30XX PROTECTION CIRCUIT 
BASED ON STANDARD TRANSIENT SUP
PRESSOR AS L5120 OR TRISIL. 

In this paragraph is described a cheaper solution 
(respect to the one described in par. 2) to protect 
L3000/L30XX SUC KITs. 

APPLICATION NOTE 

The protection circuit is based on two LS5120 or 
TRISIL, a polarity guard and two diodes to avoid 
reverse voltages between line termination and inter
nal stages supply (see par. 2). The two external 
50ohm resistors are splitted in two parts. 

The circuit diagram follows : 

Figure 3.1 : L3000 Surge Protection Circuit Based on LS5120. 

GND o 

UB+ 

UB-t 
TIP 

L3000 

4BQ 

MNT 1------4 

4BQ 

1BQ 

LINE 

1BQ 

GND~~~----------~ 
C2 All diodes: BA157 

UB-

If a surge is induced on the line the LS5120 inter
venes and within 1 OOns it clamps the surge. During 
the first 1 OOns the LS5120 works like a 180V Zener 
Diode. The polarity guard avoid this 180V pulse to 
reach sue line terminations shorting it to the sup
ply voltage (see fig. 3.1.). 

Two capacitors C1 and C2 guarantee that in 
presence of negative or positive surges the supply 
vol-tage remain constant enough. These capacitors 
can be easily dimensioned considering that the 
1 OOns current peak flowing through the polarity 
guard is equal to about 11 OV/1 OQ = 11 A in the case 
of positive surges and about 130V/1 OQ = 13A in the 
case of negative ones. 

For negative surges (worst case) the charge Q in-

nBBL389D-1211 

jected in the capacitor is 13A x 1 OOns=1.3jlC (sup
posing that no current flows through the power sup
ply) therefore a 1jlF capacitor is large enough to 
guarantee a less than 1.5V supply variation. 

If instead of LS5120 another similar device is used 
the capacitors C1 and C2 have to be dimensioned 
depending on the clamping time of such device. ' 

It should be noted that the diode type used in the 
polarity guard is important in order to guarantee 
good performances. The suggested diodes for this 
application are BA 157. We observe that this kind of 
diodes in presence of a 1 OA, 200ns current pulse 
show a voltage drop of about 3V, while diodes as 
1 N4004 in presence of the same pulse shows a vol
tage drop ten times larger (30V). 
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4. L3000/L30XX COMMON PROTECTION 
CIRCUIT FOR MORE SUBSCRIBERS 
BASED ON PROGRAMMABLE TRAN· 
SIENT SUPPRESSOR L3100. 

In this solution each sue is protected by means of 
a polarity guard that, in case of a surge, avoid the 
line terminations to exceed the supply voltages. In 
the following page you can see the circuit schematic 
of this solution. 

Consider that in this application the current peak 
flowing through the polarity guard can reach 1 OOA 
for 3KV surges ; therefore proper diodes must be 
used in order to avoid excessive voltage drop in 
presence of such current peak. 

When a positive (negative) surge occurs on one line 
the common protection P1 (P2) clamps all the lines 
to ground. 

Figure 4.1 : L3000 Common Protection Circuit . 

TIP 

SLIC 
tJ 1 MHT 

L3BBG 

SLIC 
fJn MNT 

L3BBB 
RING 

-48U 

28Q 

28Q 
c 

P2 

L3188 

Since when you short a line termination to ground 
the sue can source or sink (depending on the line 
termination status) up to 1 OOmA, it can happens that 
once finished the surge the protection remain 
clamped because of the line currents. 

If this fact happens all the SUCs connected to the 
same protection detect ground key, in this way the 
controller can recognize that one protection is 
clamped. 

One possible way to open clamped protection (once 
the surge is finished) is to set all the SUCs con
nected to it in power down mode for a short time. In 
this way for a moment no current flow through pro
tection allowing it to open. 

a 
P1 

L3188 

38Q 

LINE 111 

38Q 

38Q 
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38Q 

+72U 

a c 

CND All diodes: BA157 
!188L3888-13fl 
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5. TDB7722/7711 PROTECTION CIRCUIT 
BASED ON DUAL TRISIL (THDT58D). 

The fixed operating battery voltage (GND ; -VBAT) 
and the internal structure of the device allow to use 
a quite simple circuit to protect the TDB7722/7711 
SLIC KIT against overvoltages induced on the line 
(see fig. 5.1.). 

Positive surges on the line are clamped to GND by 
the DUAL TRISIL. In case of negative surges the 

Figure 5.1 :Protection Circuit for TDB7722. 

OUT. AMP. 

TDB7722 

-UBAT 

APPLICATION NOTE 

TRISIL works for a short time (hundreds of nano
seconds) as a -72V zener diode before clamping the 
overvoltage to GND. 

Since such voltage peak is usually lower than the 
negative battery voltage (typ. -48V), by means of in
ternal diodes the negative supply voltage for the de
vice is automatically switched to the most negative 
between battery and line voltage in order to avoid 
damage to the device. 

DUAL 
TRISIL 

THDT580 

GND 

30Q 20m PTC l 

nBBTDB??22-B3B 
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TDB7711-TDB7722 
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APPLICATION NOTE 

1. HIGH VOLTAGE CIRCUIT DESCRIP
TION (TDB7722) 

(Refer to diagram of fig. 1) 

1.1 . VOLTAGE AMPLI Fl ERS 

The input voltage of the circuit V1N is symmetrically 
amplified by 2 voltage amplifiers, whose transfer 
functions are : 

I Vs1 = 20 VIN ; vs2 = V(ref)- 20 VIN 

V(ret) is the filtered battery voltage. The outputs of 
these amplifiers drive, at very low impedance, the 
line (tip wire and ring wire). 

The symmetry of the two gains is very good to pro
vide high longitudinal balance. 

1.2. LONGITUDINAL AND TRANSVERSE CUR
RENTS SEPARATION 

The circuit makes the sum and difference of the two 
wire currents to provide the transverse and longi
tudinal components to the LV SLIC (Scaled down: 
1/100). 

The scaled down transverse current flows by IT pin. 

The scaled down longitudinal current flows by C1 
pin. 

1.3. OTHER FUNCTIONS (figure page 12 of data 
sheet) 

1.3.1. RING RELAY DRIVER. A transistor, used as 
a switch, can drive a 5V or 12V relay. 

2/12 
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RELAY 

COIL ------, 
I 

H.V.SLIC ____ _J 

5or 12 V 

1.3.2. THERMAL WARNING. If the temperature of 
the IC reaches 150'C a thermal shut down sets the 
circuit in "HIGH IMPEDANCE" mode and warns the 
LV SLIC by modifying IL T current (via C2 pin). 

1.3.3. STAND-BY. In standby mode, most of the 
functions are shut down. 

Line voltage is set at about I VB I - 1 OV 

The currents of the 2 wires are sensed, and the 
scaled down transverse current is provided to low 
voltage SLIC TDB7711 for off-hook detection. 

1.3.4. POWER DOWN. Under software control, via 
LV SLIC, or when thermal warning is activated, the 
circuit is set in power down mode. 

In this mode, tip and ring outputs are in high imped
ance status, and most of the functions are shut 
down. No line current is provided. 

1.3.5. DEVICE CONTROL. The LV circuit controls 
HV circuit, via C1 and C2 pins, thanks to three dif
ferent voltage levels. 

The HV circuit provides longitudinal current and 
thermal warning current via the same pins. 

The controls are described page 14 of data sheet. 

1.3.6. SCALED DOWN BATTERY VOLTAGE. An 
output provides the LV SLIC with a V(reD/40 voltage 
(V(reD is the filtered battery voltage). 

This pin is VBIM. 

1.3.7. REFERENCE VOLTAGE V(ret). It is the fil
tered battery voltage. Its value is : 

I [ I VB I - 2.1 v l 

2. LOW VOLTAGE CIRCUIT DESCRIP
TION (TDB7711) 

2.1. TRANSMISSION CHARACTERISTICS 

(Refer to diagram of fig. 2) 

2.1.1. IMPEDANCE SYNTHESIS AND HYBRID 
BALANCE. The transverse current provided by the 
HV SLIC is splitted into DC and AC components. 
The AC currents flows across CAc (CAc pin is a vir
tual ground) and the DC component across Roc. 

The- 2.7V voltage on CAc allows for the use of a 
polarized low voltage capacitor. 

lAC current flows through ZAC, and gives a voltage 
divided by 20 (or- 20 in reverse battery) before driv
ing the HV circuit input. This feedback gives the out
put impedance of the SLIC, between tip and ring 
wires 
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APPLICATION NOTE 

Csw capacitor insures the stability of the feedback. 
C'sw compensates the Csw effect on hybrid bal
ance. Hybrid balance is done by the input circuitry 
of TX differential amplifier. 

EXTERNAL COMPONENTS ARE DEFINED AS 
FOLLOWS: 

If the required SLIC output impedance is Zline, Z1 
value is such that : 

I ZAd/Csw =50 (ZuNE- 2 rp) 

. Hybrid balance,-----., ,----., 
I Zs = K*ZML II ZA = K*Ziine II RPC = iOOrp I 
Examples of Output Impedances (with ZML = Zline) 

zo ' z2 

--c::::J-- -c:::::J- -c::::::J-
60Q.n. 30ft. 3 k.l\. 

115nF 

~ --c:::J--- -c::l-
A-

30.n.. 3k~ 

2. i .2. GAINS. The voltage gain of the LV circuit is 
i/20. 

Then the total SLIC (LV+ HV circuits) voltage gain 
is 2 (1 /20 x 40). 

As the SLIC output impedance is ZuNE, the RX => 
line gain is unity when ZuNE = ZHL. 

LINE=> TX GAIN 

The TX differential amplifier gain is 2. 

Then the voltage gain between the line and the TX 
output is unity. 

2.i.3. BANDWIDTHS. 
• Low cut off frequency. 

The CAc value gives the low frequency cut off of : 
• the return loss. At low frequency, the return loss 

is: 

v 2 2 2 p = i + 4 R DC C AC Ol # 2 Roc CAc oo 

• the transhybrid loss (=HYBRID BALANCE). At 
low frequency, the trans hybrid loss is : 

Roc CAC oo 
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AX 

For example, when K = iOO 

ZML = termination impedance between TIP and 
Ring 

. Stability capacitor 

Csw = 8 f.!S/ I ZAc + Rpc I 
C'sw = 8 f.!S/ I ZA I 

• (Can be lightly different, according to the teletax 
filter). 

Zt 
c·sw 

tZ 3 ::::Z4= A =6Q~o;' 

-c::::::J- 120pF 
27 k fl., 

] ur 

~ ~-v~c 
~l~ 

47 pF 

-
caw 11 210 pr 

H 

Then, the value of the product CAc Roc is defined 
by the return loss and transhybrid loss performan
ces needed at low frequency. 

Roc is defined in "FEEDING CHARACTERISTICS" 

Then: 

(Roc CAc) min 
(CAc) min= ----

Roc 

• High cut off frequency 

This frequency is given by the stabilization capaci
tor Csw (see 2. i. i .). Its value is 34kHz. 

Note : Improving desaturation time of AC path. 

Large DC line current variations may overload the 
AC path. The recovery time depends on the CAc x 
Roc time constant. 

This time can be lowered by decreasing the CAc 
value. 

I 
! 
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APPLICATION NOTE 

In this case, in order to keep a good hybrid rejection 
at low frequencies, the lA Zs network should be 
modified as follows : 

R ZA 

60 kO 

zs ICLF= CAcxRoc 
R R4 

60 kO 

.CLF 

Example: Roc= 850Q; CAc = 4.7(lF; Zs = 60kQ; 
CLF#68nF. 

Desaturation time for IL,;, 30mA : 1 Oms. 

2.2. FEEDING CHARACTERISTICS 

(See diagram page 1 0 of the data sheet) 

The DC component of the transverse current pro
vided by the HV SLIC flows through Roc. 

For DC current loc, Roc presents a virtual ground. 

Then the AC/DC pin voltage is VAC/DC = loc x Roc. 

This voltage is amplified (x1, 25), before driving the 
HV circuit input. 

It can be seen that the DC voltage at LV SLIC out
put is always : 

I VoROP 
Then, there are 3 possibilities : 
• Low line current : 

I VAciDC I < Vo ==> Vour =- Vo 

The slic is in waste voltage mode. 
• Middle line current : 

I Vour = VAdoc =Roc x loc 

The SLIC is in feed resistance mode. 

If RF is the desired feed resistance of the line : 

I Roc= 2 (RF- 2 Rp) 

• Line current = Limitation current : 

The voltage on Roc varies quickly when line current 
is lightly higher than limitation current. 
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The line current is regulated at the limitation current 
value. 

There are several working modes : 
_ Apparent battery : 

In this mode, a correcting voltage, depending 
on the current battery voltage, allows the line 
to see a dummy- 48V battery ; otherwise, the 
line "sees" a voltage V(rel) ( = current battery 
voltage- 2.1 V). 
Real battery : 
Same as apparent battery except for the 
standard resistive mode where the voltage 
value is 

I VuNE I = I VREF I - Rteed X I LINE 
Special DC characteristics : 
A low value Roc resistance is simulated to 
have a rectangular feeding characteristic. 
Reverse battery : 
In this mode, the DC current is inverted. Then, 
the phase of the 1 .25 gain amplifier is also in
verted, to insure stability of the feedback. 

2.3. SIGNALLING (see pages 10 and 12 of data 
sheet) 

2.3.1. OFF-HOOK THRESHOLD AND RESPONSE 
TIME (SLOW LOOP DETECTION). In stand-by 
mode, the line is fed in "normal battery" (non
reserved). The off-hook threshold is 6.5 ± 1.5mA. 

The hysteresis is 1 mA. The response time for a 
given current ILTo is : 

[ 6.5 ] 
t =(Roc+ 1 kil). CAc. LOG 1 ILro (mA) 

(because, in standby, Roc2 is no longer a virtual 
ground). 

2.3.2. ROTARY DIAL PULSES DETECTION 
(QUICK LOOP DETECTION). In power up mode, 
the loop detection is quick : <1 ms. 

The threshold is the same as in power down mode : 

6.5mA ± 1.5mA 

The hysteresis is 1 mA also. 

2.3.3. TELETAX (TTX) 

• Gain 

The gain between TTX input (on LV SLIC), and line 
output (TIP and RING on HV SLIC) is 18dB ± 1dB. 

The line level depends on PTC (or protection resist
ance) value and line impedance at TTX frequency 
(ZLnx). 



The level of the sinus signal to set at TTX input, for 
a given line level VLTTX is: 

)~ 

Software control : 
0 

Line signal. 

The shaping is done by sending a± 8011A current in 
the capacitor CRT, whose voltage varies from - 2V 
to+ 2V (or from+ 2V to- 2V). 

Then: 

CRTX4 
----106 

80 

i.e. : 1 Oms for CRT = .22!!F 

• TTX filter 

An external TTX filter allows the SLIC to have a low 
output impedance at TTX frequency, and a low leak
age level at TX output. 

This filter must have a low impedance (compared to 
1 kn at TTX frequency, and a high impedance in 
speech band (in order to avoid transmission perfor
mances degradation). 

If ZF is the filter impedance at the telefax frequency 
FTTx: 

_ output SLIC impedance at FTTx : 

I (Zr-R) TTX # Zr-R . ZF :~ kQ 

With ZT-R = Speech band output impedance : 

• TX level at FTTx : 

VLTTX ZF 
VTx # · ZT-R · 

Z.LTTx+2r ZF+1kn 

• TTX drop voltage 

The drop voltage value depends on the TTX drop 
voltage bit (TWV). If TWV = 0, the drop voltage is 
about 12V (13 max). During sending TTX (TTX 
BIT= 1) this value becomes 18V. 

If TWV = 1, the drop voltage is 18V, whatever the 
TTX BIT. 

APPLICATION NOTE 

• Shaping 
The line signal is as follows : 

~ 
TR I I TF 

~kHz 
2.3.4. RING TRIP. When ringing, the SLIC must be 
in normal battery mode. 

• Principle 

An external circuit applies ringing through the ring
ing network and the ring relay. This circuit consists 
of a balanced or unbalanced sinus generator (70 to 
100 VRMs) in series with the battery ( 48V). The line 
current has, then, an AC component (there is a ca
pacitor in series with the ring circuitry) with or with
out DC component, according to the hook state. So, 
the off-hook detection is done by sensing the DC 
component of the line current. 

The following principle is used : 

A fraction of the line current is sent into a capacitor 
(CRT). At time t1, the voltage of this capacitor is set 
at a given value: Vo. 

The voltage of this capacitor is sensed at times : 

t1 + TR, t1 + 2 TR ..... t1 + nTR. (TR =ringing period). 

If the voltage sensed is Vo, that means there was 
no DC component in the line current (on hook). 

More precisely, the following tasks are made :when 
the ringing control is operating (software): 
_ ring relay is energized at the zero crossing point 

of the ring generator= time tO, 
_ CRT voltage is set at- ?OmV during one ringing 

period, 
_ a scaled down line current is sent (after having 

substracted a threshold current into CRT. 
_ at times tO + 2T R, ..... , tO + n T R, the CRT voltage 

is sensed : 
if VeRT<- ?OmV (i.e. DC line current< I thre
shold) :VeRT is set tO- ?OmV, 
if- ?OmV < VeRT< ?OmV : VeRT is unmodi
fied, 
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if VeRT + ?OmV, the off hook is detected: ring 
relay is desenergized and hook status bit is 
set on 1 state. 
Ringing network 

Figure 3 : Balanced Ringing. 

LV SLIC 

Figure 4 : Unbalanced Ringing. 
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p = 200Q 

R = 500kQ 

The following networks are insensitive to longitudi
nal currents: 

HVSLIC 

2p 
IR1-IR2= ILX

R 



• Ring trip threshold and response time 

We have seen : 

2p 
IR1 - IR2 = IL X R 

The threshold current on LV SUC input 6.811A. i.e. : 

I 6.811A x ~ = 8.5mA I 
on the line with the network above. 

The ring trip capacitor should be : 

I 
220nF x 50Hz 

CRT=-----
FR 

1 
( -- = FR = ringing frequency) 

TR 

Then, the ring trip response time for a DC loop cur
rent ILTo is : 

That's 

• IR/1 and IR/2 inputs compliance 
The compliances of these inputs are : > + 3501-lA 
& < -5001-lA. 
These compliances allow, with the ringing net
work above, the use of balanced or unbalanced 
ringing with the limits : 

- 72V < Vs- <- 20V 

Vring < 88 VRMS 
If other values are needed, the equations above 
allow to find the values of p and R. 

• Bridging network accuracy 
According to the desired ring trip accuracy, it is 
possible to find the resistors ratio accuracy, using 
the equations above. For example, a 1% ratio ac
curacy induces a 3mA accuracy in the threshold 
current (for Vs- = 60V). 

• Rring value 
It depends on the ringing generator level. The LV 
circuit requires a 701-lArms minimum current. 

• Ring relay response time (tRR) 
This time can be compensated by adding a ca
pacitor in series with Rring : 

APPLICATION NOTE 

Cring = 
tg ( 90'>- 3600 IRR FR] 

2 rr FR Rriny 

2.3.5. GROUND KEY. The HV SUC provides a 
scaled down (-1-) line longitudinal current. 

100 

A threshold current is substracted from this current, 
in the LV sue and the differential current is sent, 
after dividing 

( - 1- ) to the ring trip capacitor CRT (except when 

ringTng or sending teletax). Then, if the DC compo
nent of the longitudinal line current is lower than the 
threshold current, the CRT voltage is lower than a 
threshold voltage (+ 2V). Otherwise, ground key is 
detected. 

The treshold longitudinal current is 501-lA (i.e. 5mA 
on each wire, ring and trip). 

The response time, for a line current ILLO (each wire) 
is: 

4 X CRT 
T=------------------

9 
[ - ILLO ] 

-50106 
100 

Example : ILLO = 1 OmA, CRT= 0.2211F ~ r = 160ms. 

2.4. ANALOG INPUT- OUTPUT PIN 

This pin is programmed by soft as an input or an out
put. 
• As an input 

An external voltage VEXT is set on the pin. 
40 

The sue compares VEXT voltage and the DC line 
voltage. 

If : VuNE > VExT ~ CRs = 0 
VuNE < VEXT ~ CRB = 1 
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This can be used to feed the SLIC with a low volt
age battery and offer power saving capability. 

I LOOP 

48 V BATTERY 

:J) V BATTERY 

10112 

864 

• As an output 

The voltage of this pin is 1/40 the DC line voltage. 

This can be used to detect line short circuits. 

2.5. DIGITAL CONTROL INTERFACE 

The programmable functions of the SLIC are set by 
the contents of two 8-bit registers in the TDB7711, 
LV chip. This circuit communicates with the card 
controller through a 4-wire serial bus. The interface 
is described pages 17 and 18 of the data sheet. 
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3. OVERVOL TAGE PROTECTIONS 

The HV circuit is protected against overvoltages with 
a pair of PTC or fuse resistors (matched to meet Jon-

Figure 6 : Protection Circuits. 

SLIC 

Figure 7 : Trisil Characteristics 

The trisil diode insures line voltage : 
< 3V for positive voltage. 
< I VsR I for negative voltage. 

v 

On surges, negative voltages on trisil falls to a low 
value, (a couple of volts) keeping it in safety area. 
• Behaviour of the high voltage SUC when light-

ning surges 

12112 

866 

Positive surges < + 3V 
Current in wires are limited by the SUC itself 
(-150mA). 

gitudinal requirements), plus a dual trisil with inte
grated diode. 

PTC OR FUSE RESISTOR 

Negative surges 
The voltage on the line can be more negative 
than the battery voltage. 

SLIC 

LIN£ 

D2 

In this case, diodes 01 and 02 act as if the supply 
voltage of the SUC was- Vsurge instead of- Vb-

Then, we must have: 

I Vsurge I < 72V 
(i.e. : maximum battery voltage allowed) 

I VBRI< 72V 

Note : Diodes 01 and 02 are integrated on the chip. 
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HOW TO HANDLE SIGNALING WITH THE 
M088 DIGITAL SWITCHING MATRIX 

INTRODUCTION 

One of the main problems in the design of electro
nic systems, and in particular in the design of private 
electronic switches (PABX : Private Automatic 
Branch Exchange) is to make an architectural 
choice between a system that is expandable and 
flexible, and another one that is optimized in terms 
of hardware and software, but more rigid because it 
is dedicated to a specific application. 

The architectural section that is more influenced by 
such an initial choice is that related to the "transfer 
and handling of signaling messages", in order words 
all circuits and procedures which allow the request 
of single users to communicate to the mainframe 
computer and, in a reverse process, to communi
cate to the single user the decisions taken by the 
computer. 

The diagram in figure 1 shows a typical digital ex
change. The users are either analog (traditional te
lephones) or digital ISDN terminals (Integrated 
Service Digital Network). The main difference be
tween the signaling messages of analog users and 
those of digital users is that the first are generated 
and activated through the resident circuits on the ex
change (user board) and have for end points the 
mainframe and the user board, while the second are 
generated in the user terminal and the dialogue oc
curs mainly between the mainframe and the ISDN 
terminal. 
In this technical note we will give a detailed descrip
tion of an original and very advantageous solution 
to the problem of transfer and handling of signaling 
messages in analog user systems. 

The architectural choice, on which the proposal is 
based, is in favor of an optimized system in terms 
of hardware/software and is limited to a maximum 
of 180 users. 
The basic idea can however be applied to the deve
lopment of systems with a large number of users as 
mentioned at the end of this note. 

TRADITIONAL SOLUTIONS 

Various architectural solutions are implemented to
day in the handling of signaling messages and we 
will briefly analyse only two of them. The first solu
tion is chosen between simple ones and the second 
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between more complex and sophisticated ones. 
In figure 2a block diagram shows a typical system 
in which the signaling messages are handled by va
rious microprocessors through parallel buses for da
ta and addresses. 
Each microprocessor, which we identify with the 
name "peripheral 11P", is placed an a "peripheral 
control card" and from one side it interfaces with a 
"central JlP" while on the other side it carries on the 
conversation with a number of user boards through 
a data bus and an address bus. Each user board, 
which we suppose analog (subscriber card), is lin
ked to a maximum of 16 telephones through two
wire transmission lines (telephonic pairs). 
We consider the example of 4 boards, each of which 
refers to 16 users. The peripheral JlP handles them 
with an address technique through a data bus and 
an address bus linked to each board. 
A possible allocation of the wires of the buses is as 
follows: 

- 2 wires of the address bus will be sufficient to se
lect the single board ; 

- 4 wires of the address bus will select the single 
subscriber ; 

- 1 wire of the address bus will select the kind of ope
ration to execute, i.e. the direction oftheflowofda
ta (read/write). 

A certain number of wires of the data bus will allow 
the JlP to carry on a dialog with the SLIC (Subscri
ber Line Interface Circuit) and COMBO (COMBined 
PCM codec and filter) devices placed on the subs
criber board. These devices are respectively used 
for interfacing with the line and the 2/4 wires conver
sion and for the analog-to-digital conversion and vi
ceversa of the message. 
Appropriate comparison circuits will select the board 
with which the 11P wants to carry on a conversation 
and will enable the single user circuitry inside the 
board itself to extract or insert information from and 
on the data bus. 
The peripherai11P is usually able to execute a pre
processing of data received from the user circuits or 
of data which need to be sent to the user circuits, 
as, for example, to recognize selected digits in the 
case of rotary dial pulsing or to generate the timing 
of the ringing signals. 
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Figure 1 :A Typical Digital Exchange for Voice an Data Switching. 

2/16 

868 

DIGITAL 

CONTROL 

uPROCESSOR 

I 

L_-----=eo,;;z 7::::::::;: o:;:;~s ===.J $-J 



This solution, simple from the viewpoint of the sys
tem, has the advantage of being based on standard 
components, but at the same time it presents two 
real and not negligible disadvantages : 

1. an additional peripheral control card must be in
serted for every 4/8 subscriber cards ; 
2. the number of wires to be connected between the 
control card and the subscriber card becomes ra
ther high and this undermines the system in terms 
of overloading, reliability and consequently econo
my. 
A surely more "elegant" solution is outlined in figure 
3. On each user board or subscriber card there is a 
board controller known as PCB (Peripheral Board 
Controller) and it is identified in the diagram by the 
adjective "slave". The function of this PBC is to in
terface between the board circuitry which includes 
the SLIC and COMBO, and another PBC, identified 
as "master", which is directly managed by the main
frame (central P). 
In this case, the signaling is assigned either to a well
defined channel of the TDM (Time Division Multi
plexed) highways or to two of the highways 
dedicated only to the coded signaling according to 
a HDLC (High level Data Link Control) protocol. This 
second possibility is shown in figure 3. 

The more obvious advantages which can be obtai
ned with such a solution can be identified as : 

a. reduction to two wires for signaling messages 
transfer (protocol HDLC) ; 

b. no need for intermediate control board ; 

c. well coded interface and consequently facility of 
expansion of the system itself. 

On the other hand, the following evaluations cannot 
be ignored: 

1. the solution is rather costly as it requires a PBC 
controller for each 8/16 users ; 

2. many of COMBOs that are available on the mar
ket cannot interface directly with the PCM board 
controller. 

NEW SOLUTION TO THE PROBLEM OF 
"HOW TO HANDLE THE SIGNALING" 

The proposed solution tries to combine the positive 
factors associated with the system architectures 
described above : 

1. auxiliary wires are not needed to transfer the si
gnaling; 

2. the solution uses standard Ps and does not re
quire dedicated components ; 

3. it does not use architectures with intermediate 
control boards. 

APPLICATION NOTE 

The idea that resolves the problem is based on the 
use of an auxiliary function provided by the Digital 
Switching Matrix (DSM) MOBS, the function 6 which 
permits the "fast extraction of 0 channels of the PCM 
input highways. 

HOW TO HANDLE SIGNALING WITH THE 
MOSS DSM 

The MOBS Digital Switching Matrix (DSM) (see ap
pendix A "Main Characteristics of the MOBS DSM" 
and "Functions of the MOBS DSM"), beside the main 
switching operation in a non-blocking way of up to 
256 channels and beside instructions pertaining to 
switching (disconnection, read/write on a channel of 
a PCM word, acquisition of the connection map), of
fers an auxiliary and particular function :the fast ac
quisition of 0 channels found on the 8 PCM inputs, 
function described in details in appendix B "The 
MOBS function 6 : fast extraction from channels 0". 

Once activated function 6, the MOBS under control 
of an 8 bit microprocessor working with a 4 MHz 
clock, can perform the following operations during 
the time internal of one PCM frame (125 sec) : 

a. extract the content of channels 0 of the 8 PCM in
put streams if the two most significant bits of the byte 
of channel 0 are not equal to "01" ; 

b. provide them to the microprocessor through its in
ternal registers ; 

c. execute at least one more function among those 
available by the DSM, for example: the connecting 
function or the loading of a PCM byte on whatever 
output channel and in particular on the channels 0 
of the output PCM streams. 

M088 possibilities pointed out here together with the 
option of using channel 0 to transfer the "signaling" 
lead to the idea of using the DSM MOBS not only as 
a switch "actuator" but also as device for the "han
dling of the signaling" i.e. for the extraction of the 
same from the PCM input streams and the insertion 
of the new signaling informations into the output 
PCM streams. The idea is more attractive in that the 
handling of the signaling is generally executed by 
circuits designed ad hoc, as described above.ln 
brief, the MOBS represents an ideal device capable 
of carrying on the multiple functions required in a 
modern switching system, functions all executed 
under the control of a standard microprocessor. 

He will illustrate thereafter a system which, using a 
single MOBS DSM, can manage the transfer of the 
signaling messages between the central processing 
"heart" of the system and the peripheral devices re
presented by the subscriber cards with up to 
180 lines. 
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For systems of larger switching capacity, please re
fer to the paragraph on "How to Handle Signaling in 

Large Switching Systems" at the end of this note. 

Figure 2 : Architectural Solution to Handle Signaling Messages Using Peripheral Control Cards. 
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SYSTEM ARCHITECTURE AND RELA
TING PROCEDURES 
To illustrate the architecture of the new system we 
specify two main sections : the peripheral equip
ment represented by the subscriber cards and the 
main section relating to switching and processing. 
As shown in figure 4a, the peripheral architecture, 
of the system consists of a subscriber card physi
cally connected to two PCM buses of the DSM, one 
for the data flow from the card to the switching sec
tion and the other for the flow in the opposite direc
tion, and this is valid for six subscriber cards. In fact, 
of the 8 PCM highways available in each direction, 
6 are used to communicate with the subscriber 
cards while the remaining 2 are kept for other func
tions relative to the switching section (Conference 
and Tone Generation). 
Each card manages 30 users, each of which being 
assigned to a pair of SLIC-COMBO. Each of these 
pairs, through a simple digital circuit, will insert or 
extract its digitized message into or from one of the 
30 channels of the PCM stream reserved for such 
function (voice channels). The remaining 2 chan
nels and specifically the channel 0 and the channel 

.15 are respectively reserved to contain the signa-
ling and to transfer the maintenance signals (test, 
control, etc). 
At user card level, the logic of extracting and adding 
the switching informations representing the signa
ling from or into the 0 channels of each PCM frame 
is very simple, because the single pair of PCM 
streams from and for the DSM is rigorously assigned 
to a well identified user board. Each of the 30 users 
of the card, once every 30 temporal intervals, each 
of the time duration of a frame (125 f.!S), uses the 
channel 0 to insert or extract its own signaling, apart 
from having reserved for each frame the channel 
needed to insert or extract the coded voice. 
Regarding the section for the managing and execu
ting of the switching function, the system architec
ture can be represented as in figure 4b. The 
interaction between the various blocks and the ne
cessity for the existence of the same blocks are ea
sy to understand, analysing the procedures that 
must be put into action for the handling, the proces
sing, and the executing of the signaling in the chan
nels 0 of the PCM streams. 

