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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED SL\'/\

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

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

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

ted to result in a significant injury to the user.
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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 market-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 COMBQO’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
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INTRODUCTION

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 ym CMOS
processes for mixed analog/digital 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‘T35070/1

COMBO Il 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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FILTER/CODEC CIRCUITS

Type .

Number Description Page
ETC5040/ETC5040A PCM Monolithic filter 17
ETC5040X/ETC5040AX Extended temperature range PCM Monolithic filter 27
ETC5040FN/ETC5040AFN PCM Monolithic filter 37
M5116 u Law companding codec 47
M5156 A Law companding codec 59

COMBO CIRCUITS
Type Description Page

Number P 9
ETC5054/ETC5057 Monolithic serial interface COMBO 71
ETC5054FN/ETC5057FN Monolithic serial interface COMBO (PLCC Package) 87
ETC5054X/ETC5057X Extended temperature range monolithic serial interface COMBO 103
ETC5056 Monolithic parallel interface COMBO 119
ETC5064/ETC5067 Monolithic serial interface COMBO with receive power amplifier 131
ETC5064FN/ETC5067FN Monolithic serial interface COMBO with receive power amplifier

PLCC package 147
ETC50S64/ETC50S67 Monolithic synchronous serial interface COMBO 163
M5913/M5914 Monolithic synchronous universal COMBO 179
M5917 Monolithic serial interface COMBO 201
TS5070/TS5071 Monolithic programmable second generation COMBO 217
ST5075/ST5076 Monolithic programmable second generation ISDN COMBO 245
SUBSCRIBER LINE INTERFACE CIRCUITS
Type Description Page

Number P 9
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L3000/L3090 Subscriber line interface circuit kit parallel interface 323
L.3000/L3091 Subscriber line interface circuit kit parallel interface 339
TDB7722/TDB7711 Subscriber line interface circuit kit serial interface 367
LB1011 Telephone line battery feed 385
LB1013 85 Volt Dual Op-Amp 395

ANALOG CROSSPOINT MATRIX 1
Type _—

Number Description Page
MO079 2 x2x2 Crosspoint Matrix 401
MO089 2 x 8 Crosspoint Matrix 405
MO093 12 x 8 Crosspoint Matrix 411
M3493 12x 8 CMOS Crosspoint Matrix 423
M3494 16 x 8 CMOS Crosspoint Matrix 437
M34930 451

12x 8 CMOS Crosspoint Matrix
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DIGITAL CROSSPOINT MATRIX

Type e
Number Description Page
M044 128 x 128 Crosspoint matrix 455
Mo88 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
Type s
Number Description Page
EF7333 Cept PCM Line controller 485
EF73321 PCM Line transceiver 501
M116 PCM Conferance circuit 513
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Type -
Number Description Page
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SPECIAL OPERATIONAL AMPLIFIERS
Type .
Number Description Page
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LS404 High performance quad Op. Amp. 555
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SWITCHED CAPACITOR FILTERS
Type i
Number Description Page
TSGF Series Analog Switched capacitor filter arrays 587
TSG8510 5th order Cauer (elliptic) - Low pass (33 dB stopband) 625
TSG8511 7th order Cauer (elliptic) - Low pass (55 dB stopband) 631
TSG8512 7th order Cauer (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 Cauer - High pass 655
TSG8531 6th order Cauer - High pass 661
TSGB8532 6th order Chebychev - High pass 667
TSG8540 6th order rejector (Notch) 673
TSG8550 6th order Cauer - 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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PROTECTION DEVICES

TRANSIL
Type
P
Pp (W) Vam (V) Unidirectional Bidirectional Case | Page
400/1 ms 5.8 to 376 BZW04./BZWO4P.. | BZW04..B/BZWO4P..B | F126 717
600/1 ms 5.8 to 376 PGKE.. P,A PGKE..CP, CA cB417 | 723
70011 ms 10 t0 110 PTT... P7T..B CB-417 | 729
1500/ ms 5.8 to 376 1.5KE...P,A 1.5KE...CP, CA CB-429 | 735
5000/1 ms 10 to 180 BZWS0... BZW50..8 AG 741
TRISIL
I (A) Ver (V) | Types | case |Page
MONO FUNCTION
100/8-20 us 62 to 270 TPA series F126 747
150/8-20 us 62 to 270 TPB series cB-429 | 751
500/8-20 us 17 to 120 LS5018B/LS5060B/LS51208,B1 MINIDIP | 755
DUAL FUNCTION
150/8-20,s 200 THBT 200D TO220 | 759
150/8-20u8 Z60 THDT 58D 10220 | 763
TRIGGERED FUNCTION UNIDIRECTIONAL
250820 us | 255 | La10081 | miniDIP | 767
TRIGGERED FUNCTION BIDIRECTIONAL
2505820is | 100 | L1218 | spa |7

SURFACE MOUNT TRANSIL
Type
P

Pe (W) Vam (V) Unidirectional Bidirectional Case | Page

40011 ms 5.5 to 188 SM4T.., A _ cear2 | 775
5.5 t0 171 — SM4T..C, A CB472

60011 ms 5.5 t0 188 SM6T..., A — cB472 | 781
5.5 to 171 — SM6T...C.A CB-472

1500/1 ms 5.5 to 188 SMI5T..., A — cB473 | 787
5.5 to 171 - SM15T...C,A CB-473
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POWER SUPPLY MODULE

NILP:er Description Page
GS-T25/30 25-30 Watt DC-DC Converters 793
APPLICATION NOTES AND DESIGN SUPPORT
Type Description Page
Number
AN117 MO088 Digital Switching Matrix 801
AN293 COMBO II programming and hybrid balancing 827
AN294 L3000/L3090 SLIC Kit maximum loop resistance analysis 839
AN295 L3000/L3090 SLIC Kit performance analysis using 24 volt battery 841
AN296 L3000/L3090 SLIC Kit use in key system and analog PABX 843
AN297 SLIC protection circuits 849
AN298 TDB7722, TDB7711 SLIC 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 SLIC kit AC models 889
AN334 L3000/L3090 SLIC Kit Emi Performance Evaluation 911
AN335 Programming COMBO [l with SGS-THOMSON SLIC family 919
AN336 SLIC evaluation Kit 925
AN337 SLICOMBO Demo Board 927
AN338 Filter/COMBO reliability Report 929
ANO052 How to choose a filter in a specific application 937
ANO061 Implementation and applications around standard
mask-programmable filters 959
ANO069 A supplement to the utilization of Sc-Filters 969
ANO70 Band-pass and Band-Stop filters 997
ANO075 Sc-Filters signal detection and sinewave generation 1015
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ETC5040
ETC5040A

PCM MONOLITHIC FILTER

» EXCEEDS ALL D3/D4 AND CCITT SPECIFICA-
TIONS

= + 5V, -5V POWER SUPPLIES

= LOW POWER CONSUMPTION :
45mW (600Q — 0dBm load)
30mW (power amps disabled)

= POWER DOWN MODE : 0.5mW

= 20 dB GAIN ADJUST RANGE

x 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 capacitorintegra-
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

DIP16
(Ceramic)

ORDER CODES : ETC5040J
ETC5040AJ

PIN CONNECTION

VFgl+ 1 J 16[] VF,O
VFy— []2 5[] GNDA
GSy 1;3 14[] CLKO
VFRO [J4 13{J PDN
PWRI []s 12[] CLK
PWRO+ []6 11[] GNDD
PWRO- []7 10[] VFgI
ves [8 s[] vee

1/10
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ETC5040-ETC5040A

Figure 1 : Block Diagram.

TRANSMIT FILTER

HIGHPASS | LOW PASS POST
PREFILTER FILTER FILTER FILTER VFx0
CLKO
cLock
SELECT

LoGIc

—
| |

| POST LOW PASS |

T fwTer =]  Fwter  [= PREFILTER “[ﬁo VERl
!

L

RECEIVE FILTER _J

PWRI  VFRO Vee Ves GNDD GNDA PDN

2/10
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ETC5040-ETC5040A

PIN DESCRIPTION

Name Pin Ne° Description
Type

VFxl* | 1 The Non-inverting Input to the Transmit Filter Stage

VFyI~ | 2 The Inverting Input to the Transmit Filter Stage

GS« (e} 3 The output used for gain adjustments of the transmit filter

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

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

PWRO* (e} 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.

Vs 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.

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

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

CLKO | 14 This input pin selects internal counters in accordance with the CLK input clock
frequency :

CLK Connect CLKO to :
2048 kHz Vee
1544 kHz GNDD
15636 kHz Ves
An Internal Pull-up is provided.
GNDA | GND 15 Analog Ground Input Pin. All analog signals are referenced to this pin. Not internally
connected to GNDD.
VFO o 16 The Output of the Transmit Filter Stage.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage +7 \
Vin Input Voltage +7 \"
Ta Operating Temperature Range —-25°Cto+ 125 °C °C
Tstg Storage Temperature - 65°C to + 150 °C °C
Pp Power Dissipation 1/Package w
Output Short-circuit Duration Continuous
Lead Temperature 300 °C
437 S THOMSON
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ETC5040-ETC5040A

DC ELECTRICAL CHARACTERISTICS

Ta=0°'Cto+70°C,Vecc=50V+5%, Vee=—5.0V+5%, clock frequency is 2.048 MHz. Typical par-
ameters are specified at Ta = +25 °C, Vcc = 5.0 V, Ves = - 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
lcco | Vec Standby Current (PDN = Vgc, power down mode) - 50 100 nA
Isso | Ves Standby Current (PDN = V¢, power down mode) -100 | -50 - RA
lcct Vcc Operating Current (PWRI = Vgg, power amp inactive) - 3.0 4.0 mA
lgg1 Vg Operating Current (PWRI = Vgg, power amp inactive) —-40 | -3.0 - mA
lcce Vcc Operating Current (note 1) - 46 6.4 mA
IgB2 Vgg Operating Current (note 1) -64 | —46 - mA

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
linc Input Current, CLK (0 V < Vin < Vce) -10 - 10 A
linp Input Current, PDN (0 V< VN £ Vec -2 V) - 100 - - pA
lino Input Current, CLKO (Vgg < ViNn £ Vec =2 V) -10 - -0.1 pA
Vi Input Low Voltage, CLK, PDN 0 - 0.8 \
ViH Input High Voltage, CLK, PDN 2.2 - Vee \Y
ViLo Input Low Voltage, CLKO Ves - Vgg + 05 \
Viio Input Intermediate Voltage, CLKO -08 - 0.8 \Y
ViHo Input High Voltage, CLKO Voo - 05 - Vee \

TRANSMIT INPUT AMP. OP.

Symbol Parameter Min. Typ. Max. Unit
IB«I Input Leakage Current, VFxl (Veg < VFxl £ Vce) -100 - 100 nA
Rixl Input Resistance VFyl (Vgg < VF«l < Vge) 10 - - MQ

VOSyI | Input Offset Voltage, VFxl (-25<ViN< +25V) -20 - 20 mV
Vem Common-mode Range, VFl -25 - 25 \'
CMRR | Common-mode Rejection Ratio (~2.5 V< V|y €25 V) 60 - - dB
PSRR | Power Supply Rejection of Vcc or Vg 60 - - dB
RoL Open Loop Output Resistance GSx - 1 — kQ
RL Minimum Load Resistance, GSy 10 - - kQ
C. Maximum Load Capacitance, GSx - - 100 pF
Voxi Output Voltage Swing, GSx (RL = 10 kQ) +25 - - \
AvoL | Open Loop Voltage Gain, GSx (RL = 10 kQ) 5000 - - VNV
Fc Open Loop Unity Gain Bandwidth, GSy - 2 - MHz
4/10
A7 SES:THONSON
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ETC5040-ETC5040A

AC ELECTRICAL CHARACTERISTICS

Ta = 25 °C. All parameters are specified for a signal level of 0dBm0 at 1kHz. The 0dBmO 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
-25V<Voyur<+25V 3 - -
-32V<Vour<+32V 10 - -
ClLy Load Capacitance VFxO - - 100 pF
Output Resistance, VF,O - 1 3. Q
PSRR1 | Vcc Power Supply Rejection VF«l (f = 1 kHz, VF4I+ =0 Vrms) 30 - - dB
PSRR2 | Vgg Power Supply Rejection, VF4O. (same as above) 35 - - dB
GA,; | Absolute Gain (f = 1 kHz) ETC5040A dB

ETC5040 29 3.0 3.1
2.875 3.0 3.125

GRyx Gain Relative to GAx dB
Below 50 Hz - - -35
50 Hz - - 41 -35
60 Hz - -35 | -30
200 Hz ETC5040A | — 1.5 - 0
ETC5040 -15 - 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
DAy | Absolute Delay at 1 kHz - - 230 us
Differencial Envelope Delay from 1 kHz to 2.6 kHz - - 60 us
DPy1 Single Frequency Distortion Products - - — 48 dB
DP,2 | Distortion at Maximum Signal Level dB
1.6 Vrms, 1 kHz Signal applied to VFl+, Gain = 20 dB,
RL =10 kQ - - - 45
NCx1 | Total C Message Noise at VF,O - 2 5 dBrncO
NC42 | Total C Message Noise at VFxO dBrncO
Gain setting Op Amp at 20 dB, non Inverting, Note 3,
0°C<Ta<+70°C - 3 6
GAxT | Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C
GA4S | Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dB/NV
CTrx | Crosstalk, Receive to Transmit 20 Log y;"% dB
Receive Filter Output = 2.2 Vrms, R
VFyl+ =0 Vrms, f = 0.2 kHz to 3.4 kHz, Measure VF,O - - -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
L3y SGS-THOMSON 510
Y/ ¥iCROELECTRONICS
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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, VFgl (=32 V< VIN<32YV) - 100 - 100 nA
Rlg Input Resistance, VFgl 10 - - MQ
ROR Output Resistance, VFRO - 1 3 Q
CLgr Load Capacitance, VFRO - - 100 pF
RLg Load Resistance, VFRO 10 - - kQ

PSRR3 | Power Supply Rejection of Vcc or Veg dB

VFRO (VFRgI connected to GNDA, f = 1 kHz) 35 - -
VOSRO | Output DC Offset, VFRO (VFRgl 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
GRgr 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 us
DDgr Differential Envelope Delay 1 kHz to 2.6 kHz - - 100 us
DPgr1 | Single Frequency Distortion Products (f = 1 kHz) - - - 48 dB
DPg2 Distortion at Maximum Signal Level dB
2.2 Vrms Input to Sin x/x Filter, f =1 kHz, R = 10 kQ - - - 45
NCgr Total C-message Noise at VFRO - 3 5 dBrncO
GART | Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C
GAgS | Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBV
CTxR | Grosstalk, Transmit to Receive 20 log VFgO a8
(transmit filter output = 2. 2 Vrms, VFxO
VFgl =0 Vrms, f = 0.3 kHz to 3.4 kHz, measure VFRO) - - 80 -70
GRgL | Gaintraking Relative to GAr dB
Output Level =3 dBm0 - 0.1 - 0.1
+ 2 dBmoO to — 40 dBmO - 0.05 - 0.05
— 40 dBm0 to — 55 dBm0 - 0.1 - 0.1
&0 (37 SGS-THOMSON
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ETC5040-ETC5040A

AC ELECTRICAL CHARACTERISTICS (continued)
RECEIVE OUTPUT POWER AMPLIFIER

Symbol Parameter Min. Typ. Max. Unit
IBP Input Leakage Current, PWRI (-32 V< V|y<3.2V) 0.1 - 3 pA
RIP Input Resistance, PWRI 10 - - MQ

ROP1 | Output Resistance, PWRO *, PWRO ~ (amplifiers active) - 1 - Q
CLP Load Capacitance, PWRO *, PWRO ~ - - 500 pF
GAp * | Gain, PWRI to PWRO + (RL = 600 Q connected between) - 1 - VN
GAp ~ | Gain, PWRI to PWRO — 4%
PWRO * and PWRO -, Input Level = 0 dBm0 (note 4) - -1 -
GRpL | Gaintraking Relative to OdBmO Output Level dB
V =2.05 Vrms, R, =600 Q (notes 4, 5) -0.1 - 0.1
V =1.75 Vrms, R. =300 Q (notes 4, 5) - 0.1 - 0.1
S/Dp | Signal/Distortion dB
V =2.05 Vrms,-R. =600 Q (notes 4, 5) - - - 45
V =1.75 Vrms, R =300 Q (notes 4, 5) - - - 45
VOSP | Output DC offset, PWRO *, PWRO ~ (PWRI connected to GNDA) | — 50 - 50 mV
PSRR5 | Power Supply Rejection of V¢ or Vgg 45 - - dB
(PWRI connected to GNDA)
Notes : 1. Maximum power consumption depend on the load impedance connected to the power amplifier. The specification listed assumes
0 dBm is delivred to 600Q connected from PWRO + PWRO.
2. Transmit filter input op amp set to the non inverting unity gain mode, with VF«l+ = 1.1Vrms, unless otherwise noted.
3 The 0dBm level for the filter is assumed to be 1.54Vrms measured at the output of the XMT or RCV filter.
4. The 0dBmoO level for the power amplifiers is load dependent. For RL = —600Q to GNDA, the 0dBmoO level is 1.43Vrms measured at
the amplifier output. For RL = 300Q the 0dBmO level is 1.22Vrms.
5. VFRrO connected to PWRI, input signal applied to VFrl.

TYPICAL PERFORMANCE CHARACTERISTICS

TRANSMIT FILTER STAGE
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ETC5040-ETC5040A

Figure 2 : Interface Circuit for CODEC.
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Notes : 1. Transmitvoltagegan= — — — x V2 (the filter itself introduces a 3dB gain) (R1 + R2 > 10kQ).
R2
R4
2. Receive gain =
R3 + R4
(R3 + R4 > 10kQ)

3 In the configuration shown, the receive filter power amplifiers will drive a 600Q T or R termination to a signal level of 8.5dBm. An al-
ternative arrangement using a transformer winding ratio equivalentto 1 414 - 1 and 300Q resistor Rs will provide a maximum signal
level of 10dBm across 600Q termination impedance.
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ETC5040-ETC5040A

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 10MQ, 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 10k 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 10kQ 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.

pass filter follows the prefilter to provide the necess-
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 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 10mW-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 1mW 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
aTTL-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 2.048MHz, 1.544MHz or
1.536MHz clock frequencies. By connecting the fre-
quency select pin CLKO (pin 14) to Vcc, a
2.048MHz clock input frequency is selected. Digital
ground selects 1.544MHz and Ves 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.

L7 SGS-THOMSON 910
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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-

10110 L7 SGS-THOMSON

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.

MICROELECTRONICS
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ETC5040X
ETC5040AX

EXTENDED TEMPERATURE RANGE
PCM MONOLITHIC FILTER

s EXCEEDS ALL D3/D4 AND CCITT SPECIFICA-
TIONS

= +5V, -5V POWER SUPPLIES

= LOW POWER CONSUMPTION :

n 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

= 50/60 Hz 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 CODEC filtering applications in 8
kHz sampled systems.

The filter is manufactured using double-poly silicon
gate CMOS technology. Switched capacitorintegra-
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 inthe 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

H}\"

o

DIP16
(Ceramic)

ORDER CODES : ETC5040X
ETC5040AX

PIN CONNECTION

VFyl+ 1 6 ] VFxO0
VFyl- 2 15[] GNDA
Gsx O3 14[] cLKO
VFRO []4 13[] PDN
PWRI [s 12[] CLK
PWRO+ []6 11[] GNDD
PWRO- []7 0[] VFRl
ves [s8 3] vee

110
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ETC5040X-ETC5040AX

Figure 1 : Block Diagram.
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ETC5040X-ETC5040AX

PIN DESCRIPTION

Pin

Name N° Description
Type P

VFyI* | 1 The Non-inverting Input to the Transmit Filter Stage

VF4I~ | 2 The Inverting Input to the Transmit Filter Stage

GSy O 3 The output used for gain adjustments of the transmit filter.

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

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

PWRO* (0] 6 The Non-inverting Output of the Receive Filter Power Ampilifier.
This output can directly interface conventional transformer hybrids.
PWRO™ (e} 7 The Inverting Output of the Receive Filter Power Amplifier.
This output can be used with PWRO" to differentially drive a transformer hybrid.

Ves 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.

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

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

CLKO | 14 This input pin selects internal counters in accordance with the CLK input clock
frequency :

CLK Connect CLKO to :
2048 kHz Vee
1544 kHz GNDD
15636 kHz VBB
An internal pull-up is provided.
GNDA | GND 15 Analog Ground Input Pin. All analog signals are referenced to this pin. Not Internally
connecded to GNDD.
VF,O o 16 The Output of the Transmit Filter Stage

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage +7 \Y
Vin Input Voltage +7 Vv
Ta Operating Temperature Range —25 to+ 125 °C
Tstg Storage Temperature —65 to + 150 °C
Po Power Dissipation 1/Package w
Output Short-circuit Duration Continuous
Lead Temperature 300 r °C
&7 35 THoNS =
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ETC5040X-ETC5040AX

DC ELECTRICAL CHARACTERSITICS

Ta=40"Cto+85°C, Vecc =5.0V+5%, Ves =—5.0 V£5 %, clock frequency is 2.048 MHz. Typical para-
meters are specified at Ta = + 25 °C, Voc = 5.0 V, VB = — 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
lcco | Vec Standby Current (PDN = Vpp, power down mode) - - 400 pA
IsBO Vgp Standby Current (PDN = Vpp, power down mode) - 400 - - pHA
loct Ve Operating Current (PWRI = Vgg, power amp inactive) - - 5.0 mA
lga1 Vg Operating Current (PWRI = Vgg, power amp inactive) -50 - - mA
lcce Vcc Operating Current (note 1) - - 7.0 mA
lgg2 Vgg Operating Current (note 1) -7.0 - - mA

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
line Input Current, CLK (0 V < Viy < Vc¢c) - 10 - 10 uA
linp Input Current, PDN (0 V £ Viy £ Vee — 2 V) - 100 - - pA
lino Input Current, CLKO (Vgg < VIN< Vcc —2 V) -10 - - 01 pA
Vi Input Low Voltage, CLK, PDN 0 - 0.8 \"
Vi Input High Voltage, CLK, PDN 2.2 - Vee Vv
ViLo Input Low Voltage, CLKO Ves - Vg + 0.5 \Y
Vio Input Intermediate Voltage, CLKO -08 - 0.8 Vv
Vo Input High Voltage, CLKO Ve - 0.5 - Vee Vv

TRANSMIT INPUT AMP. OP.

Symbol Parameter Min. Typ. Max. Unit
1B«I Input Leakage Current, VF4| (Vgg < VFxI < Vce) - 100 - 100 nA
Rl Input Resistance VFyl (Vgg < VFyl < Vee) 10 - - MQ

VOS,! | Input Offset Voltage, VF«l (-25<Viy £ +25V) - 20 - 20 mV
Ve Common-mode Range, VFyl -25 - 25 Vv
CMRR | Common-mode Rejection Ratio (- 25V <V|y<25V) 60 - - dB
PSRR | Power Supply Rejection of Vcc or Vg 60 - - dB
RoL Open Loop Output Resistance GSx - 1 - kQ
R Minimum Load Resistance, GSy 10 - - kQ
CL Maximum Load Capacitance, GSx - - 100 pF
Voxi Output Voltage Swing, GSx (RL = 10 kQ) +25 - - \
AvoL | Open Loop Voltage Gain, GSx (R = 10 kQ) 5.000 - - VNV
Fc Open Loop Unity Gain Bandwidth, GSx - 2 - MHz
4/10
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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)

‘y_i SGS-THOMSON

Symbol Parameter Min. Typ. Max. Unit
RLx Minimum Load Resistance kQ
-25V<Voyr<+25V 3 - -
-32V<Voyr<+32V 10 - -
CLy Load Capacitance VF,O - - 100 pF
Output Resistance, VF,O - - 4 Q
PSRR1 | Vcc Power Supply Rejection VFI (f = 1 kHz, VFI+ = 0 Vrms) 30 - - dB
PSRR2 | Vgg Power Supply Rejection, VF,O. (same as above) 35 - - dB
GAx Absolute Gain (f =1 kHz) dB
ETC5040A | 2.850 3.100
ETC5040 2.875 3.125
GRy Gain Relative to GAy dB
Below 50 Hz - - -35
50 Hz - - 41 -35
60 Hz - -35 -30
200 Hz ETC5040 -15 - 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 us
Differencial Envelope Delay from 1 kHz to 2.6 kHz - - 60 us
DPx1 Single Frequency Distortion Products - - — 48 dB
DP,2 [ Distortion at Maximum Signal Level dB
1.6 Vrms, 1 kHz Signal applied to VF,l+, Gain = 20 dB,
Ry =10 kQ - - - 45
NCx1 | Total C Message Noise 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°C<Ta<+70°C - - 7
GAxT | Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C
GAS | Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dB/V
CTgrx | Crosstalk, Receive to Transmit 20 Log \\;F"O dB
Receive Filter Output = 2.2 Vrms, FrO
VFyl+ =0 Vrms, f = 0.2 kHz to 3.4 kHz, Measure VF,O — - -70
GRyL | 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
5110
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ETC5040X-ETC5040AX

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
1Br Input Leakage Current, VFRl (3.2 V< VIN<3.2V) - 100 - 100 nA
Rl Input Resistance, VFgl 10 - - MQ
ROR | Output Resistance, VFRO - - 4 Q
CLp Load Capacitance, VFRO - - 100 pF
RLg Load Resistance, VFRO 10 - - kQ

PSRR3 | Power Supply Rejection of Vcc or Ves dB

(VFRO VFgl connected to GNDA, f = 1 kHz) 35 - -
VOSRO | Output DC Offset, VFRO (VFgl connected to GNDA) - 200 - + 200 mv
GAR Absolute Gain (f = 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 us
DDgr Differential Envelope Delay 1 kHz to 2.6 kHz - - 100 us
DPR1 Single Frequency Distortion Products (f = 1 kHz) - = —48 dB
DPgr2 Distortion at Maximum Signal Level - - — 45 dB
2.2 Vrms Input to Sin x/x Filter, f =1 kHz, RL = 10 kQ
NCgr 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 - dB/V
CTxR | Crosstalk, Transmit to Receive 20 log VFrO dB
(transmit filter output = 2. 2 Vrms, VFxO
VFRl =0 Vrms, f= 0.3 kHz to 3.4 kHz, measure VFRO) - - 80 -70
GRgL | Gaintraking Relative to GAp dB
Output Level =3 dBm0 - 0.1 - 0.1
+ 2 dBmo0 to — 40 dBm0 - 0.05 - 0.05
— 40 dBm0 to 55 dBmO - 0.1 - 0.1
&r1o (37 SGS-THOMSON
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ETC5040X-ETC5040AX

AC ELECTRICAL CHARACTERSITICS (continued)
RECEIVE OUTPUT POWER AMPLIFIER

Symbol Parameter Min. Typ. Max. Unit
IBP Input Leakage Current, PWRI (-32V <V|y<3.2V) 0.1 - 4 A
RIP Input Resistance, PWRI 10 - - MQ

ROP1 | Output Resistance, PWRO *, PWRO ~ (amplifier active) - 1 - Q
CLP Load Capacitance, PWRO *, PWRO ~ - - 500 pF
GAp * | Gain, PWRI to PWRO * (R. =600 Q connected between) - 1 - VNV
GAp — | Gain, PWRI to PWRO ~ VIV
PWRO * and PWRO -, Input, Level =0 dBmO (note 4) - -1 -

GRpL | Gaintraking Relative to OdBmO Output Level dB
V =2.05 Vrms, R =600 Q (notes 4, 5) - 0.1 - 0.1
V =1.75 Vrms, R_ =300 Q (notes 4, 5) -0.1 - 0.1
S/Dp Signal / Distortion dB
V =2.05 Vrms, R =600 Q (notes 4, 5) - - - 45
V =1.75 Vrms, R = 300 Q (notes 4, 5) - - —45
VOSP | Output DC Offset, PWRO *, -50 - 50 mV

PWRO ~ (PWRI connected to GNDA)
PSRR5 | Power Supply Rejection of Vcc ot Vgg 45 - - dB
(PWRI connected to GNDA)
Notes : 1. Maximum power consumption depend on the load impedance connected to the power amplifier. The specification listed assumes

0 dBm 1s delivered to 600 Q connected from PWRO + PWRO.

2. Transmit filter input op amp set to the non inverting unity gain mode, with VF,l+ = 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 dBmoO level for the power amplifiers 1s load dependent. For RL =— 600 Q to GNDA, the 0 dBmO level is 1.43 Vrms measured
at the amplifier output. For R. = 300 Q the 0dBmoO level is 1.22 Vrms.

5. VFgO connected to PWRI, input signal applied to VFgI.

TYPICAL PERFORMANCE CHARACTERISTICS

TRANSMIT FILTER STAGE
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ETC5040X-ETC5040AX

Figure 2 : Interface Gircuit for CODEC.
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Notes : 1. Transmit voltage gain = b x V2 (the filter itself introduces a 3 dB gain) (R1 + R2 >10 KQ).
R4
2. Recevegan= —
R3+R4
(R3+R4210kQ)

3. In the configuration shown, the receive filter power amplifiers will drive a 600 Q T or R termination to a signal level of 8.5 dBm. An
alternative arrangement using a transformer winding ratio equivalent to 1.414.1 and 300 Q resistor Rs will provide a maximum si-
gnal level of 10 dBm across 600 Q termination impedance.
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ETC5040X-ETC5040AX

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 mW),
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 10 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.

pass filter follows the prefilter to provide the neces-
sary 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 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 Ves. 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
aTTL-CMOSinterface 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 Vcc, a 2.048 MHz
clock input frequency is selected. Digital ground se-
lects 1.544 MHz and Vgg 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
+2.5Vto+3.2V at VFxO and VFRO. When inter-
facing to a PCM CODEC with a peak overload volt-
age outside this range, further gain or attenuation
may be required.

L7 SGS-THOMSON 910
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ETC5040X-ETC5040AX

For example, the ETC5040/ETC5040A filter can be
used with CODEC 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-

10710 L3y SGS-THOMSON

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.

MICROELECTRONICS
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ETC5040FN/A

PCM RECEIVE/TRANSMIT FILTER

s EXCEEDS ALL D3/D4 AND CCITT SPECIFICA-
TIONS

= +5V,-5VPOWER SUPPLIES

= LOW POWER CONSUMPTION :
45 mW (600 Q - O 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 capacitorintegra-
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.

TRANSMIT FILTER

UFXI(-) HIGH PASS|LOW PASS POST 1
PREFILTER —» ——O UFXD
UFXI(+) FILTER FILTER FILTER :
________________________________ ._‘_._..__________,___._,I
18
18 CLOCK CLKO
puRO(—)g SELECT
LOGIC CLK
16
[ A R - -~ 1
9 POST LOU PASS 113
PURD (+) ( PREFILTERG—‘—A UFRI
FILTER F_ FILTER '
1
X RECEIVE FILTER i
PURI UFRO ucc UBB GNDD GNDA PDN
MBBETCS5846FN-81
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Vcc to GNDA 7 \%
Vs Vgg to GNDA -7 Vv
Vin, VouT | Voltage at any Analog Input or Output Vee + 0.3 to Vgg — 0.3 \%
Voltage at any Digital Input or Output Vce + 0.3 to GNDA - 0.3 Vv
Toper Operating Temperature Range —25to + 125 °C
Tstg Storage Temperature Range - 6510 + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C
2/10
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Y/ scromEcTRONICS

38



ETC5040FN/A

PIN DESCRIPTION

Pin
Name |Type| N° | Function Description
*

VFxO | O 1 The output of the transmit filter stage.

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

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

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

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

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

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

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

Ves S 11 The negative power supply pin. Recommended input is — 5 V.

Vce S 12 The positive power supply pin. The recommended input is 5 V.

VFgl | 13 The input pin for the receive filter stage.

GNDD [GND| 15 Digital Ground Input Pin. All digital signals are referenced to this pin.

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

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

CLKO | 18 This input pin selects internal counters in accordance with the CLK input clock
frequency :

CLK Connect CLKO to :
2048 kHz Vece
1544 kHz GNDD
1536 kHz Vas
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.

*1:Input, O Output, S : Power supply.

3/10
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ETC5040FN/A

ELECTRICAL OPERATING CHARACTERISTICS Vo =5.0V£5%, Vgg =—5.0 V5%,
GNDA =0V, Ta =0 °C to 70 °C (unless otherwise noted) ; typical characteristics specified at
Ta =25 °C ; all signals are referenced to GNDA.

POWER DISSIPATION

Symbol Parameter Min. Typ. Max. Unit
lcco Ve Standby Current (PDN = Vpp, power down mode) - 50 100 HA
IsBO Vgg Standby Current (PDN = Vpp, power down mode) -100 | -50 - A
lcct Vcc Operating Current (PWRI = Vgg, power amp inactive) - 3.0 4.0 mA
lgg1 Vgs Operating Current (PWRI = Vgg, power amp inactive) -40 | -3.0 - mA
lcce Vcc Operating Current (note 1) - 4.6 6.4 mA
IsB2 Vge Operating Current (note 1) - 6.4 - 46 - mA

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
line Input Current, CLK (0 V < Viy < Vge) -10 - 10 HA
linp Input Current, PDN (0 V € V|y £ Vce—-2 V) -100 - - uA
lino Input Current, CLKO (Vgg < Vin £ Vee-2 V) -10 - - 0.1 A
Vi Input Low Voltage, CLK, PDN 0 - 0.8 \%)
ViH Input High Voltage, CLK, PDN 2.2 - Vee \
ViLo Input Low Voltage, CLKO Ves - Vgg+0.5 \'
Viio Input Intermediate Voltage, CLKO -08 - 0.8 \
ViHo Input High Voltage, CLKO Vee-05| - Vee \

TRANSMIT INPUT AMP. OP.