-the DSM activated by the microcomputer to han
dle function 6 extracts the bytes from the channels 
0 and makes them available in its own OR1 inter
nal registers. 

-he microcomputer 11P1 (for example ZBO), which we 
will refer to as "extractor/actuator ).lP", reads the da
ta of the DSM channels 0 and stores them into the 
RAM FIFO 1 only when the DSM requests an inter
ruption to signal the presence of available data. 

APPLICATION NOTE 

-the high processing capacity microcomputer 11P2 
(for example Z8000), which we will refer to as "pro
cessor f.!P", takes this data already stacked up by 
the f.!P1 , processes the information and as a result 
generates other data which are stacked up in the 
RAM FIF02. 

the microcomputer f.!P1 extracts the data from this 
second FIFO and generates appropriate com
mands towards the DSM (connections, disconnec
tions, loading into the channels 0 or into other 
channels), or towards other circuits such as CC 
(Conference Circuit) and TG (circuit for the Genera
tion of Tones), executing in such a way the functions 
requested by the previously extracted signaling. 

The existence of two ).IPS, as will appear more clear
ly below, is related to the necessity of accomplishing 
concurrently more types of operations as above 
described. This is possible only if the tasks are ap
propriately distributed between the two processors, 
which must transfer the data to each other through 
common storage areas, the two RAM FIFOs and 
using these also as buffer memories they can ope
rate at different speeds. 

PROTOCOL OF COMMUNICATION 
BETWEEN THE TWO PROCESSORS 

The architectural structure proposed for the realiza
tion of the system does not introduce specific limi
tations to the protocol used to synchronize the ope
rations of the two processors. 

In any case, it is appropriate to point out that : 
a. after having activated functions 6, the MDC can 
extract, for a duration of 125 ).IS, all 0 channels from 
the 8 PCM input streams and execute at least one 
of the other functions. 
b. the microprocessor ).lP1 , interfaced with the DSM, 
in acquiring this data from the internal registers of 
the DSM, must respect the minimum temporal inter
vals between subsequent read operations (see ap
pendix B) : therefore, there are no advantages, in 
terms of time saving during the read phases, either 
in using microprocessors more complex than the 
standard 8-bit ones (i.e. Z80) or in using clock fre
quences higher than 4 MHz. 
c. the DSM selects all channels 0 with most signifi
cant bits not equal to "01 ". Channels 0 containing 
bytes of the 01XXXXXX type will be ignored. 
d. it is possible to choose through a byte called 
"mask byte" which input flows the DSM must res
pect to extract the channels 0. In our example a 
mask byte of the 111111 00 type will be needed to 
enable the extraction of the channels 0 of the input 
PCM streams from PCMIN7 to PCMIN2 (6 enabled 
streams). 
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e. the bytes are extracted from the channels 0 in a 
sequential way, starting from the PCM bus connec
ted to the PC MIN? input until the PCMIN2 input. 

f. the byte extracted from each channel 0 is supplied 
to the OR1 register of the DSM. 
From the point of view of the RAM FIFO 1, that is 
the memory which stores the data written from the 
microcomputer 1-1P1 and read to the 1-1P2, it is advi
sable to insert, at the beginning of each 6 bytes read 
by the 1-1P1 from the OR1 registers of the DSM, a 
delimiter byte (FLAG1) which has the function 
of facilitating the synchronization between the pro
cessors. For example, based on the preceeding 
c. observation, FLAG1 can have the two most signi
ficant bits equal to 01 and reserve the other bits to 
define a multi/frame counter: in this way there would 
be no possible confusion between such a byte and 
a single useful data extracted from the channels 0. 

If we now move to the RAM Fl FO 2, the storage me-

mary of the data written to the 1-1P2 and read from 
the 1-1P1, we find the data processed by 1-1P2 which 
represent the bytes for the instructions to be sent 
from 1-1P1 to the DSM or to other circuits (CC, TG). 
These bytes must be such as to avoid as many pro
cessing operations are possible for the 1-1P1 . One of 
the solutions consists of preceding each block of 
bytes with data relative to a specific function to be 
executed by the DSM or by other circuits with one 
control byte (CNTL), containing indications on the 
type of function and structured in such a way to ac
tivate in the program memory of the 1-1P1 the rou
tines dedicated to the single specific function to be 
executed. We will also need a separating byte 
(FLAG2) to allow an easy synchronization between 
1-1P1 and 1-1P2 and such FLAG2 can be used as the 
"head" of a block of useful data. 
Figure 5 represents a possible protocol of the com
munication between the two processors 1-1P1 and 
1-1P2 through the two RAM FIFO. 

Figure 3 :Architectural Solution to Handle Signaling Messages Using PBC (Peripheral Board Controller). 
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Figure 4a : Subscriber Card of the Proposed Architectural Solution to Handle Signaling Messages. 
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Figure 4b : Switching and Processing Section of the Proposed Architectural Solution to Handle Signaling 
Messages (max. 180 users). 
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Figure 5 : A Possible Protocol of the Communication between the two Processors through the two 
RAM-FIFO. 
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SIGNALING BETWEEN SUBSCRIBER 
CARD AND SWITCHING AREA 

The information sent by the peripheral are (subscri
ber card) for each single user to the switching area 
are essentially the following two : 
1. line condition (ON HOOK/OFF HOOK) 
2. ground key (ON/OFF) 
The 8 bits to load into channel 0 could be selected 
as follows: 

MSB LSB 

D5 D4 D3 D2 D1 DO 
D7 = 1. Remember that MOSS does not read out bytes be
gmning with "01''. 
D6 = line condition. 
D5 =ground key. 
D4- DO= binary number of the user (1 - 30) to which the si
gnaling in D6 and D5 refers. 

The user number enables the processor J.!P2 to 
know which user is the source of information, while 
the board identification to which the user belongs 
can automatically be deduced from the fact that the 
PCM stream in which the information is loaded is 
unequivocally assigned to a specific single user 
board and from the fact that the extractions of the 
channels 0 of the 6 input streams are orderly and 
sequential. 
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Viceversa the 8 bits of channel 0 sent from the DSM 
to the subscriber card can be assigned as follows : 

MSB LSB 

D5 D4 D3 D2 D1 DO 
D7 = used to program an auxiliary function of the COMBO 
(for example the LOOP function). 
D6 - D5 = used to program various operating states of the 
SLIC-COMBO (i.e. in the case of SLIC L3090 it is possible 
to choose between the following states : CONVERSA
TION/RINGING/STAND-BY/POWER-DOWN). 
D4 - DO = binary number of the user (1 - 30) to which the 
commands present in D7, D6 and D5 refer. 

COMMUNICATION PROCEDURE 
MICRO J.!P1 • DSM 

It has already been described above which opera
tions must be run in the communication between the 
J.!P1 microprocessor and the DSM. 

We must state that the procedure of reading/storing 
of the contents of the channels 0 is performed by J.!P2 
only as a routine of response and service to the main 
program interruption requested by the DSM through 
the signal on its own output DR indicating the avai
lability of bytes read out from channels 0. The main 
program of J.!P1 is dedicated to the sequential flow, 
towards the DSM and eventually towards the CC 



and TG circuits of the commands and the bytes of 
data necessary for them to execute the functions re
quested by the subscribers, using the data resulting 
from the processing of these requests executed by 
the J1P2 processor. 

Figure 6 represents a possible block diagram of the 
main program area which handles the interaction 
between J1P1 and DSM. 
We must pay attention to the fact that when the exe
cution of a DSM function is requested, it is conside
red finished by the DSM only if the JlP1 does a 
reading of the internal OR2 register of the DSM af
ter the instruction opcode has been sent. It is only 
after this reading has been done that the DSM is re
enabled to execute new or pending functions, inclu
ding function 6. 
Reading and storing in RAM FIFO 1 of other data 
can then be done if there is a need to introduce pro
cedures for controlling the status of the DSM device 
(using function 4 and function 5) and of the CC de
vice. In such a case the FLAG1, header byte of the 
blocks memorized by JlP1, must contain additional 
information to tell the JlP2 if the following data block 
is relative to the extraction from channels 0 or if it 
contains other information and from what device 
they are read. A possible allocation of the FLAG1 
bits can be the following : the two most significant 
bits equal to 00, the following bit reserved for the 
identification of the device to which the block of suc
cessive bytes refers, the remaining 5 bits used as a 
counter. One must pay special attention to the 
control of the interruptions in order to avoid, during 
the storing of these subsequent data, that an inter
ruption occurs from the DSM as this would create 
confusion in the RAM-FIFO 1 data. 
The FLAG2 byte used to synchronize the commu
nication between J1P2 and JlP1 which is there to in
dicate the beginning of a useful datablock to be 
processed by JlP1 will need have a bit configuration 
such as not to give rise to a wrong identification. One 
hypothesis is to use a byte equal to 11111111 since 
the configuration does not exist for any data byte or 
control byte nor DSM byte or CC byte. 
The next CNTL byte can contain in its 4 most signi
ficant bits the binary number of the function to be 
executed (6 DSM functions, 6 CC functions and 4 
TG functions}, while the other 4 bits can be used for 
the cyclical numbering of the blocks. 
Figure 7 shows the block diagram of the interrupt 
service routine. 
In this routine, special attention is paid to respect the 
minimum time intervals between two successive 
readings of the OR 1 and OR2 registers of the DSM. 
For the OR2-0R1 sequence especially an interval 
of at least 13 CLOCK periods (3.2 JlS per CLOCK 

APPLICATION NOTE 

frequence equal to 4096 KHz) is necessary, while 
for the OR1-0R2 sequence an interval of 3 CLOCK 
periods (750 ns) is sufficient. 

Note that the only OR1 registers containing bytes 
extracted from chan nels 0 are stored. 

We would like to point out the fact that the proce
dures indicated here, relate to a system designed to 
serve 180 users distributed in 6 user boards. In case 
this potentiality is not all used, the mask sent by the 
DSM to activate function 6 must contain a number 
of "1 s" equal to the actual number of user boards 
connected to the system, and additionally in the in
terrupt routine a corresponding number of readings 
of the pairs of registers of the DSM must be done 
with a consequent increase in the speed of execu
tion of the routine itself. 

HOW MUCH TIME IS NEEDED FOR THE 
J1P1 - DSM INTERACTION 

The use of a Z80 microprocessor such as P1, at a 
clock frequency of 4 MHz or at the same frequency 
as the DSM CLOCK (4.096 MHz) allows, withing a 
frame (125 JlS), to extract the 6 channels 0 and to 
store in RAM the contents of the OR 1 and OR2 DSM 
registers, to send and to execute a function and a 
half, like connection (instruction 1 of the DSM) or 
loading into a channel a PCM word (instruction 3 of 
the DSM). These are functions that require the hi
ghest number of bytes to be sent to the DSM (4 da
ta bytes + 1 control byte). 

ABOUT THE SYSTEM TIME RESPONSES 

Based on the previous observations, the informa
tion relative to each subscriber is transferred to the 
microprocessor every 30 PCM frame, or within a 
time interval equal to : 

125 JlSec. (length of a frame) · 30 (subscribers per 
board)= 3.75 msec. 

This interval is sufficiently reduced to correctly cap
ture the line condition of the user also during the dia
ling operation. 

As for the number of operations which can be exe- · 
cuted by the DSM we have verified that this number 
is equal to: 

1.5 (function per frame) · 8000 (frames per second) 
= 12000 functions per second. 

From these considerations we can see that realizing 
the connections, sending information to the subscri
ber cards in the channels 0, and executing other 
auxiliary functions do not present any problem in re
lation to the time necessary to satisfy the requests 
of all the subscribers. 
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Among all the functions that can be executed, here 
are, as an example, the most significant ones : 

- the connection between two subscribers after the 
busy signal (OFF-HOOK) has come from the called 
subscriber. - the loading into channel 0 of an appropriate PCM 

stream of the information necessary to activate the 
ringing signal of a subscriber to carry out a calling 
request from another subscriber. 

- the activation of conference call between a speci
fic number of subscribers. 

Figure 6 : Main Program Flow-chart. 

Read out of the FLAG2 byte from the RAM-FIFO 2 

Correctness control of the FLAG2 byte; 
branch to an eventual error routine 

Interpretation of the control byte CNTL 
at the head of the data block 

to decide which function is requested 

Branch to the routine to execute the function requested 
and sending tu the seleGted device the byte> 

extracted from the RAM-FIFO 2 

Read the 0 R2 register of the DSM 
only if the function is executed by the DSM 

Figure 7: Interrupt Service Routine Flow-chart. 
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----~---------, 
[Reading of the OR2 register of the DSM 

.----::-----_-=r==-
Sequenced reading of 6 pairs 

of OR1 and OR2 registers of the DSM 
Only the contents of OR1 
are stored in RAM-FIFO 1 



HOW TO HANDLE SIGNALING IN LARGE 
SWITCHING SYSTEMS 
At the end of this technical note we want to mention 
the possibility of extending the illustrated solution to 
system using more SGS MOSS matrices. 

We will present here a specific application, without 
wanting to preclude the adaptability and the appli
cability of the fundamental idea of how to handle the 
signaling developed previously, for systems with a 
larger switching capability. 

We refer to figure 8 which shows four M088s arran
ged in a 2 x 2 matrix, all controlled by the same f!P1 
microprocessor. Supposing here some additional 
Conference and Tone Insertion services and reser
ving for each PCM input and output flow the chan
nel 0 for the transfer of the signaling from and to the 
subscriber card and channel15 for the insertion/ex
traction of the maintenance service signals, the sys
tem represented can control up to a maximum of 
420 users arranged on 14 PCM flows and having, 
furthermore, the possibility of a whole PCM highway 
output for other auxiliary services. 

The f!P1 micro also carries out here the functions of 
an "extractor/actuator". Here there is no restriction 
with the processing speed : in fact during the MOSS 
dead times, which are necessary in order to respect 
the minimum time interval between one operation 
and another, the micro f!P1 can dialogue with ano
ther MOSS. 

In figure 8, since the PCM input flows a, b, c, d, e, f 
and g are shown in parallel with the MOSS-A and 
the M088-B, while the h, i, I, m, n, o and p flows are 
shown in parallel with the M088-C and the MOSS
O, it can be decided that only the DSM-A and C will 
perform the function of extracting the channels 0 
from the input flows. As a result in the main f!P1 pro
gram, it will be necessary to enable the function 6 
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only for the seven MOSS-A IN PCM flows (1111111 0 
mask) and for the seven M088-C IN PCM flows 
(11111110 mask). 
The block diagram of the interrupt service routine 
changes with respect to the case of a unique DSM, 
as shown in figure 9. 

The block diagram shows the alternate reading of 
both matrices : this allows the functioning of f!P1 at 
an 8 MHz frequency and the minimum time intervals 
between successive reading operations for each 
DSM are respected. 

There is a similar situation in the phase of sending 
data bytes and control bytes from f!P1 towards the 
DSM or other devices (CC and TG) to execute va
rious functions : the write operations can be done 
by f!P1 at its highest speed without performing two 
consecutive writings on the same device. 

Regarding the response time of the system, the 
same considerations must be taken as for the sys
tem with a single DSM, since the number of PCM 
streams is substantially duplicated but at the same 
time it has been possible to duplicate the execution 
speed of the f!P1 microprocessor which is interfa
ced with the DSMs. 

For the system of the figure 8, there is an alterna
tive solution to the one shown above for the acqui
sition of the input PCM flows from the channels 0, 
which consists in enabling function 6 in all of the four 
MOBBs according to the following chart : 

The interrupt service routine must read the OR1 and 
OR2 registers from the MOSS cyclically following the 
sequence A-C-8-D 6 times and on the seventh time 
only from A and C, as shown in the block diagram 
in figure 9 for the reading of only two MOBBs. 
In this way the micro f!P1 can use a 16 MHz clock 
frequency, since each MOSS is enabled one in four 
reading operations performed by f!P1. 

Device Input PCM Flows Concerned Mask 

MOSS-A a b 
MOSS-B e 
MOSS-C h i 
M088-D n 

CONCLUSION 
The process of integrating a greater number of so
phisticated functions is a unique device opens the 
door to new architectural solutions in complex sys
tems which are related to the problem of handling 
signaling and of switching. 
The MOSS digital switching matrix belongs to this 
category of new devices. 

f 

0 

c d 11110000 
g 00001110 

i m 11110000 
p 00001110 

The original architectural solution for switching sys
tems outlined in this technical note is in fact based 
on using a function of this matrix definitely oriented 
towards the handling of the signaling. 
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Figure 9 : Interrupt Service Routine Flow-chart for the System Described in fig. 8. 

APPENDIX A 

Save pP1 processor st_at_us __ _j 

Storing m RAM-FIFO 1 
of FLAGl as header of the data block 

Rcad1ng of the MOBB-A OR2 register 

1· reading of MOBB-A OR2 
1" reading of M088-C OR2 

7" reading and stonng m RAM-FIFO 1 of MOBS-A OR1 

7" reading and storing in RAM-FIFO 1 of M088-C OR1 

I 7" reading of MOBB-A OR2 

I 

C.::: ~==7"=re=ad=in=g=o:=;fcM=0=88=-=C=O=R=2==::;--__J 
[ Restore pP1 processor status ~ 
~----~~~-~-======~ L Enable mterrupt I 
,------ ___ I_-----, L Return from interrupt I 

MAIN CHARACTERISTICS OF THE M088 DSM 
Figure A-1 gives a concise description of the DSM 
M088. 

In the first case each input/output signal contains 
informations relative to 32 channels at 64 Kbit/s 
multiplexed with TDM (Time Division Multi
plexing) techniques. In consequence, the M088 
DSM is capable of managing the informations co
ming from 256 input PCM channels. 

The most significant signals are : 
- 8 input PCM highways ; 
- 8 output PCM highways ; 

- one standard interface for an 8 bit microprocessor. 
The DSM accepts in input and generated in output 
PCM highways in accordance either with the Euro
pean standard (2048 Kbit/s) or with the Northern 
American one (1536, 1544 Kbit/s). 

The DSM interfacing with the microprocessor, can 
connect each of the 256 input PCM channels with 
whichever output channel among the 256 ones. 

The DSM is "non-blocking", that is it is possible to 
obtain 256 connections simultaneously. 
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Figure A1 :MOBS lnpuVOutput Signals. 
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FUNCTIONS OF THE MOBS DSM 
Under the control of a microprocessor, the MOBS 
DSM can implement 6 different functions. 
A generic function is executed after the micropro
cessor has sent some data bytes and a command 
byte through the data bus. 

FUNCTION 1: 
Channel Connection/Disconnection. This is the 
main function. It allows making a new connection 
between an input PCM channel and an output PCM 
channel. The disconnection operation is valid only 
for the DSMs in a matrix structure. 

FUNCTION 2: 

Channel Disconnection. It disconnects the selected 
output channel. 

FUNCTION 3: 

Insertion of a Byte/Channel Disconnection. It is used 
to load a byte supplied by the microprocessor into a 
specific output channel. The disconnection opera
tion is valid only for the DSMs in a matrix structure. 

FUNCTION 4: 

Extraction of a Byte. It is used to transfer the byte 
contained in a selected output channel to the micro
processor through the data bus. Such a function is 
used to extract the only byte passing on the selec
ted output channel at the moment of the request. 
Subsequent extractions are executed only after the 
new requests have been sent. 
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FUNCTION 5: 

Reading of the Control Memory. It allows the extrac
tion of information about the status of an output 
channel : not connected to any input channel, loa
ded by the micro with a byte (the byte is also avai
lable), connect to a specific input channel (the 
number of the input channel and the number of the 
input highway to which this channel belonging are 
also available). 

FUNCTION 6: 

Fast Extraction from Channels 0. See Appendix B : 
"The MOBS function 6". 
NOTE : for more details on MOBS DSM see Refe
rences. 

APPENDIX B 

THE MOBS FUNCTION 6 : FAST EXTRACTION 
FROM CHANNELS 0 

Function 6 of the MOBS DSM is used to extract the 
content of the 0 channels belonging to the PCM 
highways or buses entering into the device on 8 in
put buses. A mask byte sent from the micro selects 
which highways the device must take into conside
ration and among these highways only those 0 
channels whose digital word has the two most signi
ficant bits not equal to "01" are extracted. MOBS in
forms through an output signal (DR) the occurring 
of the extraction of a useful byte. The microproces
sor retrieves such byte by reading the content of an 
internal register of the DSM. 



We will see step by step how these actions are per
formed. 
1. Activation of Function 6 : the microprocessor 
sends the MASK to indicate which input buses or 

Control Signals Data Buses 

C/D cs WR RD D7 D6 D5 D4 D3 
0 0 0 1 X X X X X 
0 0 0 1 X X X M4 M3 
1 0 0 1 X X X X 1 

Where: 
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highways must be observed by the device. Then it 
sends the operation code of instruction 6. 

In detail: 

Notes 

D2 D1 DO 
M7 M6 MS 1' Data Byte 
M2 M1 MO 1' Data Byte 
1 1 0 Operation Code 

M1 = mask bit relat1ve to the nth bus (= 1 1f 1t 1s the bus to observe or to enable) 
X = bit whose value IS of no mterest 

From the moment the operation code has been 
sent, at the beginning of each frame, the device exe
cutes function 6 in a repetitive way, always using the 
same mask and after having checked that there is 
not a pending instruction i.e. an instruction which 
would have been requested by the micro while the 
DSM was processing function 6. In this last case, 
before re-enabling the extraction from the channels 
0, it executes the pending instruction. This opera
ting way allows to keep function 6 constantly activa
ted without sending again the three bytes mentioned 
above, but at the same time it allows the device to 

Control Signals Data Buses 

CID cs WR RD D7 DS DS D4 D3 
1 0 1 0 N2 N1 NO Tn 1 

Where: 

perform at least another function within a frame in
terval. Such function can be for example a connec
tion. 
2. Control of the Mask Stored by MOBS : it is possi
ble to check if the DSM has correctly stored the 
mask by reading the internal register OR2 of the 
DSM. It is possible to obtain the information from 
MOBS only if the OR2 reading is done in the time in
terval between the moment when the opcode is sent 
and the instant in which the DSM makes the results 
of the extraction available (see below). 
In detail: 

Notes 

D2 D1 DO 
1 1 0 Reading of 0 R2 

N2, N1, NO= sum of the buses on which the device must activate function 6. 
Tn = b1t of act1vat1on or suppressiOn of funct1on 6. 
If a mask has been sent which IS not null or not composed only of 0, Tn = 1 :function activated. 
If a null mask has been sent, Tn = 0 : function d1scat1vated. 
1110 = operation code for mstruct1on 6. 

Since there are only three bits to indicate the sum 
of the activated buses, 7 activated buses maximum 
can be indicated when N1, N2, N3 = 111. The addi
tional information supplied by Tn allows to discern 
between the case where all 8 buses have been ac
tivated (Tn = 1, N1, N2, N3 = 000) and the case 
where a null mask has been sent (Tn = 0, N1, N2, 
N3 = 000). 
3. Extraction from Channels 0. Activating the extrac
tion can lead to two different results : 
3a. there is no useful information in the channels 0 
belonging to the activated buses i.e. in all channels 
0 tested the PCM words begin with "01". In such 
case, the DSM prepares itself to accept other ins
tructions until the beginning of the next frame when 

it will re-activate function 6. 

3b. at least in one of the channels 0 tested there is 
some useful information : 

- a level 0 is sent on the DR output pin, level which 
remains for about two clock intervals (500 nsec. if 
the clock frequency is 4096 KHz), signaling in this 
way to the microprocessor that the information ob
tained on its channels 0 are available. 

- the DSM makes available inside itself the contents 
of the 0 channels in sequential mode starting with 
the activated flow with the highest identification 
number. 

- the procedure for the extraction of this information 
must begin with the reading of the OR2 register. 
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Control Signals Data Buses Notes 

C/D cs WR RD D? 06 05 04 03 02 01 DO 
1 0 1 0 N2 N1 NO Tn 1 1 1 0 Reading of OR2 

Where: 
Tn = act1vat1on bit. Always = 1 because there are always mformat1ons to extract g1ven that the DR has become low. 

N2, N1, NO= sum of the activated buses i.e. sum of bits will be : 
those buses previously activated by the sending the 
mask and with 0 channel's words not beginning with 
"01 ". Such sum can only be inferior or equal to the 
one found previously in the OR2 register before the 
DR becom became low. Having only 3 bits, the 
maximum sum can be only 7. In the case in which 
all 8 input buses are active, the situation of the OR2 

Control Signals Data Buses 

C/D cs WR RD 07 06 05 04 03 
0 0 1 0 87 86 85 84 83 
1 0 1 0 P2 P1 PO Fn 1 

Where: 
57 SO = PCM word contained in the channel 0 extracted. 

N2, N1, NO = 000 Tn = 1 

111 0 = operation code of function 6 
- the data transfer procedure from MOBS to micro 

continues by reading alternatively OR1 and OR2 
registers. 

In detail: 

Notes 

02 01 DO 
82 81 so Reading of OR1 
1 1 0 Reading of OR2 

P2, P1, PO= bmary number of the bus on which the channel 0 has been read ; the content1s present in the OR1 previously 
read. 
Fn = bit md1catmg 1f there are other OR1 /OR2 pa1rs to read or not ; m detail : 
Fn = 1 : there are other pairs to read m order to complete the execution of function 6. 
Fn = 0 : there are no other pairs to read ; the pair read 1s the last one. Subsequent readmgs Will supply meanmgless data. 

The alternate reading of both registers is necessa
ry in order to correctly empty the stack in which the 
PCM words of the extracted channels 0 are stored 
by MOBS. Continuous readings of only one of the 
registers would mean repeated readings of the 
same information. 

During the reading of OR1 and OR2 registers by the 
micro, some minimum time intervals between two 
reading operations must be respect. An interval of 
at least 13 CLOCK periods (3.2 microseconds for 
CLOCK frequency equal to 4096 MHz) is necessa
ry for the sequence OR2-0R1, while for OR1-0R2 
an interval of 3 CLOCK periods (750 nanoseconds) 
is sufficient. 

REFERENCES 
1. A Pariani "MOBS Digital Switching Matrix" 

2. "MOBS Datasheet". 

3. "M116 Datasheet". 
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The conclusion of the procedure relative to function 
6 is ratified by the reading of the OR2 register of the 
last useful pair (the first OR2 with the Fn bit = 0). It 
is only after the reading of such register that the 
DSM starts to process in the same frame the other 
functions which had been left waiting in the mean
time and to re-active the same function 6 at the be
ginning of the next frame. Forgetting to read this 
register puts the DSM into a waiting state. 

4. Deactivation of Function 6 : when the DSM re
ceives a null mask i.e. made up of all Os, it will deac
tivate the procedure of extraction from the 
channel 0. The deactivation will obviously occur 
also if the DSM is reinitiated with a RESET pulse. 
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CLOCK EXTRACTION 
AND TERMINAL SWITCHING ICS (EF73321 and EF7333) 

1. CLOCK EXTRACTION CIRCUIT 

1.1. DESCRIPTION 

The EF73321 circuit provides the interface between 
a 2D48 Kbit/s or 1544 Kbit/s PCM trunk and the 
switching equipment. 

PCM junction time recovery as defined by the 
CCITT generally requires a damped oscillator sus· 
tained by logic 1 's detected by the PCM junction. 

Generally the oscillator consists of coils, capacitors, 
basic capacitors, and varicaps whose wiring diag· 
ram is not easily integrated. 

The solution retained is the use of a digital integrated 
circuit for PCM junction transmission and reception 
(fig. 1). 

The receiving side amplifies and reshapes the bipo· 
lar signals from the receive transformer. 

From these signals it recovers the distant clock HD 
by means of a local16384kHz (or 12352kHz) oscil
lator. The circuit also accepts external clock fre
quencies lclwer than or equal to 16384kHz for in line 
outputs smaller than or equal to 2D48Kbits/s. The 
16384kHz signal is asynchronous and can be com
mon for different EF73321 circuits. Receive signals 
are buffered and synchronized with the HD clock. 

On the transmitting side, it calibrates the applied sig
nal in terms of duration and amplitude by means of 
a power output stage directly coupled to the primary 
winding of the transmit transformer. 

1.2. BIPOLAR AND HDB3 CODES 

Figure 2A shows a series of NRZ (non return to zero) 
linear data to be transmitted. 

The logic 1 or D is present throughout the trans
mission of a bit. There is no return to zero for a logic 
1 during this time. 

Figure 28 shows this signal converted to bipolar 
form, logic D's remain as they are but 1 's alternate
ly take a positive and a negative value. 

In figures 2C and D this same signal is converted to 
HDB3 ; not more than three D's may be received in 
line. A fourth D would systematically be transmitted 
as a 1 whose bipolarity has been violated with re
spect to the last 1 transmitted but whose bipolarity 
is respected compared to the last violation. 

AN332/0489 

Two cases are possible : 

_ In figure 2C, the preceding violation (not repre
sented) was positive, the first 4-bit word fill-in se
quence will be : 

DDDV 

where Vis negative, the following fill-in sequence 
will be: 

BDDV 

where 8 is a signal element different from zero, 
in this case positive since 8 should respect the 
polarity with respect to the last logic 1. 

- In figure 2D, the preceding violation (not repre
sented) was negative. In this case the first fill-in 
sequence will be : 

BDDV 

where V is positive since the preceding violation 
was negative, and in order that this polarity real
ly be a bipolarity violation, 8 is also positive. The 
value of the second sequence is : 

BDDV 

where Vis negative since the preceding bit V was 
positive and 8 is also negative and not equal to 
zero to ensure violation. 

Then, it is verified that the sequences described are 
such that the in-line de component is really equal to 
zero. Thus it is possible to use pulse transformers 
for galvanic insulation between line and terminals. 

1.3. APPLICATION N°. 1 : EF73321 WITH FREE 
RUNNING OSCILLATOR 

The crystal oscillator shown in the upper part of 
figure 3 is of the stand-alone type, t61 frequency in 
this application is in the order of 16384kHz, fre
quency accuracy is 5Dppm. 