Symbol Parameter Min. Typ. Max. Unit
IBxl Input Leakage Current, VFxl (Vgg < VFxl < Vee) - 100 - 100 nA
Rixl Input Resistance VFxl (Veg < VFxl < V¢e) 10 - - MQ

VOSx| | Input Offset Voltage, VFxl (25 V< Viy <+ 25V) -20 - 20 mv
Vewm Common-mode Range, VFx| -25 - 25 \'

CMRR | Common-mode Rejection Ratio (- 2.5V < V|y<25V) 60 - - dB

PSRR | Power Supply Rejection of Vcc or Vg 60 - - dB
RoL Open Loop Output Resistance GSx - 1 - kQ
RL Minimum Load Resistance, GSx 10 - - kQ
CL Maximum Load Capacitance, GSX - - 100 pF

VOxl | Output Voltage Swing, GSx (RL = 10 kQ) +25 - - \

AvoL | Open Loop Voltage Gain, GSx (R > 10 kQ) 5.000 - - VN

Fc Open Loop Unity Gain Bandwidth, GSx - 2 - MHz
4/10
&7 3RO
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ETCS5040FN/A

AC ELECTRICAL CHARACTERISTICS T4 = + 25 °C. All parameters are specified for a signal level
of 0 dBmO at 1 kHz. The 0 dBmoO 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
—25V< Vot <+25V 3 - -
—-382V<Vgut<+32V 10 — -
CLx Load Capacitance, VFxO - - 100 pF
Output Resistance, VFxO - 1 3 Q
PSRR1 | Vcc Power Supply Rejection VFxl (f = 1 kHz, VFxl+ =0 Vms) 30 - - dB
PSRR2 | Vgg Power Supply Rejection, VFxO (same as above) 35 - - dB
GAx | Absolute Gain (f = 1 kHz) dB

ETC5040FN/A 29 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
60 Hz - -35 - 30
200 Hz ETC5040FN/A | - 1.5 - 0
ETC5040FN -15 - 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 us
Differential envelope Delay from 1 kHz to 2.6 kHz - - 60 us
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 °C < Ta < + 70 °C - 3 6
GAxT | Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C
GAxS | Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBV
CTrx VFxO dB

Crosstalk, receive to transmit 20 Ic>gvFH 0

Receive Filter Output = 2.2 Vrms,

VFXxl+ =0 Vrms, f = 0.2 kHz to 3.4 kHz, measure VFxO - - -70
GRxL | Gaintracking Relative to GAx dB
Output Level = + 3 dBm0O - 0.1 - 0.1
+ 2 dBmoO to — 40 dBmO - 0.05 - 0.05
— 40 dBmO to — 55 dBm0O - 0.1 - 0.1
(N7 SGS-THOMSON 510
Y/ MicRoELECTRONICS
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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 Min. Typ. Max. Unit
IBr Input Leakage Current, VFgl (-32 V< V|y<32V) - 100 - 100 nA
Rlg Input Resistance, VFgl 10 - - MQ
ROr Output Resistance, VFgO - 1 3 Q
CLRr Load Capacitance, VFRO - - 100 pF
RLr Load Resistance, VFRO 10 - - kQ

PSRR3 | Power Supply Rejection of Vcc or Vg (VFRO, VFgl Connected dB

to GNDA, f =1 kHz) 35 - -

VOSRO | Output DC Offset, VFRO (VFRgl connected to GNDA) - 200 - + 200 mV
GAR Absolute Gain (f = 1 kHz) dB

ETC5040FN/A - 0.1 0 0.1
ETC5040FN - 0.125 0 0.125
GRgr | Gain Relative to Gain at 1 kHz Below 300 Hz - - 0.125 dB
300 Hz to 3.0 kHz ETC5040FN/A |~ 0.125 - 0.125
ETC5040FN -0.15 - 0.15
3.3 kHz -0.35 - 0.03
3.4 kHz -0.70 - - 01
4.0 kHz - - - 14
4.6 kHz and Above - - - 32
DAR Absolute Delay at 1 kHz - - 100 us
DDg Differential Envelope Delay 1 kHz to 2.6 kHz - - 100 us
DPg1 | Single Frequency Distortion Products (f = 1 kHz) - - - 48 dB
DPg2 | Distortion at Maximum Signal Level dB
2.2 Vrms Input to Sin X/X Filter, f = 1 kHz, RL =10 kQ - - - 45
NCr Total C Message Noise at VFRO - 3 5 dBrncO
GART | Temperature Coefficient of 1 kHz Gain - 0.0004 - dB/°C
GARS | Supply Voltage Coefficient of 1 kHz Gain - 0.01 - dBV
CT VF
xR Crosstalk, transmit to receive 20 log RO dB
VFxO
(transmit filter output = 2.2 Vrms,
VFRgl =0 Vrms, f = 0.3 kHz to 3.4 kHz, measure VFRO) - -80 | —-70
GRgL | Gaintracking Relative to GAg dB
Output Level = 3 dBm0 - 0.1 - 0.1
+ 2 dBmO to — 40 dBmO - 0.05 - 0.05
— 40 dBmoO to 55 dBmO - 0.1 - 0.1

RECEIVE OUTPUT POWER AMPLIFIER

Symbol Parameter Min. Typ. Max. Unit
IBP Input Leakage Current, PWRI (-32V <V <3.2V) 0.1 - '3 pA
RIP Input Resistance, PWRI 10 - - MQ

ROP1 | Output Resistance, PWRO+, PWRO- (amplifiers active) - 1 3 Q

CLP Load Capacitance, PWRO+, PWRO- - - 500 pF
6/10 LNy SGS-THOMSON
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ETC5040FN/A

AC ELECTRICAL CHARACTERISTICS (continued)
RECEIVER OUTPUT POWER AMPLIFIER (continued)

Symbol Parameter Min. Typ. Max. Unit
GAp+ | Gain, PWRI to PWRO+ (RL =600 Q connected between) - 1 - A"
GAp— | Gain, PWRI to PWRO- - -1 - VIV

PWRO+ and PWRO- input, level = 0 dBmO (note 4)
GRpL | Gaintraking Relative to 0dBmO Output Level dB
V =2.05 Vrms, RL =600 Q (notes 4, 5) - 0.1 - 0.1
V =1.75 Vrms, R =300 Q (notes 4, 5) - 0.1 - 0.1
S/Dp | Signal/distortion dB
V =2.05 Vrms, R. = 600 Q (notes 4, 5) - - —45
V =1.75 Vrms, R_ = 300 Q (notes 4, 5) - - —45
VOSP | Output DC Offset, PWRO+, PWRO- - 50 - 50 mV
(PWRI connected to GNDA)
PSRR5 | Power Supply Rejection of V¢ or Ves 45 - - dB
(PWRI connected to GNDA)
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-inverting unity gain mode, with VFxl + = 1.1 Vrms, unless otherwise noted.
3. The 0 dBmO level for the filter 1s assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter.
4. The 0dBmO 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 amplifier output. For R. = 300 Q the dBmO level is 1.22 Vrms
5. VFRrO connected to PWRI, input signal applied to VFal.

TYPICAL PERFORMANCE CHARACTERISTICS

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

Figure 3 : Interface Circuit For CODEC.

sLIc I -Gmum (et} |
| i 1 2 3
| TRANSFORMER [ 18 O1HF PCM
1 D,
I 5000 ! VF+ VFx0 —-l VFy x |— our
& gl 1 %
| :
! = 1 ETC5040/ETC5040A = copec
! GNDA ! 5 1a GNDA
: =‘ PWRO PDN |¢=—
| g || I
PCM
: 18 PWRO + VFal ¢ 0 VFR DR l—— N
| g 8000 | PWRI VFRO
l I Li-—| 4
.
73]
GNDA
Notes : 1. Transmit Voltage gain = _R1_+FE x V2 (the filter itself introduces a 3 dB gain) (R1 + R2 > 10 kQ)
2
. R4
2. Receivegain= —
R3 + R4

(R3+R4210kQ)

3. Inthe configuration shown, the receive filter power amplifiers will drive a 600 Q T to R termination.
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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ETC5040FN/A

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 10M, a voltage gain of greater than
5000, low power consumption (less than 3mW),
high power supply rejection, and is capable of driv-
ing a 10k 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 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-
mandations.

The output of the transmit filter, the postffilter, 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 10kload in paralle!

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 CODEC during sampling.

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 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 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 Ves. This re-
duces the total filter power consumption by approxi-
mately 10mW 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 1mW 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 iinterface 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 Vcc, a
2.048MHz clock input frequency is selected. Digital
ground selects 1.544 MHz and Vee 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
of2.5Vt0 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.

L3y SGs-THOMSON 910

MICROELECTRONICS

45



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 CODEC output are required.

BOARD LAYOUT

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

10710 L3 S6S:THOMSON

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.

MICROELECTRONICS

46



[y, SGS-THOMSON
Y aicroELECTRONICS

M5116

u-255 LAW COMPANDING CODEC

= +5-VOLT POWER SUPPLIES

» LOW POWER DISSIPATION - 30mW (Typ)

u FOLLOWS THE p-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-2.1Mb/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 u-255 companding
law and (2) a digital-to-analog converter which also
conforms to the p-255 law.

PIN CONNECTION (top view)

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-2.1Mb/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)

ANALOG INPUT 1[]e
v+ 2]

v-
MASTER CLOCK 5(j
XMIT SYNC [
*XMIT CLOCK 7]
DIGITAL OUTPUT

S

:]1 6 +VREE

(115 -VRer
:]14 ANALOG GROUND

[ 113 ANALOG OuTPUT
112 DIGITAL INPUT
tﬂ 1 DIGITAL GROUND
g1 0 RCV CLOCK

9 RCV SYNC

December 1988
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M5116

BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION
PCM SYSTEM BLOCK DIAGRAM

POSITIVE AND NEGATIVE REFERENCE VOLT-
AGES (+ V + rerF and - VRer) Pins 16 and 15

These inputs provide the conversion references for
the digital-to-analog converters in the M5116. +
VRer and - VRer must maintain 100ppM/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

2ne L7 S6S-THOMSON

figure 1). The analog input must remain between
+ VRer and - VRer 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 inputis synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is acti-
vated, and the A/D 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).

MICROELECTRONICS

48



M5116

XMIT 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-2.1MHz can be used for XMIT
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 XMIT CLOCK, XMIT 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 : A/D, D/A Conversion Timing.

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 10).

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-2.1MHz 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, trps, 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.

|
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Figure 2 : Data Input/Output Timing.
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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 XMIT 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 avalue of 1.2mV. This doubling of the step value
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 p-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 A/D converter at
low input levels and that of a 6-bit converter as the
input approaches full scale. The transfer character-
istic of the A/D converter (u-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 (u-Law Decoder) is shown in figure 4.

anz L7 SGS-THOMSON

DIGITAL OUTPUT CODE p-LAW

Table 1.
Chord Code |[Chord Value| Step Value
1. 000 0.0mV 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 (u-law encoder)
Transfer Characteristic.
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Figure 4 : D/A Converter (u-law encoder)

Transfer Characteristic.
Ve /
= y,
ANALOG OUTPUT y
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DIGITAL INPUTS

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 10).

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 A/D conversion for inputs near

ground. There is no offset adjust of the output am-
plifier because the resultant DC error (VorrseTo) 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
HP3551A Transmission Test Setis connectedto 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

(8) XMIT SYNC width = 8 XMIT CLOCK periods

When allthe 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 systemin 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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Figure 5 : System Characteristics Test Configuration.
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Note : The ideal decoder consist of a digital decompander and a 13-bit precision DAC
ABSOLUTE MAXIMUM RATINGS
Parameter Value Unit

DC Supply Voltage, V+ +6 Vv
DC Supply Voltage, V- -6 Vv
Ambient Operating Temperature, Ta 0to 70 °C
Storage Temperature —-55t0+ 125 °C
Package Dissipation at 25 °C (derated 9mW/°C when soldered into PCB) 500 mwW
Digital Input —05V<Vn<V+
Analog Input V-< Viy < V+
+ VRer ~ 05V <+ VRer < V+
— VRer V—<—-Vgee <+ 05 \)

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damages to the device. This is a stress rating
only and functional operation of the device at these or any other condition above those indicated in the operation sections of this spe-
cification is not implied Exposure to absolute maximum rating conditions for extended periods may effect device reliability.

ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS

Symbol Parameter Min. Typ. Max. Unit | Notes
V+ Positive Supply Voltage 4.75 5.0 5.25 Vv
V- Negative Supply Voltage -525 | -50 | —4.75 \
+ VRer Positive Reference Voltage 2.375 25 2.625 Vv 1
~ VRer Negative Reference Voltage -2625| —25 [-2375 Vv 1
6/12
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TEST CONDITIONS :V+ =5.0V, V= ==5.0V, + Vgeg = 2.5V, = Vpgp = — 2.5V, T = 0°Cto 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-Sampling 100 MQ

Cina Analog Input Capacitance 150 250 pF 2
VorrseT/1 | Analog Input Offset Voltage +1 +8 mV
RouTta Analog Output Resistance 1 10 Q
louTa Analog Output Current 0.25 0.5 mA
VorrseTto | Analog Output Offset Voltage +20 | £850 mv
linLow Logic Input Low Current (V |y = 0.8V) Digital Input,
Clock Input, Sync Input +0.1 +10 pA 3
lINHIGH Logic Input High Current (V|y = 2.4V) Digital Input,
Master and RCV Clock Input, RCV Sync Input + 0.1 +10 MA 3
linnigHy | Logic Input High Current (Vin = 2.4V) TX Clock,
TX Sync -.25 -08 mA 3
Coo Digital Output Capacitance 8 12 pF
IpoL Digital Output Leakage Current + 0.1 +10 HA
VouTtLow | Digital Output Low Voltage 0.4 Vv 4
VouTthies | Digital Output High Voltage 3.9 \ 4
I+ Positive Supply Current 4 10 mA 5
- Negative Supply Current 2 6 mA 5
IREF+ Positive Reference Current 4 20 A
IREF- Negative Reference Current 4 20 pA
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
Fr, Fx | XMIT, RCV Clock Frequency 0.064 | 1.544 2.1 MHz

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

tac, trc | Clock Rise, Fall Time 25% of
(MASTER, XMIT, RCV) PWecLk ns

trs, trs | Sync Rise, Fall Time 25% of
(XMIT, RCV) PWcLk ns
toir, toir | Data Input Rise, Fall Time 25% of ns

PWc k

twsx, 8
twsr Sync Pulse Width (XMIT RCV) Fx(Fr) us
L37 SEs:momson
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DC CHARACTERISTICS (refer to figure 7 and figure 8)

Symbol Parameter Min. Typ. Max. Unit | Notes
tps Sync Pulse Perlod (XMIT, RCV) 125 us
txcs XMIT Clock-to-XMIT Sync Delay 50% of ns 6
trc (trs)
txcsn XMIT Clock-to-XMIT Sync (negative edge) Delay 200 ns
txss XMIT Sync Set-Up Time 200 ns
txoo XMIT Data Delay 0 200 ns 4
txpp XMIT Data Present 0 200 ns 4
txpT XMIT Data Three State 150 ns 4
tpor Digital Output Fall Time 50 100 ns 4
tpor Digital Output Rise Time 50 100 ns 4
tsrc RVC Sync-to-RCV Clock Delay 50% of ns 6
trc (trs)
tRDS RCV Data Set-up Time 50 ns 7
toRH RCV Data Hold Time 200 ns 7
trcs RCV Clock-to-RCV Sync Delay 200 ns
tRss RCV Sync Set-up Time 200 ns 7
tsao RCV Sync-to-Analog Output Delay 7 us
SLEW+ | Analog Output Positive Slew Rate 1 Vius
SLEW- | Analog Output Negative Slew Rate 1 Vius
DROOP | Analog Output Droop Rate 25 uVius
AC CHARACTERISTICS (refer to figures 11 and 12)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
GTx Gain Tracking Transmit Analog Input = + 3 to — 37dBm0 -2 0.0 + .2 dB
Analog Input =— 37 to — 50dBm0| - 4 +0.1 + 4 dB
Analog Input =— 50 to — 55dBm0| —1.25 | +02 | +1.25 dB
Relative to 0 dBm0
GTr Gain Tracking Receive Input Level = + 3 to — 37dBm0 -2 0.0 +.2 dB
Input Level = - 37 to — 50dBm0 -4 + 0.1 + 4 dB
Input Level =— 50 to — 55dBm0 | —1.25 | £+0.2 | +1.25 dB
Relative to 0 dBmO
GTE-e Gain Tracking End to End | Analog Input = + 3 to — 37dBm0 -4 0.0 + 4 dB
Analog Input = — 37 to — 50dBm0| - .8 +0.1 +.8 dB
Analog Input =— 50 to — 55dBm0| —2.50 | +02 | +2.50 dB
Relative to 0 dBm0
SDx Signal to Distortion Analog Input =0 to — 30dBm0 37 dB
Transmit Analog Input = — 40dBm0 31 dB
Analog Input = — 45dBm0 26 dB
SDgr Signal to Distortion Receive| Input Level = 0 to — 30dBm0 37 dB
Input Level = — 40dBm0 31 dB
Input Level = — 45dBm0 26 dB
8/12
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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 — 30dBm0 35 dB
End Analog Input =— 40 dBm0 29 dB
Analog Input =— 45 dBm0 24 dB
Nx Idle Channel Noise Analog Input = 0Volts 17 dBnc0
Transmit
Ngr Idle Channel Noise Receive| Digital Input =0 Code 0 dBnc0
Ne-e Idle Channel Noise End to | Analog Input = OVolts 18 dBncO
End Digital Output to Digital Input
CTax Crosstalk Receive to Analog In = — 50dBmO0 at 2600H7 - 80 dB
Transmit Digital Input = 0dBmO at 1008H;
digital
CTxr Crosstalk Transmit to Analog In = 0dBmo0 at 1008Hz - 80 dB
Receive Digital Input =0 Code
TLP Transmit Level Point 600Q +4 dB
Notes: 1. + Vrerand - Veer must be matched within +1 % in order to meet system requirements.
2. Sampling I1s accomplished by charging an internal capacitor ; therefore, the designer should avoid excessive source impedance.
Input-related device charactenstics are derived using the Recommended Analog Input Circutt. See figure 6.
3. When a transition from a "1" to a "0" takes place, the user must sink the "1" current until reaching the "0" level
4. Dniving 30pF with low = 100uA, lou = 500pA
5. Results in 30mW typical power dissipation (clocks applied) under normal operating conditions
6 This delay is necessary to avoid overlapping CLOCK and SYNC.
7. The first bit of data 1s loaded when the Sync and Clock are both "1" during bit tme 1 as shown on RCV timing diagram
Figure 6 : Recommended Analog Input Circuit.
CODEC
| |
| |
| I
| | TYPICAL
| | Cina, Rinas
IMPEDANCE | F I3
: axg | 2k |
1 150pf
! |
|
I |
| |
(37 SGS-THOMSON 12
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Figure 7 : Transmitter Section Timing.
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Figure 8 : Receiver Section Timing.
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Figure 9 : 64kHz Operation, Transmitter Section Timing.
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Figure 10 : 64kHz Operation, Receiver Section Timing.
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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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M5156

A-LAW COMPANDING CODEC

= +5-VOLT POWER SUPPLIES

= LOW POWER DISSIPATION - 30mW (Typ)

» FOLLOWS THE A-LAW COMPANDING CODE

= INCLUDES CCITT 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
2.1Mb/s AT 8kHz SAMPLING RATE

» SEPARATE  ANALOG AND  DIGITAL
GROUNDS REDUCE NOISE PROBLEMS

DESCRIPTION

The M5156 is a monolithic CMOS companding
CODEC 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)

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-
talinput 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 2.1Mb/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.

ORDER CODES : M5156FI (Ceramic)

MASTER CLOCK 5 []
XMIT SYNC 6 []

XMIT CLOCK 7 [
DIGITAL OUTPUT 8

S
ANALOG INPUT 1 [ g 184V,
v+2 [ 15 —Vpee
v-30 [] 14 ANALOG GROUND
NC 4 [ 1] 13 ANALOG OUTPUT
M 5156

(] 12 DIGITAL INPUT
] 11 DIGITAL GROUND
] 10 RCV CLOCK

] 9 -RCV SYNC

December 1988
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+ VRrer AND - VRer

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. + Vmer and - VRer must maintain
100ppM/°C regulation over the operating tempera-
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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 +
VRer and - Vrer 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. Itdoes 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 A/D conversion begins
on the next positive edge of MASTER CLOCK. The




M5156

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).

XMIT CLOCK

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-2.1MHz 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 : A/D, D/A Conversion Timing.

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 10).

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-2.1MHz can be used for
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Figure 2 : Data Input/Output Timing.
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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, trps, 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, trpH, 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 A/D converter at low
input levels and that of a 16-bit converter as the input
approaches full scale. The transfer characteristic of
the A/D 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.

A L7 S5S-THOMSON

Table 1 : Digital Output Code : A Law.

Chord Code |Chord Value| Step Value
1. 101 0.0mV 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

If the sign bit were a zero, then both plus signs would
be changed to minus signs.

Figure 3 : A/D Converter (A-law encoder)
Transfer Characteristic.
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Figure 4 : D/A Converter (A-law encoder)
Transfer Characteristic.
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M5156

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 10).

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 A/D 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 (VorrseT 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.

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

(8) 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.

] 1zi 8
DIGITAL DATA -
_—— - - DIGITAL » 1DEAL
l_ j INPUT  DIGITAL REGISTER DECODER
| 1.020kHz l 4| MB166
SIGNAL | ANALOG
| SOURCE \ INPUT
anaLog |13
| I oum SYSTEM ENCODER
I ONLY
! L
| 1.020 kHz |
Nout <€— NOTCH <o FILTER
l FILTER |
HP3562A
Sour * Nout
Note : The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
5/11
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ABSOLUTE MAXIMUM RATINGS

Parameter Value Unit
DC Supply Voltage, V+ +6 \"
DC Supply Voltage, V- -6 \]
Ambient Operating Temperature, Ta 0to 70 °C
Storage Temperature -55to0 + 125 °C
Package Dissipation at 25°C (derated 9mW/°C when soldered into PCB) 500 mwW
Digital Input - 05V < V)< Vs
Analog Input V-< VN < V+
+ VRer — 0.5V < + VRer € V+
- VReF V—<—-VRer <+ 0.5 \Y

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

ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY

Symbol Parameter Min. Typ. Max. Unit | Notes
V+ Positive Supply Voltage 4.75 5.0 5.25 Vv
V- Negative Supply Voltage -525 | -50 | —475 \

+ Vger | Positive Reference Voltage 2.375 25 2.625 \' 1

— VRer Negative Reference Voltage —-2625| —25 [-2375 Vv 1

TEST CONDITIONS : V+ = 5.0V, V— = = 5.0V, + Vper = 2.5V, = Vper = — 2.5V, Tp = 0°Cto 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-sampling 100 | MQ

Cina Analog Input Capacitance 150 250 pF 2
VorrseT/1 | Analog Input Offset Voltage +1 +8 mV 2
Routa Analog Output Resistance 1 50 Q
louta Analog Output Current 0.25 0.5 mA
VorrseT/o | Analog Output Offset Voltage + 50 + 850 mV
linLow Logic Input Low Current (Vy = 0.8V) Digital Input,
Clock Input, Sync Input + 0.1 +10 HA 3
lINHIGH Logic Input High Current (Viy = 2.4V) Digital Input,
Clock Input, Sync Input -025| -08 mA 3
Cpoo Digital Output Capacitance 8 12 pF
IpoL Digital Output Leakage Current + 0.1 +10 pA
VouTLow | Digital Output Low Voltage 0.4 \Y 4
VouTthigH | Digital Output High Voltage 3.9 Y 4
I+ Positive Supply Current 4 10 mA 5
- Negative Supply Current 2 6 mA 5
IREF+ Positive Reference Current 4 20 pA
IREF- Negative Reference Current 4 20 1.
6/11
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AC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
GTx Gain Tracking Transmit Analog Input = + 3 to — 40dBm0 -2 0.0 +.2 dB
CCITT G712 Method 2 Analog Input =— 40 to — 50dBm0| - 4 + 0.1 + 4 dB
Analog Input =— 50 to — 55dBm0| —1.25 | 02 | +1.25 dB
Relative to — 10 dBm0
GTr Gain Tracking Receive Input Level = + 3 to — 40dBmO -2 0.0 +.2 dB
CCITT G712 Method 2 Input Level = — 40 to — 50dBm0 -4 + 0.1 + .4 dB
Input Level =—50to — 55dBm0 | —1.25 | £0.2 | +1.25 dB
Relative to — 10 dBm0
GTee Gain Tracking End to End | Analog Input = + 3 to — 40dBm0O | — 04 + 0.1 + 0.4 dB
CCITT G712 Method 2 Analog Input =— 40 to — 50dBm0| - 0.8 + 0.1 +0.8 dB
Analog Input =— 50 to — 55dBm0| - 2.5 +0.2 + 25 dB
Relative to — 10 dBm0
SD1x Signal to Distortion Analog Input = - 3dBm0 30 dB
Transmit Analog Input = - 6 to — 27dBm0 36 dB
CCITT G712 Method 1 Analog Input = — 34dBm0 34 dB
Analog Input = — 40dBm0 30 dB
Analog Input =~ 55dBm0 15 dB
Narrow Band Noise Input
SD1g Signal to Distortion Receive| Input Level = — 3dBm0 30 dB
CCITT G712 Method 1 Input Level =— 6 to — 27dBm0 37 dB
Input Level = ~ 34dBm0 35 dB
Input Level = - 40dBmO 31 dB
Input Level = — 55dBm0 16 dB
Narrow Band Noise Input
SD2x Signal to Distortion Analog Input = 0 to — 30dBm0 37 dB
Transmit Analog Input = — 40dBm0 31 dB
CCITT G712 Method 2 Analog Input = — 45dBm0 25 dB
SD2gr Signal to Distortion Receive| Input Level = 0 to — 30dBm0 37 dB
CCITT G712 Method 2 Input Level = — 40dBm0 31 dB
Input Level = - 45dBm0 25 dB
SDee Signal to Distortion End to | Analog Input =0 to — 30dBm0 35 39 db .
End Analog Input = - 40dBm0 29 34 db
CCITT G712 Method 2 Analog Input = — 45dBm0 24 29 dB
Nx Idle Channel Noise Analog Input = OVolts - 68 | dBmOp
Transmit
Ngr Idle Channel Noise Receive| Digital Input = + 0 Code - 90 |dBmOp
Nee Idle Channel Noise End to | Analog Input = OVolts - 80 - 68 | dBmOp
End
CTRrx Crosstalk Receive to Analog In =— 50dBmO at 2600Hz - 80 dB
Transmit Digital Input = 0dBmO0 at 1008Hz
Digital
CTxr Crosstalk Transmit to Analog In = 0dBmO at 1008Hz - 80 dB
Receive Digital Input = + 0 Code
TLP Transmission Level Point 600Q + 4 dB
Notes:  1.- Vmer and - Vrer must be matched within +1 % in order to meet system requirements.

2. Sampling is accomplished by charging an internal capacitor ; therefore, the designer should avoid excessive source impedance In-

put related device charactenstics are derved using the Recommended Analog Input Circurt. See figure 6.

3. When a transttion from a"1" to a "0" takes place, the user must sink the "1" current until reading the "0" level
4. Driving 30pF with lon = - 100 pA, loL - 500 pA

5. Results in 30mW typical power dissipation (clocks applied) under normal operating conditions

6. This delay 1s necessary to avoid overlapping Clock and Sync.
7. This first bit of data 1s loaded when Sync and Clock are both "1" during bit time 1 as shown on RCV timing diagram

711
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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 15 2.048 2.1 MHz
2 Fg, Fx XMIT, RCV Clock Frequency 0.064 | 2.048 2.1 MHz
3 PWecLk Clock Pulse Width (MASTER, XMIT, RCV) 200 ns
4 tre, trc | Clock Rise, Fall Time 25% of
' (MASTER, XMIT, RCV) PWciLk ns
5 trs, trs | Sync Rise, Fall Time 25% of
(XMIT, RCV) PWcik ns
6 tor, toir | Data Input Rise, Fall Time 25% of ns
PWcLk
8
7 |twsx twsr| Sync Pulse Width (XMIT RCV) Fx(Fg) Hs
8 tps Sync Pulse Period (XMIT, RCV) 125 us
9 txcs XMIT Clock-to-XMIT Sync Delay 50% of
tec (tms) ns 6
10 txcsn XMIT Clock-toXMIT Sync (negative edge) Delay| 200 ns
11 txss XMIT Sync Set-up Time 200 ns
12 txoo XMIT Data Delay 0 200 ns 4
13 txpp XMIT Data Present 0 200 ns 4
14 txoT XMIT Data Three State 150 ns 4
15 toor Digital Output Fall Time 50 100 ns 4
16 toor Digital Output Rise Time 50 100 ns 4
17 tsre RVC Sync-to-RCV Clock Delay 50% of
tre (trs) ns 6
18 tros RCV Data Set-up Time 50 ns 7
19 troH RCV Data Hold Time 200 ns 7
20 tRcs RCV Clock-to-RCV Sync Delay 200 ns
21 trss RCV Sync Set-up Time 200 ns 7
22 tsao RCV Sync-to-analog Output Delay 7 us
23 SLEW+ | Analog Output Positive Slew Rate 1 Vius
24 SLEW- | Analog Output Negative Slew Rate 1 Vius
25 | DROOP | Analog Output Droop Rate 25 pnVius
8/11
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Figure 7 : Transmitter Section Timing.
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Figure 8 : Receiver Section Timing.
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Figure 9 : 64kHz Operation, Transmitter Section Timing.
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Figure 10 : 64kHz Operation, Receiver Section Timing.
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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/FILTER

= COMPLETE CODEC 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 p-law compatible COder and

DECoder

- Internal precision voltage reference

- Serial I/O interface

- Internal auto-zero circuitry

A-LAW, 16-PINS-ETC5057

uw-LAW  WITHOUT SIGNALING,

ETC5054

MEETS OR EXCEEDS ALL D3/D4 AND CCITT

SPECIFICATIONS

+5V OPERATION

= LOW OPERATING POWER - TYPICALLY
60 mW

s POWER-DOWN STANDBY - TYPICALLY 3 mW

= AUTOMATIC POWER-DOWN

n TTL OR CMOS COMPATIBLE DIGITAL INTER-
FACES

» MAXIMIZES LINE INTERFACE CARD CIRCUIT
DENSITY

= SECOND SOURCE OF TP3057, TP3054

16-PINS-

DESCRIPTION

The ETC5057/ETC5054 family consists of A-law
and p-law monolithic PCM CODECHfilters utilizing
the A/D and D/A conversion architecture shown in
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 signaland en-
codes it in the companded A-law or p-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 p-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 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.

M

W

DIP16
(Ceramic) J
(Plastic) N

ORDER CODES : ETC5057J
ETC5054J
ETC5057N
ETC5054N

PIN CONNECTION

vesr ~ spvFar
GNDA[]2 15 O vEyl-
VFrO C 3 14 j GSx
VccE ] 1375,
FSals 12 [JFSx
Oa(dse 11 [] Ox
BCLKq/CLKSEL]? 10 [JBCLK«
MCLKn PON[] 8 s [ImcLx,
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ETC5057-ETC5054

Figure 1 : Block Diagram.
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ETC5057-ETC5054

PIN DESCRIPTION

Name Pin | Ne Function Description
Type*
Vs S 1 Negative Power Vegg ==5V+5%
Supply
GNDA GND | 2 | Analog Ground All signals are referenced to this pin.
VFRO o} 3 | Receiver Filter Output | Analog Output of the Receive Filter
Vece S 4 | Positive Power Supply | Vec =+5V+5%
FSr | 5 | Receive Frame Sync | Enables BCLKRg to shift PCM data into Dgr. FSg is an 8
Pulse kHz pulse train. See figures 2,3 and 4 for timing details.
Dr | 6 | Receive Data Input PCM data is shifted into Dg following the FSg leading
edge.
BCLKgr/CLKSEL| | 7 | Shift-in Clock Shifts data into Dr after the FSgr leading edge. May vary
from 64 kHz to 2.048 MHz. Alternatively, may be a logic
input which selects either 1.536 MHz/1.544 MHz or 2.048
MHz for master clock in synchronous mode and BCLKx
is used for both transmit and receive directions
(see table 1). This input has an internal pull-up.
MCLKg/PDN | 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 MCLKp is
connected continuously low, MCLKx is selected for all
internal timing. When MCLKR is connected continuously
high, the device is powered down.
MCLKx | 9 | Transmit Master Clock | Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKg.
BCLKx | 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 o 11 | Transmit Data Output | The TRI-STATE® PCM data output which is enabled
by FSy.
FSx | 12 | Transmit Frame Sync | Enables BCLKy 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.
TSy [e] 13 | Transmit Time Slot Open drain output which pulses low during the encoder
time slot. Recommended to be grounded if not used.
GSx o} 14 | Gain Set Analog output of the transmit input amplifier. Used to set
gain externally.
VFxl = | 15 | Inverting Amplifier Inverting input of the transmit input amplifier.
Input
VFxl * | 16 | Non-inverting Amplifier| Non-inverting input of the transmit input amplifier.
Input

* 1:Input, o : Output, S : Power Supply.
TRI-STATE ® is a trademark of National Semiconductor Corp.
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ETC5057-ETC5054

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
MCLKRg/PDN pin and FSx and/or FSg pulses must
be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKr/PDN pin
high ; the alternative is to hold both FSx and FSr in-
puts continuously low. The device will power-down
approximately 2 ms after the last FSx or FSg pulse.
Power-up will occur on the first FSx or FSr pulse.
The TRI-STATE PCM data output, Dx, will remain
in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must
be applied to MCLKx and the MCLKr/PDN pin can
be used as a power-down control. A low level on
MCLKRg/PDN powers up the device and a high level
powers down the device. In either case, MCLKx will
be selected as the master clock for both the 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 BCLKr/CLKSEL. 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.