One oscillator delivers t61 signals to different 
EF73821 circuits. Fan out of each 7 4LSD4 gate is B. 

An alternative is to build this oscillator using HCMOS 
gates, in this case the 6.8 kW pull-up resistors can 
be ommitted. 

The line signal is HDB3 coded with an attenuation 
of 6d8 max for a 3V pulse delivered by a remote 
transmitter. Figure 4 shows the pulse for PCM CEPT 
junction. 
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Transmit and receive transformers are the same 
type. The transformation ratio between the single 
winding on the line side and each of both windgins 
on the circuit side is 2/3 (figure 3). 

In this application, transmit and receive sides oper
ate independently, transmission and reception are 
asynchronous. 

Figure 1 : EF73321 Block Diagram. 
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1.3.1. RECEIVE SECTION. The information de
livered in the form JE+ and JE- at the receive inputs 
of EF73321 (which are the HDB3 signal rectified sig
nals) have a constant gllilse relationship with there
covered clock signal HD. The HD clock period will 
be: 

Bt ±- 2t 

where t is the period of the t61 signal in this appli
cation. The delay caused at the input_Qy the receive 
logic between HDB3+, HDB3- and JE+, JE- is 2t 
(122ns). 

1.3.2. TRANSMIT SECTION. The phase relation
ship between the information at the JS+ and JS- in
puts and the local clock HL should be constant. The 
positive pulse width defines the line pulse width of 
the HL signal on the JT + and JT- outputs. 

JT +and JT- are open drain outputs. Output protec
tion is achieved by sensing the output voltage when 
low(fig. 6). 

Proper operation of the circuit is guaranteed for out
put currents below 35mA, i.e. as long as the voltage 
drop on the output is below the protection threshold. 
Therefore the output current should be limited by 
design to values below 35mA (see note). 

Calculation of the corresponding minimum load re
sistance at JT + and JT- is as follows : 

VBB 

RL 

Vss-0.25V 
RL> 

35mA 

Vss~ 12V 

Note : Th1s protect1on does not make the output acting as a current 
source but switches out the output. For properly selected out· 
put loads, max1mum power d1ss1pat1on 1n each output trans1s· 
tor Will be about 30mW 

1.4. APPLICATION No.2: USING EF73321 
WITH SLAVED OSCILLATOR 

A buffer memory is used to overcome the differen
ces in the information bit durations caused by the 
transmission and circuit EF73321. The information 
is latched by HD and read at the rate of the local 
clock from the oscillator slaved by HD. The buffer 
memory capacity only depends from the jitter char
acteristics and the slaved oscillator correction 
speed. Figure 7 gives the block diagram of such a 
memory associated with circuit EF73321. The func
tions represented are : 
• HDB3/BIN code conversion, 
• slaved Crystal oscillator, 
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• frequency dividers, 
• buffer memory and its write/read control. 

1.4.1. HDB3/BIN CONVERSION. This circuit is 
used to convert the two HDB3 components to one 
NRZ signal with the same jitter as the two original 
components. 

1.4.2. CRYSTAL OSCILLATOR. The crystal oscil
lator frequency is 16.384kHz. It delivers t61 in the 
form of a square signal with a 61 ns period driving 
the internal logic of circuit EF73321 and the oscilla
tor-associated frequency divider. A submultiple of 
the crystal frequency is slaved by a submultiple of 
the distant clock recovered by EF73321. 

1.4.3. FREQUENCY DIVIDER ASSOCIATED 
WITH THE CRYSTAL (read counter). This is a 
counter in which each stage divides the input signal 
frequency by 2. After 3 stag§ a 2048kHz signal is 
obtained corres-ponding to HD frequency whose jit
ter amplitude was reduced by the extreme values 
taken by the slaved oscillator. 

The following two bits A' and B' are used to select 
the buffer memory reading time (see timing diagram 
of figure 8). Then following bit should be chosen by 
the user to set the crystal oscillator correction fre
quency. If n = 6, the oscillator frequency will be cor
rected every 125 J.!S. 

1.4.4. FREQUENCY DIVIDER ASSOCIATED 
WITH HD (write counter). The first two bits A and B 
define the reading time in the buffer memory. If HD 
shows no jitter, counters A' B' and A, Bare in phase 
and reading takes places with a time delay of 2 bits 
after writing. 

Note : If 3 bits (A, B and C) define the writing time 
and 3 bits the reading time, reading will take place 
with a time delay of 4 bit-durations compared to the 
writing time. 

1.4.5. BUFFER MEMORY. This memory consists of 
a number of bistable circuits depending on the jitter 
to' be recovered. In this example the 4 latches cir
cuits are used to recover a signal with a jitter of 
± 2 bits in amplitude without loosing information. 

When the write counter A, B defines 2 as writing 
time, the read counter A' B' defines 0 as reading time 
and so on. 

The residual jitter on the local clock HL and the data 
are determined by the selected slave crystal oscil
lator. 

1.4.6. TRANSMIT SECTION. In this application the 
local clock signal HL can be used to sample the data 
to be transmitted (fig. 7). 

Residual jitter is small enough to drive BIN/HDB3 
decoder logic and to calibrate line pulse width. 
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Figure 3: Application No. 1 - EF73321 Using Free Crystal Oscillation. 
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Figure 4 : EF73321 Output Stage. 
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Figure 7: Application No.2- EF73321 with Slaved Oscillator. 

~ 
1- .. a; .,. .,. 

MZ m-om 
:r I 

I~ ~ 

:ri zo 
a;:r 

I 

t:: 
::; 
en 
z 
< 
0:: ... 

APPLICATION NOTE 

" 1-

" 0 

0 
<"' ... ;, 

""' oo w 
a: 

Note : A 1 OOnF decoupl1ng capacitor must be connected between Voo and Vss and located as close as possible to the supply p1ns 

7/15 

889 



APPLICATION NOTE 

Figure 8 : Application Timing Diagram - EF73321 with Slaved Oscillator. 
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2. TERMINAL SWITCHING CIRCUIT 
(EF7333) 

2.1. CIRCUIT DESCRIPTION 

The EF7333 conforms to CCITT recommendation· 
G737. In most applications it is connected between 
a clock extraction circuit of a PCM junction and multi
plex switching circuits at 2.048Mbits/s. 

The EF7333 basic functions are : 
• frame synchronization of PCM junction input sec

tion with local clock, 
• absorption of line jitter whose amplitude and fre-

quency are given in EF7333 specifications. 

In addition to these basic functions, the device also 
features: 

-Incoming link processing functions : 
• input signal HDB3, binary or bipolar decoding 
• frame skip or doubling 
• receive errors detection and alarms generation 
• remote alarm extraction 

-Outgoing link processing functions : 
• insertion of synchronisation words into outgoing 

frames 

Figure 9 : Plesiochronous Network. 

APPLICATION NOTE 

• output signal binary, HDB3 or bipolar coding 
• receive fault alarm transmission 

The receive function provides a multiplex signal at 
2.048Mbitls synchronized with local center clock 
(fig. 10). The local center can be a connection net
work, a time concentrator, a computer interface, etc. 

So, the PCM junctions from various centers in a ple
siochronous network can be synchronized with the 
local center clock. Figure 9 shows that whatever the 
phase relationship between remote clocks HD1, 
HD2, ... HDn, circuit EF7333 associated with remote 
centers can set in phase not only time slots but also 
incoming multiplex frames. 

If distant and local centers are synchronized by a 
common clock (not represented on fig. 9). The 
EF7333 circuit resynchronizes the multiplex signal 
without loss of information accepting a peak-to-peak 
jitter of several time slots for very low jitter frequen
cies. 

If remote centers are asynchronous, circuits 
EF7333 synchronizes the multiplex by skipping or 
doubling frames without loss of synchronisation. 

LOCAL 
CLOCK 

SWITCHING 
SYSTEM 
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2.2. APPLICATION No.3: BINARY INPUTS
BINARY OUTPUT 

Figure 11 shows an environment where the EF7333 
incoming and outgoing data are binary. Pin AMI is 
used to select the incoming data code. Thej!Jcom
ing signal can be applied either on JE+ or JE- but 
the unused pin must be tied to VDD. The output sig
nal is available on JS+ and JS-. In the receive mode 
a device external to circuit EF7333 should deliver : 
_ the clock signal recovered from an amplifier that 

has reshaped the signal likely to have been atte
nuated during line propagation, 

APPLICATION NOTE 

_ the associated information which has been 
converted (from HDB3 to binary). 

In the same way, in the transmission mode circuit 
EF7333 receives a multiplex signal from the line, 
processes the 0 time slot content (TSO) in accor
dance with CCITT recommendations. A device ex
ternal to the EF7333 circuit receives the processed 
multiplex signal and can convert it from binary to 
HDB3 before transmitting it in line. 

This application enables the user to select line re
ception and transmission amplifiers depending on 
transmission characteristics. 

Figure 11 :Binary Incoming and Outgoing Information. 
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2.3. APPLICATION No.4: EF73321- EF7333 ASSOCIATION USED WITH MARKER INTERFACE. 

The diagram in figure 12 shows the whole switching terminal function. No additional circuitry is required be
tween circuits EF73321 and EF7333. They are designed for direct interface. 

Figure 12: EF73321 and EF7333 Association. 
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JE 

Note : EF73321 layout cons1derat1ons . for correct operat1on of transm1ss1on dnvers, a 1 OOnF decouplmg capaCitor must be connected between 
Voo and Vss and located as close as possible to the supply p1ns. 

In this application MQ is wired to Voo. A micropro
cessor can access the six internal registers R1 to 
R6. These registers are accessed by pins lTC, ATC, 
DO and PR. 

Pin ATC receives the register address and pin lTC 
receives the code to be written into the address reg-

12/15 

894 

ister. The last bit of ATC is a read bit and the last bit 
of lTC is a write bit. The register content may be read 
serially at DO. PR valids data on lTC state, ATC and 
DO. DO is in high impedance when PR is low. 
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Registers functions : 

Register R1 : contains the outgoing junction even frame TSO value. Only bit 1 can be accessed by the micro 
processor interface. The content of this register will be transmitted in line if the circuit is not 
operating in looped mode. 

Register R2 : contains the outgoing junction odd frame TSO value. Only bit 2 cannot be modified, it remains 
at "1". Bit 3 can either be at "0" or "1" as a result of a logic OR with the 3 alarms JDSY, TE 
and MQHX. The content of this register will be transmitted in line only if the circuit is not ope
rating in looped mode. 

Register R3 : will contain a value to be introduced into even frame TSO (8 bits). Its content is transmitted in 
looped mode. 

Register R4 : will contain a value to be introduced into odd frame TSO. Its content is transmitted in looped 
mode. 

Register R5 : is a read only register containing the alarms. It is controlled by receive function of EF7333 cir
cuit. 

• bit 1 contains the value of bit 3 of incoming junction odd frame TSO. When the value of this 
bit is "1", this means that the remote end does not control the frame it receives any more. 
(PVTD alarm - remote frame locking loss). 

• bit 2 indicates that the EF7333 synchronous device has found no frame locking code (PVTL 
alarm -local frame locking loss). 

• bit 3 indicates that clock HD is missing (MQHX alarm). 
In this application oscillator t61 has stopped operating. 

• bit 4 indicates that the synchronous device is no more synchronized (JDSY alarm- synchro
nization loss) 

• bit 5 indicates that a SIA signal is received (SIA alarm - remote alarm indication signal). 
When JDSY = 0, the junction is synchronized and SIA = 0. 
When JDSY = 1, the junction is not synchronized and SIA = 1 during two frames. 

• bit 6 indicates an excessive error rate higher than 1 o-3 detected on the frame locking codes 
(TE alarm). 

• bit 7 indicates local clock lead or delal_9ompared to remote clock (AV alarm). 
- AV = 1 :frame skip (HD faster than HL). 
- AV = 0 :frame doubling (HD slower than HL). 

• bit 8 indicates frame skip or doubling on reading of internal frame memory. Its state changes 
on each frame skip or doubling operation (SAUT alarm). 

Register R6 : Contains only 1 bit for selecting the looped mode ; 

• if R6 = 0, normal operation, the contents of R1 and R2 are in line. 

• if R6 = 1, looped mode operation. JS+ and JS- are internally connected to JE+ and JE-, 
and HD is internally connected to HL. The contents of R3 and R4 are in line. 

RG 
TSO 

RG = 0 RG = 1 

Output JS + and JS - Content of R1 and R2 Content of R3 and R4 

Input Reception Content of JE+ and JE- Content of R3 and R4 

Note : Reg1sters R1 to R6 are not onotoalozed when powenng-up the EF7333. 
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2.4. APPLICATION No.5: EF7333 WITHOUT 
MARKER INTERFACE 

In this application, pin MQ is wired to Vss. The 
alarms are directly available on real time on the 
alarm register outputs. The free bits of register R 1 
and R2 are set to "1 ". 

Bit 3 of register R5 resulting of the logic OR of three 
alarms JDSY, TE and MOHX is internally set to "1" 
and transferred on the line by register 2 bit 3. 

Caution: 

When MQ ::"o, PR, lTC and ATC inputs must also 
be tied to "0". 

Figure 13 : Remote TS16 Extraction. 
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Device description 

One of the EF7333 outputs labeled F4kHz (pin 15) 
delivers 4kHz for the remote clock. The EF7333 ex
tracts the 4kHz remote clock from the incoming junc
tion in the same way as the EF73321 extracts the 
HD 2MHz remote clock from the incoming junction. 

It is possible to extract a TS contenUQr ...ru.<arTJQ!e 
TS16 content from incoming signals HD, JE+, JE
and from signal F 4kHz (fig. 13). 

An 8-bit word is delivered to a series:QS.~"allel regis
ter by a HDB3 converter operating at HD clock rate. 
This word is selected by a device giving the time slot 
chosen, for example TS16. At the end of TS16 the 
register content is loaded into a parallel-parallel reg
ister ; a microprocessor can read this word after an 
interrupt for example. In the transmit mode, the 

APPLICATION NOTE 

microprocessor of figure 13, delivers a HDLC frame 
that can be inserted in TS16 of circuit EF73331ocal 
multiplex JE (transmit side). 

Position of signal F 4kHz with respect to JE+, JE-, 
HD. 

The EF7333 internal logic works on HD falling edge 
(receive side). Figure 14 shows the 250flS period 
F 4kHz signal with respect to : 
_ recovered remote clock (pin 12), 
- JE+, JE-, 

The 4kHz signal switches to another stat§...on HD 
falling edge when bit 5 of TSO arrives on JE-, JE+ 
(pins 7 and 8). 

The delay (tpd) compared to HD falling edge is 
250ns max for a 50pF load. 

Figure 14: F 4kHz Position with Respect to HD and Bit Duration of JE+ I JE-. 
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SGS-THOMSON SLIC KIT AC MODELS 
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1. INTRODUCTION 

In this note you can find the basic structure of all 
SGS-THOMSON Microelectronics SLIC KIT con
cerning AC performances. 

In all these KITs are present two capacitors one for 
AC/DC path splitting and the other for loop stability. 
The effect of these capacitors is neglectible in 
speech band (300 - 3400Hz) therefore for each KIT 
are evaluated the typical AC performances not con
sidering their influence. 

If performances on a wider band or very high accu
racy are requested the effect of these capacitors 
must be included. 

Another possibility to study the effect of these capa

Figure 2.1 : L3000/L301 0 SLIC Basic Structure. 

2/12 

900 

citors is to enter the SLIC structure in a circuit simu
lator like SPICE, as shown at the end of this note 
with the L3000/L3090 SLIC KIT. 

2. L3000/L3010 SLIC KIT BASIC STRUC
TURE 

Here below you can see the basic structure of the 
L3000/L301 0 SLIC KIT concerning AC performan
ces. 

For an easier representation the high voltage part is 
drawn as a single ended amplifier with a gain of 40. 
Close to each node is written the corresponding pin 
number of L301 0. The components names are the 
same used in the data sheet. 

TX 
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Figure 2.2 : L3000/L301 0 DC Characteristic. 

IL 

[ 1 ) 

[ 3) 

nB9L3BtB-tB UL 

The RD and KDC values depends on the working 
point on DC characteristic, in particular: 

RD = infinite ; KDC = 2 for region I 

RD = ROC ; KDC = 2 for region 2 

RD = ROC ; KDC = 2/3 for region 3 

CAC is a large capacitor (typ. 22f.lF) used to split AC 
and DC components of line current. 

CCOMP is a small capacitor (typ. 8.2nF) used to 
guarantee loop stability. 

CAC and CCOMP values are chosen in order to 
have a neglectible effect on speech band signals, 
therefore supposing CCOMP equivalent to an open 
circuit and CAC to a short circuit the following rela
tionships can be easily obtained from the circuit di
agram of fig. 2. I. Also the TTX filter influence in 
speech band is neglected. 

2.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 

ZML=~ I = (4/5) X ZAC + 2 X RP 
Is VRX = o 

2.2. RECEIVING GAIN : 

VL ZL 
GR = VRx = 2 X ZL + ZML 

therefore if ZL = ZML 

GR =I 

2.3. SENDING GAIN 

Gs= VTx I 
VL VRX=D 

ZAC + RPC 

ZAC + (5/2) x RP 

therefore if RPC = (5/2) x RP 

Gs=-1 

2.4. TRANS-HYBRID LOSS 

_ VTx _ ~~ ZL+2 x RP -(4/5) x RPC) 
THL- VRx- 2 x XzA + ZB ZL + ZML 

therefore if RPC = (5/2) x RP and ZA/ZB = ZML!ZL 

THL= 0 

If you need a more careful evaluation of AC perfor
mances you can include also the effect of CCOMP, 
CAC and TTX filter in the above relations or you can 
simulate the system behavior with SPICE or other 
circuit simulators (see example at par. 6}. 

3. L3000/L3030 SLIC KIT BASIC STRUC
TURE 
Here below you can see the basic structure of the 
L3000/L3030 SLIC KIT concerning AC performan
ces. 

For an easier representation the high voltage part is 
drawn as a single ended amplifier with a gain of 40. 
Close to each node is written the corresponding pin 
number of L3030 in PLCC package. The compo
nents names are the same used in the data sheet. 

As you can see on the L3000/L3030 data sheet the 
large AC/DC splitting capacitor (typ. 22~~) can be 
avoided using the on chip capacitor mult1pher. In the 
following you can see the basic structure in both 
cases. 
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Figure 3.1 : L3000/L3030 SUC Configured without Capacitor Multiplier Basic Structure. 
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Figure 3.2 : L3000/L3030 SUC Configured with Capacitor Multiplier Basic Structure. 
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Figure 3.3 : L3000/L3030 DC Characteristic. 

IL 

( 1) 

( 3) 

"89L3B1B-1B UL 

· Th~ RD and KDC values depends on the working 
point on DC characteristic, in particular : 

RD = infinite ; KDC = 5/4 for region 1 

RD = ROC ; KDC = 5/4 for region 2 

RD = ROC ; KDC = 5/12 for region 3 

CAC1 or the sinthetized capacitor obtained with the 
capacitor multiplier is relatively large (typ. 22f.!F) and 
it is used to split AC and DC components of line cur
rent. 

CCOMP is a small capacitor (typ. 1 On F) used to 
guarantee loop stability. 

CAC1, CAC2 and CCOMP values are chosen in 
order to have a neglectible effect on speech band 
signals, therefore supposing CCOMP equivalent to 
an open circuit and CAC1 or_the sint~e!ized capa
citor obtained with the capac1tor multiplier equival
ent to a short circuit the following relationships can 
be easily obtained from the circuit diagram of 
fig. 3.1 . Also the TTX filter influence in speech band 
is neglected. The TTX filter impedance is supposed 
to be equal to RGTTX/1 0 in speech band and zero 
at the TTX frequency. 

3.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 

ZML = VL I 
Is VRX = 0 

= ZAC + 2 x RP 

3.2. RECEIVING GAIN : 

VL ZL 
GR = VRx = 2 x ZL + ZML 

therefore if ZL = ZML 

GR = 1 

3.3. SENDING GAIN 

Vrx I ZAC + RPC 
Gs = \iL VRX = 0 = - ZAC + 2 x RP 

therefore if RPC = 2 x RP 

Gs=-1 

3.4. TRANS-HYBRID LOSS 

_ Vrx _ (~ _ ZL + 2 x RP- RPC ) 
THL- VRx - 2 x ZA + ZB ZL + ZML 

therefore if RPC = 2 x RP and ZA/ZB = ZMUZL 

THL=O 

If you need a more careful evaluation of AC perfor
mances you can include also the effect of CCOMP, 
CAC and TTX filter in the above relations or you can 
simulate the system behavior with SPICE or other 
circuit simulators (see example at par. 6). . 

4. L3000/L3090 SLIC KIT BASIC STRUC
TURE 

Here below you can see the basic structure of the 
L3000/L3090 sue KIT concerning AC performan
ces. 

For an easier representation the high voltage part is 
drawn as a single ended amplifier with a gai~ of 4~. 
Close to each node is written the corresponding pin 
number of L3090. The components names are the 
same used in the data sheet. 
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Figure 4.1 : L3000/L3090 SLIC Basic Structure. 
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Figure 4.2 : L3000/L3090 DC Characteristic. 
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The RD value depends on the working point on DC 
characteristic, in particular : 

RD = infinite for region 1 

RD = ROC for region 2 

CAC is a large capacitor (typ. 47J.lF) used to split AC 
and DC components of line current. 

CCOMP is a small capacitor (typ. 390pF) used to 
guarantee loop stability. 

CAC and CCOMP values are chosen in order to 
have a neglectible effect on speech band signals, 
therefore supposing CCOMP equivalent to an open 
circuit and CAC to a short circuit the following rela
tionships can be easily obtained from the circuit di
agram of fig. 4.1. 

4.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 

ZML =~I = (ZAC/25) + 2 X RP 
Is VRX = 0 

4.2. RECEIVING GAIN : 

VL ZL 
GR =- = - 2 X -=-=:-c::-

VRx ZL + ZML 

therefore if ZL = ZML 

GR =-1 

4.3. SENDING GAIN 

Gs = Vrxl = ZAG+ RPC 
VL VRX=O ZAG+ 25 X (2 X RP) 

Figure 5.1 : TDB7722/TDB7711 SLIC Basic Structure. 

f1B9TDB??11-15 

APPLICATION NOTE 

therefore if RPC = 25 x (2 x RP) 

Gs=-1 

4.4. TRANS-HYBRID LOSS 

THL= Vrx= 2 x(ZL+2xRP-(RPC/25~ ZB _) 
VRx ZL+ZML ZA+ZFf 

therefore if RPC = 25 (2 x RP) and ZA/ZB = ZML/ZL 

THL=O 

If you need a more careful evaluation of AC perfor
mances you can include also the effect of CCOMP 
and CAC in the above relations or you can simulate 
the system behavior with SPICE or other circuit 
simulators (see example at par. 6). 

5. TDB7722/TDB7711 SLIC KIT BASIC 
STRUCTURE 

Here below you can see the basic structure of the 
TDB7722/TDB7711 SLJC KIT concerning AC per
formances. 

For an easier representation the high voltage part is 
drawn as a single ended amplifier with a gain of 40. 
Close to each node is written the corresponding pin 
number of TDB7711. The components names are 
the same used in the data sheet. 

2 xRP IS LINE 

ucJl ZL 

RX 

i URX 

14 
TX 

r UTX 
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Figure 5.2 : TDB7722ffDB7711 DC Characteristic. 

IL 

(1) 

ne9L3Bte-te UL 

The RD and KDC values depends on the working 
point on DC characteristic, in particular : 

RD = infinite ; KDC = 5/4 for region 1 

RD = ROC ; KDC = 5/4 for region 2 

RD = ROC ; KDC = 0 for region 3 

CAC is a large capacitor (typ. 47!-!F) used to split AC 
and DC components of line current. 

CBW and C'BW are small capacitors (typ. 270pF 
and 120pF) used to guarantee loop stability and 
good THL performances. 

CAC, CBW and C'BW values are chosen in order to 
have a neglectible effect on speech band signals, 
therefore supposing CBW equivalent to an open cir
cuit and CAC to a short circuit the following relation
ships can be easily obtained from the circuit diagram 
of fig. 5.1. Also the TTX filter influence in speech 
band is neglected ; the TTX filter impedance is sup
posed to be very high in speech band and zero at 
the TTX frequency. 

5.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 

ZML =~I = (ZAC/50) + 2 X RP 
Is VRX~o 

5.2. RECEIVING GAIN : 

VL ZL 
GR =- = 2 X =---=c-;:-

VRx ZL+ZML 

therefore if ZL = ZML 

GR = 1 

5.3. SENDING GAIN 

VTx I ZAG + RPC 
Gs=v;:- vRx~o = ZAC+(100xRP) 

therefore if RPC = 100 x RP 

Gs= 1 

5.4. TRANS-HYBRID LOSS 

_ VTx _ ( ZL + 2 x RP- (RPC/50)_~) 
THL -VRx- 2 x ZL + ZML ZA + ZB 

therefore if RPC = 100 x RP and ZA/ZB = ZMUZL 

THL= 0 

If you need a more careful evaluation of AC perfor
mances you can include also the effect of CBW, 
CAC and TTX filter in the above relations or you can 
simulate the system behavior with SPICE or other 
circuit simulators (see example at par. 6). 

It should be noted that even if the CBW capacitor is 
relatively small it could have some effect on the re
turn loss performances (anyway always within the 
specs.) at the higer frequencies. In order to obtain 
better return loss performances the CBW effect 
should be considered when the ZAG impedance is 
selected. ' 

If for example the German return loss impedance 
(220Q +(820Q//115nF)) is requested supposing 
RP = 30Q it should be: ZAG= 8K + (41 K!/2.3nF) as 
described in par. 5.1. If you look at the structure 
shown in fig. 5.1 . you can see that CBW can be con
sidered in parallel with ZAG therefore better return 
loss performances can be obtained considering the 
effect of CBW on ZAG. If you consider again the 
case of German network it shoul be : 
ZAG= BK + (41KI/2.0nF) supposing CBW about 
300pF. 

8/12 r=-= SGS·THOMSON lit.., I I<IID©!iil@~~~©1i!iil@li'ID©$ 
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6. ONE EXAMPLE OF SPICE SIMULATION WITH L3000/L3090 SLIC KIT 

Figure 6.1 :Circuit Diagram for L3000/L3090 SLIC KIT Spice Simulation. 
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~RSAC 
- 45 

CPAC RPAC 

s 
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Figure 6.2 : Network for RL Evaluation ; ZRL = Return Loss Test Impedance. 
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Figure 6.3 : Network for TX Gain Evaluation with Sending Generator Series Impedance Equal to ZS. 
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SPICE INPUT FILE FOR L3000/L3090 SLIC KIT SIMULATION 

L3090 AC ANALYSIS 

************** CIRCUIT CONFIGURATION USED ************************ 
* PROT. RES. 2 x 50Q --7 RPP = 1 OOQ ; RPC = 2.5 KQ 

* FEEDING RES. 2 x 200Q --7 ROC= 300Q 
* AC LINE IMPEDANCE 600Q --7 RZAC = 12.5 KQ 

* (SAME CONFIGURATION OF L3000/L3090 TEST CIRCUIT) 
********************************************************************************* 

************** EXTERNAL COMPONENTS ******************************** 

RPC3 42.5K 
RSAC 445.5K 
RPAC 45 5 12K 
*CPAC 45 51 P 
RAS 5 56 6K 
RAP 56 6 6K 
*CAP 56 6 1P 
RBS 6 60 6K 
RBP 60 0 6K 
*CBP 60 0 1P 
CBCC 6 0 470P 
RPP1011100 
RTX 20 0 1MEG 

CAC 1 2 47U 
CCOMP 3 0 390P 
CTX 13 20 10U 

************** END EXT. COMPONENTS *******.*************************** 

************** MODEL COMPONENTS************************************* 
R11481K 
R2 7 8 1K 
R3 810 40K 
R48 0 10MEG 

E1130362 
E2 7 0 4 0 +. 05 
E3 14 0 1 0- 1.25 
E4 10 0 8 0- 1 MEG 

V1 2 0 
V21211 

F1 0 1 V2 .02 
F2 3 0 V1 1 

.AC LIN 40 100 4K 
*.AC DEC 1010 20K 
.WIDTH IN= 80 OUT= 80 

10/12 
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****** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING ****** 
******ON THE DC CHARACTERISTIC REGION 

****** LIM. CURRENT REGION ****** 
****ROC 1 0 10MEG 
****** END LIM. REGION************** 

****** RES. FEED REGION *********** 
**** ROC 1 0 300 
******END RES. REGION************* 

****** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING ****** 
******ON WHICH ANALYSIS YOU WANT 

***** TX GAIN EVALUATION VTXNL WITH VRX = 0 ***** 
*VRX 50 DC 0 
*VL 12 0 AC 
*.PRINT AC VDB(20) VP(20) 
*.PLOT AC VDB(20) VP(20) 
*.STORE AC VDB(20) VP(20) 
***** END TX GAIN ******************************************* 

** TX GAIN EVALUATION 2VTXNSO WITH VRX= 0 ** 
**(SERIES IMP. OF SENDING GENERATOR= ZS) 
*VRX 50 DC 0 
·vso 25 oAc 2 
*RSS 24 12 300 
*RSP 24 25 300 
**CSP 24 25 1 P 
*.PRINT AC VDB(20) VP(20) 
*.PLOT AC VDB(20) VP(20) 
*.STORE AC VDB(20) VP(20) 
***** END TX GAIN ****************************************** 

** RX GAIN EVALUATION VUVRX ************************ 
*RSL 1215 300 
*RPL 15 0 300 
**CPL 15 0 1 P 
*VRX 5 OAC 
*.PRINT AC VDB(12) VP(12) 
*.PLOT AC VDB(12) VP(12) 
*.STORE AC VDB(12) VP(12) 
***** END RX GAIN******************************************* 

** THL EVALUATION VTX/VRX **************************** 
*RSL 1215 300 
*RPL 15 0 300 
**CPL 15 0 1 P 
*VRX 50 AC 
*.PRINT AC VDB(20) VP(20) 
*.PLOT AC VDB(20) VP(20) 
*.STORE AC VDB(20) VP(20) 
***** END THL EVALUATION ********************************* 
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*** RETURN LOSS EVALUATION************************** 
*VRX5 0 DC 0 
*VIRL 15 0 AC 2 
*RCS 12 17 300 
*RCP 1715 300 
**.CCP 17151 P 
*RR115161K 
*RR216 0 1K 
*.PRINT AC VDB(12.16) 
*.PLOT AC VDB(12.16) 
*.STORE AC VDB(12.16) 
*****END RETURN LOSS EVALUATION******************* 

***INPUT IMPEDANCE EVAL. AT LINE TERMINALS*** 
*VRX 50 DC 0 
*IL012AC 
*.PRINT AC VM(12) VP(12) 
*.PLOT AC VM(12) VP(12) 
*.STOREAC VM(12) VP(12) 
*****END INP. IMPED. EVALUATION********************** 

.END 
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EMI TEST EVALUATION WITH L3000/L3090 SLIC KIT 

INTRODUCTION 

EMI test were performed on SGS-THOMSON 
L3000/L3090 SLIC KIT using the same test circuit 
described in FTZ specs (12 TR1 Teil21). 

In order to cut high frequencies two capacitors (CRF) 
were connected respectively between Tl P and GND 
and RING and GND (no coils needed!). 

The measurements were performed in the range of 
1OKHz to 8MHz giving good results. The same be
havior is expected for higher frequencies with a 
proper layout and good H. F. filtering capacitors. 

Laboratory activity is going on about this subject ; 
further informations will be available in the next 
months. 

MEASUREMENTS RESULTS 
Referring to the test procedure described in the FTZ 
specs an amplitude modulated signal (m = 0.8 ; 
f = 1kHz) was applied at TIP/RING termination ; the 
amplitude of this signal was 1.5Vrms from 1OKHz to 
1 DO KHz and 3Vrms from 1 DO KHz to 8MHz. 

The signal at TX output was measured after a pso
phometric filter ; this signal was always below 
1 mVrms as required (see fig. 1 ). In fig. 1 is also re
presented the H.F. rejection of the device itself (with
out filtering capacitors CRF). The good behavior of 

AN334/0489 

PRELIMINARY RESULTS 

the device itself at relatively low frequencies allow 
us to use smaller values for the CRF capacitor re
ducing in this way also their influence in speech 
band. 

AC PERFORMANCES 

In fig. 2 is shown the SLIC circuit diagram with the 
two CRF capacitor. Of course these capacitors 
should produce some effects on the AC performan
ces of the device. Anyway, thanks to the architec
ture of the L3000/L3090 SLIC KIT these effects can 
be very well compensated modifying properly the 
SLIC output impedance and the position of the com
pensation capacitor for the SLIC loop stability. In fig. 
2 these modifications are already present. External 
components are selected in order to satisfy German 
requirements. Fig. 3 to 6 shown the AC performan
ces measured with the SLIC configuration repre
sented in fig. 2. 

CONCLUSIONS 
Using L3000/L3090 SLIC KIT it is possible to satis
fy the FTZ requirements as described above simply 
using two 18nF capacitors, no coils are needed ! 

The eventual AC performances distortions can be 
compensated acting on the external components 
(see fig. 3 to 6). 
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Figure 3 : Return Loss Performances. 
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MODE 8 13 RETURN LOSS TX: +0. 0 RX: -- dBr 

RX: 
TS 

0 

RESULT 

dB 

TX: TS 

W &G PCM-4 
RETURN LOSS 
B13 

TX-TSLOT 
0 

Freq./Hz 
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2610 
2811 
3011 
3212 
3413 
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+30. 0 ~ v ------.__________ 

r---
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PRINT MAN RESULTS 
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0 Level- 10.00dBO 
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TX 

3600 !FREQ .! 
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20. FEB. 89 12 : 1 4 

TX: + O.OdBr RX :-- dBr 

Result/dB Freq./Hz Result/dB 
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+ 30.35 502 + 30.79 
+ 30.89 703 + 30.79 
+ 30.61 903 + 30.38 
+ 30.14 1104 + 29.88 
+ 29.64 1305 + 29.39 
+ 29.15 1506 + 28.92 
+ 28.70 1706 + 28.50 
+ 28.30 1907 + 28.11 
+ 27.92 2108 + 27.73 
+ 27.56 2309 + 27.39 
+ 27.22 2509 + 27.06 
+ 26.90 2710 + 26.74 
+ 26.59 2911 + 26.44 
+ 26.29 3112 + 26.14 
+ 26.00 3312 + 25.85 
+ 25.71 3513 + 25.56 
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Figure 4 : Tx Gain Flatness. 
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Figure 5 : Rx Gain Flatness. 
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Figure 6 : THL Performances. 
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SGS-THOMSON SLIC KITS AND COMBO II 

1. INTRODUCTION 

One of the main feature of COMBO II is the possi
bility to program TX and RX gains and to perform 
the two to four wire conversion (echo cancellation). 

In particular the echo cancellation feature allows you 
to save external components in the SLIC circuitry. 

In the following tables you can find different values 
for COMBO II hybrid balance filter in order to satisfy 
different administrations requirements. 

Three SLIC KITS are analyzed : 

L3000/L3030 
L3000/L3090/91 
TDB7722/TDB7711 

for each administration also the external compo
nents are specified. 

If you need more specific informations the complete 
Application Note is available, ask for it to our sales 
office. 

In the complete Application Note you can find all the 
details for each country in particular : 

_ Echo measurements 

BYW. ROSSI 

- Combo II simulation software results 
_ Bench measurements with PCM-4 Wandel & 

Goltermann 

2. L3000/L3030 +COMBO II APPLICATION 

Test network: 

R2 

~ 
C1 

N8!JL 3888 -14 

Here below you can find the SLIC external compo
nents and the COMBO II programming coefficient 
for Germany, Austria and Swisse followed by the ap
plication diagram. 

TX and RX gain are chosen in order to have : 

OdBmO <=> OdBm 800 ohm (TXgain reg. = BF ; 
RXgain reg. = AE) 

Administration R. L. Test sue Ext. THL. Test COM BOll 
Netw. Comp. Netw. Hybal Coeff. 

1. Germany/Austria/ R1 = 2200 ZAG= (1) R1 =2200 EC; 32; C4 
Swisse R2 = 8200 RPC = 600 R2 = 8200 

C1 = 115nF ZA =2K C1 =115nF 
ZB = 6.19K 
CCOMP = 10nF 
(1) : 1600 + (820Q//115nF) 

AN335/0489 1/6 
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Figure 1 : L3000+L3030 Appl. Diagram. 
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(') All measurements were made subst1tutmg the TTX filter with 1 K res1stor and RGTTX with 1 OK. The 1 K resistor 1s eqUiva
lent to TTX filter for speech band s1gnals. 

3. L3000/L3090 +COMBO II APPLICATION 

Test network: 

Here below you can find the SLIC external compo
nents and the COMBO II programming coefficient 
for different countries, in the next page is shown the 
application diagram. 

R2 

~ 
C1 

NB9L3BBB-14 

Administration R. L. Test 
Netw. 

1. Belgium Priv. R1 = 150Q 
R2 = 830Q 
C1 = 72nF 

2. Korea/France Pub R1 = 600Q 
Portugal Pnv./ R2 = 0; C1 = 0 
USA Priv. 
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TX and RX gain are chosen in order to have : 

OdBmO <=} OdBm 600 ohm (TXgain reg. = BF 
RXgain reg.= AE) 

SLIC Ext. THL. Test COMBO II 
Comp. Netw. Hybal Coeff. 

R1 = 1.25K R1 = 150Q E6; 12; AA 
R2 = 20.75K R2 = SjOQ 
R3 = 3.3K C1 = 72nF 
R4 = 15K R1 = 600Q F4; 00; 03 
C1 = 2.9nF R2 = 0; C1 = 0 

R1 = 0 R1 = 600Q EC; 01 ; 48 
R2 = 12.5K R2 = 0; C1 = 0 
R3 = 5.1K 
R4 = 15K 
C1 = 0 



APPLICATION NOTE 

Administration R. L. Test SLIC Ext. THL. Test COMBO II 
Netw. Comp. Netw. Hybal Coeff. 

3. Finland R1 =2700 R1 = 4.25K R1 = 2700 E9; 23; 39 
R2 = 9100 R2 = 22.75K R2 = 12000 
C1 = 120nF R3 = 5.1K C1 = 120nF 

R4 = 15K R1 = 3900 F2; 11 ;AF 
C1 = 4.8nF R2 = 6200 

C1 = 100nF 

4. Germany/Austria/ R1 = 2200 R1 = 3K R1 = 2200 EE;12;AA 
Swisse R2 = 8200 R2 = 20.5K R2 = 8200 

C1=115nF R3 = 5.1K C1 =115nF 
R4 = 15K 
C1 = 4.7nF 

5. Italy Priv. R1 = 1800 R1 =2K R1 =0 F1 ; 01 ; 6D 
R2 = 6300 R2 = 15.75K R2 = 7500 
C1 = 60nF R3 = 5.1K C1 = 18nF 

R4 = 15K 
C1 = 2.4nF 

6. U. K Priv. R1 =3700 R1 = 6.75K R1 = 3700 EE; 01 ; CC 
R2 = 6200 R2 = 15.5K R2 = 6200 
C1 =310nF R3 = 5.1K C1 = 310nF 

R4 = 15K R1 =3000 E8; 24; 9A 
C1 = 12.4nF R2 = 10000 

C1 = 220nF 

Figure 2: L3000/L3090 +COM BOll. 
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4. TDB7722/TDB7711 + COMBO II APPLI
CATION 

Here below you can find the SLIC external compo
nents and the COMBO II programming coefficient 
for different countries, in the next page is shown the 
application diagram. 

Test network: 

R2 

~ 
C1 

nB!JL 3888-14 

Administration 
R. L. Test 

Netw. 

1. Finland R1 = 270Q 
R2=910Q 
C1 = 120nF 

2. France Publ./ R1 = 600Q 
Korea/USA Priv./ R2 = 0 
Portugal Priv. C1 =0 

3. Germany Publ. R1 = 220Q 
R2 = 820Q 
C1 = 115nF 

4. Italy Publ. R1 = 600Q 
R2 = 0 
C1 =0 

(") C'BW = 0 
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TX and RX gain are chosen in order to have : 

OdBmO <=> OdBm 600 ohm (TXgain reg. = BF ; 
RXgain reg. = AE) 

SLIC Ext. THL. Test COM BOll 
Comp. (*) Netw. Hybal Coeff. 

ZAG =(1) R1 = 270Q E9; 34; BF 
RPC = 3K R2 = 1200Q 
ZA = 91K C1 = 120nF 
ZB = 30K R1 = 390Q 83; 00; SF 
Rp = 30Q R2 = 620Q 
CBW = 270pF 
(1) : 1 0.5K + (45.5K//2.2nF) 

C1 = 100nF 

ZAG= 27K R1 = 600Q EE; 24; OC 
RPC = 3K R2 = 0 
ZA = 91K C1 = 0 
ZB = 30K 
Rp = 30Q 
CBW = 270pF 

ZAG= (2) R1 = 220Q EE; 00; BC 
RPC = 3K R2 = 820Q 
ZA = 91K C1 = 120nF 
ZB = 30K 
Rp = 30Q 
CBW = 270pF 
(2) : BK + (41 K//2.0nF) 

ZAG= 27K R1 =0 E3 ; 23; CO 
RPC = 3K R2 = 1100Q 
ZA = 91K C1 = 33nF 
ZB = 39K 
Rp = 30Q 
CBW = 270pF 



Administration 
R. L. Test SLJC Ext. 

Netw. Camp.(*) 

5. U. K Public R1 = 3700 ZAC =(1) 
R2 = 6200 RPC = 3K 
C1 =3100 ZA = 80.5K 

ZB = 30K 
Rp = 300 
CBW = 270pF 
(1): 15.5K + (31K//6.2nF) 

6. U.S. Public R1 = 9000 ZAC = (2) 
R2 = inf. RPC = 8K 
C1 = 2.16J.1F ZA = 91K 

ZB = 51 K (loaded) 
ZB = 10K (not loaded) 
Rp = 800 
CBW = 150pF 
(2) : 37K + (47K//47nF) 

Note : 1. U.K THL TEST NETWORKS: 

1. Short lines 

2. Long lines 
(small gauge) 

3. Long lines 
(large gauge) 

Note : 2. U.S. THL TEST NETWORKS: 

1. Loaded line 

2. Not Loaded 
line 

6150 1790 2440 

~ 
A.71nF .d95nF 32nF 

12270 1620 

~ 
358nF 363nF 

14340 2630 

~ 
26SnF 35BnF 

N89L3888-1.5 

1658Q 

~ 
1880 SnF 

B8en 

~ 
1880 S8nF 

ffB!IL 3888-18 

APPLICATION NOTE 

THL. Test COM BOll 
Netw. Hybal Coeff. 

1. Short Lines EF; 25; DF 

2. Long Lines EE; 3C; 36 
(s. g) 

3. Long Lines E3 ;36 ;31 
(1. g) 
(see note 1) 

1. Loaded Lines E9 ; 50 ; DF 

2. Not Loaded I. E1 ; 40; A8 
(see note 2) 

5/6 
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APPLICATION NOTE 

Figure 3 : TDB7722+ TDB7711 Appl. Diagram. 

TDB7711 

CRIHG RRIHG 

19nF 279KD 

'*' 

RINGING 
GENERATOR 

f-..1....~~~..--f:':;?.:"-<> RI8HG 

~---4-r~~~--<>•12U 

FILTER UB- UDD USS 

22BnF ~ 1BBnF ~ 1BBnF ~ 

(•) All measurements were made without TTX filter being such filter equivalent to an open circuit for speech band signals. 

6/6 

924 



This kit is provided in order to give the possibility to 
make a quick evaluation of all the SGS-THOMSON 
Microelectronics SLIC KITs. 

It consists of one CONTROL BOARD (code : SLIC
CTU1) and different SLIC modules. 

The main purpose of the CONTROL BOARD is to 
provide an easy read/write of the SLICs digital inter
face that except for L3090/91 are all serial. Data are 
written by means of eight switches and read by 
means of five LEOs ; two additional LEOs are pro
vided in order to read the L3090/91 parallel inter
face. In addition it provides an easy connection for 
TIP/RING and TX/RX terminations of diferent SLIC 

Figure 1 : SLIC Evaluation KIT. 

AN336/041989 

APPLICATION NOTE 

SLIC EVALUATION KIT 

MODULES that can be plugged in proper connec
tors provided on the board. This board, being very 
simple, allows to obtain good results also for very 
accurate measurements (like noise or distortion). 

Concerning the SLIC MODULES the following are 
today available : 

L3000/L3030 

L3000/L3090/91 

TDB7722/TDB7711 

(code: SLIC 3030-1) 

(code :sue 3090-3) (*) 

(code : SLIC 7711) (*) 

(*) the same used with the "SLICOMBO" demo
board. 

1/1 
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APPLICATION NOTE 

SLICOMBO LINE CARD DEMONSTRATION BOARD 

SLICOMBO is a conversational demonstration 
board for the subscriber line card oriented circuits 
developped by SGS-THOMSON Microelectronics. 
It includes two complete transmission modules, 
each of them made of a programmable codec/filter 
COMBOII associated with a full silicon SLIC to 
achieve the "BORSCH" function (Battery feed, 
Overvoltage protection, Ringing, Signalling, 
Codec/filter, Hybrid 2-wire/4-wire conversion). 

The 2-wire interface of each SLIC can be connected 
to a telephone set or to an appropriate test equip
ment. The PCM interface of the 2 COMBOs can also 
be connected to a PCM test equipment, or to the 
same PCM highway, thus allowing a real phone con
versation between the 2 telephone sets through the 
2 SLICs and the 2 COMBOs. 

AN337/0589 

As SGS-THOMSON Microelectronics provides a 
wide range of SLICs, they are implemented on in
terchangeable modules ; 2 modules are available : 
one version is for the central office oriented SLIC 
TDB7711/7722, and one version for the PABX 
oriented SLIC L3090/L3000. SLICOMBO can oper
ate either with 2 TDB7711 or with 2 L3090 SLIC mo
dules. 

The user interface with the board is performed by 
an IBM Personna! Computer or true compatible. An 
interactive software inputs the commands from the 
user and displays the results on the screen ; a multi
menus approach is used by the software to make 
easy the programming of the SLICOMBO board. 

1/1 
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APPLICATION NOTE 

RELIABILITY REPORT : ETC5040 FILTER, 
ETC5057 AND ETC5067 COMBOS 

1 . RELIABIL TV TEST MATRIX 
The reliability evaluation program designed for the 
ETC5040 FILTER, ETC5057 and ETC5067 COM
BOS requires the following tests : 

2 . TEXT DESCRIPTION 

• Operating life test 
• Temperature cycling 

2.1. HIGH TEMPERATURE OPERATING LIFE 
TEST 

Failure mecanisms from the random area of the re
liability life are accelerated at 125 ·c. 

The basic test used to evaluate device reliability is 
high temperature operating life test. 

The devices are loaded on boards and they are dy
namically exercised as shown in the following figure. 

ETC5040 

ETC5057 

ooon 

AN338/0489 

L----~ Vee TOP GNDo 

---~5 FSR VIEW FSx !--"'--=-- CH 2 

DR 

BCLKRI 
CLKSEL 

~; ~:---!--+--=-! MCLKA/PDN MCLKx l----'--4-4--- CH 5 
200kHz 

OO% ro% 

DRIVER SIGNAL ... Ie 1\ 
-JV ~ 

20ms 
CLOCK 01 

+sv 

F =800kHz 

CH 1 

CH 2 

- 1-------fnL--_ 
12S~o~s F=S kHz 
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APPLICATION NOTE 

2.2 OPERATING LIFE TEST FAILURE RATE COMPUTATION 

The degradation processes affecting the reliability of electronic devices is such that the failure rate can be 
described by the Arrhenius model. 

-EA 
A. (T} = K exp l(f (2) 

EA: Activation energie (e) 
k : Boltzmann's constant 

(8.63 x 1 o--5 eV 1<"""1) 

T : Absolute temperature (K) 

K: Constant 
At a given temperature, the failure rat is defined as : 

N 
A. (T} = -,N-T- (3) 

D · H 

N : Number of failures 

No : Number of devices tested 

T H : Number of test hours 
To determine the corresponding failure at other temperatures, an acceleration factor given by the Arrhenius 
Relationship is used : 

A. (T1) [ -EKA ( _T11 _ T12 ) ] F (T1 , T2) = A. (T2) (4) 

T1 :Junction temperature during test (K) 
T 2 : Desired junCiton temperature (K) 

Shows the acceleration !actor 
lor d11ferent thermal 
achvation energies 

(Arrhenius plot) 