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
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 MCLKXx,
which is easily achieved by applying only static logic
levels to the MCLKgr/PDN pin. This will automatically
connect MCLKx to allinternal MCLKRg 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. BCLKRr 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 FSg,
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 Dx 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 BCLKgr (BCLKx in
synchronous mode), the next falling edge of BCLKr

latches in the sign bit. The following seven falling
Master Clock Frequen : i .
Selected quency edges latch in the seven remaining bits. Both de-
BCLKRr/CLKSEL vices may utilize the short frame sync pulse in syn-
ETC 5057 ETC 5054 chronous or asynchronous operating mode.
Cloked 2.048 MHz | 1.536 MHz or LONG FRAME SYNC OPERATION
1.544 MHz
0 1536 MHz or | 2.048 MHz To use the long frame mode, both the frame sync
1.544 MHz pulses, FSx and FSg, must be three or more bit clock
1 (or open circuit) 2.048 MHz | 1.536 MHz or periods long, with timing relationships specified in
1.544 MHz figure 4. Based on the transmit frame sync, FSx, the
4/15 EI- SGS-THOMSON
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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
FSx going low, whichever comes later. Arising 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-
ternalresistors, 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 p-law (ETC5054) coding

load (tmax) 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 ps (due to the transmit filter) plus 125 ps (due
to encoding delay), which totals 290 ps. 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 u-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 a2 nd 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 FSg, the data at the DR input is
clocked in on the falling edge of the next eight
BCLKR (BCLKYx) periods. At the end of the decoder
time slot, the decoding cycle begins, and 10 ps later
the decoder DAC output is updated. The total
decoder delay is ~ 10 us (decoder update) plus
110 ps (filter delay) plus 62.5 ps (1/2 frame), which

conventions. A precision voltage reference is gives approximately 180 ps.
trimmed in manufacturing to provide an input over-
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Vee to GNDA 7 Vv

Ves Vgs to GNDA

-7 \

Vin Vour | Voltage at Any Analog Input or Output

Vee + 0.3 to Vgg — 0.3 \%

Voltage at Any Digital Input or Output

Vce + 0.3 to GNDA - 0.3 \i

Toper Operating Temperature Range —-251to0 + 125 °C
Tstg Storage Temeperature Range — 6510 + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C
LSy SGS-THOMSON 15
Y/ WICROELECTRONISS
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ELECTRICAL CHARACTERISTICS

Vec=5.0V£5%,Vee=-5.0V+5%, GNDA =0V, Ta=0 Cto 70 °C (unless otherwise noted) ; Typical
characteristics specified at Vcc =5.0V, Ves=—-5.0V, Ta= 25 °C ; all signals are referenced to GNDA.

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage - - 0.6 \Y
ViH Input High Voltage 22 - - Vv
VoL Output Low Voltage \

IL =32 mA ' D_x_ - - 0.4
I =3.2 mA, Open Drain TSx - - 0.4
VoH Output High Voltage \"
I =32 mA Dx 24 — _
I Input Low Current (GNDA < Viy < V), all digital inputs) -10 - 10 pA
IH Input High Current (Vi < Vin < V) except BCLKr/BCLKSEL -10 - 10 LA
loz Output Current in High Impedance State (TRI-STATE) pA
(GNDA < Vg < V¢e) Dx -10 - 10

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
XA Input Leakage Current (-25V <V <+25V) VFxl* or VFxl = | — 200 - 200 nA
RiXA | Input Resistance (-25<V<+25YV) 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 | £28 - - Vv
AvXA | Voltage Gain (VFx! * to GSx) 5000 - - VIV
FuXA | Unity Gain Bandwidth 1 2 - MHz

VosXA | Offset Voltage - 20 - 20 mV

VcuXA | Common-mode Voltage -25 - 25 \Y

CMRRXA| Common-mode Rejection Ratio 60 - - dB

PSRRXA| Power Supply Rejection Ratio 60 - - dB

ANALOG INTERFACE WITH RECEIVE FILTER (all devices)

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

VOSRO | Output DC Offset Voltage - 200 - 200 mV

6/15
K7 SESTHINSN

76



ETC5057-ETC5054

ELECTRICAL CHARACTERISTICS (continued)
POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lccO Power-down Current - 0.5 1.5 mA
Iss0 Power-down Current - 0.05 0.3 mA
lcct Active Current - 6.0 9.0 mA
Igg1 Active Current - 6.0 9.0 mA

TIMING SPECIFICATIONS
Symbol Parameter Min. Typ. Max. Unit
1/tpm Frequency of Master Clocks MCLKx and MCLKg - 1.5636 - MHz
Depends on the device used and the
BCLKRr/CLKSEL pin. - 1.544 -
- 2.048 -
twmne | Width of Master Clock High MCLKx and MCLKg 160 - - ns
twme | Width of Master Clock Low MCLKx and MCLKRg 160 - - ns
tRM Rise Time of Master Clock MCLKx and MCLKgr - - 50 ns
tem Fall Time of Master Clock MCLKx and MCLKRg - - 50 ns
tpe Period of Bit Clock 485 488 | 15.725 ns
twsn | Width of Bit Clock High (Viy =2.2 V) 160 - - ns
twsL Width of Bit Clock Low (ViL = 0.6 V) 160 - - ns
tre Rise Time of Bit Clock (tpg = 488 ns) - - 50 ns
teg Fall Time of Bit Clock (tpg =488 ns) - - 50 ns
tserm | Set-up Time from BCLKx High to MCKLx Falling Edge 100 - - ns
(first bit clock after the leading edge of FSx)
ther Holding Time from Bit Clock Low to the Frame Sync 0 - - ns
(long frame only)
tsrB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 80 - - ns
tusri | Hold Time from 3rd Period of Bit Clock FSx or FSr 100 - - ns
Low to Frame Sync (long frame only)
toze 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)
toso Delay Time from BCLKx High to Data Valid 0 - 180 ns
(Load = 150 pF plus 2 LSTTL loads)
tpzc | Delay Time from BCLKx Low to Data Output Disabled 50 - 165 ns
tspe Set-up Time from Dg Valid to BCLKR/x Low 50 - - ns
theD Hold Time from BCLKg/x Low to Dg Invalid 50 - - ns
thoLp | Holding Time from Bit Clock High to Frame Sync 0 - - ns
(short frame only)

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

L7 SGS-THOMSON 7115
Y/ GaICROELECTRONICS
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TIMING SPECIFICATIONS (continued)

(64 k bit/s operating mode)

Symbol Parameter Min. Typ. Max. Unit
tsF Set-up Time from FSx/r to BCLKyx/r Low 80 - - ns
(short frame sync pulse) - Note 1
tHe Hold Time from BCLKx/r Low to FSx/r Low 100 - - ns
(short frame sync pulse) - Note 1
txop Delay Time. To TSx Low (load = 150 pF plus 2 LSTTL loads) - - 140 ns
twrL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns

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

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

s [\ SN\ T\ L\

FSx M
FSn__

Wi —~  —

XX X

—_—— e e — -

8/15

78

[O7R-cRliics




ETC5057-ETC5054

Figure 3 : Short Frame Sync Timing.
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Figure 4 : Long Frame Sync Timing.
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TRANSMISSION CHARACTERISTICS
(all devices) TA=0"Ct0 70 °C,Vec =5V 5%, VBe=—5V +5 %, GNDA=0v, f = 1.02 kHz, ViNn = 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 - Vims
0 dBm0
tmax Max Overload Level Vpk
3.14 dBmoO (A LAW) - 2.492 - ;
3.17 dBmoO (U LAW) - 2.501 - ,
Gxa | Transmit Gain, Absolute (Ta =25 °C, Vee =5 V, Vas == 5 V) 1“7 dB
Input at GSx = 0 dBm0 at 1020 Hz -0.15 - 0.15
Gxr Transmit Gain, Relative to Gxa dB
f=16 Hz - - - 40
f=50Hz - - - 30
f =60 Hz - - - 26
f=180 Hz -28 - -02
f =200 Hz -18 - - 041
f =300 Hz — 3000 Hz -0.15 - 0.156
f =3300 Hz -0.35 - 0.05
f = 4000 Hz -07 - 0
f = 3400 Hz - - - 14
f = 4600 Hz and up, measure response from 0 Hz to 4000 Hz - - -32
Gxat | Absolute Transmit Gain Variation with Temperature dB
(Ta =0°C to + 70 °C) - 041 - +0.1
Gxav | Absolute Transmit Gain Variation with Supply Voltage dB
(Vec=5V+5%, Veg=—5V+5%) - 0.05 - + 0.05
GxpL | Transmit Gain Variations with Level dB
Sinusoidal Test Method Reference Level = - 10 dBm0
VFxl * =— 40 dBm0O to + 3 dBm0 -02 - 0.2
VFxl * =— 50 dBmO to — 40 dBm0O - 04 - 0.4
VFxl * =— 55 dBmO to — 50 dBm0O -1.2 - 1.2
GRga Receive Gain, Absolute (Ta =25 °C,Vgc =5V, Vgg =—5V) dB
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz | — 0.15 - 0.15
GRrr Receive Gain, Relative to Gra dB
f= 0 Hz to 3000 Hz -0.15 - 0.15
f = 3300 Hz - 0.35 - 0.05
f =3400 Hz -07 - 0
f = 4000 Hz - - - 14
GRraT | Absolute Receive Gain Variation with Temperature dB
(Ta =0°C to + 70 °C) - 0.1 - +0.1
GRrav | Absolute Receive Gain Variation with Supply Voltage dB
(Vecc= 5V+5%,Vegg=—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 -04 - 0.4
PCM level =~ 55 dBmO to — 50 dBm0 -1.2 - 1.2
VRo Receive Output Drive Level (R. =600 Q) -25 - 25 Vv

‘7_" SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

Symbol Parameter Min. Typ. Max Unit
Dxa Transmit Delay, Absolute (f = 1600 Hz) - 290 315 us
Dxgr Transmit Delay, Relative to Dxa ps

f =500 Hz — 600 Hz - 195 220

f =600 Hz — 800 Hz - 120 145

f =800 Hz — 1000 Hz - 50 75

f =1000 Hz — 1600 Hz - 20 40

f =1600 Hz — 2600 Hz - 55 75

f = 2600 Hz — 2800 Hz - 80 105

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

f =500 Hz — 1000 Hz - 40 -25 -

f =1000 Hz — 1600 Hz - 30 -20 -

f = 1600 Hz — 2600 Hz - 70 90

f = 2600 Hz — 2800 Hz - 100 125

f = 2800 Hz — 3000 Hz - 145 175

NOISE

Symbol Parameter Min Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted (A LAW, VFxl * =0 V) - - 74 - 69 | dBMOp

(note 1)
Ngrp Receive Noise, P Message Weighted dBmOp
(U LAW, PCM Code Equals Positive Zero ) - - 82 -79
Nxc Transmit Noise, C Message Weighted U LAW (VFXI + =0 V) - 12 15 dBrnCO
Ngrc Receive Noise, C Message Weighted dBrnCO
(U LAW, PCM Code Equals Alternating Positive and Negative - 8 11
Zero)
NRs Noise, Single Frequency dBmO
f =0 kHz to 100 kHz, Loop Around Measurement,
VFxl * =0 Vrms - - - 53
PPSRx | Positive Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vcc = 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
NPSRx | Negative Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgg =— 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
PPSRR | Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Ve = 5.0 Vpc + 100 mVrms
f =0 Hz — 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f =25 kHz — 50 KHZ 36 - - dB
NPSRgr | Negative Power Supply Rejection, Receive
(PCM code equals positive zero,
Vgg =- 5.0 Vpc + 100 mVrms)
f =0 Hz - 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f =25 kHz — 50 kHz 36 - - dB

1215 L3y SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. | Max. Unit
SOS Spurious out-of band signals at the channel output. dB
Loop around measurement, 0 dBm0, 300 Hz — 3400 Hz input
applied to VFxl *, measure individual image signals at VFg0
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
STDgR | Transmit or Receive Half-channel
Level =3 dBmO 33 - -
=0 dBmO to — 30 dBmO 36 - -
=—40 dBm0 XMT 29 - -
RCV 30 - -
=—55dBmo0 XMT | 14 - -
RCV 15 - -
SFDx | Single Frequency Distortion, Transmit - - — 46 dB
SFDgr | Single Frequency Distortion, Receive - - - 46 dB
IMD Intermodulation Distortion - - - 41 dB
Loop Around Measurement,
VFxl * =—4 dBm0 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 dBm0 Transmit Level dB
f =300 Hz — 3400 Hz, D = Steady PCM Mode - -90 -75
CTgr-x | Receive to Transmit Crosstalk, 0 dBm0 Receive Level dB
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. CTrx Is measured with a — 40 dBm0 activating signal applied at VFxI*.

ENCODING FORMAT AT Dy OUTPUT

A-Law
(includes even bit inversion) Law
Vin (at GSx) = + Full-scale 10101010 10000000
11010101 111111114
Vin (at GSx) =0V 01010101 01111111
Viy (at GSx) = — Full-scale 00101010 00000000
L7 SGS-THOMSON 13715
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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
atacommon point as close as possible to the GNDA
pin.

T-PAD ATTENUATOR

g

7T - PAD ATTENUATOR

TE0

v

N+ 1 N
R1= Z1 ( )-2 \/Z1. 22 ——)
-1

N2 NZ—1

N
R2=2\/71.22 ( > )
N -1

POWER IN
Where : N=\/ POWER OUT
79/ 7
B z2

Also:Z= \/ Zsc . Zoc

Where Zsc = impedance with short circuit termina-
tion

and Zoc = impedance with open circuit termination.

1415 L3 SGs:-THOMSON

R3 - /212.22 (N2—1)

N
R3-Z1 (_Nz_—t_)
N2—-2 NS + 1

This minimizes the interaction of ground return cur-
rents flowing through a common bus impedance.
0.1 uF supply decoupling capacitors should be con-
nected from this common ground point to Vcc and
Ves.

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 Vcc and Ves with 10 pF capacitors.

RECEIVE GAIN ADJUSTMENT

For applications where a ETC5050 family
CODECHfilter receive output must drive a 600 Q
load, but a peak swing lower then+ 2.5 V is required,
the receive gain can be easily a adjusted by insert-
ing a matched T-pad or n-pad at the output. Table
Il lists the required resistor values for 600 Q 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 inputimpedance from nominal while
still maintaining a good return loss. For example a
30 dB return loss against 600 Q is obtained if the
output impedance of the attenuator is in the range
282 Q to 319 Q (assuming a perfect transformer).

MICROELECTRONICS
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Table 2 : Attenuator Tables for
(all values in Q).

Z1 =272 =300 Q

dB R1 R2 R3 R4
0.1 1.7 26 k 3.5 52 k
0.2 35 13k 6.9 26 k
0.3 52 87k 10.4 17.4 k
0.4 6.9 65k 13.8 13k
0.5 85 52k 17.3 105 k
0.6 10.4 44k 21.3 8.7k
0.7 121 37k 24.2 75k
0.8 13.8 33k 27.7 6.5 k
0.9 15.5 29k 31.1 58 k
1.0 17.3 26 k 34.6 52k
2 34.4 1.3k 70 26K
3 51.3 850 107 1.8k
4 68 650 144 1.3k
5 84 494 183 11k
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 77 117 k 386
20 246 61 1.5k 366

Figure 5 : Typical Synchronous Application.

- 5v

—T Ves VFxl* fe———————— from SLIC
0 1,F VFxl™ |
s B oy
Ay
sv 1 Vee ANALOG
ETC5057 INTERFACE
10 SUIC @=————————— VF0 ETC5054 4’_
R —— Y T ——— !
e ———— Y S ) I 1
Du —————————p DIGITAL
INTERFACE
5V 0r GNDA =] BCLKgp/CLKSEL BCLKx
pON MCLKR/PDN MCLKx :1—— BCLKx (2 048 MHz / 1 544 MHz)
R1 + R2
Note : 1. XMIT gain = 20.log ( +2 ) (R1 + R2) > 10 kQ.
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ETC5054FN
ETC5057FN

SERIAL INTERFACE CODEC/FILTER

= COMPLETE CODEC 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.

- p-law or A-law compatible COder and DECo-
der.

- Internal precision voltage reference.

- Serial /O interface.

- Internal auto-zero circuitry.

A-LAW 20 PINS ETC5057FN

uw-LAW  WITHOUT SIGNALING, 20 PINS

ETC5054FN

MEETS OR EXCEEDS ALL D3/D4 AND CCITT

SPECIFICATIONS

5V OPERATION

LOW OPERATING POWER - TYPICALLY 60

mwW

POWER-DOWN STANDBY MODE - TYPICAL-

LY 3mw

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 p—law monolithic PCM CODEC/filters utilizing
the A/D and D/A conversion architecture shown in
the block diagram below, and a serial PCM inter-
face. The devices are fabricated using double-poly
CMOS process. The encode portion of each device
consists of an input gain adjust amplifier, an active
RC pre-filter which eliminates very high frequency
noise prior to entering a switched-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 p—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 p—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, or 2.048 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.

e

PLCC20

ORDER CODES : ETC5054FN
ETC5057FN

PIN CONNECTIONS

UFXI(+)
UFXI(-)

o a
x o m
L zZ o
> U O
32 1
N.C. 18 [| 6sx

TS%
FSX
DX
BCLKX

vcc

FSR

DR
BCLKR/CLKSEL

MCLKR/PDN | w0

MEBETC5654FN-61
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BLOCK DIAGRAM

MBBETC5854FN-62

UCC UBB GNDA

MCLKX MCLKR/ BCLKX BCLKR/ FSR
CLKSEL

PDN

FSX

] Gsx
18
AUTO-ZERD
RC SUITCHED 15
- CAPACITOR 0 DX
anaLog TN PRI " ACTIVE —*ganp-pass|
FILTER FILTER L
VOLTAGE
REFERENCE
COMPARATOR
Y
RC ACTIVE SUITCHED RCU
R3
_— UFRO | CAPACITOR S/H ReG L7
— FILTER AND | 0 hnss DAC 0O DR
R4 POUER AMP FILTER CLK
CresesTn :
AND '
CONTROL TSX
+5U -5V
5 1 2 12 9 14 8 6 16
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ETC5054/5057FN

PIN DESCRIPTION

Pin

Amplifier Input

Name « | N° Function Description
Type
Ves S 1 Negative Veg=—5V+5%.
Power Supply
GNDA GND 2 | Analog Ground | All signals are referenced to this pin. '
VFRO (o} 3 Receive Filter | Analog Output of the Receive Filter
Output
Vee S 5 Positive Power | Vcc =+5V +5 %.
Supply
FSgr | 6 Receive Frame | Enables BCLKRy to shift PCM data into Dr. FSg is an 8 kHz
Sync Pulse pulse train. See figures 1, 2 and 3 for timing details.
Dr | 7 Receive Data | PCM data is shifted into Dg following the FSg leading edge.
Input
BCLKR/CLKSEL | 8 Shift-in Clock Shifts data into Dg after the FSg 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 BCLKy is
used for both transmit and receive directions (see table 1).
This input has an internal pull-up.

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

MCLKx | 12 Transmit Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be
Master Clock asynchronous with MCLKg.
BCLKx | 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 (e} 15 Transmit The TRI-STATE® PCM data output which is enabled
Data Output by FSx.
FSx | 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.
TSy e} 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.
VFxI~ I 19 Inverting Inverting Input of the Transmit Input Amplifier.
Amplifier Input
VFxl* | 20 Non-inverting Non-inverting Input of the Transmit Input Amplifier.

*1:Input, O : Output, S : Power Supply.
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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
MCLKRg/PDN pin and FSx and/or FSg pulses must
be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKr/PDN pin
high ; the alternative is to hold both FSx and FSrin-
puts continuously low. The device will power-down
approximately 2 ms after the last FSx or FSg pulse.
Power-up will occur on the first FSx or FSr pulse.
The TRI-STATE PCM data output, Dx, will remain
in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must
be applied to MCLKx and the MCLKRr/PDN pin can
be used as a power-down control. A low level on
MCLKRg/PDN powers up the device and a high level
powers down the device. In either case, MCLKx will
be selected as the master clock for both the trans-
mit and receive circuits. A bit clock must also be ap-
plied to BCLKx and the VCLKr/CKSEL can be used
to select the proper internal divider for a master
clock of 1.536 MHz, 1.544 MHz or 2.048 MHz. For
1.544 MHz operation, the device automatically com-
pensates for the 193rd clock pulse each frame. With
a fixed level on the BCLKr/CLKSEL pin, BCLKx will
be selected as the bit clock for both the transmit and
receive directions. Table 1 indicates the frequencies
of operation which can be selected, depending on
the state of BCLKR/CLKSEL. 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.

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
BCLKXx. After 8 bit clock periods, the TRI-STATE Dx
output is returned to a high impedance state. With
and FSgr pulse, PCM data is latched via the Dg in-
put on the negative edge of BCLKx (or BCLKRif run-
ning). FSx and FSgr must be synchronous with
MCLKy/R.

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and
receive clocks may be applied, MCLKx and MCLKgr
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, MCLKg should be synchronous with MCLKXx,
which is easily achieved by applying only static lo-
gic levels to the MCLKRr/PDN pin. This will automa-
tically connect MCLKXx to all internal MCLKRg 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 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 ini-
tialization, the device assumes a short frame mode.
In this mode, both frame sync pulses, FSx and FSg,
must be one bit clock period long, with timing rela-
tionships specified in figure 2. With FSx high during
a falling edge of 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

Master Clock FSr high during a falling edge of BCLKR (BCLKx in
synchronous mode), the next falling edge of BCLKr
BCLKa/CLKSEL | _Frequency Selected latches in the sign bit. The following seven falling
ETC5057 ETC5054 edges latch in the seven remaining bits. Both de-
Clocked 2.048 MHz | 1.536 MHz or vices may utilize the short frame sync pulse in syn-
1.544 MHz chronous or asynchronous operating mode.
0 1.536 MHz or | 2.048 MHz LONG FRAME SYNC OPERATION
1.544 MHz To use the long frame mode, both the frame sync
o pulses, FSx and FSgr, must be three or more bit clock
1 (or open cireu) | 2.048 MHz 1'1523 4M|Gl:|;r periods long, with timing relationships specified in fi-
: gure 3. Based on the transmit frame sync, FSx, the
4ns LSy SGS-THOMSON
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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
BCLKXx edge following the eighth rising edge, or by
FSx going low, which-ever comes later. A rising
edge on the receive frame sync pulse, FSg, will
cause the PCM data at Dg 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 A/D is of companding type accor-
ding to A-law (ETC5057) or p—law (ETC5054) co-
ding conventions. A precision voltage reference is

ABSOLUTE MAXIMUM RATINGS

trimmed in manufacturing to provide an input over-
load (tmax) 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
us (due to the transmit filter) plus 125us (due to en-
coding delay), which totals 290us. 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 p—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 600Q2 load to a le-
vel of 7.2 dBm. The receive section is unity-gain.
Upon the occurence of FSg, 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 10us later

the decoder DAC output is updated. The total deco-
der delay is ~ 10us (decoder update) plus 110ps (fil-
ter delay) plus 62.5us (1/2 frame), which gives ap-
proximately 180us.

Symbol Parameter Value Unit
Vee Vce to GNDA 7 \"
Vs Vs to GNDA _7 v

Vin, Vout | Voltage at any Analog Input or Output

Vce + 0.3 10 Vgg — 0.3 \

Voltage at Any Digital Input or Output

Vge + 0.3 to GNDA - 0.3 \

Toper Operating Temperature Range —-25t0+ 125 °C
Tstg Storage Temperature Range — 6510 + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C
L7 SGS-THOMSON 915
Y/ ncrozLECTROMCS
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ELECTRICAL OPERATING CHARACTERISTICS Vo =5.0V+5%, Vgg =—5.0 V+5%
GNDA =0V, Tp =0 °C to 70 C (unless otherwise noted) ; Typical Characteristics Specified at
Ta =25 °C ; all signals are referenced to GNDA.

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage 0.6 v
ViH Input High Voltage 22 \"
VoL Output Low Voltage Dx 0.4

IL =32 mA _= 0.4 \%
1L =3.2 mA, Open Drain TSx )
VoH Output High Voltage
Iy =32 mA Dx| 24 v
I Input Low Current (GNDA < V|y < all digital inputs) -10 10 pA
I Input High Current (Vin £ Vin € Vec) Except —10 10 uA
BCLKgr/CLKSEL
loz Output Current in High Impedance State (TRI-STATE) _
(GNDA < Vo < Vee) Dx 10 10 HA
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
I)XA Input Leakage Current . - _

(—25V<V<425V) VFxI* or VFxl 200 200 nA
RiXA Input Resistance + -

(—25VEV<q25V) VFxI* 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 | +28 \)
AyXA Voltage Gain (VFxl* to GSx) 5000 VIV
FuXA Unity Gain Bandwidth 1 2 MHz

VosXA | Offset Voltage -20 20 mV

VecuXA | Common-mode Voltage -25 2.5 \

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) 600 Q
CLRF Load Capacitance 500 pF

VOSRO | Output DC Offset Voltage - 200 200 mV

6/15
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POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lccO Power-down Current 0.5 15 mA
1580 Power-down Current 0.05 0.3 mA
lecl Active Current 6.0 9.0 mA
lgg1 Active Current 6.0 9.0 mA

TIMING SPECIFICATIONS All timing parameters are measured at Vou = 2.0 Vand Vo = 0.7 V. See
"definitions” and "timing convertions" sections for that method information.

Symbol Parameter Min. Typ. Max. Unit
1tem Frequency of master clocks 1.536
Depends on the device used and the MHz
BCLKR/CLKSEL Pin 1.544
MCLKx and MCLKg 2.048
twMH Width of Master Clock High MCLKx and MCLKg 160 ns
twmL Width of Master Clock Low MCLKx and MCLKg | 160 ns
tRm Rise Time of Master Clock MCLKx and MCLKgr 50 ns
tFM Fall Time of Master Clock MCLKx and MCLKRg 50 ns
tes Period of Bit Clock 485 488 15.725 ns
tweH Width of Bit Clock High (Vi =2.2 V) 160 ns
twaL Width of Bit Clock Low (ViL =0.6 V) 160 ns
trs Rise Time of Bit Clock (tpg = 488 ns) 50 ns
trB Fall Time of Bit Clock (tpg = 488 ns) 50 ns
tsBFm set-up time from BCLKx high to MCLKx falling edge. 100 ns
(first bit clock after the leading edge of FSx)
tusr Holding Time from Bit Clock Low to the Frame Sync 0 ns
(long frame only)
tsrs Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns
tHBFI Hold Time from 3rd Period of Bit Clock
Low to Frame Sync (long frame only). FSx or FSr 100 ns
tozr 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)
tosb Delay time from BCLKx high to data valid. 0 180 ns
(load = 150 pF plus 2 LSTTL loads)
toze Delay time from BCLKx low to data output disabled. 50 165 ns
tsps Set-up time from Dg valid to BCLKRg/x low. 50 ns
tuso Hold time from BCLKRg,x low to Dg invalid. 50 ns
tHoLD Holding Time from Bit Clock High to Frame Sync 0 ns
(short frame only)
tsr Set-up Time from FSx/r to BCLKx/r Low 80 ns
(short frame sync pulse) - Note 1
the Hold Time from BCLKx/g Low to FSx/r Low 100 ns
(short frame sync pulse) - Note 1
txop Delay Time to TSxlow (load = 150 pF plus 2 LSTTL loads) 140 ns
twrL Minimum Width of the Frame Sync Pulse (low level) 160 ns
(64 k bit/s operating mode)
Note : 1. For short frame sync timing. FSxand FSs must go high while their respective bit clocks are high.
LS SGS-THOMSON AL
Y/ MicRoELECTRONICS
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Figure 1 : 64 k bits/s TIMING DIAGRAM.
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ETC5054/5057FN

TRANSMISSION CHARACTERISTICS (all devices) Ta = 0°C to 70°C, Vcc = 5V + 5%, Veg = — 5V £ 5%,
GNDA =0V, f = 1.02kHz, ViN = 0dBmO 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) 0 dBmO 1.2276 Vrms
tmMAX Max Overload Level
3.14 dBmO (A LAW) 2.492 Vek
3.17 dBm0 (U LAW) 2.501
Gxa Transmit Gain, Absolute (Ta =25 °C,Vec =5V, Veg ==5V) | _ 0.5 045 dB
Input at GSx = 0 dBmO at 1020 Hz
GxR Transmit Gain, Relative to Gxa
f=16 Hz - 40
f =50 Hz -30
f =60 Hz - 26
f =180 Hz -28 -0.2
f =200 Hz -1.8 - 0.1 dB
f = 300 Hz - 3000 Hz -0.15 0.15
f = 3300 Hz -0.35 0.05
f = 3400 Hz ETC 5057, ETC 5054 -0.7 0
f = 4000 Hz - 14
f = 4600 Hz and up, Measure Reponse from 0 Hz to 4000 Hz -32
GxAT Absolute Transmit Gain Variation with Temperature — 04 0.4 dB
(TA =0°C to + 70 °C) ' !
Gxav Absolute Transmit Gain Variation with Supply Voltage _
(Vcc =5V£5%,Veg=—-5V+5%) 0.08 0.05 dB
GxRL Transmit Gain Variations with Level
Sinusoidal Test Method Reference Level =— 10 dBm0
VFxl+ = — 40 dBmO to + 3 dBm0 -02 0.2 dB
VFxl+ =— 50 dBm0 to — 40 dBm0 -04 0.4
VFxl+ =— 55 dBmO to — 50 dBm0 -1.2 1.2
GRra Receive Gain, Absolute (Ta =25 °C,Vcc =5V, Vegg =—5V) | _ 0.15 0.15 dB
Input = Digital Code Sequence for 0 dBMO Signal at 1020 Hz ’ )
GRrR Receive Gain, Relative to Gra
f =0 Hz to 3000 Hz -0.15 0.15
f = 3300 Hz -0.35 0.05 dB
f = 3400 Hz -0.7 0
f = 4000 Hz - 14
GRAT Absolute Receive Gain Variation with Temperature + 0.4 dB
(TA =0 °C to + 70 °C) )
GRav Absolute Receive Gain Variation with Supply Voltage +0.05 dB
(Voc =5V +5%, Vgg =—5Vv +5 %) -
GrAL Receive Gain Variations with Level
Sinusuoidal test method ; reference input PCM code
corresponds to an ideally encoded — 10 dBmO signal dB
PCM Level = - 40 dBm0 to + 3 dBm0 -02 0.2
PCM Level =— 50 dBmO to — 40 dBm0 -04 0.4
PCM Level =— 55 dBm0 to — 50 dBm0 -12 1.2
VRo Receive Output Drive Level (R. = 600 Q) -25 25 \Y%

"_l SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued).
ENVELOPE DELAY DISTORTION WITH FREQUENCY

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

f =500 Hz-600 Hz 195 220
f =600 Hz-800 Hz 120 145
f = 800 Hz-1000 Hz 50 75 us
f = 1000 Hz-1600 Hz 20 40
f = 1600 Hz-2600Hz 55 75
f =2600 Hz-2800 Hz 80 105
f = 2800 Hz-3000 Hz 130 155
Dga Receive Delay, Absolute (f = 1600 Hz) 180 200 us
DRrr Receive Delay, Relative to Dgra
f = 500 Hz-1000 Hz - 40 -25
=1000 Hz-1600 Hz - 30 -20 ps
f = 1600 Hz-2600 Hz 70 90
f = 2600 Hz-2800 Hz 100 125
f = 2800 Hz-3000 Hz 145 175
NOISE
Symbol Parameter Min. Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted _ - 69
(ETC5057, VFxI* =0 V) 74 | (note 1)| 9BMOP
NRrp Receive Noise, P Message Weighted _ _
(ETC5057, PCM code equals positive zero) 82 79 | dBmop
Nxc Transmit Noise, C Message Weighted
(ETC5054, VFxI* =0 V) 12| 15 |dBmCo
Ngrc Receive Noise, C Message Weighted
ETC5054, PCM Code Equals Alternating Positive and 8 11 dBrnCO
Negative Zero
Ngs Noise, Single Frequency
f =0 kHz to 100 kHz, Loop around Measurement, -53 | dBmoO
VFxl* =0 Vrms

PPSRx Positive Power Supply Rejection, Transmit (note 2)

— 50 dBmOVFyx* Vec =5.0 Vpc + 100 mVrms, 40 dBp
f =0 kHz-50 kHz
NPSRx Negative Power Supply Rejection, Transmit (note 2)
— 50 dBmOVFyx* Vgg =— 5.0 Vpc + 100 mVrms, 40 dBp
f = 0 kHz-50 kHz
PPSRRr Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Ve =5.0 Vpe + 100 mVrms)
f = 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, Vgg =~ 5.0 Vpc + 100 mVrms)
f = 0 Hz-4000Hz 40 dBp
f = 4 kHz-25 kHz 40 dB
f =25 kHz-50 kHz 36 dB
12715 (37 SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued).
NOISE (continued)

Symbol Parameter Min. Typ. Max. Unit
SOS Spurious out-of-band Signals at the Channel Output
Loop around measurement, 0 dBm0, 300 Hz-3400 Hz input
applied to DR, measure individual image signals at DX
4600 Hz-7600 Hz - 32 dB
7600 Hz-8400 Hz - 40 dB
8400 Hz-100,000 Hz - 32 dB
DISTORTION
Symbol Parameter . Min. Typ. Max. Unit
STDx Signal to Total Distortion (sinusoidal test method)
or
STDg Transmit or Receive Half-channel
Level = 3.0 dBmO 33
=0 dBmO to — 30 dBm0 36 dBp
=—-40 dBmo0 XMT 29
RCV 30
=—55 dBm0 XMT 14
RCV 15
SFDx Single Frequency Distortion, transmit — 46 dB
SFDgr Single Frequency Distortion, receive — 46 dB
IMD Intermodulation Distortion
Loop Around Measurement, VFxl* = -4 dBmO to - 41 dB
— 21 dBmo, two Frequencies in the Range 300 Hz-3400 Hz
CROSSTALK
Symbol Parameter Min. | Typ. | Max. | Unit
CTx-r Transmit to Receive Crosstalk, 0dBmO Transmit Level _90 | —75 dB
f =300 Hz-3400 Hz, Dg = Steady PCM Code
CTr-x Receive to Transmit Crosstalk, 0dBmO Receive Level 90 -70 dB
f =300 Hz-3400 Hz, VFxl =0 V (note 2)
Notes : 1 Measured by extrapolation from the distortion test results.
2 PPSRX, NPSRX, CTR-X are measured with a -50dBmO0 activating signal applied at VFxl+
ENCODING FORMAT AT Dy OUTPUT
A-Law
(including even bit inversion) ulaw
VN (at GSx) = + Full-scale i1 01t o0 1 0 10 1 0 0 0 0 O
11 0 1 0 1.0 1 1 1 1 1 1
Vin (atGSx) =0V 01010 1 0 1 0 1 11 1
Vin (at GSx) =— Full-scale 001 0 1 0 1 0 0 0 0O 0 0 O
LN7 SGS-THOMSON 1915
Y/ MicROELECTRONICS

99



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
ata 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 Vcc
and Vag 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.

via a ground bus. This common ground point should
be decoupled to Ve and Veg with 10pF 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 t—pad at the output. Table Il lists
the required resistor values for 600Q terminations.
As these are generally non-standard values, the
equations can be used to compute the attenuation
of the closest pratical set of resistors. It may be ne-
cessary to use unequal values for the R1 orR4 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 main-
taining a good return loss. For example a 30dB re-
turn loss against 600X2 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 =72 =300 Q (all values in Q).
dB R1 R2 R3 R4
0.1 1.7 26k 3.5 52k
1 V2 0.2 3.5 13k 6.9 26k
) — G- 0.3 5.2 8.7k 10.4 17.4k
| 0.4 6.9 6.5k 13.8 13k
n 5 I 2 ;“é 05 85 5.2k 173 | 105k
0.6 104 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
\& 0.9 156.5 2.9k 31.1 5.8k
A1 R 1.0 17.3 2.6k 34.6 5.2k
. i + 2 344 1.3k 70 2.6k
Note 1 : XMIT gain = 20 x log (—F(Z ) (R1 + R2) > 10kQ 3 513 850 107 18K
4 68 650 144 1.3k
Figure 5 : n—PAD Attenuator. 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 1.17k 386
20 246 61 1.5k 366
Note 1 : XMIT gain = 20 x log (—F"R‘“ZR2 ) (R1 + R2) > 10kQ
14/15
ST AL

100



ETC5054/5057FN

Figure 6 : Typical Synchronous Application.