Time IHnl 

•o' 1.4eV/ 1.DIV 1/ 

~ft~~a.~.v, 
1o'~~~~~~~73 
~~~!~~~~~~~~/~~~ Arrhenius plot. used for lhe calculation 

10 • 
s.v of the acceleration factor for a gtven 

/ activation energy 

04e"" 
I I J 10 

, 

II / /OloV..., 

•o'~~/ ~~~/'~ .~~ 

·o·~~~f/~/~Yt/t"~s 
IJIF 

10250.::;.._2,&.00--1171...5 -,.&.50--1121...5 -,.&.OO--i751---501-_J25 Temperature (aCI 

Using equation), we can determine the equivalent device-hours END THat temperature T2 for a given acti
vation energy : 

ENo. TH (2) = F (T1 1 T2) x No· TH (T1) (5) 
Thus the equivalent failure rate at temperature T2 comes as: 

N 
A. (T2) = ENo TH (T2) (6) 

217 
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The failure rate of a device showing failures with dif
ferent activation energies is computed by summing 
equation (6) on all the activation energies : 

Ni 
A. (T2) = E, (ENo TH) i (T2) (?) 

Where Ni is the number of detects with an activation 
energy of EAi. 

In this report, failure rate computations on high tem
perature operating life test data are performed with 
a confidence level) of 60 %, using the CHI-SQUARE 
(X2) distribution as shown in (8). 

A. (T) = X2 (1 - CL), (2N + 2) 
2 No· TH 

CL : Confidence level 

(8) 

APPLICATION NOTE 

For high temperature life test data, CL = 0.6 (60 %) 

2.3 TEMPERATURE CYCLING 

This test evaluates the devides ability to withstand 
both extermes of temperatures and rapid changes 
in temperature. 

Temperature cycling is effective in testing thermal 
expansion compatibility of the various mechanical 
interfaces present on the device. 

Test Conditions : 

Ceramic encapsuled devices are submitted to 
temperature cycling specified by Mil Sid 883C Me
thod 1010.1 condition C which states a sequence of 
1 oo cycles (air to air) from 65·c up to 15o·c. with a 
transfer time less than 5 mn. 
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3. RELIABILITY TEST RESULTS 

ETC 5040 
HIGH TEMPERATURE OPERATING LIFE TEST (HTOL) 
TEMP. 125'C 

Lot 168 H 500 H 

A 0/80 0/80 
B 1/100 0/99 
c 0/59 0/59 
D 0/70 0/70 
E 0/70 0170 
F. 0/80 0/80 
G 0/80 0/80 
H 0/80 0/80 
I 0/80 0/80 
J 0/80 0/80 
K 1/80 0/79 
L 0/80 0/80 
M 0/80 0/80 
N 0/80 0/80 
0 0/80 0/80 
p 0/80 0/80 
a 0/79 0/79 
R 0/80 0/80 
s 0/80 0/80 
T 0/80 0/78 
u 0/80 0/80 
v 0/76 0/76 
w 0/80 0/80 
X 0177 0177 
y 0/80 0/80 
z 0/80 0/80 

AA 0177 0177 
AB 0/80 0/80 
AC 0/80 0/80 
AD 0/80 0/80 
AE 0/78 0/78 
AF 0/80 0/79 
AG 0/80 0/80 
AH 0/39 0/39 
AI 0140 1/40 
AJ 0/45 0/45 
AK 0/80 0/80 
AL 0/44 0/44 
AM 0/45 0/45 
AN 0/45 0/45 
AP 0/39 0/39 
AQ 0/50 0/50 

417 
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1000 H 2000 H 3000 H 

0/80 
0/99 0/99 0/99 
0/59 0/59 
0/70 1/70 
0/70 0/70 
0/80 0/80 
1/80 
0/80 
1/80 0/79 
0/80 0/80 
0/79 0/79 
0/80 
0/77 
0/79 
0/80 
0/79 
0/79 
0/80 
0/80 
0/78 
0/75 
0/76 
0/80 
0177 
0/80 
0/80 
0/77 
0/80 
0/80 
0/80 
0177 
1/79 
0/80 
0/39 
0/39 
0/45 
0/80 
0144 0144 
0/45 0144 
0/45 0/45 
0/39 
0/50 



ETC 5057 
HIGH TEMPERATURE OPERATING LIFE TEST 
TEMP. 125' C 

Lot 168 H 

A 0/74 
B 2/80 
c 0/70 
D 0/83 
E 0/80 
F 0/80 
G 0177 
H 0/75 
I 0/75 
J 0/80 
K 0/80 
L 0/80 
M 0/80 
N 0/80 
0 0/80 
p 0/80 
Q 0/80 
R 0/80 
s 0/80 
T 0/80 
u 0/80 
v 0/75 
w 0/80 
X 0/80 
y 0/80 
z 0/80 

AA 0170 
AB 0/79 
AC 0/79 
AD 0/79 
AE 0/79 
AF 0/80 
AG 0/80 
AH 0179 
AI 0/78 
AJ 0/80 
AK 0/80 
AL 0/78 
AM 0/80 
AN 0/79 
AO 0/76 
AP 0/80 
AQ 1/43 
AR 0/48 
AS 0/40 
AT 0/45 
AU 0/80 
AV 0/80 
AW 0/45 
AX 1/45 
AY 0/45 
AZ 1/45 
BA 0/45 
BB 0/80 

APPLICATION NOTE 

500 H 1000 H 2000 H 

1/74 0/73 
0/78 0/78 
0/70 0/70 
0/83 0/83 
0/80 0/80 
0/80 0/80 
0177 0177 
0/75 0/75 
0/75 0/75 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/80 0/80 
0/75 0/75 
0/78 0/78 
0/80 0/80 
0/80 0/78 
0/75 0/75 
0/70 0/70 
0/79 0/79 
0/79 0/79 
0/79 0/79 
0/79 0/78 
0/79 0/79 
0/80 0/80 
0/79 0/79 
0/78 0/78 
2/80 0/78 
0/80 0/80 
0/78 0177 
0/80 0/73 
0/79 0177 
0/76 0/72 
0/79 0/79 
0/42 0/42 0/42 
0/48 0/48 0/48 
0/40 0/40 
0/45 1/45 0/43 
0/80 0/80 
0/80 0/80 
0/45 0/45 0/45 
0/44 0/44 
0/45 1/45 
0/43 0/43 
0/45 0/45 0/45 
0/80 0/80 
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ETC 5067 
HIGH TEMPERATURE LIFE TEST 
TEMP. 125'C 

Lot 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 

TEMPERATURE CYCLING 
(100 CV) 

168 H 

0/80 
0/80 
0/80 
0/80 
0/72 
0/72 
0/80 
0/72 
0/72 
1/80 
1/45 
0/80 
0/44 

Lot ETC5040 

A 0/40 
B 0/23 
c 0/50 
D 0/40 
E 0140 
F 0/37 
G 0/36 
H 0/39 
I 0/40 
J 0/40 
K 0/40 
L 0/40 
M .0/40 
N 0/40 
0 0/40 
p 0/40 
Q 0/40 
R 0/40 
s 0/40 
T 0/40 
u 0/40 
v 0/40 
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500 H 1000 H 2000 H 

0/80 0/80 0/80 
0/80 0/80 0/80 
0/79 0/79 0/79 
0/80 0/80 
1/72 om 
0/72 0/72 
0/80 0/80 
0/72 0/69 
0/72 0/72 
0/79 0/79 
0/44 0/44 
0/80 0/80 
0/44 0/44 0/44 

Lot ETC 5057 Lot ETC 5067 

A 0/38 A 0/47 
B 0/40 B 0/40 
c 0/40 c 0/40 
D 0/45 D 1/40 
E 0/39 E 0/40 
F 0/40 F 0/40 
G 0/40 G 0/40 
H 0/40 H 0/40 
I 0/40 I 0/40 
J 0/40 J 0/40 
K 0/37 K 0/40 
L 0/38 L 1140 
M 0/40 
N 0/39 
0 0/40 
p 0/40 
Q 0/40 
R 0/40 
s 0/40 
T 0/45 
u 0/40 
v 0/40 
w 0/40 
X 0/38 
y 0/38 
z 0/38 



APPLICATION NOTE 

4. FAILURE RATE PREDICTION FOR ETC5040 I ETC5057 I ETC5067 

4.1. OPERATING LIFE TEST FAILURE RATE: The acceleration factor was computed using junc

Test estimation was made by assiging to all failures 
the average activation energy for MOS devices, de
fined by standards such as the MIL-HDBK 2178 
(EA = 0.7 eV). 

Device Hours EA 
at 125'C (EV) 

ETC5040J 3.85 X 106 0.7 
ETC5057J 4.06 X 106 0.7 
ETC5067J 1.21 X 106 0.7 

5 . CONCLUSION 
_ This report summarizes updated reliability data 

for MCOS ETC5040 Filter and ETC5057 and 
ETC5067 COMBOS from SGS-THOMSON 
Micro-electronics. 

_ Using operating life test results, a failure of 30 fits 

tion temperatures taking into account the package 
thermal resistance and device power dissipation. 

Results of this estimation are summarized in the fol
lowing table : 

Equivalent 
Life Test 

Failure 
Device Hours Rate in Fits 

at55'C Failures (60 %C. L.) 

2.77 X 108 7 30 
2.92 X 108 10 39 
8.71 X 108 3 48 

may be predicted at 55 C (60 % C.L., 
EA = 0.7 eV) for ETC5040 and 39 for ETC5057. 
The failure rate for ETC5067 is expected to de
crease since currently tested devices will gene
rate additional devices hours. 
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APPLICATION NOTE 

HOW TO CHOOSE A FILTER IN A SPECIFIC APPLICATION 

INTRODUCTION 

OBJECT OF THIS APPLICATION NOTE 

The approach of SGS-THOMSON Microelectronics 
regarding filtering is aimed at providing all the infor
mation required for designing the filter best tailored 
for a given application. The first step in this ap
proach, and undoubtedly the most important since 
it is essential for all the others, therefore consists in 
indicating how, starting from this application, the 
complete system specifications of a filter must be 
written. This is the purpose of this application note. 

··' 
REMINDERS ABOUT THE PRESENT STA-
TUS OF THE SGS-THOMSON FILTERS 

The SGS-THOMSON approach consists in manu
facturing Mask Programmable Filters (M.P.F). 
These filters are of the switched capacitor type. 
They all have the same structure, up to the last mask 
level (interconnection level). This level is therefore 
the only one differenciating these filters from one 
another. We will not describe in full detail the struc
ture of these filters, but simply remind their main fea
tures, and then briefly describe the presently 
available M.P.F's. 

MAIN FEATURES : 

The main features of these M.P.F's are as follows: 
• TECHNOLOGY HCMOS1 (high-density linear 

CMOS) 
• AVAILABLE ORDERS 2 TO 12 (whatever the 

type of M.P. F.) 
• INPUT SIGNAL FREQUENCY 0 TO 30KHz 
• INTERNAL SAMPLING FREQUENCY : 500Hz 

TO 1 MHz (depending on the M.P.F. considered) 
• INTERNAL SAMPLING FREQUENCY/CUT

OFF FREQUENCY RATIO: 10 TO 200 (depen
ding on the M.P.F. considered) 

• THE RESPONSE CURVES (amplitude and 
phase) may be translated by changing the sam
pling frequency 

• SIGNAUNOISE RATIO : 70 TO 85dB (depen
ding on the internal structure of the M.P .F. consi
dered) 

• POWER SUPPLIES:+ 5V OR- 10V 
• CONSUMPTION MAY BE ADJUSTED BET

WEEN 0.5 TO 20mW PER ORDER 

AN052/0189 

By 0. Leenhardt 

• ACCURACY OF THE CAPACITOR RATIOS : 
0.1% 

• ACCURACY OF THE CUT-OFF FREQUEN
CIES : 0.5% (max.). 

STANDARD M.P.F.'S AND CUSTOM 
M.P.F.'S : 

SGS-THOMSON MANUFACTURES TWO 
TYPES OF M.P.F.'S 

• Standard M.P.F.'s: 

They make up a family presently consisting of 10 
models, but this family will expand in the future, ac
cording to the evolution of requirements. These 
M.P.F.'s are the following : 

_ 5 Low-pass M.P.F.'s : 
TS 8510 (GAUER, 5th order : 32dB attenua
tion) 
TS 9511 (CAUER, 7th order : 50dB attenua
tion) 
TS 8512 (GAUER, 7th order : 75dB attenua
tion) 
TS 8513 (CHEBYCHEV, 8th order) 
TS 8514 (BUTTERWORTH, 8th order) 

_ 3 High-pass M.P.F.'s: 
TS 8530 (GAUER, 3rd order: 15dB attenua
tion) 
TS 8531 (GAUER, 6th order: 15dB attenua
tion) 
TS 8532 (CHEBYCHEV, 6th order) 

_ 1 Notch M.P.F.'s: 
TS 8540 (8th order : Q = 7) 

_ 2 Band-pass M.P.F.'s: 
TS 8550 (GAUER, 3rd order: Q = 5) 
TS 8551 (high-selectivity filter Q : 35) 

Note : The detailed description of these M.P.F.'s 
has been the subject of a previous application note. 

• Custom M.P.F.'s : 

SGS-THOMSON commits itself to supply the first 
samples 4 to 6 weeks after the customer's definition 
of the template. All types of filters may be provided 
(BUTTERWORTH, LEGENDRE, CHEBYCHEV, 
BESSEL, GAUER), for conventional applications 
(low-pass, high-pass, bandpass, notch filters, group 
delay equalizers) or for simultaneous optimization 
of the amplitude and the phase templates. 
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APPLICATION NOTE 

HOW TO DEFINE THE COMPLETE SYS
TEM SPECIFICATIONS OF A FILTER 

FILTER SYSTEM SPECIFICATIONS 

The system specifications of a filter are complete 
when they indicate : 

the amplitude template (amplitude response 
curve) 
the phase template (phase response curve) 

_ the group delay curve 
_ the pulse and step responses 
_ the dynamics 
_ the noise factor 
_ the input and output impedances 
_ the load impedance (resistance and capaci-

tance) 
_ the type of signals to filter (level, spectrum, ... ) 

_ the value of the power supply sources 
_ the operating temperature range 
_ the size (the dimensions) 
_ the price 

Amongst all these parameters, the knowledge of 
three of them is essential from the technical point of 
view: 

_ the amplitude template 
_ the phase template 
_ the group delay curve. 

As we shall see later on, the following definitions 
may be used, with minor modifications, for all types 
of filters. Our definitions are given only for low-pass 
filters, since we can always relate back to this type 
when studying any other kind of filter (see 3.B). 

Figure 1 : Different Parameters used for Defining an Amplitude Template. 
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• Amplitude Template (figure1): 

We cannot expect two filters, assumed to be simi
lar, to have exactly identical response curves. This 
is the reason why we use the concept of template, 
which is a sort of envelope of the response curve li
mits in terms of the frequency. The amplitude tem
plate is therefore the graphical representation of the 
filter's "amplitude- frequency" limiting conditions. Its 
definition is based on the following parameters (low
pass filter) : 
_ maximum passband attenuation (or gain) (Ga) : 

maximum level the signal may reach within the 
passband (in dB). 
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_ minimum passband attenuation (or gain) (Gb) : 
minimum level the signal may reach within the 
passband (in dB). 

_ minimum stopband attenuation (Gc) : minimum 
attenuation level of the signal within the stopband 
(in dB). 

_ passband band of frequencies for which the at
tenuation (or the gain) must fall between Ga and 
Gb. 

_ transition band : band of frequencies for which 
the attenuation must fall between Gb and Gc. 

_ stopband : band of frequencies for which the at
tenuation must be less than Gc. 

_ cut-off frequency (Fa) : passband upper limit. 



_ selectivity factor k : equal to the ratio Fa!Fb, it de
fines the width of the template transition band, 
and therefore of the filter selectivity. It is always 
less than 1. 

Other parameters must be added when the res
ponse curve considered falls within this template : 
_ passband transfer factor (K) : attenuation (or 

gain) factor of the response curve within the 
passband, relative to the OdB (in dB). 

_ passband ripple : maximum amplitude difference 
between two points of the response curve within 
the passband. 

_ cut-off frequency (Fe) :frequency corresponding 
to a 3dB attenuation relative to the passband 
transfer factor. 

Note : The template of a filter is therefore comple
tely determined once the values of Ga, Gb, Gc, Fa 
and Fb are known. 

• Phase template : 

Within a real filter, all the frequencies are not trans
mitted at the same velocity. A non-constant phase 
shift results (and therefore a distortion) between the 
output signal and the filter input signal. The phase 
response curve of a filter is the phase shift curve due 
to this filter, in terms of the frequency. As with the 
amplitude response curve, it must be within a phase 
template, sort of graphical representation of the 
"phase- frequency" limiting conditions of the filter. 

• Group delay curve : 

As a consequence of what we have seen above, the 
group delay concept is preferred to that of propaga
tion velocity of each of the frequencies of a spec
trum. We shall thus no longer speak of the 
propagation velocity for a given frequency, but for a 
group of frequencies. This group delay is related to 
the phase shift by the following relationship : 

with w =pulsation. 

d<!> 
t=-

dw 

We may infer from this relationship that the steeper 
the slope of the phase response curve in terms of 
the frequency, and therefore the more abrupt the fil
ter cut-off, the greater the group delay of a filter will 
be: 

Note : On the group delay curve of the different fil
ters shown below (see 3.D), the value to read on the 
y-axis corresponds to a normalized group delay 
w c. T equal to To, that is an actual group delay ex
pressed in seconds equal to : T =Tal w c, with 
w c =cut-off pulsation of the filter. 

APPLICATION NOTE 

• Other parameters : 
_ pulse and step responses : 

The pulse response of a filter is its response to a DI
RAC pulse. It can be shown that : 

• x(t) any type of signal : y(t) = h(t) * x(t) with * 
- convolution product 

~ Y(p) = H(p) . X(p) 
with H(p) - transfer 
function 

• x(t) DIRAC pulse ( o (t)) :yo (t) = h(t) * (t) 
~Yo (p) = H(p) 

The pulse response y (t) of a filter is the time repre
sentation of its transfer function H(p). It is an intrin
sic feature of the filter. It contains all the information 
relative to the response of the filter to any type of si
gnal. 

The step response of a filter is its response to a HEA
VISIDE step (unit step). On figure 2, we can see the 
concept of filter settling time. In effect, if a signal ha
ving a spectrum within the filter passband is applied 
to the filter, the settling time is equal to the time elap
sed between the time the signal was applied at the 
filter input and the output signal obtained, to within 
a given percentage of the final value (1 %). This set
tling time is closely related to the width (B) of the fil
ter passband (1/B for a bandpass, 1/2B for a 
low-pass). 
_ dynamics. 

The dynamics of a filter is the ratio between the 
maximum level of the output signal and its minimum 
level, that is, the noise level. It is expressed in dB. 
_ noise factor. 

The noise factor is the ratio between the total filter 
output noise power and the output noise power due 
only to the noise applied at the input. It is expressed 
in dB. For a given structure, the filter output noise 
mainly depends on the amplitude template, since it 
is an exponential function of the overvoltage factor 
Q (see 3.C). In the active filters, the noise is not 
"white", or at least not throughout the band conside
red. It is therefore necessary to split this band up in
to several frequency areas, and to define the 
corresponding noise features for each of them. We 
may then speak of a noise power (or voltage) per 
Hertz (or Hertz ~uare root), for a given frequency 
(nW/Hz or nV/ 'I'Hz). The noise optimization of a fil
ter is not always easy, and this could be kept in mind 
at system specifications definition time, especially 
for filters requiring high dynamics ( 60dB). 
_ type of signals to be filtered : 
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APPLICATION NOTE 

Although this may seem obvious, it is not useless to 
remind the importance of knowing accurately the 
type of signal to filter, before defining the system 
specifications of the filter. The signal amplitude 
curve must be studied in detail (regarding the com-

patibility with the authorized filter input swing), as 
well as its frequency spectrum, in order to suppress 
the possible interaction of undesired frequencies 
(50Hz, various harmonic components, ... ) during 
system specifications definition time. 

Figure 2 : Settling Time (Is) of the Step Response of a Unit Step (v1). 
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PROTOTYPE LOW-PASS FILTER 

• Frequency standardization : 

Vo 

By standardizing the frequency units, the template 

Examples: 
_ low-pass: 

Gain 

Fa Fb Fe Freq 
E88AN052-03 
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of any filter may be related back to an template for 
which only the frequency ratios intervene. 

Ia 

lb 

Garn 

Ga ~------------~ 

Fa < 1 
"FC 
Fb > 1 
"FC 

fa 1 fb Freq 
E88AN052-04 

normalized cut-off 
frequencies of the template 



_ High-pass : 

Gain 

--- -,.--------

Fa Fe Fb Freq 
E88AN052-05 

_ Bandpass: 

Gain 

F'a Feb F'b F0 F"b Fch F"a Freq 

EBBAN052-07 

Fo ~ Feb . Fch charactenst1c frequency 
8 Feh - Feb passband 

/!. __!L relative band 
Fo 
F"b - F'b selectivity factor 
F'"a- Fa 

APPLICATION NOTE 

Gain 

fa 1 fb Freq 
E88AN052-06 

Same relat1onsh1ps as above 

Gain 

f'a= £L < 1 
Fo 

feb~~ <t 
Fo 

f'b~ £L <1 
Fo 

f'b fch f"a Freq 
E88AN052-08 

f"a=~>1 
Fo 

fch= ~ >1 
Fo 

f'"b ~ ..E:Q__ > t 
Fo 
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_ notch: 

Gam 

F'aFcbF'b F0 F"bFrhF"a Freq 

EBB AN 052-09 

Same relat1onsh1ps as above 

• Prototype low-pass filter : 

Once the standardizations above have been perfor
med, some transformations allow the high-pass, 
bandpass and notch filter template to relate back to 
that of a so-called "prototype" low-pass filter. These 
frequency transformations are as follows : 
_ low-pass --> high-pass. 

It consists in replacing p by 1/p in the low-pass filter 
transfer function. Thus, conversion from the low
pass template to the high-pass template is perfor
med in the following way: 

fa->f' a 1/fa 

fb->f'b 1/fb 
_ low-pass --> bandpass : 

It consists in replacing p by_1 (p + 1/p) in the low

pass filter transfer function.~hus, conversion from 
the low-pass template to the bandpass template is 
performed in the following way : 

feb fch f'a f"a f'b f"b 1 
_ low-pass --> notch filter : 

It consists in replacing p by 
1 

1-(p~ 
6. 

in the low-pass filter transfer function. Thus, conver
sion from the low-pass template to the notch filter 
template is performed in the following way : 

feb fch f'a f"a f'b f"b 1 

Therefore, in the remaining parts of this notice, all 
the calculations and examples will be related back 
to a (prototypa) frequency-standardized low-pass 
filter template, since conversion to the template of 
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Gain 

f'a fcbf'b f"b fch f"a Frcq 

E88AN052-10 

Same relat1onsh1ps as above 

any other type of filter can be obtained using the 
transformations above. 

FILTER TRANSFER FUNCTION : 

• General definitions : 

The transfer function is the mathematical repre
sentation of the filter amplitude response curve. It is 
an obligatory intermediate, allowing the calculations 
of the different filter factors to be carried out. It is ex
pressed as a ratio between the output level and the 
input level of the filter, in terms of the frequency. This 
ratio may be expressed as a function of the complex 
variable p: 

H(p) = K N(p) 
D(p) 

(1) 

with N(p) and D(p) : p polynomials. 

This expression may therefore be written in the fol
lowing way: 

m 
H(p) = K am . p + ...... + a1 . p + ao (2) 

bn . pn + ...... + b1 . p + bo 
In this form, the order of the filter is defined as being 
equal to the degree of the denominator D(p) (in this 
case, n). The stability criterium for a filter dictates 
that the degree of D(p) (the order of the filter) be 
greater or equal to the degree of N(p). On t~e other 
hand, the higher the order of a filter, the more abrupt 
its cut-off, as can be seen on the relationship provi
ding the asymptotic slope of a filter at the cut-off, in 
terms of its order : 

P 6.n (dB per octave) 



We may also express the transfer function in ano
ther way, by replacing the coefficients ao, ... , am, 
bo, ... , bn by the roots Z1, ... , Zm; p1, ... , Pn of the N(p) 
and D(p) polynomials: 

(p -z1) .............. (p- Zm) 
H (p) = K---"--...:..__---'-'--------'--

(p- P1) ............. (p- Pn) 
(3) 

APPLICATION NOTE 

These constants are either real or imaginary conju
gated. 
It can be shown that if n is even, the poles of H(p) 
are all imaginary conjugated, two by two, and that if 
n is odd there is a single negative real root. D(p) may 
therefore be written in the form of a product of 2nd 
order factors if n is even, and in the form of a pro
duct of 2nd order factors and of a 1st order factor, if 

The zeros of the transfer function are the Z1 , ... , Zm n is odd. A new expression can then be obtained for 
constants and the poles are the P1, ... , Pn constants. the transfer function : 

(p -z1) ......... (p- Zm) 
H(p) = K 2 2 2 2 (4) 

(p- Po) . (p + 2 . 0 1 . P + p 1) ........ (p + 2 . 0 k. p . p 1 ) 
n-1 n 

with K = --if n is odd, and k = --- and without (p -po) if is even 
2 2 

It can then be shown that any filter can be obtained 
by cascading 2nd order cells if n is even, or 2nd or
der cells and one 1st order cell if n is odd. 

• General transfer function for a 1st order cell : 

It may be expressed as : 

with 

H(p)=K~ 
1 +a. P 

• p complex pulsation 

• a time constant 

This last parameter allows the cut-off pulsation (and 
therefore the cut-off frequency) of the cell to be de
fined as its reciprocal 
(w c = 1/a and Fe= 1/ (2. 1t. a)). 

a is a time value such that 3.a (5.a) characterises 
the time after which the response has reached 95% 
(99%) of its final value. 

Note: The expression of N(p) depends on the type 
of filter considered : 
_ polynomial low-pass filter: N(p) = 1 
_ polynomial high-pass filter: N(p) = p/a (with p --7 

1/p) 

• General transfer function for a 2nd order cell : 

It may be written as follows : 

N(p) 
H(p) = K 2 2 

1 +2.s.p/wa+plwo 
with: 
_ p : complex pulsation 
_ K : passband transfer factor 

_ For Low-pass and high-pass cells : 

The relationship above allows the following parame
ters to be defined : 

• the undamped natural pulsation w o (or charac
teristic pulsation) used as a standardization pul
sation (Fa :characteristic frequency). 

• the damping factors , magnitude without units 
specifying the shape of the filter responses : 

if s < 0.707 distinct, transient, wp pulsation oscil
lations for the unit response ; reso
nance on the frequency response, 

if 0. 707 < s < 1 not very distinct, transient oscilla
tions ; the final value of the unit 
response is overstepped. No reso
nance on the frequency response, 

if s = 1 damping factor critical value, 

if s > 1 no oscillation, a periodic response 
without overstepping the final value 
ofitTe unit response. 

• the natural pulsation of the filter 
w p = w o . .Y 1 - s 2 characterising the-pulsa
tion of the filter transient oscillations, 

• the resonance pulsation w r = w 0 . .Y 1- 2. 2, 

specifying the resonance position, 

• the overvoltage or resonance facto!Lr __ _ 

I H(jwr) I V1 
0=---

IH(O)I 2· s 1-s 2 

specifying the value of the gain of the filter for the 
resonance pulsation. 

• the relative band L'. related to the overvoltage 
factor by the relationship 

1 
0=-

L'. 
Note :The expression of N(p) depends on the type 
of filter considered : 
_ polynomial low-pass filter : N(p) = 1 
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APPLICATION NOTE 

_ polynomial high-pass filter : N(Q) = p2 1 w 2 

_ low-pass elliptic filter : N(p) = p2 + (!h, 2 with 
(1)=> Wo 

- high-pass elliptic filter: N(p) = p2+w=2 withW= > Wo 
_ bandpass and notch filter cells : 

The relationships above are slightly different for a 
bandpass and notch filter, 2nd order cell. In this case: 

• Fo = --1 Fcs .FcH with Feb and Feh : low and high 
cut-off frequencies of the cell. 

• Q Fa/ tJ. F with t>.F = Feh - Feb, called relative 
band. 

We may infer from this relationship : 

Q 
Fch- Feb 

Fa 

Note :The expression of N(p) depends on the type 
of filter considered : 
_ bandpass filter N(p~ = 2 . ~. P/Wa 
_ notch filter N(p) = p + w2 

• Conclusion 

Figure 3 shows the shapes of the amplitude 
response curves of the 1st and 2nd order low-pass 
cells, for different values of~ . Let us keep in mind 
that a 2nd order filter presenting interesting features 
is obtained for~ 0.707. In effect, the transient oscil
lations and the resonance (Q = 1) no longer appear, 
and the frequency response presents a passband 
equal to the value Fa w a/(2 . 1t ). 

Figure 3 :Amplitude Response Curves of a 1st and a 2nd Order Low Pass Cells in Terms of the Damping 
Factor (called Z on this figure). 
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CHARACTERISTIC FUNCTIONS 

The major problem when designing a filter consists 
in factorising N(p) and D(p), in order to write the trans
fer function in the form shown on expression 4. To 
simplify the calculations, it is often preferrable to start 
from the template considered and to try to have a well 
known characteristic function pass within it. As there 
are a great number of functions that may be inscri
bed within a given template, the selection of one of 
them will depend on the following features : 
_ it must be possible to synthesize it 
_ it must be possible to split it up into a product (or 

an addition) of functions, and it must be possible 
to carry each one out 
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_ it must comply with the filter system specifica-
tions (phase, group delay, ... ) 

The filter designer must therefore optimize his se
lection, taking into account all these constraints. A 
relatively great number of well known characteristic 
functions simplifies this task. 

• Low-pass polynomial filters : 

Their transfer functions comply with N(p) 1. The fol
lowing are the most often used : 
_ BUTTERWORTH filters : 

They correspond to amplitude response curves with 
the following features (figure 4). 



APPLICATION NOTE 

Figure 4 : Amplitude Response Curves of the Butterworth Low Pass Filters. 
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_ no ripple within the passband 
_ not very rapid cut-off near the cut-off frequency. 

The phase response curves of these filters present 
relatively small phase rotations (figure 5). 

Figure 5 : Phase Response Curves of the Butterworth Low Pass Filters. 
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APPLICATION NOTE 

The group delays are relatively constant within the 
passband and their ratio with the group delays of the 
frequencies around the cut-off frequency is equal to 
1/2 (figure 6). 

Note :The higher the order n of the filter, the closer 
the amplitude response curve will be to the ideal 
curve (rectangular template) 

Figure 6 : Group Delay Curves of the Butterworth Low Pass Filters. 
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_ LEGENDRE filters : 

They correspond to amplitude response curves ha
ving the following features (figure 7) : 

_ cut-off as rapid as possible near the cut-off fre
quency 

_ regular attenuation within the stopband 

Figure 7 : Amplitude Response Curves of the Legendre Low Pass Filters. 
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The phase response curves are practically identical 
to those of a BUTTERWORTH filter (figure 8). Re
garding the group delays for a given order, they are 
relatively constant within the passband, and their ra
tio with the group delays for the frequencies around 

APPLICATION NOTE 

the cut-off frequency is equal to 1/2 (figure 9). But 
since the slopes of these curves are very steep for 
this frequency, these time are in general higher than 
those of the BUTTERWORTH filters. 

Figure 8 : Phase Response Curves of the Legendre Low Pass Filters. 

Figure 9 : Group Delay Curves of the Legendre Low Pass Filters. 
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APPLICATION NOTE 

_ - CHEBYCHEV filters 

They correspond to amplitude response curves pre
senting the following features (figure 1 0). 

- - ripples within the passband (up to 2dB) 
- - rapid cut-off near the cut-off frequency (at least 

in the first octave) 

Figure 10: Amplitude Response Curves of the Chebychev Low Pass Filters. 
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The phase response curves present greater rota
tions than those of the BUTIERWORTH filters (fi
gure 11 ). The group delays within the passband are 
not identical for a given order, and their ratio with the 
group delays of the frequencies around the cut-off 

E88AN052-18 

frequency is equal to 1/3 (figure 12). 

Note :The order of a CHEBYCHEV filter is equal to 
the number of extrema of the amplitude response 
curves located within the passband. 

Figure 11 : Phase Response Curves of the Chebychev Low Pass Filters. 

0 01 Norm Frcq 

10 

·90 

o; 
~ -180 

n ? 

"' 00 

£-270 
n ·. 3 

-·360 n-=4 

-450 
n-5 

n-b 
-540 

E88AN052-19 

12/18 

948 



APPLICATION NOTE 

Figure 12: Group delay Curves of the Chebychev Low Pass Filters. 
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- BESSEL filters 

They correspond to amplitude response curves pre
senting the following features (figure 13) : 

Norm Freq. 
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_ very slow cut-off near the cut-off frequency 
_ small attenuation within the stopband 

Figure 13 :Amplitude Responses Curves of the Bessel Low Pass Filters. 
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APPLICATION NOTE 

The phase response cuNes are practically identical 
to those of the BUTTERWORTH filters (figure 14). 
These filters are mainly interesting because of their 
group delays, strictly constant within the passband 
until beyond the cut-off frequency (figure 15). They 

therefore have a very close to a pure delay charac
teristic, and they must be used in all applications for 
which the non-distortion of the signal is an essential 
factor. 

Figure 14: Phase Response CuNes of the Bessel Low Pass Filters. 
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Figure 15: Group Delay Curves of the Bessel Low Pass Filters. 
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APPLICATION NOTE 

• Low-pass elliptic filters : 

Their transfer functions are such that N(p) may be expressed in the following way : 

N( ) _ ( 2 2 2 2 . ~ p - p +CO 1 ) ................ (p + CO k) With ~ 

and co 1, .... , co k :transmission zeros. 

_ GAUER filters : 

They correspond to amplitude response curves pre
senting the following features (figure 16). 

k = _n_ if n is even 
2 

n -1 
k = -- if n is odd 

2 

_ ripples within the passband 
_ very rapid cut-off near the cut-off frequency 
- presence of one or several transmission zeros 

(N(p) roots) 

Figure 16 :Amplitude Response Curves of the Gauer Low Pass Filters. 
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APPLICATION NOTE 

The phase response curves have greater rotations 
than the CHEBYCHEV filter ones (figure 17). 

The group delays are very different for a given or-

der, from one area of the passband to another, and 
their ratio with the group delays of the frequencies 
around the cut-off frequency is equal to 1/10 (figure 
18). 

Figure 17: Phase Response Curves of the Cauer Low Pass Filters. 
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Figure 18: Group Delay Curves of the Cauer Low Pass Filters. 
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• Conclusion : 

A number of nomographs, tables and curves pro
vide, for each type of function and according to its 
order, the amplitude response curves, the phase 
response curves, the group delay curves, and also 
the pulse and step responses. All these characteri
stics, and a few others, are summarized in the table 
on figure 19. 

Regarding our subject, we will keep in mind the fol
lowing: 
_ The BUTTERWORTH filters are interesting be

cause of the regularity of their passband (no rip-

APPLICATION NOTE 

pie) but their cut-off is not very abrupt 
_ The LEGENDRE filters associate a convenient 

regularity of the amplitude response curve with a 
cut-off abruptness and a transient behaviour that 
are of good quality 

_ The CHEBYCHEV filters present, at least within 
the first octave, an abrupt cut-off, but their trans
ient behaviour is not very performing 

_ The BESSEL filters present a very good transient 
behaviour, but their cut-off is not very abrupt 

_ The CAUER filters allow an extremely abrupt cut
off be obtained, but their group delay regularity 
is mediocre. They present transmission zeros. 

Figure 19: Comparaison between the Performances of the Different Kinds of Filters. 

Kind of Performance 

Cut-off Abruptness for a 
G1ven Order 

Regularity of the Amplitude 
Response Curve 

Regularity of the Group 
Delay 

Sensitivity 

Transient Condition 
Distortions 

Transmission Zeros 

Required Overvoltage 
Factors 

e e e Very Med1ocre 
e • Mediocre 

e Medium 

Butterworth legendre 

•• 
••• 

• 
•• 
•• 
None 

Very Low 

• • • : Excellent 
• •: Very Good 

•: Good 

• 
•• 

• 
•• 
•• 
None 

Low 

Kind of Filter 

Chebychev Bessel Cauer 

•• ••• ••• 
Ripple Within the Ripple within the 

Passband/ •• Passband and 
regular Within the Notch 

the Notch 

•• ••• • •• 
• •• • • 
•• ••• • •• 
None None Yes 

Medium Medium High 
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SOME IDEAS CONCERNING FILTERS 
DESIGN 

We will assume for the following that the future des
igner has a comprehensive knowledge of the sys
tem specifications of the filter required for this 
application. We will show briefly how, starting from 
these system specifications, he may design the fil
ter required. S1nce this study is beyond the scope of 
his application specification, this approach will ne
cessarily be very brief. 

The design of a filter is performed in four steps : 
_ determining the characteristic parameters of the 

filter 
_ selecting the type of filter 
_ calculating the filter transfer function 
_ filter synthesis 

A. DETERMINING THE CHARACTERISTIC 
PARAMETERS OF THE FILTER : 

From the amplitude template related back to the pro
totype filter template (standardized low-pass), the 
following parameters are assumed to be known : 
_ Ga. maximum gain within the passband 
_ Gb. maximum attenuation within the passband 
_ Gc. minimum attenuation within the stopband 
_ k selectivity 
_ ll. relative band (only for the bandpass and the 

notch filters) 

The knowledge of these parameters will allow the 
complete design of the filter to be performed. 

B. SELECTING THE TYPE OF FILTER : 

We have seen the different features of the BUTTER
WORTH, LEGENDRE, CHEBYCHEV, BESSEL 
and GAUER filters. Let us keep in mind that the main 
criteria used for selecting a given type of filter are 
the following : 
_ the cut-off abruptness 
_ the passband regularity 
_ the group delay regularity 
_ the existence of transmission zeros 
_ the behaviour under transient conditions 

C. CALCULATING THE FILTER TRANS
FER FUNCTION : 

Let us assume that the type of filter is known. We 
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must now determine its transfer function. Three 
steps are required to this end : 

a) determining the degree of this function : 

The desired amplitude template is related back to 
the prototype filter template (standardized low
pass) ; by placing the different response curves of 
the above filters within this template, we obtain not 
only a type of filter but also its order, and thereby 
the degree of the corresponding transfer function. 

b) determining the transfer function of the prototype 
filter: 

Depending on the different values of the parame
ters of the prototype amplitude template desired, a 
number of nomographs and tables allow the calcu
lation of the transfer function corresponding to this 
template to be carried out. 

c) transposing the transfer function : 

If the filter to be designed is not a low-pass (high
pass, bandpass, notch filter), the transfer function 
determined above may be transposed to the cor
responding transfer function, using the transforma
tions defined above. 

D. FILTER SYNTHESIS : 

It mainly consists in factorising the final transfer 
function in the form of a product of 1st and 2nd de
gree factors. The desired filter may then be easily 
designed, by cascading the 1st and 2nd order ele
mentary filters corresponding to each of these fac
tors. 

CONCLUSION : 

In most- not to say all- electronic applications, the 
filtering portion has become one of the most impor
tant. We have found out that it also was the least 
well known. By defining all the parameters specified 
in the system specifications of a filter, and by provi
ding a selection guide amongst the different existing 
types, we offer anybody who wishes to do so the 
possibility of making up for lost time, and seeing how 
this may be inserted into his general application. 
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IMPLEMENTATION AND 
APPLICATIONS AROUND STANDARD MPF 

INTRODUCTION 
At a time when increased miniaturisation is the 
vogue, the problems posed by the filtering of elec
trical parameters are on an upward trend. The in
crease in filter order, progressively improved 
performances mean generally that in order to solve 
these problems, a considerable increase in compo
nents (also generally their size) has to be used. The 
adjustments in consequence become also more dif
ficu It to effect. 

In this gloomy context, the advent of switched capa
citor techniques has considerably widened the 
scope of classical filters. Not content to rest here, 
SG8-THOMSON Microelectronics goes even fur
ther and offers an even new concept in filtering : the 
M.P.F. (Mask Programmable Filter). 

This application note has therefore several objec
tives : to explain the switched capacitor principle 
(application, advantages), to describe the M.P.F. 
general circuit (structure, block diagram, principal 
characteristics), to present the SG8-THOMSON 
approach (standard, custom) and to finish by a quick 
description of all the possible applications of the 
M.P.F. and more specially one amongst them : the 
frequency detection. 

THE SWITCHED CAPACITOR 
PRINCIPLE: 

Consider figure 1. When the switch is in position 1, 
the charge at the capacitor terminals is 01 = C x V1. 
If the switch is now moved in position 2, the charge 
at the terminals of C becomes 02 = C x V2. This 
switching allows a charge transfer a = 02 - 01 = 
C x (V2- V1) = C x !:N between the points 1 and 2 
of the circuit. 

This charge transfer in equivalent to the flow of a 
current I = llQff = llQ x F = C x llV x F where F is 
the commutating frequency of the switch. (F = 1ff) 

If we compare now the previous expression with 
Ohm law applied to a resistance (I =llV/R), then we 
can deduce an electrical equivalence between the 
resistor and the switched capacitor : 

AN061/0389 

1 
R=-

CxF 

The technique of switched capacitors enables us 
therefore to simulate resistors with capacitors. Ad
ditionnally, the values of these resistors vary with 
the sampling frequency employed. These two key 
points offer considerable advantages to this tech
nique. 

This relationship leads to an important comment. In 
effect, the equivalence "transfered charge= discrete 
quantity of current" is only valid for high switching 
speeds. This is certainly the case for switched ca
pacitor filters where, in order to avoid aliasing and 
smoothing problems inherent in all sampling sys
tems, relatively high sampling frequencies are used, 
sufficiently high, in any case, for the previous rela
tionship to remain valid. 

EXAMPLE OF THE APPLICATION WITH AN IN
TEGRATOR: 

In order to understand the operation of a switched 
capacitor integrator, consider the case of a stan
dard inverting integrator as shown in figure 2. 

Remember that the time constant of this circuit 
( = R x C') determines, in active filter circuits, par
ameters such as bandwith and cut-off frequency. 

However, in this example, this time constant pres
ents a major obstacle : the total lack of correlation 
between the values of Rand C'. The eventual vari
ations or drifts of these two values not necessarily
moving in the same direction, leads to a relatively 
high and difficult to handle innacuracy when asso
ciated with the values mentioned above. 

Consider now the switched capacitor integrator 
shown in figure 3. According to the equivalence pre
viously mentioned, the time constant of this integra
tor is equal to : 

C' 
't=--

CxF 
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Figure 1 : Principle of the Switched Capacitor. 
1 : C produces the charge 01 = C X V1 

2 : C produces the charge 02 = C x V2 

v,~ 

c 

~ 
Figure 2 : Standard Inverting Integrator ('t = R x C'). 

R 

2 ___ vz 

Figure 3 : Switched Capacitor Inverting Integrator ('t - C ~· F ). 

__/T'' 
c 

r 
where F is the switching frequency 

1 -
( F =r with T = <I>+ <1>) 
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Then, we show in a standard integrator, accuracy 
depends upon the absolute values of the compo
nents, when in a switched capacitor integrator, only 
the relative values are considered. 

ADVANTAGES OF THE SWITCHED CAPACI
TOR TECHNIQUE : 

The preceeding result shows three major advant
ages. 

The first concerns the relative ease with which an 
MOS technology can supply excellent precision of 
capacitor ratio (0.1 %). Also, since it is not difficult to 
obtain good sampling frequency accuracy, the ac
curacy of the global time constant can attain, with 
the switched capacitor technique and no external 
adjustments, values better than 0.5%. It is this pre
cision that we find over the complete frequency 
range of M.P.F. 

The second advantage concerns the equivalence 
"resistance= switched capacitor" and the possibility 
offered by this relationship of being able to integrate, 
in MOS technology, high values of resistance on a 
small suriace area. 

Finally, the use of a clock offers considerable scope 
for modification of the time constant by simple 
sampling frequency adjustment. Since this time 
constant is proportional to the cut-off frequency, we 
can deduce that a constant ratio exists between the 
sampling frequency and the cutt-off frequency of the 
M.P. F. It is possible therefore, using this technique, 
to offset the cut-off frequency of the M.P. F. by sim-

APPLICATION NOTE 

ply modifying the sampling frequency. This last point 
highlights the extreme flexibility of use of the M.P.F. 
Other advantages of equal importance such as the 
almost total absence of extemal components, low 
power consumption, no adjustment and high tem
perature stability confer on the M.P.F. extreme flex
ibility of use and very high operating reliability. 

THE TS85XX PRODUCT 

THE M.P.F. STRUCTURE : 

The problems encountered now in filtering (varied 
requirements, prohibitive costs, long lead times) 
lead SGS-THOMSON to choose a pre-diffused 
technique where the final characterization of the fil
ter is defined by the interconnection mask (last level 
of masking). 

This structure, shown in figure 4, consists of 8 
elementary cells each formed by a switched capa
citor integrator and two capacitor areas CE and Cl. 
Each area contains a high number of incremental 
capacitors each of value 0.1 pF. Thus, according to 
the type and filter order of M.P.F. required, the inte
grators can be interconnected, and according to the 
"Gain-Frequency" response curve required, the 
various incremental capacitors are also intercon
nected. The number of incremental capacitors thus 
connected varies from one area to another and de
pends upon the different coefficients of the transfer 
function that the M.P.F. is required to execute. 

N.B.: Generally, the number of integrators intercon
nected is equivalent to the filter order obtained. 

Figure 4 : A filtering unit consisting of 8 elementary cells each containing a switched capacitor integrator. 
Each capacitance area (CI and CE) contains an optimum number of incremental capacitors of 
0.1pF. 

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

Cl 

- ~ rc _ lf . • ~ -~ 
~-fiG>-~-$-

E88AN061-{)4 
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Block Diagram : 

The block diagram of the M.P.F. structure utilised is 
shown in figure 5. The principal internal functions 
are: 
• a filtering unit composed of 8 switched capacitor 

integrators interconnectable between each other 
at the final mask level (interconnection level), 

• a clock generator producing the various phases 
required for the internal switching of the capaci
tors. These phases are imperatively non-overlap
ping. The internal clock is obtained via a divider, 
equally mask programmable, and which matches 
the external clock defined by the user to that of 
the M.P.F. As the clock input is TTL compatible, 
a TTL-MOS level interface is provided, within the 
circuit, in order to obtain the correct voltage 
swings, 

• a sample and hold unit before the filtering unit, 
• a sample and hold amplifier tied to the output of 

the filtering unit and which enables low impe
dance signals to be available at the output of the 
M.F.P. 

• the adjustment of the DC output level of the 
M.P.F. by an external voltage source (for exam
ple a divider connected between the positive and 
the negative power supplies and whose mid
point is connected to LVL pin of the M.P.F.), 

• two general purpose and independant operatio
nal amplifiers available and destined to be used 
by the customer for other applications associa
ted with the M.P.F. (anti-aliasing, smoothing, 
comparator, oscillator, ... ) in association with ex
ternal components (R, C, crystal), 

• the adjustment of the power consumption of the 
filter by means of the external resistance tied 
between the positive supply terminal v+ (or 
ground) and the corresponding pin of the circuit 
(PWF). The power consumption can thus be 
choosen to match the particular application. 

• The stand-by mode is obtained by strapping pin 
PWF to the negative supply terminal v-, 

• the adjustment of the power consumption of the 
two operational amplifiers, obtainable exactly as 
for the previous case but via the pin PWA of the 
circuit. 

Figure 5 : Block Diagram of the Construction Chosen by SG8-THOMSON. 

PWA PWF LVL 

OUT 
+EA 

-EA 

SA 

+EB 
v+ 

-EB v-

SB 

GND 

IN CLK 

E88AN06Hl5 
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Principal Characteristics : 

The principal characteristics of product TS85XX are 
as follows: 
• technology : HCMOS1 (high density linear 

CMOS) 
• available order : 2 to 8 (whatever the type of 

M.P.F.) 
• input signal frequency : 0 to 30kHz 
• internal sampling frequency: 0.5 to 1OOOkHz (de

pends upon the M.P.F. under consideration) 
• ratio between internal sampling frequency and 

cut-off frequency : 10 to 200 (depends upon the 
M.P. F. under consideration) 

• response curves (amplitude and phase) transla
table by changing the sampling frequency 

• signal to noise ratio : 70 to 85dB (depends upon 
the internal construction of the M.P.F.) 

• power supply : ± 5V or 0-1 OV 
• power consumption adjustable from 0.5 to 20mW 

per order 
• capacitor ratio tolerance : 0.1% 
• cut-off frequency tolerance : 0.5% (max) 

Part Number Function Type 

TS8510 Low-pass GAUER 

TS8511 Low-pass GAUER 

TS8512 Low-pass GAUER 

TS8513 Low-pass GHEBYGHEV 

TS8514 Low-pass BUTTERWORTH 

TS8530 High-pass GAUER 

TS8531 High-pass GAUER 

TS8532 High-pass GHEBYGHEV 

TS8540 Notch (Q ~7) 

TS8550 Band-pass GAUER (Q ~5) 

TS8551 Band-pass a ~as 

APPLICATION NOTE 

THE SGS-THOMSON APPROACH 

The SGS-THOMSON approach is to produce two 
types of M.P.F. : custom M.F.P.'s and standard 
M.F.P.'s. 

CUSTOM M.P.F.'s : 

SGS-THOMSON undertakes to deliver the first 
samples within 6 to 8 weeks maximum after the de
finition of the overall specification by the customer. 
All types of filters can be designed (BUTTER
WORTH, LEGENDRE, BESSEL, CHEBYCHEV, 
GAUER, ... ) according to the general applications 
(low-pass, high-pass, band-pass, notch, group 
delay time correctors) or by simultaneous optimis
ation of the response curve both in amplitude and 
in phase. A special application note on the custom 
M.P.F. will explain later now to define all the speci
fications required to design a filter and how to 
choose among them according to the desired appli
cation. 

STANDARD M.P.F.'s : 

These constitute a family, currently of 11 circuits, 
which will expand in the future according to the evol
ution of the market requirements. Here is the de
scription of this family : 

Order 
Clock to Cutt-off Stopband 

Freq. Ratio Attenuation 

5 75.3 33dB (typ) 

7 75.3 55dB (typ) 

7 100 85dB (typ) 

8 60 80dB (typ) 

8 80 74dB (typ) 

3 320 15dB (typ) 

6 400 32dB (typ) 

6 500 60dB (typ) 

8 930 

8 60 

8 187.2 70dB (typ) 

N.B. : For other information, please consult the corresponding data sheets. 
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APPLICATIONS 

GENERAL APPLICATIONS AROUND M.P. F. : 

With this new concept of M.P.F., SGS-THOMSON 
is looking to cover all applications covering stan
dard filters (passive, active) involved in the process
ing of analog signals. 

Amongst these, telecommunications (modem, 
PABX, telephone line, signaler, mobil telephone), 
data acquisition (before AID conversion and after 
D/A conversion), speech (detection, analysis, stor
age), portable instrumentation (geophysics, bio
medical) and specially industrial applications 
(process control, servomotor control, remote con
trol). For all these applications, each filter function 
is reduced to one M.P.F. derived either from the 
standard range of M.P.F. or from custom design 
M.P.F.'s, according to the requirements of the 
equipment. 

HARDWARE IMPLEMENTATION AROUND 
M.P.F.: 

TYPICAL USE OF THE M.P.F. (figure 6) : The 
M.P.F. is fed in dual supply : ± 5V. 

The adjustment of the DC output level of the M.P.F. 

Figure 6: Typical Use of the M.P.F. (± 5V). 

-5 v +5 v 

v+ 

v-

LVL 

IN 

GND 

sv 
OUT 

0~ CLK 

PWF 

RF 

GND or v+ 

is achieved by an external voltage source (for 
example, a bridge divider connected between the 
positive and the negative power supplies and whose 
the middle point is connected to the LVL pin of the 
M.P.F.). If no output DC adjustment is required, the 
LVL pin can be directly connected to GND. 

The consumption of the filter can be also adjusted 
by means of an external resistance connected bet
ween v+ (or GND) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the 
particular application. 

The stand-by mode is obtained by strapping the 
PWF pin to v- (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like 
for the previous case, but via the PWA pin of the cir
cuit. The stand-by mode is also obtained by strap
ping the PWA pin to v- (or non connected). 

The clock levels are TTL, but CMOS levels are ac
cepted. 

With these previous conditions, the output linear dy
namic range of the M.P.F. is about BV, between 
- 4.5 and 3.5V. 

NC 

-EA 

SA 

+EA 

TS85XX 

+EB P,~ 20kn (multiturn) 

1 Okn 5 RF, Rop 5 75kn 

SB 

-EB 

PWA 

R~p 

GND or v+ E88AN061-D6 

If the OP AMPS. are not used, R,, must not be connected between PWA and GND (or V'). 
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USE OF THE M.P.F. WITH 0-10V (figure 7): The 
M.P.F. is fed in single supply: 0-10V. 

In this case, v-is the reference ground of the circuit 
and GND must be adjusted to+ 5V by means of the 
potentiometer PL (V+ - v-)/2). 

The adjustments of the DC output level of the 
M.P.F., of the power consumptions of the filter and 

Figure 7: Use of the M.P.F. with 0-1 OV. 

+10 v 

v+ 

v-

LVL 

IN 

GNO 

10V OUT 

oJlSL CLK 

~WF 

RF 

GND or v+ 
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of the operational amplifiers can be achieved exac
tly like previously. 

The high level of the clock must be at least 1.4V 
upper the GND level. 

With these previous conditions, the output linear dy
namic range of the M.P.F. is about BV between 0.5 
and 8.5V. 

NC 

TS85XX 

PL = 201<!1 (multiturn) 

1 Ok!l,; RF. R00 ,; 751<!1 
SB 

- EB 

PWA 

Rap 

v+ 
E88AN061-07 
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USE OF THE M.P.F. WITH 0-5V (figure 8) :The 
M.P. F. is fed on in single supply : 0-5V. 

In this case, 'Vis the reference ground of the circuit 
and GND must be adjusted to + 2.5V by means of 
the potentiometer PL ((V+ -'V)/2). 

The other adjustments are achieved exactly like 

Figure 8: Use of the M.P.F. with Q-5V. 

+5V 

previously except for bias resistances of the filter 
and of the operational amplifiers (Rf and Rep), 
whose must be exclusively connected to v+. 
The clock levels must be TTL levels. With these pre
vious conditions, the output linear dynamic range of 
the M.P.F. is about 2.2V, between 1.2 and 3.4V. 

NC 

-EA 

v+ 

IN +EA 
TS85XX 

+EB 

PL~ 20kn (multiturn) 

5V 
SB 1 Okn,; RF, Rep ,; 75kn 

o.J'Lf1_ - EB 

PWA 

v+ v+ 
E88AN061-08 
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ANTI-ALIASING AND SMOOTHING : 
• Anti-aliasing : the switched capacitor filters are 

sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (Fs) 
equal, at least, to the double of the upper fre
quency (Fe) contained in the spectrum to trans
mit. With this condition, no information is added 
or lost on the transmitted signal. This theorem 
describes the well-known phenomenon called 
spectrum aliasing shown figure 9, where the en
tire spectrum to transmit appears around Fs, 2 
Fs, 3 Fs, ... and so on. Thus, all spectrum com
ponents of the signal contained around these fre
quencies are transmitted by the M.P.F., 
appositively to the desired result. 
To cancel the effects of this phenomenon, it is re
quired, before all sampled system, to filter all the 
spectrum components of the input signal upper 
than Fs-Fc. An analog filter, called "anti-aliasing 
filter", must be therefore applied before the 
M.P. F. 

Figure 9 : Phenomenon of the Spectrum Aliasing. 
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The selectivity of this filter depends upon the 
Fs/Fc ratio. 
If Fs/Fc > 200, a RC filter (first order low-pass) is 
sufficient. 
If Fs/Fc < 200, a SALLEN-KEY structure (second 
order low-pass) must be used. 
This structure and its relationship are described 
figure 10. In these relationship, Fe is the cut-off 
frequency desired of the anti-aliasing filter and ~ 
its damping coefficient. For a cut-off as tight as 
possible and without overvoltage around it, ~ 
must have a value around 0.7. 
N.B. : If Fs/Fc < 2 (figure 11 ), the spectrum to 
transmit and the spectrum aliased have a part in 
common and it becomes impossible to share the 
useful signals from the undesirable signals. 

• Smoothing : as the signal obtained as the output 
of the M.P. F. is a sampled and hold signal, it is 
often required to smooth it. This smoothing filter 
can be achieved from the SALLEN-KEY struc
ture previously described (figure 9). 

Gain anti-aliasing 
filter template 

Without anti-aliasing filter, 
the spectrum components around Fs. 2 Fs .... 
Hre not steppe db h ldfl yt esampe 1ter 

-------, 1 I 

\ I I 
\ I I 
\ I I 

spectrum I 
aliasing of ihe spectrum \ aliasing of the spectrum to \ to transmit around Fs to transmit around 2 Fs 

transm~ 

Fe 

\ i I I I I 
1 I I 

Fs-Fe Fs Fs+Fe 2 Fs 

e Without anti-aliasing filter: spectrum to transmitoHransmited spectrum 
e With anti·aliasing filter : spectrum to transmit= transmited spectrum 

~ SGS·ntOMSON 
lllt.."f/ i11ilDICIP!@I<i!.rnl!:'llllil@ll!IDI!:$ 

Fre q. 

2 Fs+ Fe 

E88AN061-09 

9/14 

963 



APPLICATION NOTE 

Figure 10: Sallen-key (second order low-pass filter) for Anti-aliasing and Smoothing. 

R, ~ R, ~arbitrary value 

Fe~ cut-<Jff frequency desired 

s ~damping coefficient 

Cl • 
C, = 2rt R1 X Fe 

(C1 ~ 1;2 x C,) 

c,- __ 1_ 
- 2ns R, x t, 

E88AN061-1 0 

Figure 11 When Fs/Fc<2, the spectrum components including between Fs-Fc and Fe and which are due 
to spectrum aliasing are not stopped by the sampled filter. 

Gain 

1------F~=,;:t---------~ 

spectrum ~ aliasing of the I 
tra~~mit V spectrum around Fs I 

~ I 
0 l Freq. 

Fs-Fc Fe Fs Fs+Fc 

E88AN061-11 
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• Hardware implementation : in order to make ea
sier anti-aliasing and smoothing, SGS-THOM
SON has designed, on the even chip of the 

APPLICATION NOTE 

M.P.F., two general purpo.se operational ampli
fiers. A few external components are therefore 
sufficient to achieve these functions (figure 12). 

Figure 12: M.P.F. with Anti-aliasing and Smoothing Filters. 

-5 v 

GND or v+ GND or v+ 

p, = 20k.Q (mult1turn) 

1 Ok.Q,; RF, R,, ,; 75kQ 

R •. R:>.c,c, 
R\ R·,,c·,,c·, 

On the other hand, it the most M.P. F.'s, a special in
tegrated cell is included in the chip (cosine filter) to 
reduce the aliasing effects around Fs. 

Nonetheless, if the application allow it, these two 
operational amplifiers can be used to implement 
other functions (gain, comparator, oscillator, ... ). 

see anti-aliasing 

and smoothing considerations E88AN061-12 

In this case, the circuit shown figure 13 can be used 
as anti-aliasing or smoothing filter. This structure is 
the same as the SALLEN-KEY structure described 
figure 9 (second order low-pass}, in the same way 
as the corresponding relationship. 
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Figure 13 Second Order Low-pass Filter (sallen-key structure) with a transistor replacing the operational 
Amplifier. 

R1 

IMPLEMENTATION OF THE M.P.F. CLOCK 
FROM EXTERNAL COMPONENTS (figure 14): 

A mouting with a minimum of external components 
allows to achieve the clock required for the M.P.F. 

C(nF) 47 15 6.8 

F 5 min (kHz) 1.5 4.3 6.7 

Fs max (kHz) 16 48 183 

Rz 

+5V 

:czl 

+ ~2222 t 10 k!J 

-5 v E88AN06H3 

The value of the frequency obtained with this mount
ing depends upon C value, as shown on the follow
ing board: 

2.2 1 0.47 0.33 0.22 

30 44 84 126 172 

305 1020 1750 2430 3010 

N.B. :The accuracy of these values is 20%, according to the usual resistor and capacitor accuracy. 

Figure 14 : M.P.F. Clock Achieved from External Components. 

c r 
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APPLICATION EXAMPLE: FREQUENCY 
DETECTION: 

The principle of this type of application is as fol
lows : a sinewave (amplitude x, frequency f) modu
lated by digital information is superposed to an other 
signal, that we shall call the main signal. To better 
understand and illustrate this example, we shall take 
the hypothesis of a main signal equally sinoidal (am
plitude X, frequency F) and we shall assume that X 
» x and F < f (T > t). Thus, the main signal is modu
lated by frequency f during high level (+ 5V) and not 
modulated during low level (OV) of the bit to be trans
mitted. These wave trains can, for example, corre
spond to commands that must be received and then 
understand by a microprocessor in a suitable format 
for their processing. 

Therefore, these wave trains must be detected and 
then applied to the microprocessor in form of logic 
pulse, of which high levels ( + 5V) correspond to the 
presence and low levels (OV) to the absence of the 
waves. 

In this type of application, two factors are of prime 
consideration, namely : selectivity and size. Both 
transmission channel and transferred data being 
prone to noise, the M.P.F. must be adequately se
lective to reject the unwanted frequencies close to 
the center frequency f. On the other hand, as far as 
the industrial aspect of the application is concerned, 
the size is considered to be of major importance 
since it is impractical to envisage a large area to ac
comodate only the filtering section. 

Let's consider the general diagram of figure 15. By 
using a suitable sampling frequency (Fs), the M.P.F. 
can have a center frequency equal to f. 

Since TS8551 is a highly selective filter and the 
modulated wave has a very stable frequency, the 
M.P.F. will only filter out the main signal (frequency 
F) and let through the modulated signal (frequency 
f). An attenuator stage and an anti-aliasing analog 

APPLICATION NOTE 

filter are required preceeding the M.P.F. The atte
nuator stage is used to match the amplitude of the 
main signal (X) to the input characteristics of the 
M.P.F., and the analog filter to prevent the M.P.F. 
from passing the frequency spectrum of the incident 
wave aliased around Fs. At the output of the M.P. F., 
the combination of a first order high pass CR filter 
and a negative voltage clipping diode will produce 
a sinewave of frequency f and amplitude v. Follow
ing this filter, an amplifier of gain G > 1 also delivers 
a sinewave signal of frequency f but of amplitude 
v = G XV. 

The following first order low pass RC filter detects 
the enveloppe of the amplified signal and then com
pares it with a reference voltage Vref. 

If V > Vref, the output of the operational amplifier 
goes to the positive saturation state(+ Vsat) there
by indicating the presence of the wave, whereas if 
V < Vref, then the amplifier goes to the negative 
saturation state (- Vsat) to indicate the absence of 
the wave. A negative voltage clipping diode at the 
output of the comparator will provide a succession 
of high(+ 5V) and low (OV) states producing a pulse 
train. The period and the duration of this pulse train 
inform the microprocessor of the precise nature of 
control signal sent. 

CONCLUSION 

This unique example is sufficient to demonstrate the 
outstanding application possibilities offered by the 
M.P.F. Many other features were also discussed in 
various sections of the present article. Relying on 
these established facts, SGS-THOMSON is ready 
to provide an answer to every filtering problem in 
any application. Due to its remarkable and unlimited 
possibilities, the M.P.F. concept is estimated to 
become, in a very near future, as widely employed 
as gate-arrays and mask programmable ROM 
microcomputer devices are nowadays. 
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Figure 15 Example of an Application of the M.P.F. with a very Selective Band-pass Filter: the Frequency 
Tracking. 
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APPLICATION NOTE 

A SUPPLEMENT TO THE UTILIZATION OF 
SWITCHED CAPACITOR FILTERS 

INTRODUCTION 

This application note is a complement to the "Ap
plication Note AN-061" which introduced the 
range of switched capacitor filters manufactured by 
SGS-THOMSON Microelectronics and discussed 
the following topics : 
• Anti-aliasing & Smoothing filters 
• Ground pin biasing techniques using a single 

supply voltage 
• de output level adjustment 

The present application note outlines and provides 
an in-depth discussion of other important factors re
lated to the use of switched capacitor filters, name
ly: 
• Gain adjustment 
• de output level locking 
• Oscillators 
• Regulated power supply 
• Wiring & Layout recommendations 

Information contained in various sections will yield 
cost-effective solutions and enable the designer to 
take full advantage of the outstanding performances 

Figure 1 : Inverting Configuration. 

R2 

Figure 2 : Non-Inverting Configuration. 

A2 

AN069/0389 

offered by SGS-THOMSON' range of Switched Ca
pacitor Filters ; TSG85XX, TSG86XX, TSG87XX 
Standard Series and Semicustom Filters. 

GAIN ADJUSTMENT 

Majority of standard SGS-THOMSON filters have 
an inherent pass band gain of approximately OdB. 
In certain applications however, a larger gain value 
combined with the gain adjustment possibility is re
quired. 

Gain adjustment can be accomplished using one of 
the operational amplifiers available in the same 
package as the filter circuit. 

Two cases are discussed next : 
• Operational amplifier used for gain adjust-

ment 
• Sallen-Key Cell with gain adjustment 

USING AN OPERATIONAL AMPLIFIER 

This is the most straightforward solution. Amplifier 
configurations are commonplace and well-known. 
The two main arrangements are illustrated next. 

Gain :G=-
R2 
R1 

E88AN069-01 

Gain: G = R1:1 R2 

=1+ 
R2 

E88AN069-02 
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This type of configuration yields high gain values. 
Only limitations are those related to the electrical 
characteristics of the operational amplifiers such 
as: gain-bandwidth-product "2MHz typ." or the out
put voltage range "-4.2V, +3.5V" (values measured 
using symmetrical - 5V, + 5V power supplies). 

Figure 3 : Gain Adjustment. 

.sv 

-SV 

SIGNAL 
(Input) 

Clock 

SALLEN-KEY CELL WITH GAIN ADJUSTMENT 

In some applications, the operational amplifiers 
available within the filter circuit may be already used 
to implement anti-aliasing and smoothing filters 
generally required for switched capacitor filters. 

T 
5 
G 

Figure 3 illustrates the arrangement of a non-invert
ing configuration. 

In order to obtain an enhanced signal-to-noise ratio, 
the amplifier is directly coupled to the filter output 
which will reduce the noise spectrum. 

8 
5 
1 
0 
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In this case, the smoothing filter can be im
plemented using a second order Sail en-key cell with 
a gain higher than 1. Figure 4 depicts this arrange
ment and figure 5 illustrates an example of the ac
tual configuration. 

Figure 4 : General Arrangement of a Sallen-Key Cell (with gain adjustment). 

c 

2128 
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Cut-off Frequency : fc = 
27tRC 

a 
Damping Factor:~= 1 --2-

Gain :G=1 +a 
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Figure 5: Sallen--Key Cell (with gain adjustment). 
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Figure 6 outlines the response curves of the Sallen-key cell obtained at various potentiometer settings, i.e. 
at different gain values. 

Figure 6 : Frequency Response of Sallen-Key Cell (with gain adjustment). 

~Ec _E_·~·E:... . ·~i\" 
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V.AG(9.R) 9.C~3d9 

1K lOK lOOK 
STOP 100 OOO.OOOHz 

~ SGS·THDMSDN 
... .,, ii:j]O!:Uii@IOI!.!Wii'IIIJ@I!!D!:ili 

R: 10kQ 

C :680pF 
Potentiometer : 22kQ 
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It is clear that the damping factor varies as a func
tion of a. 

This configuration provides gain values of up to 6dB 
without any appreciable overshoot in the response 
curves. 

FIL TEA OUTPUT DC LEVEL LOCKING 

Switched capacitor filters manufactured by SGS
THOMSON feature a "Level" (LVL) terminal for the 
adjustment of the output de level. 

This function is accomplished by applying to this pin, 
a de signal corresponding to the desired output de 

Figure 7 :Automatic Offset Compensation. 

Signal 
1,.,...1 

The detector has a very low cut-off frequency in 
order to detect the output de level and to control it 
through "LVL" pin. 

According to the filter type, two cases are possible : 

THE DC OUTPUT VOLTAGE IS DIRECTLY PRO
PORTIONAL TO THE VOLTAGE APPLIED TO 
"LVL" PIN 

In this case, the output signal polarity should be in
verted for feed-back functions. 

4/28 
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level. Characteristic curves labeled "Output vol
tage versus voltage on LVL pin" are used to deter
mine the value of the voltage to be applied to LVL 
terminal. This curve is available in each filter tech
nical data sheet. In general, the voltage applied to 
"L VL" pin and hence the filter output level, is set by 
a potentiometer inserted between v- and v+ poten
tials. 

The output level is generally set a OV or at "Ground" 
(GND) pin potential. 

In this case, an "automatic offset compensation" 
feature may be implemented as illustrated in 
figure 7. 

E88AN069-07 

A conventional integrator configuration using oper
ational amplifier may be used for this purpose. This 
configuration is given in figure 8. 

The feed-back loop behaves as an integrator at fre
quencies very much higher than the cut-off fre-
quency 1 

27t X R2 X c 
The de gain is " - =~ " and may be adjusted by 

modifying the value of the either resistor; thus allow
ing accurate control of precision and response. 
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Figure 8 :Output de Level is inverted and Feedback to "LVL" Pin for Automatic Offset Compensation. 

Input 

Here, we have chosen to adjust the value of R2 re
sistor, so that when R2 value is increased the gain 
also increases, but the cut-off frequency falls. 
Therefore, any risk of instability occurrence at high 
gain is eliminated. 

Figure 9 : Automatic Offset Compensation. 

SIGNAL 
( _:: JtO•Jt) 

~----...---- Output 

R1 

GND E88AN069-08 

Figure 9 depicts the practical application diagram. 
As shown, the feed-back network is readily im
plemented using one of the operational amplifiers 
available within the filter package. 

100ka 

E88AN069-09 
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THE DC OUTPUT VOLTAGE IS INVERSELY PROPORTIONAL TO THE VOLTAGE APPLIED TO "LVL" 
PIN 

The output signal no longer requires polarity inversion and the arrangement is simplified to a conventional 
RC integrator as shown in figure 1 0. 

Figure 10: Only aR-C Cell (1st order low-pass) is needed for Automatic Offset Compensation. 

Input 

R 

GNO 

The RC time constant should be selected to be high 
in comparison to the period of the signal transmitted 
through filter. Due to low output filter impedance and 

Figure 11 : Automatic Offset Compensation. 
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SIGNAL 
(Output) 

J---,..----1~ Output 
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high input impedance of R-C cell, the output signal 
is not subjected to any disturbance. 
Figure 11 outlines the practical application diagram. 

E88AN069-11 



A non-inverting operational amplifier configuration 