5V 0r GNDA =
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o T Ee—— T T
Dy
DIGITAL
INTERFACE
BCLKg/CLKSEL BCLKx :]
| MCLKR/PDN MCLKx BCLKx (2.048 MHz / 1.544 MHz)

Note

1 : XMIT gain = 20 X Iog( R2

R1 + R2

) (R1 + R2)>10kQ
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ETC5057-X
ETC5054-X

EXTENDED TEMPERATURE RANGE
SERIAL INTERFACE CODEC/FILTER

= —40°'C TO + 85 "C OPERATION

s COMPLETE CODEC 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 p-law compatible COder and

DECoder

- Internal precision voltage reference

- Serial I/O interface

- Internal auto-zero circuitry

A-LAW, 16-PINS - ETC5057

w-LAW  WITHOUT SIGNALING,

ETC5054

MEETS OR EXCEEDS ALL D3/D4 AND CCITT

SPECIFICATIONS

+5V OPERATION

LOW OPERATING POWER -

60 mW

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

16-PINS

TYPICALLY

DESCRIPTION

The ETC5057/ETC5054 family consists of A-law
and p-law monolithic PCM CODECfilters utilizing
the A/D 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 p-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 p-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 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.

DIP16
(Ceramic)

ORDER CODES : ETC5057J-X
ETC5054J-X

PIN CONNECTION

Vaadl J 16 [JVFxI*
GnoAa 2 15 gv;xr
VFRO C 3 14 GSx
Vee[Ja 1373,
FSa(s 12 [JFSx
Oa(]s 11 [JDx
BCLka/CLKSEL[7 10 [18CLKx
mCLKPON(]8 9 Imciky
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ETC5057-X-ETC5054-X

Figure 1 : Block Diagram.
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ETC5057-X-ETC5054-X

PIN DESCRIPTION

Name Pin | N Function Description
Type*
Ves S 1 Negative Power Vg =—5+5%
Supply
GNDA GND | 2 | Analog Ground All signals are referenced to this pin.
VFRO o 3 Receiver Filter Output | Analog Output of the Receive Filter
Vee S 4 Positive Power Supply | Vecc =+5+5 %
FSg | 5 | Receive Frame Sync | Enable BCLKg to shift PCM data into Dg. FSg is an 8
Pulse kHz pulse train. See figures 2,3 and 4 for timing details.
Dr | 6 | Receive Data Input PCM data is shifted into Dr following the FSg leading
edge.
BCLKR/CLKSEL| | 7 | Shift-in Clock Shifts data into DR after the FSg 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.

MCLKRg/PDN | 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 MCLKp is
connected continuously low, MCLKx is selected for all
internal timing when MCLKR is connected continuously
high, the device is powered down.

MCLKx 1 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 | 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 (o] 11 | Transmit Data Output | The TRI-STATE® PCM data output which is enabled
by FSx.
TSx (o} 13 | Transmit Time Slot Open drain output which pulses low during the encoder
time slot. Must be grounded if not used.
GSx (e] 14 | Gain Set Analog output of the transmit input amplifier. Used to set
gain externally.
VFxl = | 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

* 1:Input, o : Output, S : Power Supply.
TRI-STATE ® is a trademark of National Semiconductor Corp.

SGS-THOMSON 315
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ETC5057-X-ETC5054-X

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 VFRrO 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 FSg pulses must
be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKr/PDN pin
high ; the alternative is to hold both FSx and FSr in-
puts continuously low. The device will power-down
approximately 2 ms after the last FSx or FSg pulse.
Power-up will occur on the first FSx of FSRr pulse.
The TRI-STATE PCM data output, Dx, will remain
in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must
be applied to MCLKx and the MCLKR/PDN pin can
be used as a power-down control. A low level on
MCLKRr/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 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 BCLKr/CLKSEL. In this
synchronous mode, the bit clock, BCLKx, may be
from 64 kHz to 2.048 MHz, but must be synchron-
ous with MCLKXx.

Table 1. Selection of Master Clock Frequencies.

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
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 MCLKRr
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 MCLKXx,
which is easily achieved by applying only static logic
levels to the MCLKRr/PDN pin. This will automatically
connect MCLKx to allinternal MCLKR functions (see
Pin Description). For 1.544 MHz operation, the de-
vice automatically compensates for the 193 rd clock
pulse each frame. FSx starts each encoding cycle
and must be synchronous with MCLKx and BCLKXx.
FSr starts each decoding cycle and must be syn-
chronous with BCLKRr. 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 FSg,
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 Dx 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 (BCLKXx in
synchronous mode), the next falling edge of BCLKr

Master Clock Frequency latches in the sign bit. The following seven falling
Selected edges latch in the seven remaining bits. Both de-
BCLKa/CLKSEL ETC 5057 ETC 50 vices may utilize the short frame sync pulse in syn-
5 54 chronous or asynchronous operating mode.
locked X .
Clocke 2048 MHz | 1536 Wz o7 | | ONG FRAME SYNC OPERATION
0 1.536 MHz or | 2.048 MHz To use the long frame mode, both the frame sync
1.544 MHz pulses, FSx and FSgr, must be three or more bit clock
1 (or open circuit) 2.048 MHz | 1.536 MHz or periods long, with timing relationships specified in
1.544 MHz figure 4. Based on the transmit frame sync. FSx, the
4/15
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ETC5057-X-ETC5054-X

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 BCLKXx rising edges clock out the remaining
seven bits. The Dx output is disabled by the falling
BCLKx edge following the eighth rising edge, or by
FSx going low, whichever comes later. Arising edge
on the receive frame sync pulse, FSR, will cause the
PCM data at 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-
ternalresistors, 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 A/D is of companding type accord-
ing to A-law (ETC5057) or p-law (ETC5054) coding
conventions. A precision voltage reference is

ABSOLUTE MAXIMUM RATINGS

trimmed in manufacturing to provide an input over-
load (tmax) 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 ps (due to the transmit filter) plus 125 us (due
to encoding delay), which totals 290 ps. 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 p-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 a2 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 FSg, the data at the Dr input is
clocked in on the falling edge of the next eight
BCLKR (BCLKXx) periods. At the end of the decoder
time slot, the decoding cycle begins, and 10 ps later
the decoder DAC output is updated. The total
decoder delay is ~ 10 pus (decoder update) plus
110 ps (filter delay) plus 62.5 ps (1/2 frame), which
gives approximately 180 ps.

Symbol Parameter Value Unit
Vce Vcc to GNDA 7 \'
Ves Vg to GNDA -7 \'

Vin. Vout | Voltage at Any Analog Input or Output Vce + 0.3 to Vgg — 0.3 \"
Voltage at Any Digital Input or Output Vee + 0.3 to GNDA - 0.3 Vv
Toper Operating Temperature Range —-40to + 125 °C
Tstg Storage Temeperature Range —55to + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

37 SEs:momsoN

107



ETC5057-X-ETC5054-X

ELECTRICAL CHARACTERISTICS

Vec=5.0V+5%,VeB=—5V 5%, GNDA =0V, TaA=-40 °C to 85 °C (unless otherwise noted) ; Typi-
cal characteristics specified at Vcc =5.0V, Ves=—5.0V, Ta= 25 °C; all signals are referenced to GNDA.

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage - - 0.6 \
ViH Input High Voltage 22 - - \
VoL Output Low Voltage \Y

IL =32 mA D_x - - 0.4
IL = 3.2 mA, Open Drain TSx - - 0.4
Vou Output High Voltage \"
ly=—32mA Dx 24 — -
e Input Low Current (GNDA < V|y < Vy, all digital inputs) -10 - 10 LA
[ Input High Current (Vi < Vin <€ V) except BCLKgr/CLKSEL -10 - 10 LA
loz Output Current in High Impedance State (TRI-STATE) pA
(GNDA < Vg < Vee) Dx -10 - 10

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
I XA Input Leakage Current (-25V <V <+25V) VFxl* or VFxl ~ | — 200 - 200 nA
RiXA | Input Resistance (-25<V<+25YV) 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 | +28 - - \'
AyXA | Voltage Gain (VFxl * to GSy) 5000 - - VN
FuXA | Unity Gain Bandwidth 1 2 - MHz

VosXA | Offset Voltage -20 - 20 mV
VemXA [ Common-mode Voltage -25 - 25 \
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
R_LRF | Load Resistance (VFRO =+ 2.5 V) 600 - - Q
CLRF | Load Capacitance - - 500 pF

VOSRO | Output DC Offset Voltage - 200 - 200 mV

6/15
K7 SR THINGN

108



ETC5057-X-ETC5054-X

ELECTRICAL CHARACTERISTICS (continued)
POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lecO Power-down Current - 0.5 - mA
lgg0 Power-down Current - 0.05 04 mA
lect Active Current - 6.0 11.0 mA

Igg1 Active Current - 6.0 11.0 mA

TIMING SPECIFICATIONS

Symbol Parameter Min. Typ. Max. Unit
1/tem | Frequency of Master Clocks - 1.536 - MHz
Depends on the device used and the
BCLKR/CLKSEL pin. - 1.544 -
MCLKx and MCLKg - 2.048 -
twMmH Width of Master Clock High MCLKx and MCLKg 160 - - ns
twme | Width of Master Clock Low MCLKx and MCLKg 160 - - ns
tRm Rise Time of Master Clock MCLKx and MCLKRg - - 50 ns
tem Fall Time of Master Clock MCLKx and MCLKg - - 50 ns
tee Period of Bit Clock 485 488 |[15,725| ns
twen | Width of Bit Clock High (Vg =2.2 V) 160 - - ns
tweL Width of Bit Clock Low (V|L = 0.6 V) 160 - - ns
trB Rise Time of Bit Clock (tpg = 488 ns) - - 50 ns
tes Fall Time of Bit Clock (tpg = 488 ns) - - 50 ns
tsgrm | Set-up Time from BCLKx High to MCKLx Falling Edge 100 - - ns
(first bit clock after the leading edge of FSy)
tHeF Holding Time from Bit Clock Low to the Frame Sync 0 - - ns
(long frame only)
tseB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 80 - - ns
tusr | Hold Time from 3rd Period of Bit Clock FSx or FSg | 100 - - ns
Low to Frame Sync (long frame only)
tozr Delay time to valid data from FSx or BCLKx, whichever comes 20 - 165 ns

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

tosp | Delay Time from BCLKx High to Data Valid 0 - 180 ns
(Load = 150 pF plus 2 LSTTL loads)

tozc Delay Time from BCLKx Low to Data Output Disabled 50 - 165 ns

tsps | Set-up Time from Dg Valid to BCLKg/x Low 50 - - ns

tusD Hold Time from BCLKRg/x Low to Dg Invalid 50 - - ns

tnoLp | Holding Time from Bit Clock High to Frame Sync 0 - - ns

(short frame only)
Note : For short frame sync timing FSX and FSR must go high while their respective bit clocks are high.

(57 SGS-THOMSON ns
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ETC5057-X-ETC5054-X

TIMING SPECIFICATIONS (continued)

Symbol Parameter ‘| Min. Typ. Max. Unit

tsr Set-up Time from FSx/g to BCLKx/r Low 80 - - ns
(short frame sync pulse) - Note 1

tHE Hold Time from BCLKx/r Low to FSx/r Low 100 - - ns
(short frame sync pulse) - Note 1

txpp Delay Time TSx Low (load = 150 pF plus 2 LSTTL loads) - - 140 ns

twrL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns
(64 k bit/s operating mode)

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

Figure 2 : 64 k bits/s TIMING DIAGRAM (see next page for complete timing).
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ETC5057-X-ETC5054-X

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°Ct085°C,Voc=5V+5%,VBB=-5V+5%,GNDA=0V, f=1.02kHz, Vin = 0 dBm0

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). Vims
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 (Tao =25 °C,Vcc =5V, Veg =—5 V) dB
Input at GSx = 0 dBm0 at 1020 Hz -0.15 - 0.15
Gxr Transmit Gain, Relative to Gxa dB
f=16 Hz - - — 40
f =50 Hz - - -30
f=60Hz - - - 26
f=180 Hz -28 - -02
f =200 Hz -1.8 - - 0.1
f =300 Hz — 3000 Hz - 0.15 - 0.15
f = 3200 Hz - 0.35 - 0.20
f = 3300 Hz —-0.35 - 0.05
f = 3400 Hz -07 - 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
(Vec =5V+£5%, Vgg =—5V5%) - 0.05 - 0.05
GxrL | Transmit Gain Variations with Level dB
Sinusoidal Test Method Reference Level =~ 10 dBm0
VFxl * =~ 40 dBm0 to + 3 dBm0 -02 - 0.2
VFxl * =— 50 dBmO to — 40 dBm0O - 04 - 0.4
VFxl * =— 55 dBmO to — 50 dBm0 -1.2 - 1.2
GRra Receive Gain, Absolute (Ta =25°C,Vec =5V, Ve =—5V) dB
Input = Digital Code Sequence for 0 dBm0 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 = 3200 Hz -0.35 - 0.2
f = 3300 Hz -0.35 - 0.05
f =3400 Hz -07 - 0
f = 4000 Hz - - - 14
Gpat | Absolute Receive Gain Variation with Temperature - - +0.15 dB
Grav | Absolute Receive Gain Variation with Supply Voltage dB
(Vecc= 5V+5%,Vgg=—5V+5%) - - + 0.05
GRRL Receive Gain Variations with Level dB
Sinusoidal Test Method ; Reference input PCM code
corresponds to an ideally encoded — 10 dBm0 signal
PCM level = — 40 dBmO to + 3 dBm0O -0.2 - 0.2
PCM level = — 50 dBmO to — 40 dBmO - 04 - 0.4
PCM level = — 55 dBm0O to — 50 dBm0 -1.2 - 1.2
Vro Receive Output Drive Level (R, =600 Q) -25 - 25 \

11/15
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ETC5057-X-ETC5054-X

TRANSMISSION CHARACTERISTICS (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

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

f =500 Hz — 600 Hz - 195 220
f =600 Hz — 800 Hz - 120 145
f =800 Hz — 1000 Hz - 50 75
f=1000 Hz — 1600 Hz - 20 40
f = 1600 Hz — 2600 Hz - 55 75
f = 2600 Hz — 2800 Hz - 80 105
f = 2800 Hz — 3000 Hz - 130 155
Dgra Receive Delay, Absolute (f = 1600 Hz) - 180 200 us
DgrRr Receive Delay, Relative to Dga us
f =500 Hz — 1000 Hz - 40 -25 -
f =1000 Hz — 1600 Hz -30 -20 -
f = 1600 Hz — 2600 Hz - 70 90
f = 2600 Hz — 2800 Hz - 100 125
f = 2800 Hz — 3000 Hz - 145 175
NOISE
Symbol Parameter Min Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted (ETC 5057, VFxl * =0 V) - —-74 — 69 | dBmOp
(note 1)
Ngrp Receive Noise, P Message Weighted — ETC 5057 dBmOp
U LAW, PCM Code Equals Positive Zero - - 82 -79
Nxc Transmit Noise, C Message Weighted (ETC 5054, VFXI * =0 V) - 12 16 dBrnCO
Ngrc Receive Noise, C Message Weighted ETC 5054 dBrnCO
U LAW, PCM Code Equals Alternating Positive and - 8 11
Negative Zero
Ngrs Noise, Single Frequency dBmo
f =0 kHz to 100 kHz, Loop Around Measurement,
VFxl * =0 Vrms - - - 53
PPSRx | Positive Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgc = 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
NPSRx | Negative Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgg =— 5.0 V Vpg + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
PPSRR | Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Vg =5.0 Vpg + 100 mVrms;
f =0 Hz — 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f =25 kHz — 50 KHZ 36 - - dB
NPSRg | Negative Power Supply Rejection, Receive
(PCM code equals positive zero,
Ve =— 5.0 Vpc + 100 mVrms)
f =0 Hz — 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f = 25 kHz — 50 kHz 36 - - dB
1218 (37 SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. Max. Unit
SOs Spurious out-of band signals at the channel output.
Loop around measurement, 0 dBm0, 300 Hz — 3400 Hz input dB
applied to VFxI *, measure individual image signals at VFg0
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
STDgr | Transmit or Receive Half-channel
Level =3 dBmO 33 - -
=0 dBmo0 to — 30 dBmO 36 - -
=-—40 dBm0 XMT 29 - -
RCV 30 - -
=—55 dBm0 XMT 14 - -
RCV 15 - -
SFDx | Single Frequency Distortion, Transmit - - — 46 dB
SFDRr | Single Frequency Distortion, Receive - - - 46 dB
IMD Intermodulation Distortion - - - 41 dB
Loop Around Measurement,
VFxl * =—4 dBm0 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 = 800 Hz — 3400 Hz, Dr = Steady PCM Mode - - - 65
CTgr-x | Receive to Transmit Crosstalk, 0 dBmO Receive Level dB
f =300 Hz — 3400 Hz, VFxl = - - - 65
(note 2)
Notes : 1. Measured by extrapolation from the distortion test result.
2. CTrx is measured with a — 40 dBm0 activating signal applied at VFxI*.
ENCODING FORMAT AT Dy OUTPUT
A-Law
(includes even bit inversion) uLaw
Vin (at GSx) = + Full-scale 10101010 10000000
11010101 11111111
Vin (at GSx) = 01010101 01111111
Vin (at GSx) =— Full-scale 00101010 00000000
L7 SGSTHOMSON 13715
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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
atacommon point as close as possible to the GNDA

pin.