may be used, if feed-back loop gain control is re
quired. 
Note : "LVL" pin voltage can be locked onto any 
variable voltage by following the same procedure as 

Input 

APPLICATION NOTE 

mentioned earlier- i.e. output signal detection fol
lowed by the amplification of the difference signal 
measured between the output voltage and the ad
justable control voltage. 

~----------------~--~0~1 

CLOCK OSCILLATORS 

Switched capacitor filters require an external clock 
for operation. This clock sets the internal sampling 
frequency of the filter and also determines the fre
quency range. The clock circuit is generally im
plemented using logic gates. 

The Mask Programmable Filters of SGS-THOM
SON feature two uncommitted operational ampli
fiers integrated on the same silicon chip that are 
available for functions related to filtering. 

The objective of this section is to illustrate how one 
of these operational amplifiers may be configured 

Figure 12: Free-Running Multivibrator. 

If 

Then 

E88AN069-12 

as oscillator thereby providing the clock required for 
the switched capacitor filters. 

Two types of oscillator will be discussed : 
• RC-type free-running relaxation oscillators 
• Crystal-controlled oscillators (Quartz or Cera

mic Resonator) 

FREE-RUNNING RELAXATION OSCILLATORS 

This type of oscillator relies on the principles of a ca
pacitor "C" charge-up and discharge through a re
sistor "R" as shown in figure 12. 

R 

E88AN069-13 
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When the output voltage is positive, the voltage at 
the non-inverting terminal is Vo_R_1_ and the 

R1 + R2 

capacitor C begins charging through resistor R until 
the voltage at the inverting terminal becomes equal 
to the voltage at the non-inverting terminal i.e., 

R1 
Vo----

R1 + R2 
The amplifier is then triggered, its output falls to low 
saturation level, C is discharged via R until the in
verting input becomes once again negative with re
spect to the non-inverting input. Then the output 
voltage returns to the high saturation value and the 
entire cycle is repeated. If high and low saturation 
levels have the same absolute values, the oscillator 
output signal would have the following characteris
tics: 
• Duty Cycle : 0.5 R1 
• Period : T = 2RC log (1 + 2 R2) 

In this case, the oscillator period is : 

It is clear that since C has a fixed value, the fre
quency of this multivibrator is readily set by adjust
ing the value of R (potentiometer). 

If high and low saturation voltages are not identical, 
these values will be taken into consideration in the 
above expression for period calculation and the 
value of the duty cycle will no longer be 0.5. In ad
dition, the frequency and the amplitude of the out
put signal will both vary as a function of the 
operational amplifier power supply. A good fre
quency and amplitude stability is achieved using two 
zener diodes to limit the output signal excursion. 

In the case of SGS-THOMSON filters, the satura
tion voltages have different absolute values as illus
trated by the oscillogram of figure 14 and the duty 
cycle has a value different from 0.5 mentioned ear
lier. This is not however an important matter as the 
filter circuit contains a clock shaping stage and can 
therefore accept directly the operational amplifier 
output signal. 

v-R1 v;at 
T = R C log [ 1 + R2 ( 1 - ---v-- ) sat R1 ( 

] + R C log [ 1 + 1 -
R2 V+ 

) ] 
sat 

Where V+ and V+ are respectively high and low 
· sat I sat f h t' I l'f' V saturation vo tages o t e opera 1ona amp 1 1er. + t 

and v- t are given in data sheets : sa sa 
v;at = + 3.5V, V;-at =- 4.5V for TSG85XX and+ 5V, 

- 5V power supply. 

Electrical configurations are given in figures 16 and 
17 that illustrate how by using currently available 
components, a low-cost and perfectly stand-alone 
filter application is implemented. 

Figure 17 illustrates the application using a single 
+ 1 OV or + 5V power supply. In this case, the sec
ond operational amplifier is configured as voltage 
follower and used to bias "Ground" and "Level" 
pins. 

Clock signal waveforms generated by this type of 
multivibrator are depicted in figures 14 and 15. 

The oscillogram of figure 14 is the waveform ob
tained using- 5V, + 5V power supplies and shows 
in particular how the output signal may go negative. 

Thanks to its integrated clock shaping stage, the 
filter can accept this negative going signal -thus of
fering an outstanding flexibility for the implementa
tion of clock oscillators. 
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sat 
The TSG8550 filter was tested in various oscillator 
configurations and response curves obtained are 
depicted in paragraph 4.4 at the end of this section. 

With reference to these curves, it is observed that 
the filter circuit operates ideally with the free-running 
oscillator discussed earlier. 

Some curves also illustrate the filter response char
acteristics obtained using an external clock gener
ated by conventional logic gates. Note that both 
curves are perfectly superimposed. 

The foregoing discussion demonstrated that this 
type of oscillator offers satisfactory results irrespec
tive of the power supply type :-SV, + 5V -OV, + 10V 
-OV, + 5V. 

Note also that this type of oscillator can operate at 
relatively high frequencies. In fact, the response cur
ves of the TSG8550 were obtained at oscillator fre
quencies of up to 1.2MHz approximately. In this 
case however, one should use a low value biasing 
resistor (here, RPwA = 1 OkQ), to obtain appropriate 
"slew rate" at the operating frequency. 



Figure 13 

EXTERNAL TTL-type CLOCK 

(generated by logic gates) 

2volts/division 

21.Ls/division 
E88AN069-14 

Figure 14 

RC-type FREE-RUNNING OSCILLATOR 

(using one of the filter op-amps) 
[-SV, +5V power supplies] 

2volts/division 

21.LS/division 
E88AN069-15 

Figure 15 

RC-type FREE-RUNNING OSCILLATOR 

(0, + 1 OV power supply) 

2volts/division 

21.LS/division 
E88AN069-16 
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ov 
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Figure 16: RC-type Free-Running Oscillator (+5V, -5V power supplies). 

• 5V 

-SV 
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Figure 17 : RC-type Free-Running Oscillator (0, + 1 OV or 0, +5V power supplies). 
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CRYSTAL-CONTROLLED OSCILLATORS (or 
Ceramic Resonator) 

The multivibrator circuit described above is a low
cost oscillator providing satisfactory operation of the 
switched capacitor filters. 
It has however two drawbacks : 
• Frequency adjustment by a potentiometer 
• Frequency variation with device power supply 

Better frequency stability combined with simplicity 
of use will be obtained if a crystal-controlled oscilla
tor is used for clock generation. 

This solution is particularly interesting in applica
tions not requiring any adjustment of the clock Ire-

Figure 18: Crystal-controlled Oscillator. 

APPLICATION NOTE 

quency ; as is the case of the most applications built 
around filters. 

Note however that if frequency adjustment is re
quired, one may either switch between various res
onators or implement a master oscillator followed by 
a frequency divider circuit. 

TRANSISTOR-BASED OSCILLATOR 

In untuned oscillators, the crystal is most often oper
ated in its fundamental mode. Figure 18 illustrates 
the arrangement of the oscillator to be discussed 
next. 

-~r--------~--- v• 

This is a Col pitts-type parallel resonance oscilla
tor. The operating point of the crystal is such that it 
behaves like a high Q choke. A capacitive bridge 
provides the energy required to initiate the oscilla
tion. 

This oscillator does not require any adjustment - its 
frequency is highly stable whatever the power sup
ply mode(- 5V, + 5V- OV, + 5V- OV, + 10V). 

Due to the operating frequency value of this appli
cation, a small signal "general purpose" transistor 
will be suitable. 

Here, we have employed a Ceramic Resonator 
whose fundamental frequency is fosc = 540kHz. 

To filter clock mput 

E88AN069-19 

This is a popular resonator used in particular as os
cillator for SGS-THOMSON range of television cir
cuits (time base, switching power supplies, chroma 
decoder, etc ... ) and is therefore available at low-cost 
"consumer" price. 

The oscillogram of figure 19 illustrates the output 
signal waveform of this oscillator. Although its shape 
differs from that generated by a TIL clock as illus
trated in figure 13, this is a negligible drawback as 
switched capacitor filters manufactured by SGS
THOMSON feature a built-in signal shaping stage 
on clock inputs. 
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Figure 19 

COLPITTS OSCILLATOR WAVEFORM 

(ceramic resonator) 

[0, +5V power supply] 

1 volt/division 

0.5ms/division 
E88AN069-20 

Various response curves obtained employing this 
oscillator in combination with TSG8550 filter oper
ated at different power supply modes, are given at 
the end of this section in paragraph 4.4. 

Similar procedure was applied but using an exter
nal clock generated by TTL-type logic gates. It is 
seen that there is no significant difference between 
the curves obtained in this case and those obtained 
previously. 

Figure 20 : Crystal-controlled Oscillator. 

The above figure illustrates how a crystal-controlled 
oscillator is readily configured using one of the oper
ational amplifiers available within the package of the 
switched capacitor filters of SGS-THOMSON. 

The resonator is directly inserted within the positive 
feed-back loop. The oscillation is initiated when the 
transmission through crystal is at its maximum 
value, i.e. when the series resonance of the crystal 
occurs. High input impedance of the operational am
plifier together with the blocking capacitor C1 con-

12/28 
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OV 

It is therefore obvious that the filter operates satis
factorily with an external Colpitis-type oscillator. 

OPERATIONAL AMPLIFIER-BASED OSCILLA
TOR 
Figure 20 shows the general arrangement of this os
cillator. 

F1lter 

">----+----- Clock 
Input 

R2 

E88AN069-21 

tribute towards oscillator stability. The feed-back to 
inverting input through resistor R2 ensures oscilla
tor start-up and de stability. 

The negative feed-back at high frequencies is atte
nuated by capacitor C2 whose value should be so 
selected to prevent the resonator from locking onto 
a partial mode. The non-inverting input is biased 
with respect to filters "Ground" pin potential. 

Application diagrams are depicted in figures 21 and 
23. 
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Figure 21 : Ceramic Resonator- Controlled Oscillator (-5V, +5V power supplies). 

Figure 22 

OSCILLATOR CONTROLLED BY 

CERAMIC RESONATOR 
(using one of the filter op-amps) 

[ -5V, +5V power supplies] 

2volts/division 
O.Sms/division 

E88AN069-23 

Figure 23 illustrates the application using a single 
power supply. 

In this arrangement, the second operational ampli
fier configured as voltage follower is used to bias fil-
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ter's "Ground" and "Level" pins. 

Once again, the same "consumer" ceramic reson
ator running at fosc = 540kHz has been employed 
in this application. 
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Figure 23 : Ceramic Resonator- Controlled Oscillator (0, + 1 OV or 0, +5V power supplies). 

Oscillogram of figure 22 shows the clock signal 
waveform obtained from the application depicted in 
figure 21. Similar waveforms are obtained from the 
single supply voltage application illustrated in figure 
23 -only the output voltage levels are different. 

As shown in response curves of paragraph 4.4, the 
TSG8550 filter operates satisfactorily with this type 
of oscillator. Once again, note that there is no dif
ference between the curves obtained using this os
cillator and those using an external TTL-type 
oscillator. 

Obviously, operation at other frequencies is 
possible by using different ceramic resonators. The 
basic configuration remains the same however. 

CONCLUSION 

T 
s 
G 

8 
5 
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X 

The discussion throughout this section demon
strated how, a clock oscillator is readily built, and a 
perfectly stand-alone filter implemented, using only 
a single integrated circuit. 
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• In applications where frequency adjustment faci
lity is required and price is the prime objective, 
RC-type free-running oscillators are recom
mended. 

• Crystal-controlled oscillators are suitable for 
applications requiring highly stable fixed oscilla
tor frequencies. 

• Finally, the oscillator using a single transistor al
lows use of an S-pin filter package or to save the 
two operational amplifiers of the filter for other 
functions - thereby simplifying the application 
configuration. 

These results have been obtained thanks to the 
highly efficient and flexible clock input terminal of 
SGS-THOMSON' Switched Capacitor Filters. 

All of the oscillators covered in this section, are in 
addition to TSG8550, also suitable for use with other 
standard filter types and semi custom filters. 
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TSG8550 RESPONSE CURVES USING DIFFERENT CLOCK OSCILLATORS 

Figure 24: RC-Multivibrator Operation (at 153kHz and +5V, -5V power supply). 
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TSG8550 

Power Supply : -5V, +SV 

Clock Frequency : 153kHz 

1- External Clock 
2- Free-running Oscillator 

R :2.5kn 
C: 3.3nF 

The RC Multlvibrator is implemented with 
an internal Operational AmpiHier 

Figure 25 : RC-Multivibrator Operation (at OV, + 1 OV power supply). 
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W SGS·THOMSON 
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TSG8550 

Power Supply : OV, + 1 OV 

Clock Frequency: 153kHz 

1- External Clock 

2- Free-running Oscillator 

R: 2.5kn 
C :3.3nF 
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Figure 26 : RC-Multivibrator Operation (at OV, +5V power supply). 
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Figure 27 : RC-Multivibrator Operation (at 307kHz clock frequency). 
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TSG8550 

Power Supply: OV, +5V 

Clock Frequency : 123kHz 

1- External Clock 

2- FI'I!EH'unning Oscillator 

R :2.5kn 

C :3.3nF 

TSG8550 

Power Supply : -sv, +5V 

Clock Frequency : 307kHz 

1- External Clock 

2- FreEH"unning Oscillator 

R :2.5kn 

C:1nF 



Figure 28 : RC-Multivibrator Operation (at 847kHz clock frequency). 
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TSGS550 

Power Supply : -sv, +5V 

Clock Frequency : 847kHz 

1- External Clock 

2- Free-running Oscillator 

R :2.5kn 

C :22DpF 

Figure 29 : Using an External Transistor-based Oscillator (colpitis type). 
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TSG8550 

Power Supply : -sv, +5V 

Clock Frequency : 540kHz 

1- External Clock (TTL) 

2- Colpitts Oscillator 

17/28 

985 



APPLICATION NOTE 

Figure 30 : Using a Crystal-controlled Oscillator (implemented with an internal op-amp). 
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TSG8550 

Power Supply : -5V, +5V 

Clock Frequency : 540kHz 

1- External Clock (TIL) 

2- Operational Amplifier 

+ 
Ceramic Resonator 

Figure 31 : Operation with Crystal-controlled Oscillator (at OV, + 1 OV power supply). 
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TSG8550 

Power Supply :OV,+10V 

Clock Frequency : 540kHz 

1- External Clock (TIL) 

2- Operational Amplifier 

+ 
Ceramic Resonator 
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Figure 32 : Operation with Crystal-controlled Oscillator (at OV, +5V power supply). 
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REGULATED POWER SUPPLIES 
Some applications may require a high power sup
ply rejection ratio. This can be achieved by regulat
ing the filter power supply. 

The objective of this section is to cover various regu
lation methods resorting to a minimum number of 
components. 

The subjects discussed are the following : 
• Zener Diode Regulation 
• Regulation using one of the filter's operatio

nal amplifiers 

Figure 33a : Zener Regulation. 

v; -~--.--j-

TSG8550 

Power Supply : OV, +5V 

Clock Frequency : 540kHz 

1- External Clock (TTL) 

2- Operational Amplnier 

+ 
Ceramic Resonator 

Also, the efficiency of each regulation and its in
fluence on the power supply rejection ratio will be 
outlined. 

ZENER DIODE REGULATION 

This is the most straightforward method of voltage 
regulation. In general, since the current provided by 
the zener diode is not sufficient, it is consequently 
impractical to power the device directly by zener 
voltage. Figure 33a illustrates the solution to over
come this problem. 

4.1kD ~ SOOD 

EBBAN 069-34 
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APPLICATION NOTE 

From the unregulated voltage V +I, a stable voltage 
independent from v+1 variations is obtained across 
the zener diode. A voltage follower transistor de
livers the current required by the device. The output 
voltage is : Vz- VeE and therefore independent from 
v+J. VeE varies as a function of IE current flowing 
through the transistor. This variation is almost ne
gligible due to the fact that : 

KT IE 
VeE= --log --

q Ia 

Figure 33b : Variable Zener Power Supply. 

(where Ia is the base-emitter junction saturation cur
rent), that is, VeE increases by 18mV when the cur
rent doubles. The optional 500Q resistor limits the 
current and protects the transistor against possible 
short-circuits. 

A capacitor may be connected across the zener 
diode so as to filter the noise inherent to this type of 
diode. 

If a variable power supply is required, a poten
tiometer may be connected across the zener diode 
as shown in figure 33b. 

vt-~---...--

4.7kD soon 

E88AN069-35 

This arrangement is equally applicable to a negative power supply (V'J). In this case a PNP transistor is used 
as shown in figure 33c. 

Figure 33c : Negative Zener Regulation. 

Iii 
r--

T__ t vz ~-.;;:... -
~C VO: Vz+VBE 

2N2907 C - -SV 

4.7k0 5000 

v~,--._-~-
E88AN069-36 

A symmetrical power supply may thus be im
plemented using this method. 

Note : This type of regulation is not temperature
compensated. One should expect an approximate
ly+ 3mV/C drift in output voltage value. Generally, 
this value is acceptable for the supply of integrated 
circuits such as SGS-THOMSON Filters. 
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REGULATION USING AN OPERATIONAL AM
PLIFIER 

With the Mask Programmable Filters (MPF), inde
pendent and uncommitted operational amplifiers 
are available to implement functions related to filter
ing. 

One of this amplifiers can be used to achieve power 
supply regulation as illustrated in figure 34. 

This configuration offers an excellent regulation 
thanks to the high open loop gain of the operational 
amplifier. 



APPLICATION NOTE 

Figure 34 : Power Supply Regulation (using an internal op-amp). 

Vka 

(GND•LVL} 

The reference voltage is generated by a zener 
diode. Since the amplifier is located within the filter 
package, it is also powered by the regulated output 
voltage v+ o. The 6.8kn resistor connected between 
the collector and the base of the ballast transistor 
ensures start-up. This transistor does not need to 
be of power type as the outputcurrentvalue remains 
low. A zener diode connected in series with the am
plifier output is necessary to provide for a sufficient 
voltage excursion to enable the regulation. 

Figure 35 : Filter with Single Power Supply Regulation. 
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0- R1 . Z 
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The output voltage can be accurately adjusted by 
setting the values ofthe bridge elements R1, R2 and 
using the relationship : 

u+ ( R1 + R2 ) 
v o = - Vz 

R1 
The regulation performed following this procedure, 
takes into account both, the input voltage "W' and 
the "load variations". This power supply is there
fore particularly suitable for complete applications 
built around SGS-THOMSON' MPFs. 

ov 

.--~~- v~., 12v 

4./kU 

6.2V 

ov 

E88AN069-38 
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APPLICATION NOTE 

A symmetrical regulated power supply can be im
plemented using the other operational amplifier of 
the filter circuit to perform negative supply regula
tion. One can obviously use the previous configura
tion and adapt the arrangement to negative voltage 
while also replacing the NPN ballast transistor by a 
PNPtype. 

Figure 36 illustrates the appropriate solution. The 
objective is to obtain two regulated v+ o and V" o volt-

Figure 36 : Symmetrical Regulated Power Supply. 

ages with their absolute values as close to each 
other as possible. The positive regulated voltage 
v+o is obtained using the configuration described 
earlier. The negative voltage regulation resorts to an 
additional operational amplifier, operating in unity 
gain inverting configuration. Since the regulated 
v-o voltage follows accurately the variations of the 
v+ o voltage, a unique reference voltage is sufficient. 

v; ._----~-------v~.----------~--~~ 
0 

vj.-------------------------------_.--
E88AN069-39 
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APPLICATION NOTE 

Figure 37 : Filter with Symmetrical Power Supply Regulation. 

T 
s 
G 

8 
5 
X 
X 

As shown in figure 38, a symmetrical power supply 
can be built using, a single regulated power supply, 
a resistor bridge and an operational amplifier con-

Figure 38 : Split Power Supply. 

v~ 

10k0 1 [~ 

tOkD I 
..__v 

OV 

Note : This configuration can be simplified by re
placing the operational amplifier with a transistor 
operating as voltage follower. In this case, the resis
tor bridge must be readjusted taking into consider
ation the voltage shift due to the transistor 
base-emitter voltage drop. 

l 

3.3V 

6.8k0 

'---~- v; ~ -7v 

E88AN069-40 

figured as voltage follower. The symmetrical accu
racy of this configuration is determined by the pre
cision of the bridge. 

I tOpF 

v• = v0 

vo 
GND=-

2 

T IOpF 

V-=OV 
EBBAN069-41 

POWER SUPPLY REJECTION RATIO 

Figures 39 thru 44 given at the end of this section 
in paragraph 5.5 depict supply rejection character
istics of the TSGB550 filter. 

It is seen that in general v· rejection ratios are ap
proximately- 1 OdB less than those measured for v+ 
supply. 

~ SGS·THOMSON 
A. ""fl liliD©Iiil©rn~rn©'ii'liii©IIIID©Ill 
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APPLICATION NOTE 

A single power supply filtering capacitor (electro
lytic) located close to the device will appreciably im
prove the rejection ratio (approximately - 15dB 
reduction). 
A zener diode used for regulation will further im
prove the results and with the addition of filtering ca
pacitor, one can obtain excellent results (up to 
-60dB). 

The method of using a voltage follower transistor fol
lowing the zener diode results in an improved rejec
tion ratio compared to the rejection ratio obtained 
with a zener diode without filtering. Note that the 
quality of the zener diode used has a significant in
fluence on the results -e.g. the rejection ratios ob
tained using a 5.6V zener diode are much better 
than those obtained using a 4. 7V zener diode. This 
is due to the fact that the 5.6V zener diodes exhibit 
a much steeper breakdown characteristics. 

Finally, the symmetrical voltage regulator using 
operational amplifiers discussed earlier (figure 36) 

yields an excellent rejection ratio of less than- 60dB. 
It is a difficult task to further improve this ratio as at 
lower values, other sources of noise will be also 
measured. 

CONCLUSION 

To improve power supply rejection ratio, supply volt
age filtering by capacitor or using a zener diode are 
simple and efficient solutions. 

In addition, if perfect power supply regulation for an 
application built around a SGS-THOMSON' MPF is 
also required, it would then be interesting to imple
ment the regulator using the operational amplifiers 
available within the filter package. 

SUPPLY REJECTION CHARACTERISTICS OF 
TSG8550 FILTER 

The response curve of TSG8550 is drawn on each 
plot with a dotted line trace. 

Figure 39 : v+ Rejection Ratio (with a single filtering capacitor). 
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Figure 40 : v- Rejection Ratio (with a single filtering capacitor). 
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APPLICATION NOTE 

TSG8550 

Symmetrical Power Supply : ± SV 

1,: 150kHz 

RPWF : 39kQ (grounded) 

Figure 41 : v- Rejection Ratio (with a zener diode and a filtering capacitor). 
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Figure 42 : v+ Rejection Ratio (with a zener diode and a transistor). 
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TSG8550 
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RPNF: 39kQ {grounded) 

Figure 43 : v+ Rejection Ratio (operational amplifier symmetrical regulator) [filtering capacitor : 33flF]. 
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Symmetrical Power Supply : ± SV 
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Figure 44 : v- Rejection Ratio (operational amplifier symmetrical regulator). 
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WIRING RECOMMENDATIONS 
This last section details the practical application 
considerations applicable to SGS-THOMSON 
range of Switched capacitor Filters. The discus
sion will enable the designer to attain remarkable 
performances and to obtain in particular excellent 
signal-to-noise ratio. 

Layout rules are sub-divided into 3 important sec
tions: 

_ Power supply decoupling 
_ Ground connections 
_ Operational amplifiers layout consider

ations 

POWER SUPPLY DECOUPLING 

Power supply voltages "V+" and "V"" as well as "L VL" 
pin voltage (that in order to set the output de level is 
generally amplified within the device) must be care
fully decoupled. 

Similarly, in the case of a single power supply oper
ation, the de voltage applied to "Ground" (GND) pin 
must be efficiently decoupled. 

For decoupling purposes, one can use a high quality 
capacitor located very close to the filter package pin 
under consideration (V+, V, LVL or GND). A capa
citor of a few tens of nF will suffice. 

Also, decoupling PWA and PWF pins will improve 
the signal-to-noise ratio. These pins determine the 
biasing current of, either operational amplifiers, or 
the filter and consequently have an influence on the 
overall device performance. 

A capacitor of approximately 30pF coupled to PWF 
pin and connected in parallel with the filter biasing 
resistor RPwF', will in particular, prevent the occur
rence of the so called "clock feedthrough" phe
nomenon. Clock feedthrough is defined as the 
"presence of the clock frequency harmonics at the 
filter output" and can give rise to disturbances with
in the stop band region. 

GROUND CONNECTIONS 

Conventional printed circuit board layout rules must 
be respected. 

Ground connections must be wide enough to avoid 
occurrence of stray resistances that can cause 
ground pin (GND) voltage to fluctuate as a function 
of the current flowing through ground connections. 

Star connection, starting from the GND pin and 
going to various application ground terminals, must 
be used as often as possible. 

Particular attention must be paid to appropriate sep
aration between the filter proper ground and the 
ground of complementary functions (clock, ampli
fier, comparator, .. ) built using the on-chip oper
ational amplifiers. 

OPERATIONAL AMPLIFIERS LAYOUT CON
SIDERATIONS 

The two operational amplifiers available within the 
filter package are generally used for building anti
aliasing and smoothing filters connected to the 
switched capacitor filter input and output terminals. 
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APPLICATION NOTE 

Consequently, connections such as : common 
ground, too close p c board adjacent tracks, etc .. -
susceptible to cause interaction between input and 
output signals, must be avoided. 
Non-inverting terminals (+E) need special precau
tion. In fact, these inputs are of high impedance type 
and located next to each other in standard filter pi
nout configurations. In the case of standard Sallen
Key cells performing anti-aliasing and smoothing 
functions, since the filter input and output signals are 
routed via these two inputs, there will be risk of in
teraction between the signals. Therefore, tracks 
connecting to +E inputs must be separated by as 
much as possible and the capacitor values of the 
Sallen-Key Cell must be selected large enough so 
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as to minimize the loading impedance on these pins. 
Low value resistors are used to achieve the latter 
requirement - R = 1 Ok will in general enable the se
lection of suitable capacitor values. 

CONCLUSION 

Excellent application performances using SGS
THOMSON Microelectronics Switched Capacitor 
Filters will be obtained by observing the foregoing 
rules and recommendations. 

Information contained in this application note is ap
plicable to any of the standard and semicustom 
filters ; i.e. the entire range of Mask Programm
able Filters. 



INTRODUCTION 

Standard switched capacitor filters currently marke
ted by SGS-THOMSON Microelectronics cover in 
particular a range of Band-pass and Band-reject 
filters - all of which have in general a high selectivi
ty factor. 

One may require to implement a band-pass or band
stop filter of lower Q figure. 

The objective of this application note is just to de
monstrate how such requirement is fulfilled by using 
one low-pass and one high-pass standard fil
ters. 

Figure 1 : Band-Pass Filter Fundamentals. 

APPLICATION NOTE 

BAND-PASS AND BAND-STOP 
FILTERS 

Throughout our discussion, we shall outline and il
lustrate, once again, the remarkable flexibility of use 
inherent to switched capacitor filters. 
Subjects covered are : 
• 1 - Band-pass Filters 
• 2 - Band-stop or Band-reject Filters ., 

BAND-PASS FIL TEAS 

FILTER SYNTHESIS FUNDAMENTALS 
Cascaded combination of one low-pass and one 
high-pass filters yields a band-pass filter. 

BAND-PASS 

~r 
I I 

fc f~ 

Note however that in this arrangement the low-pass 
filter precedes the high-pass filter so as to limit the 
signal frequency band as it enters the first stage, 
thus improving the signal-to-noise ratio. 
Switched capacitor filters manufactured by SGS
THOMSON are active filters having a high input 
and a low output impedances of typically "3MQ" 
and "10Q" respectively, thus making them particu
larly suitable for cascaded combination - by coup
ling the output of one to the input of the other. 

The following standard filters are employed 
throughout the present section : 

AN0?0/0389 

EBBAN0?0-01 

_ TSG8512: 7th order Cauer-type low-pass fil
ter 

_ TSG8532 : 6th order Chebychev-type high
pass filter 

Obviously, other standard filters may be cascaded 
according to requirements. 

USING A COMMON CLOCK 
Figure 2 depicts the frequency response of the two 
filters put in cascade and operating at an identical 
clock frequency of 400kHz. 
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Figure 2 : Band-Pass Filter Frequency Response. 
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It is clearly seen that there is no significant difference frequency. 
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between this curve and the curves of figure 3 illus- It is thus obvious that direct cascading of the filters 
!rating the frequency response of the filters opera- does not affect the operating characteristics of the 
ling separately but at the same 400kHz clock either filter. 

Figure 3 : Frequency Response of Low-Pass (TSG8512)& High-Pass (TSG8532) Filters [common clock 
frequency : 400kHz]. 
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TSG8512 (low-pass filter) 

"Clock Frequency :400kHz" 

12) 

TSGB532 (high-pass filter) 

"Identical Clock Frequency :400kHz" 



APPLICATION NOTE 

Figure 4 outlines the interesting characteristics of a band-pass filter implemented as discussed above. 

Figure 4 : Frequency Range Shifting of Band-Pass Filter. 
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Figure 4 illustrates how by simple modification of the 
common clock frequency, the frequency range of 
the band-pass filter is shifted without causing any 
modification to its frequency response curve. 

Due to inherent characteristics of the switched ca
pacitor filters, the clock to cut-off frequency ratio is 
always known. It is thus a simple matter to calculate 
the clock frequency as a function of the signal fre
quency one wishes to use. 

For example, in the case of TSG8512 filter, this ratio 
is: 

__ fe_ = 100 ± 1% 
fc 

Where fe is the external clock frequency. 
If fc is to be the upper cut-off frequency equal to 
5kHz, we shall therefore select fe = 500kHz. 
Also, since-1c = 500 ±1% for TSG8532, the lower 
cut-off frequency f'c will be 1kHz. 

This curve is given in figure 4. 

Note that in all cases, the passband width remains 
constant at 4 x f' c-

Different bandwidths are obtained by cascading 
other standard filter types. 

Corresponding calculations are similar to those out
lined above. 

BAND-PASS FILTER 

TSG8512 (low-pass) 

+ 

TSG8532 (hrgh-pass) 

Identical Clock Frequency : 
->20kHz 

->100kHz 

->500kHz 

-> 1.5MHz 

TWO DIFFERENT CLOCK FREQUENCIES 
(figure 5) 

Figure 6 depicts the frequency response of a band
pass filter implemented by cascading TSG8512 and 
TSG8532 filters but each operating at a different fre
quency. 

Similar to the former case, it is obvious that the fre
quency response characteristics of the individual fil
ters are not modified by this configuration and 
remain unchanged after cascading. 
Note however that in this case, the signal delivered 
at the output of the first filter (TSG8512) goes 
through a smoothing filter before entering the sec
ond filter (TSG8532). 

This process is necessary as the operating frequen
cies of the filters are different and consequently 
there will be lack of synchronization between the 
sampling performed by each individual filter. 

In the absence of the signal smoothing process, this 
fact will give rise to disturbances within the cut-off 
frequency band. 
Similarly, the signal delivered by the second filter 
goes through a smoothing filter. 
These smoothing filters are implemented by 2nd 
order Sallen-Key Cells each using one of the on
chip operational amplifiers of the switched capaci
tor filter (figure 5). 
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APPLICATION NOTE 

Figure 5 : Band-Pass Filter (two separate clocks). 
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APPLICATION NOTE 

The cut-off frequency of these Sallen-Key Cells is 
chosen to be twice the upper cut-off frequency of 

the band-pass filter so as to eliminate any signal dis
turbance within the pass band region. 

Figure 6 : Low Q Band-pass Frequency Response Characteristics. 
REF LEVEL /DIV MARKER 3 162.278Hz 
O.OODdB lO.OOOdB MAG<B/R) -3.478d8 BAND-PASS FILTER 

''Two different clock frequencies" 

TSGB512 "Clock : 300kHz" 

+ 

TSG8532 "Clock : 90kHz" 

+ 

AnU-aliasing & Smoothing Filters 

(fo=6kHz) 

START lO.OOOHz 100 OOO.DOOHz 
E88AN070-07 

Figure 7 illustrates how the cascading of two filters yields an extremely steep band-pass characteristics. 

Figure 7 : Steep Band-pass Frequency Response Characteristics. 
REF LEVEL /OIV MARKER 1 62S.929Hz 
D.OOOdB lO.OOOdB MAG(B/Rl -3.29Bd8 

lK 
START lO.OOOHz STOP 100 OOO.DOOHz 

E88AN070-08 

STEEP BAND-PASS 

TSGB512 "Clock : 200kHz" 

+ 
TSG8532 "Clock : 800kHz" 
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APPLICATION NOTE 

The band-pass obtained in this case has a selectiv
ity factor of about 4. 

Note that the clock frequencies employed (200kHz 
and 800kHz) allow the use of a single external os
cillator running at 800kHz (or its multiple frequen
cies). The second clock frequency is then derived 

Figure 8 : Shifting the Upper Cut--off Frequency. 
REF LEVEL /DIV MARKER 174.903Hz 
O.OOOdB 10.000d8 MAG<B/R) -3. 182d8 

START lO.OOOHz STOP 100 ooo.oooHz 

E88AN070-09 

Figure 9 : Shifting The Lower Cut--off Frequency. 
REF LEVEL /OIV MARKER 5 790.492Hz 
O.OOOdB 10.000d8 MAG<B/R) -4.044d8 
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from this master clock using a counter. 

In figures 8 and 9, one of the clock frequencies is 
maintained constant while the other is varied. This 
arrangement results in an adjustable band-pass fil
ter. 

BAND-PASS FILTER 

TSG8512 

+ 
TSG8532 

W1th AntH!IIasing & Smoothing Filters 
TSG8532 "Fixed clock: 100kHz" 

TSG8512 "Variable clock:" 

--.20kHz 

--.50kHz 

--.100kHz 

--.300kHz 

--.800kHz 

--.1.5MHz 

BAND-PASS FILTER 

TSG8512 "Fixed clock : 540kHz" 

TSG8532 "Variable clock :" 

--.100kHz 

--.200kHz 

--.500kHz 

--.1MHz 

--.2MHz 

10 100 lK !OK lOOK 
STJ\RT lO.OOOHz 
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Each cut-off frequency is adjusted with precision 
and if separate clocks are used, adjustments will be 
entirely independent. 
If separate clocks are not available, one may use a 
single master oscillator and then derive the required 
frequencies using a frequency divider circuit. 

APPLICATION NOTE 

In this case, the frequencies would be the multiples 
of one another. 

By appropriate selection of the division factor, the 
frequency bandwidth is changed. 

The filter frequency response curve is readily shifted 
along the frequency axis by simple modification of 
the master oscillator frequency (figure 1 0). 

Figure 10 :Clock Generation for Adjustable Band-pass (deriving two different clock frequencies from a mas-
ter oscillator). · 

X tal 

1e(1) ____ __._ _ __._ _ __._ _ __._ _ __._ _ __._ ___ _, 

1.6 MHz 400kHz 50 kHz 

BOOkH.r: 25kH2' 

Illustrated example gives identical results to those 
depicted in figure B. 

According to requirements, a single 4-bit 74163 
TIL-type counter may be used as frequency divider. 
For adjustable band-stop filter, either a 4020-type 
14-stage counter or a 4060-type counter that also 
includes an on-chip crystal oscillator would be suit
able alternatives. 

To implement an appropriate oscillator, refer to the 
"Application Note : AN-069" [A Supplement to 
the Utilization of Switched Capacitor Filters] that 

E88AN070-11 

discusses in detail how to build crystal-controlled 
and free-running oscillators using the on-chip oper
ational amplifiers of the filter circuits. 

For example, curves depicted in figure 9 may be ob
tained, in the case of TSG8512, using the ceramic 
resonator discussed in the application note men
tioned above - and in the case of TSGB532, by ad
justing the frequency of a free-running oscillator 
whose frequency is varied by a potentiometer as il
lustrated in figure 11. 
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APPLICATION NOTE 

Figure 11 : Adjustable Band-pass Filter (upper cut-off frequency set by crystal-controlled oscillator). 
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A band-pass filter is thus implemented using only 2 
switched capacitor filters of SGS-THOMSON con
figured as active elements. 
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A wide frequency adjustment range is available 
using RC-type free-running relaxation oscillators 
(figure 12). 



APPLICATION NOTE 

Figure 12 :Adjustable Band-pass Filter (upper and lower cut-Dff frequencies are both adjustable) . 
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upper cut-off frequency of the band-pass is also 
necessary. 
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BAND-STOP FILTERS 

FILTER SYNTHESIS FUNDAMENTALS (figure 16) 

Figure 13 : Band-stop Filter Fundamentals. 
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A band-stop filter is obtained by adding the output 
signals of a high-pass and a low-pass filter. 

The adder circuit is configured using an operational 
amplifier. 
In the case of SGS-THOMSON switched capacitor 
filters, the adder circuit is readily implemented using 
one of the operational amplifiers contained in the 

Figure 14: Inverting Adder. 

Figure 15 : Non Inverting Adder. 

R 
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same package as the filter circuitry. It is thus clear 
that only two packages, one low-pass and the other 
high-pass, are required to implement a band-stop 
filter. 
An adder is built using either of the configurations 
given below : 

E88AN070-15 
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Figure 16: Band-Stop Filter (two separate clocks). 
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APPLICATION NOTE 

RESULTS 

Similar to band-pass discussion, the standard de
vices employed here are : 

TSG8512 : Low-pass 

TSG8532 : High-pass 

Other standard circuits can be used according to the 
desired cut-off frequency slope and attenuation. 

Figure 17 depicts the response curves of the indi
vidual filters. 

Figure 17: Frequency Response of Low-pass & High-pass Filters. 
REF LEVEL 
O.OOOdB 
O.OODdB 

/DIY 
1C.000d9 
tO.OOOdB 

START lO.OOOHz STOP 100 OOO.OOOHz 

E88AN070-17 

Figure 18 illustrates the frequency response curve 
of the band-stop filter built using these two filters 
operating at the same frequency as previously. 

Figure 18: Band-reject Frequency Response. 
REF LEVEL 
O.OOOdB 
O.OOOdB 
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/DIV 
lO.OOOdB 
lD.DODdB 

CD 
• LOW-PASS FILTER 

TSG8512 "Clock : 32kHz" 

(2) 

HIGH-PASS FIL TEA 

TSG8532 "Clock : 1.170MHz" 

Once again, it is obvious that the operating charac
teristics of each filter remain unaffected by this ar
rangement. The response curve is obtained directly 
from figure 17. 

BAND-REJECT FILTER 

TSG8512 "Clock: 32kHz" 

+ 
TSG8532 "Clock: 1.170MHz" 

CD 

With non-inverting Adder 

(filter op-amp RPWA = 39kn) 

(2) 

With inverting Adder 

(filter op-amp) 



Also, there is no significant difference between an 
inverting and a non-inverting adder (except for out
put signal phase inversion). 

For our present discussion, from now on, we shall 
use non-inverting adder arrangement. The configu
ration will therefore be identical to that given in fi
gure 16 ; that illustrates how a band-stop filter is rea
dily ouilt using two switched capacitor filters. 

In figures 19 and 20, the clock frequency of one fil
ter is constant while the other is adjustable. 

The outstanding flexibility of such band-stop filter is 
clearly demonstrated by observing the fact that the 
adjustment of one filter has no influence whatsoever 
on the other. 

Figure 19: Shifting the Lower Cut-off Frequency. 
REF LEVEL 
D.00Dd8 
o_OOOd8 

/OIV 
1D-000d8 
10- 000d8 

STOP 10 OOO.OOOHz 

E88AN070-19 

APPLICATION NOTE 

As discussed earlier, refer to section concerning Os
cillators (Application Note : AN-069) for details on 
how to implement the appropriate clock circuits. 

One of the operational amplifiers available may be 
used to build crystal-controlled or RC-type variable 
oscillators. 

Electrical diagrams of these oscillators are identical 
to those given in figures 11 and 12. 

Similarly, if clock frequencies are multiples of each 
other, a single master oscillator and frequency 
divider combination may be used. 

Any modification of the master frequency will shift 
the filter response curve along the frequency axis 
(see figure 1 0). 

BAND-STOP FILTER 

TSG8532 '"Fixed Clock : 1.5MHz'" 

+ 
TSG8512 '"Variable Clock :'" 

->2.5kHz 

.... ?.5kHz 

->15kHz 

->25kHz 

->50kHz 

->70kHz 
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APPLICATION NOTE 

Figure 20 : Shifting the Upper Cut-off Frequency. 
~EF LEVEL /DIY 
D.DDDdB lD.DDDdB 
D.DDDdB lD.DDDdB 

START lO.OOOHz STOP 10 OOO.OOOHz 

E88AN070-20 

BAND-REJECT FILTERS (figure 21) 

An interesting application of band-stop filters is im
plementation of frequency-reject filters, i.e. steep 
band-stop filters. 
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BAND-STOP FILTER 

TSG8512 ""Fixed Clock : 2kHz"" 

+ 
TSG8532 ""Variable Clock :"" 

->40kHz 

->60kHz 

->80kHz 

-->100kHz 

->200kHz 

->400kHz 

->600kHz 

->800kHz 

For this application, a low-pass TSG8512 and a 
high-pass TSG8531 filters are used. The TSG8531 
is a standard 6th order Cauer-type high-pass fil
ter and was chosen for this application due to its 
sharp cut-off characteristics. 



Figure 21 : Band-reject Filter (adjustable center frequency). 
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APPLICATION NOTE 

Figure 22 shows response curves obtained at different center frequencies. 

Figure 22 : Shifting the Frequency Response of Band-reject Filter. 
REF LEVEL /UlV MARKER 400.000Hz 
O.OOOdB lO.OOOdB MAG<B/R> -S2.073d8 

The frequency ratio of the clocks was selected to be 
constant and equal to 1 0. 
This allows use of a single oscillator followed by a 
frequency divider. 

Figure 21 illustrates the electrical diagram of this 
band-reject filter. 

This type of band-reject filter is generally employed 
for the suppression of mains frequency transients, 
i.e. 50Hz or 60Hz. 

In this case, the application characteristics are as 
follows: 
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BAND-REJECT 

TGS 8512 + TSG 8531 

For d1fferent center frequencies : 

20Hz, 50Hz, 100Hz, 400Hz 

The two clock frequencies have a 

Constant ratio of 10 

50Hz center frequency : 

TSG8531 filter clock frequency : 36kHz 
TSG8512 filter clock frequency : 3.6kHz 
Selectivity Factor : Q 1.6 
Attenuation at 50Hz : 45dB 

60Hz center frequency : 

TSG8531 filter clock frequency : 43kHz 
TSG8512 filter clock frequency : 4.3kHz 
Selectivity Factor : Q 1.6 
Attenuation at 60Hz : 48dB 



Figure 23 : 50Hz Band-reject Filter Frequency Response. 
REF LEVEL 
O.OOOdB 

/OIV 
lO.OOOdB 

START lO.OOOHz 

MARKER 50. 119Hz 
MAG(B/R) -43.BB4d8 

STOP 1 OOO.OOOHz 
E88AN070-23 

Figure 24 : 60Hz Band-reject Filter Frequency Response. 
REF LEVEL 
O.OOOdB 

/OIV 
10.000d8 

ST/\RT lO.OOOHz 

MARKER B0.351Hz 
MAG(B/R) -41.573d8 

STOP 1 OOO.OOOHz 
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50Hz REJECT 

TGS 8512 '"Clock: 3.6kHz'" 

+ 
TSG 8531 '"Clock : 36kHz'" 

60Hz REJECT 

TGS 8512 '"Clock: 4.3kHz'" 

+ 
TSG 8531 '"Clock : 43kHz'" 
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APPLICATION NOTE 

SWITCHED CAPACITOR FILTERS 
SIGNAL DETECTION & SINEWAVE GENERATION 

INTRODUCTION 

The present note outlines the specifications of high 
selectivity factor (Q > 1) band-pass filters such as 
standard TSG8551 and TSG8550 devices. 

Subjects covered are : 
• Signal Detection 
• Implementation of a very low distortion sine-

wave oscillator. 

These application fields cover a wide range of prac
tical configurations built around the switched capa
citor filters- few examples of which will be described 
in detail. 

SIGNAL DETECTION 

This section discusses various types of the signal 
detection techniques and gives an application 
example of each. 

The following topics will be covered successively : 
• Amplitude detection 
• Frequency detection 
• Burst duration detection 

The TSG8551 standard filter is best suited to this 
type of application. This is a selective band-pass 8th 
order switched capacitor filter with selectivity factor 
Q equal to 35. In addition, it has a relatively high gain 
(30dB typ.) at center frequency. The attenuation 
within the stop band region is typically ?OdB. 

Consequent to the foregoing, it is obvious that the 
TSG8551 is perfectly suitable for signal detection 
applications. Since the clock frequency to filter cen
ter frequency ratio is constant, the TSG8551 can be 
accurately locked onto the signal to be detected, by 
adjusting the external clock frequency. 

AMPLITUDE DETECTION 

The objective is to measure the amplitude of a given 
signal selected by the TSG8551 filter. 

Irrespective of the signal shape, the filter delivers a 
sinewave frequency of which corresponds to the fil
ter center frequency. This is particularly useful when 
measuring a signal super imposed on a carrier or 
lost within interference signals. 

AN075/0389 

By Jacques REBERGA 

The detected amplitude level depends on the filter 
gain at center frequency. As specified in technical 
data sheet, the TSG8551 filter has a fixed gain -
guaranteed gain value of 28 to 32d8 at 400kHz 
clock frequency. 

This application requires an extremely stable 
"Quartz or Ceramic Resonator" - controlled clock 
generator. 

In fact, any clock frequency drift will cause center 
frequency displacement and thus detected signal 
amplitude variation. 

We shall demonstrate in the present application 
note, how it is possible to lock the clock frequency 
onto the frequency of the signal to be detected (sec
tion 2.1.3). 

Filter offset compensation is necessary in order to 
obtain an error-free measurement of the signal am
plitude. 

This function is easily implemented using "LEVEL" 
pin of the TSG8551 which controls the output de 
level and can therefore be used to bring this level 
down to zero. Same as for all other SGS-THOM
SON Microelectronics switched capacitor filters, an 
automatic offset compensation feature can be also 
implemented (refer to application note "AN-069" for 
detailed discussion of this topic). 

SENSITIVITY OF SWITCHED CAPACITOR FIL
TERS 

Minimum signal amplitude detectable by TSG8551 
is around 1 mV peak-to-peak. Signals of lower 
amplitude can be processed provided that they go 
through a pre-amplifier before entering the filter 
input. The pre-amplifier can be implemented using 
one of the on-chip operational amplifiers. In this 
case, the signal level at amplifier input must be at 
least 1 OOi!V peak-to-peak. 

RECTIFICATION 

In order to measure the amplitude, the signal is 
generally first rectified (half- or full-wave rectifica
tion). 

Once again, the on-chip operational amplifiers can 
be used to perform this task. 
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HALF-WAVE RECTIFICATION 

Figure 1 illustrates the operating principles of this rectifier. 

Figure 1 : Half-Wave Rectification Principles. 

Diode D1 conducts during the input signal positive half cycle while diode D2 is reverse biased and 
there is therefore no signal at the output. 

During the negative half cycle, diode Dt is reverse biased and diode D2 conducts- the amplifier 
operates in unity gain inverting configuration and consequently inverts the negative going input 
signal and delivers a positive output signal. 

R 01 .. 
R 02 

I J\ [\J\ 

~ 
R 

E88AN075-01 

The gain of this configuration can be set by adjust
ing the value of the feed-back resistor - thereby 
allowing signal amplification if necessary. 

one of the on-chip operational amplifiers is readily 
implemented. The output signal offset can be sup
pressed by routing the signal through a capacitor 
before its application to the rectifier. As depicted in figure 2, practical configuration using 

Figure 2 :Application Configuration of the Half-wave Rectifier. 
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APPLICATION NOTE 

FULL-WAVE RECTIFICATION 

Figure 3 depicts the operating principles of this rectifier. 

Figure 3 : Full-wave Rectification Principles. 

The first amplifier (A 1) operates as half-wave rectifier- the two rectified half-cycles are forwarded 
to the second amplifier (A2) that inverts once again the positive half-cycles and transmits direct
ly the negative half-cycles of the input signal. 

This configuration uses two operational amplifiers. 
The arrangement is straightforward, while resistors 
are of identical value and therefore easily matched 
-yielding accurate rectification. 

Figure 4 illustrates the practical configuration using 
the on-chip operational amplifiers of the switched 
capacitor filter. 

E88AN075-03 

Since rectifier configurations are sensitive to input 
signal offset, a 4.7f.LF capacitor is inserted between 
the filter output and the rectifier. 

A simple R-C network arrangement at filter output 
allows de level extraction from the rectified signal. 

Figure 4 : Application Configuration of the Full-Wave Rectifier. 
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As mentioned earlier, amplitude detection using a 
highly selective filter such as TSG8551 requires per
fect frequency stability of both, the signal to be de
tected and the filter clock frequency which 

determines the band-pass center frequency. Other
wise, frequency beating between the filter center 
frequency and the signal frequency would be pro
duced - resulting in amplitude modulation of the fil
ter output signal. 
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If the signal frequency is stable, it is an easy task to 
implement a clock oscillator using either of suffi
ciently stable quartz or ceramic resonators. 

In general, the signal to be detected is also subject 
to frequency variations. This requires the filter cen-

Figure 5 : Phase Locked Loop Block Diagram. 

S1gnal 
detected 

by TSG8551 

Phase locking yields : 
f fH 

i.e. fH = 

M =N 

N 
--f 

M 
The only requirement is thl{iefore to select N and M 
values such as to make 1iir to correspond to the 

Figure 6 : Simplified PLL Block Diagram. 

Signal 
detected 

by TSG8551 

In this case, the phase is locked onto the frequency 
of the signal to be detected, and any variation of this 
frequency will produce an error voltage at the out
put of low-pass filter. This error voltage goes through 
a matching stage (amplification, filtering, .. ) and is 
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ter frequency to be locked onto the signal frequency. 
The easiest solution to achieve this requirement is 
to use a Phase Locked Loop (PLL) operating prin
ciples of which are depicted in figure 5. 

TSG8551 
Clock S1gnal 

E88AN075-05 

constant clock frequency-to-TSG8551 center fre
quency ratio- i.e. "187.2 1%". 

Thus if one selects M = 5 the corresponding N value 
would be 936. 

As illustrated in figure 6, the PLL block diagram out
lined in figure 5 can be simplified by removing the 
frequency divider networks. 

then applied to a Voltage-Controlled Oscillator 
(VCO) output frequency of which is used as clock 
for the TSG8551. 
Figure 7 depicts the practical application diagram of 
this arrangement. 



APPLICATION NOTE 

Figure 7 : Locking the Clock Frequency onto the Detected Signal Frequency . 
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The 4046 (CMOS) device fulfils PLL functions while 
the 748124 (TTL) circuit generates the clock signal. 
This application is well suited to amplitude detection 
of medium frequency signals" 190Hz". 

The component values given in figure 7 allow the 
PLL to remain locked within a frequency range of ± 
25Hz around the 190Hz- and if the input signal am
plitude is constant, the amplitude of the detected sig
nal would remain constant within a ±10Hz range 
around the 190Hz. 
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It is obvious that the PLL operates ideally within the 
latter frequency range and as a consequence, the 
implemented filter is a true tracking filter. 

However, filtering of the 4046 device output voltage 
produces a time constant of approximately 0.2 sec
ond. Consequently, the given configuration can fol
low only relatively low frequency variations of the 
signal to be detected - "about 10Hz/sec max." -
which corresponds to the characteristics of this type 
of application (frequency drift with aging and tern-
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perature). A drawback associated to this type of PLL 
is the risk of locking onto an undesired interference 
signal the frequency of which falls within the capture 
range. For this reason and in order to limitthe noise 
spectrum, the signal goes through an anti-aliasing 
filter before entering the filter input. Similarly, a 
smoothing filter is inserted between the filter output 
and the phase comparator input. These filters are 
implemented by Sallen-Key Cells using the filter 
operational amplifiers. If required, the PLL capture 
range can be readily reduced. 

FREQUENCY DETECTION 
The most frequent application is the detection of 
presence or the absence of a signal at a given fre
quency. 
Thanks to its high selectivity and gain, the TSG8551 
is particularly suitable for this type of applications. 

Figure 8 : Schmitt Trigger Operating Fundamentals. 

By adjusting its clock frequency, the TSG8551 cen
ter frequency can vary from a few tens of Hertz 
(22Hz typ.) to few tens of kilo Hertz (20.3kHz typ.). 
As outlined in the previous section, a highly stable 
clock oscillator together with precautions to avoid 
parasitic signals are the major requirements for ap
propriate and error-free signal detection. 

In general, the detected frequency must, after filter
ing, go through a signal shaping stage in order to 
become suitable for use by other devices. 
The TSG8551 output signal can be made TTL-com
patible by using one ofthe on-chip operational am
plifiers configured as Schmitt Trigger. 
Figure 8 outlines the operating fundamentals of the 
Schmitt trigger. Selecting a low hysteresis ratio, the 
amplifier output flips between the two saturation 
voltages at low amplitude input signals. 

A low positive feed-back is applied to the amplifier by feeding the reference input with a fraction 
of the output voltage. Due to hysteresis, the output voltage level change does not occur at the 
sa,me voltage level for input voltage rising or falling. The hysteresis ratio is determined by : 

R2 
Vo 

R1 +R2 

Note that the illustrated trigger is of inverting type. 

V
1Fv • 0 

R1 

R2 
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Figure 9 illustrates the practical application diagram with TSG8551 configured for frequency detection. 

Figure 9: Frequency Detection & TTL-Compatible Output (component values of the smoothing filter apply 
to a frequency of approximately 200Hz). 
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The 1 OOkQ and 1 OkQ resistors set the hysteresis at 
1/1 Oth of the amplifier saturation voltage. Trigger 
thresholds are therefore -450mVand +300mV ap
proximately. Consequently, the trigger will operate 
satisfactorily when the TSG8551 output signal 
reaches 1V peak-to-peak (500mV amplitude). 

The 1 V peak-to-peak output level corresponds to an 
approximately 30mV peak-to-peak filter signal 
input. The voltage at trigger output swings between 
- SV and + 3.5V for TSG8551 symmetrical power 
supply of- SV, + SV. 

A diode connected to the output stops the negative 
half-cycle and makes the signal compatible for use 
with TTL devices (typical levels :- 0.6V, + 3.5V). 

Note that in order to avoid offset problems at the fil
ter output, the signal goes through a 470nF capaci
tor before entering the trigger. 

The output signal is sampled by the switched capa
citor filter and needs smoothing before going 
through the Schmitt trigger for shaping. 

-EB 11 

Jlil 

B.2kO 

470nF 

100kll 
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BURST DURATION DETECTION 

Another application of signal detection at a given fre
quency is the measurement of the signal burst dur
ation. In this case, the burst must be detected 
without introducing any delay. One must therefore 
select a filter the group delay of which is compatible 
with the burst duration at the frequency under con
sideration. Generally, a group delay equal to 1/10 th 
of the burst duration is acceptable. 

Oscillogram of figure 10 illustrates the burst detec
tion of a 190Hz signal frequency using TSG8550 fil
ter particularly suitable for this type of application. 

The TSG8550 is a band-pass filter with its gain at 
center frequency and selectivity factor equal to OdB 
and 7 respectively. 

Its group delay at 190Hz center frequency is about 
22ms - making it suitable for burst detection of at 
least 250ms duration as shown in figure 1 0. 

The application configuration used is a straightfor
ward typical arrangement of the switched capacitor 
filters and does not include any anti-aliasing or 
smoothing filter. 
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Figure 10: BURST DURATION DETECTION 

using TSG8550 

• Signal Frequency: 190Hz 
• Waveform 1 (upper) 

• Filter input : 200mV/div 
• Waveform 2 (lower) 

• Filter output : 50mV/div 
• t = 50ms/div 

Comment : The filter is suitable for signal detec
tion at this frequency 

The oscillogram of figure 11 depicts the results ob
tained using TSG8551 filter the group delay of which 
is about ten times higher than that of TSG8550 ; i.e. 
about 200ms at 190Hz frequency. 

Figure 11 :BURST DURATION DETECTION 

using TSG8551 

• Signal Frequency: 190Hz 
• Waveform 1 (upper) 

• Filter input : 200mV/div 
• Waveform 2 (lower) 

• Filter output : 2V/div 
• t = 50ms/div 

Comment : The filter exhibits a relatively high 
group delay for this frequency 

Note that the group delay is independent of the sig
nal amplitude and inversely proportional to the sig
nal frequency - as indicated by the oscillogram of 

Figure 12: BURST DURATION DETECTION 

using TSG8551 
• Signal Frequency : 2kHz 
• Waveform 1 (upper) 

• Filter input: 100mV/div 
• Waveform 2 (lower) 

• Filter output: 1V/div 
• t = 5ms/div 

Comment : The group delay is independent of 
the signal amplitude and inversely 
proportional to the signal frequency. 

8/12 
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It can be seen that the output burst is distorted be
cause of an important delay during rising and falling 
phases. 

E88AN075-12 

figure 12 where the measured settling time is 20ms 
for a 2kHz signal frequency filtered by TSG8551. 
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As the foregoing discussion demonstrated, a 
switched capacitor filter can be used to detect the 
presence and the burst duration of a signal. This 

0 0 

A microprocessor unit can be used to process the 
signal and, for example, to compare it with the con
tents of a ROM. After detection by switched capaci
tor filter, a single R-C low-pass cell is sufficient to 
extract the signal envelope. 

Applications are numerous : remote-control, data 
transmission on teleprinters, etc .. 

CONCLUSION 

Wide range of currently available SGS-THOMSON 
Switched Capacitor Filters provide for appropriate 
selection of suitable filters meeting the requirements 
of every specific signal detection application. 
The types most often used are standard band-pass 
filters, which in combination with the on-chip oper
ational amplifiers, greatly simplify the design of sig
nal detection applications. Also, such configuration 
arrangement offers the possibility of implementing 
additional functions related to signal detection such 
as rectification, signal shaping, signal amplification, 
etc .... 

A true tracking filter is implemented by locking the 
filter clock onto the frequency of the signal to be de
tected. 

Figure 13 : Sinewave Generator Block Diagram. 

External Clock 
(Frequency : f e) 

APPLICATION NOTE 

type of application is used for data detection - e.g. 
detection of a binary code transmitted using on-off 
frequency modulation technique as shown below : 

0 0 0 0 E88AN075-13 

The signal detection topic covers a wide range of 
applications - few examples of which were detailed 
throughout the present discussion. A single inte
grated filter associated to a few low-cost compo
nents, enables the design of complex functions. 

VERY LOW DISTORTION SINEWAVE GEN
ERATOR 

INTRODUCTION 

Thanks to its high coefficient of selectivity, the 
TSG8551 filter is best suited to this application. This 
filter can extract from a complex signal, the compo
nent located at the filter center frequency. 
In all cases, the TSG8551 output signal is nearly a 
pure frequency waveform, i.e. a sinewave. 
We shall use this property to implement a sinewave 
generator, using only a single TSG8551 package. 

Various configuration arrangements will be dis
cussed and it will be demonstrated that thanks to 
the remarkable characteristics of the switched ca
pacitor filters, there is a tremendous number of ap
plication possibilities for this type of oscillators. 

S~ncwave S•gnal 
f 

{Frequency : 187~2 ) 
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APPLICATION NOTE 

OPERATING PRINCIPLES 

If a TSG8551 filter is configured in closed-loop, it be
gins oscillating at its center frequency. 

Due to high filter gain and in order to avoid the satu
ration of the output stage, it is necessary to insert 
an attenuator within the feed-back loop. 

With suitable attenuation, the filter output signal will 
be a sampled sinewave, and must go through a 
smoothing filter to obtain the final sinewave- the fre
quency of which will be proportional to the clock fre
quency. 

IMPLEMENTATION 

The most delicate task of this configuration is the 
design of the feed-back loop attenuator. In fact, an 
ordinary potentiometer cannot fulfil this requirement 
since too low an attenuation will cause the filter out
put signal amplitude to rise to the saturation level, 
while excessive attenuation will result in the signal 

Figure 14 : Sinewave Generator (with AGC). 
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amplitude falling gradually until the oscillator is com
pletely halted. It is thus clear that the position of bal
ance is quite unstable using a potentiometer. 

ALTERNATIVE 1 (figure 14) 

The appropriate solution is to design a true Auto
matic Gain Control (AGC). 

A simple configuration can be obtained resorting to 
the properties of the Field Effect Transistors (FET) 
which behave as variable resistors as a function of 
the voltage applied to the gate. 

The FET is used as a potentiometer, the gate bias
ing voltage is supplied by the negative amplitude of 
the output signal which is rectified by a diode and 
filtered by a capacitor. An N-channel FET is used 
here, so that, when the output signal rises, the gate 
voltage becomes more negative and therefore the 
FET conducts less, resulting in filter input signal at
tenuation. 

NC • 

-EA 15 
Stnewave 

39k0 
~~-+---!!J• PWF PWAI.!_If-----<::::>--:l.. 

Inversely, when the output signal level falls, the tran
sistor conducts more and as a consequence, the 
input signal amplitude rises. A potentiometer placed 
before the FET attenuates the output signal so as 
to enable the FET to operate at low drain-source 
voltage levels, i.e. within characteristic area where 
drain to source resistance varies linearly as a func
tion of the gate voltage. 

10112 

1024 

10kD 

1N.t148 

470kil 
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This configuration delivers a stable output signal 
amplitude of approximately 5V peak-to-peak irre
spective of the clock frequency within the operating 
frequency range of the TSG8551 (center fre
quency : 20Hz to 20kHz). Sinewave smoothing is 
performed by one of the filter operational amplifiers 
configured in second-order low-pass (Sallen-key 
structure). 



ALTERNATIVE 2 (figure 15) 

In this case, the output signal is clipped by two in
verse-parallel connected diodes. This arrangement 
results in constant signal amplitude whatever the 
output signal amplitude (provided that it is higher 

APPLICATION NOTE 

than the diode threshold). A potentiometer allows to 
set the input level at a constant value and therefore 
adjust the output amplitude so as to avoid satura
tion. 

Figure 15: Sinewave Generator (with amplitude adjustment). 

15k0 
~-=>--+-.filo I'WF 

39k0 
PWA ~~ f----=----, 

1Dka 

100kll 

E88AN075-16 

This simplified arrangement gives satisfactory results within the entire frequency range. The output sine
wave distortion is about 0.2% (total harmonic distortion). 

Figure 16. 

ALTERNATIVE 3 

This solution if of simple implementation - attenua
tor adjustment does not involve any complication, 
but the configuration requires two TSG8551 filter 
packages. 

The first TSG8551 is configured in closed-loop and 
therefore delivers a constant amplitude square 
waveform with its frequency equal to the filter cen
ter frequency. The filter power supply voltages 

SINEW AVE 
SIGNAL 

(t) 

E88AN075-17 

determine the saturation voltages of the output am
plifier and hence the signal amplitude. If this signal 
is sufficiently attenuated and then filtered once 
again by another TSG8551 centered on the same 
frequency, then a pure sinewave corresponding to 
the fundamental signal component would be ob
tained. Both TSG8551 filters are therefore driven by 
the same clock frequency and the smoothing is per
formed as previously using one of the filter oper
ational amplifiers. 
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APPLICATIONS 
• Since the frequency of the output sinewave is 

readily adjustable by the clock frequency, the first 
application of this oscillator is Low Frequency 
Signal Generator. 

• Using an operational amplifier, the generated 
sinewave can be easily converted to square and 
triangular waveforms. 

Figure 17 : Network Analyzer. 

Oscillator 
(Frequency : fc) 

Sinew ave 
Signal r--, 

Equipment 
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The first filter operates as sinewave oscillator as dis
cussed earlier while the second filter being driven 
by ihe same clock frequency, is automatically tuned 
at a center frequency equal to the oscillator fre
quency. 

This configuration can be used to implement a se
lective voltmeter or a network analyzer. The os
cillator signal is applied to the input of the device 
under test the output signal of which goes through 
the second TSG8551 and is then transmitted to
wards a measuring or recording instrument. Mod
ifying the clock frequency, the entire low frequency 
range is scanned while the analyzing filter remains 
tuned on the input signal frequency. 
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• If a VCO is used for clock generation, then the 
sinewave frequency can be modified by the vol
tage applied to the VCO. This property can be 
used for frequency (or phase) modulation. 

• An interesting application using two TSG8551 fil
ters is as follows : 

Filtered Signal 
(to measuring Instrument) 

TrAnSmitted Sinewave 
+ 

Noise 

CONCLUSION 

EBBAN075-18 

Section 3 covered original design ideas built around 
switched capacitor filters which depart slightly from 
typical applications. This should enable the designer 
to explore new applications by taking full advantage 
of the flexibility of use inherent to switched capaci
tor filters. These filters can be undoubtedly inte
grated into other application configurations thus 
offering design simplification and performance 
enhancement. 
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