T-PAD ATTENUATOR

DTN

N2+ 1 N
R1= Z1 ( )—2 z1.zz( )
NZ -1 NZ -1
N
R2=—2\/71.22 ( )
N2 -1

POWER IN
Where : N =\/ POWER OUT
and:
Z1

S=\/—==

z2
Also:Z=\/Zg.Z;
Where Zsc = impedance with short circuit termina-
tion
and Zoc = impedance with open circuit termination.

1475 L7 SGs-THOMSON

7T - PAD ATTENUATOR

Rs=\/ 212;22 (Nzl\-l1 )

R4 = Z1 (___N_zi_)

N2 -2 NS + 1
This minimizes the interaction of ground return cur-
rents flowing through a common bus impedance.
0.1 pF supply decoupling capacitors should be con-

nected from this common ground point to Vcc and
VBB.

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 Vcc and Vg with 10 pF capacitors.

RECEIVE GAIN ADJUSTMENT

For applications where a ETC5050 family
CODEC/filter receive output must drive a 600 Q
load, but a peak swing lower then+ 2.5 V is required,
the receive gain can be easily adjusted by inserting
amatched T-pad or n-pad at the output. Table Il lists
the required resistor values for 600 Q 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 Q is obtained if the output
impedance of the attenuator is in the range 282 Q
to 319 Q (assuming a perfect transformer).

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

dB R1 R2 R3 R4
0.1 1.7 26 k 35 52 k
0.2 35 13k 6.9 26 k
0.3 5.2 87k 10.4 17.4 Kk
0.4 6.9 6.5 k 13.8 13k
0.5 8.5 52Kk 17.3 105k
0.6 10.4 4.4k 21.3 8.7k
0.7 121 37k 24.2 75k
0.8 13.8 33k 27.7 6.5 k
0.9 15.5 29k 31.1 58k
1.0 17.3 2.6 k 34.6 52k
2 34.4 1.3k 70 26k
3 51.3 850 107 1.8 k
4 68 650 144 1.3k
5 84 494 183 11K
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 117k 386
20 246 61 15k 366

Figure 5 : Typical Synchronous Application.

-5V

PDN

10 SLIC @ d

5V or GNDA =i

—_—————

VFxI* |
VFxI™

GSx

BCLKx
MCLKx

GNDA
Vec
ETC5057-X
VFaO ETC5054-X
FSr
| BCLKa/CLKSEL
| MCLKRr/PDN

e from SLIC
— [Ell@
% ANALOG

INTERFACE

DIGITAL
INTERFACE

L‘ BCLKx (2048 MHz + 1 544 MHz)

Note 1 : XMIT gain = 20 X log (Lﬂz)
R2

(R1 +R2) > 10 kQ.
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ETC5056

PARALLEL DATA INTERFACE CODEC/FILTER

= COMPLETE CODEC 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
= £ 5V OPERATION
x LOW OPERATING POWER - TYPICALLY
60mwW
= POWER DOWN STANDBY MODE - TYPICAL-
LY 3mw
» 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 A/D 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
PIN CONNECTION
VBB El \INJVFxl+
GNDA []2 19{] VFyx!~
vFro (3 18[] Gsx
veea s 17{J veeo
s (s 16[] PCM/CNTL
087 (6 15[] CLK
o086 [}7 14(] D8O
o8s []s 13[] o8I
o4 []9 12[] os2
GNDD []10 n[] os3
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Figure 1 : Block Diagram.
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GSx Vcea Vceo
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]
AUTO-ZERO
LOGIC I
|
: !
SWITCHED
2nd ORDER| | CAPACITOR !
RC ACTIVE =B g AND.PASS |
FILTER FILTER |
v |
4 [ |
VOLTAGE d
REFERENCE
COMPARATOR
I — |
1
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RC ACTIVE oW Pase
FILTER FILTER
FRAME v
TIMING | !
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Iy
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4
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6-7-8-9

1-12-13-14

2/12

120

&7

SGS-THOMSON
MICROELECTRONICS




ETC5056

PIN DESCRIPTION

Name Pin N° Description
Type*
Vgs S 1 Negative power supply pin. Vgg == 5V £5 %
GNDA GND 2 Analog ground. All analog signals are referenced to this pin.
VFgO 0 3 Analog output of the receive power amplifier. This output can drive a 600 Q load to
+25V.

Veea S 4 Positive power supply voltage pin for the analog circuitry. Vcca =5 V £ 5 %. Must be
connected to Vcep.

cs | 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 1/10 6 Bit 7 1/0 on the data bus. The PCM LSB.

DB6 1/0 7 Bit 6 I/O on the data bus.

DB5 110 8 Bit 5 1/0 on the data bus.

DB4 110 9 Bit 4 I/O on the data bus.

GNDD GND 10 Digital ground. All digital signals are referenced to this pin.

DB3 110 11 Bit 3 I/0 on the data bus.

DB2 110 12 | Bit 2 I/O on the data bus.

DB1 110 13 Bit 1 I/O on the data bus.

DBO l{e} 14 Bit 0 I/0 on the data bus. This is the PCM sign bit.

CLK | 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| | 16 This control input determines whether the information on the data bus is PCM data
or control data.

Veeop S 17 Positive power supply pin for the bus drivers. Vccp =5 V = 5 %. Must be connected
to Vcca.

GSx (e} 18 Analog output of the transmit input amplifier. Used to externally set gain.

VFxi™ [ 19 Inverting input of the transmit input amplifier.

VFxI* | 20 Non-inverting input of the transmit input amplifier.

-

| : Input, O - Output, S : Power Supply.

3/12
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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, DB0-DB7, 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.

Data Type DBO DB7
PCM Sign Bit LSB
Control Data Co Cc7

Control Bits Function
Co, C1 Select Clock Frequency
C0 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
C5 ETC5056
0 = A-law without Even Bit Inversion
1 = A-law with Even Bit Inversion
Ce, C7 Don't Care
DATA BUS ASSIGNEMENT

The parallel I/O data bus is defined as follows :

ane L7 SGS-THOMSON

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_transition. 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 CStransition,
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 are 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.,atan 8 KHz 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

MICROELECTRONICS
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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 digital loopback 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 C2to 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.

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 8 th order switched-ca-
pacitor 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 according to A-law (ETC5056) coding
schemes. A precision voltage reference is timmed
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 us
(due to the transmit filter) plus 125 ps (due to endo-
ding delay), which totals 290 ps.

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 8 KHz 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 us later the decoder
DAC output is updated. The total decoder delay is
— 10 pus (decoder update) plus 110 ps (filter delay)
plus 62.5 ps (1/2 frame), which gives approximate-
ly 180 ps.

GNDA

R1 + R2
Non inverting transmit gain = 20 log1o ( )
R2

Out gain to provide peak overload level = tmax at Gsx (see transmission characteristics)

10 transmut
fulter

L7 SGS:THOMSON 512
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
GNDD to GNDA +0.3 Vv
Vee Vcea or Veep to GNDD or GNDA +7.0 \Y
Vin, Vout| Voltage at Any Input or Output Vce + 0.3 to Vgg — 0.3 \"
Voltage at Any Digital Input or Output Vee + 0.3 to GNDD - 0.3 \]
Toper Operating Temperature Range -25to + 125 °C
Tstg Storage Temperature Range - 60 to + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

ELECTRICAL OPERATING CHARACTERSITICS

Vec=5.0V+£5%,VeeB=—5V£5%, GNDA=0V, Ta=0 "Cto 70 °C (unless otherwise noted) ; Typical
characteristics specified at Vec =5.0V, Ves=—5.0V, Ta= 25 °C, all signals are referenced to GNDA.

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage - - 0.6 \"
Vin Input High Voltage 22 - - Vv
VoL Output Low Voltage \"

IL =2.5 mA, DB0-DB7 - - 0.4
Von Output High Voltage \
IH =— 2.5 mA, DB0-DB7 2.4 - -
I Input Low Current (GNDA < Viy < Vi, all digital inputs) -10 - 10 pA
Iy Input High Current (V|4 < VN < Vce) -10 - 10 pA
loz Output Current in High impedance State (TRI-STATE) HA
(GNDD < Vo < V¢c), DBO-DB7 -10 - 10

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
I XA Input Leakage Current (-2.5 V<V <+25V) VFxl* or VFxI™ | — 200 - 200 nA
RIXA Input Resistance (-25V<V<4+25V) VFxI* or VFxI™ 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 +28 - - Vv
Ay XA Voltage Gain (VFxI* to GSx) 5000 - - VN
FuXA Unity Gain Bandwidth 1 2 - MHz

VosXA | Offset Voltage - 20 - 20 mV

VecuXA | Common-mode Voltage -25 - 25 \Y

CMRRXA | Common-mode Rejection Ratio 60 - - dB

PSRRXA | Power Supply Rejection Ratio 60 - - dB
ez L3y SGS-THOMSON
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ELECTRICAL OPERATING CHARACTERSITICS (continued)
ANALOG INTERFACE WITH RECEIVE FILTER (all devices)

Symbol Parameter Min. Typ. Max. Unit
RoRF | Output Resistance VFrO - 1 3 Q
RLRF Load Resistance (VFRO =+ 25 V) 600 - - Q
C_RF | Load Capacitance - - 500 pF

VOSRO | Output DC Offset Voltage - 200 - 200 mV

POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lccO Power-down Current - 0.5 15 mA
lgg0 Power-down Current - 0.05 0.3 mA
lect Active Current - 6.0 9.0 mA
Igg1 Active Current - 6.0 9.0 mA

TIMING SPECIFICATIONS

Symbol Parameter Value Unit

Min. Typ. Max.
tec Period of Clock 760 - - ns
twcH Width of Clock High 330 - - ns
twel Width of Clock Low 330 - - ns
tre Rise Time of Clock - - 50 ns
trc Fall Time of Clock - - 50 ns
tscs Set-up Time of CLK High or Low 100 - - ns
thcs | Hold Time from CS Low to CLK 100 - - ns
twes Width of Chip Select 100 - - ns
tspom | Set-up Time of PCM/CNTL 0 - - ns
tupcm | Hold Time of PCM/CNTL 100 - - ns
tsoi Set-up Time of Data in 50 - - ns
tHDI Hold Time of Data in 20 - - ns
tooo Delay Time of Data Out Valid (C. =0 pF to 200 pF) 90 - 260 ns
tooz Delay Time to Data Output Disabled (C,_ = 0 pF to 200 pF) 20 - 80 ns
L7 e oMo
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Figure 4 : Timing Waveforms for ETC5056.

Switching Time Waveforms
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TRANSMISSION CHARACTERSITICS
(all devices) TaA=0°Ct0 70 °C, Vcc =5V +5 %,Vee=— 5V 5 %, GNDA =0V, f = 1.02 kHz, Vin = 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). Vims
0 dBm0 ETC5056 - 1.2276 -
tmax Max Overload Level Vpk
3.17 dBmO - 2.501 -
Gxa Transmit Gain, Absolute (Ta =25 °C,Vec =5V, Vg =—5V) dB
Input at GSx = 0 dBmO at 1020 Hz -0.15 - 0.15
Gyxr Transmit Gain, Relative to Gxa dB
f=16 Hz - - — 40
f =50 Hz - - -30
f =60 Hz - - - 26
f=180 Hz - 28 - -0.2
f =200 Hz -1.8 - - 0.1
f =300 Hz — 3000 Hz -0.15 - -0.15
f = 3300 Hz -0.35 - + 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - —-14
f = 4600 Hz and up, measure response from O Hz to 4000 Hz - - -32
Gxat | Absolute Transmit Gain Variation with Temperature dB
(Ta =0 °C to + 80 °C) -0.1 - + 0.1
Gxav | Absolute Transmit Gain Variation with Supply Voltage dB
(Vec =5V +5%, Vgg =—5V 5 %) - 0.05 - + 0.05
GxrL | Transmit Gain Variations with Level dB
Sinusoidal Test Method Reference Level =~ 10 dBm0
VFxl * =— 40 dBmO to + 3 dBm0 -0.2 - 0.2
VFxl * =— 50 dBm0O to — 40 dBm0 -04 - 0.4
VFxl * =- 55 dBmO to — 50 dBm0 -1.2 - 1.2
GRa Receive Gain, Absolute (TaA =25 °C,Vec =5V, Vgg ==5V) -0.15 - 0.15 dB
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz
GRR Receive Gain, Relative to Gra dB
f= 0 Hz to 3000 Hz -0.15 - 0.15
f = 3300 Hz -0.35 - 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - - 14
GgraT | Absolute Receive Gain Variation with Temperature dB
(Ta =0 °C to + 70 °C) - 041 - + 0.1
GRrav | Absolute Receive Gain Variation with Supply Voltage dB
(Vec=5V+5% Vegg=—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 dBm0 -0.2 - 0.2
PCM level = - 50 dBmO to — 40 dBmO -04 - 0.4
PCM level =~ 55 dBm0 to — 50 dBmO -1.2 - 1.2
Vro Receive Output Drive Level (Ry =600 kQ) -25 - 25 \
LSy SGS-THOMSON o2
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TRANSMISSION CHARACTERSITICS (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

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

f =500 Hz — 600 Hz - 195 220
f =600 Hz — 800 Hz - 120 145
f =800 Hz — 1000 Hz - 50 75
f = 1000 Hz — 1600 Hz - 20 40
f = 1600 Hz — 2600 Hz - 55 75
f = 2600 Hz — 2800 Hz - 80 105
f =2800 Hz — 3000 Hz - 130 155
Dga Receive Delay, Absolute (f = 1600 Hz) - 180 200 us
Drr Receive Delay, Relative to Dra us
f =500 Hz — 1000 Hz - 40 -25 -
f = 1000 Hz — 1600 Hz -30 -20 -
f = 1600 Hz — 2600 Hz - 70 90
f = 2600 Hz — 2800 Hz - 100 125
f = 2800 Hz — 3000 Hz - 145 175
NOISE
Symbol Parameter Min Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted (VFxl * =0 V) - -74 - 69 | dBMOp
(note 1)

" Ngp Receive Noise, P Message Weighted dBmOp

(PCM Code Equals Positive Zero) - - 82 -79
NRrs Noise, Single Frequency dBmoO

f =0 kHz to 100 kHz, Loop Around Measurement,
VFxl * =0 Vrms - - - 53

PPSRyx | Positive Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vcc = 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz

NPSRx | Negative Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgg =— 0.5 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz

PPSRR | Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Vec =5.0 Vpe + 100 mVrms,
f =0 Hz — 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f = 25 kHz — 50 KHZ 36 - - dB

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

Ve =— 5.0 Vpc + 100 mVrms)

f =0 Hz - 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f =25 kHz — 50 kHz 36 - - dB

10112
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TRANSMISSION CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. Max. Unit
Spurious out-of band signals at the channel output. dB
Loop around measurement, 0 dBm0, 300 Hz — 3400 Hz input
applied to VFxl *, measure individual image signals at VFr0
4600 Hz — 7600 Hz - - - 32
7600 Hz — 8400 Hz - - - 40
8400 Hz — 100,000 Hz - - - 30
DISTORTION
Symbol Parameter Min. Typ. Max. Unit
Signal to Total Distortion (sinusoidal test method) dBp
Transmit or Receive Half-channel
Level = 3 dBm0 33 - -
=0 dBmo0 to — 30 dBm0 36 - -
=—40 dBm0 XMT 29 - -
RCV 30 - -
=-55dBmo0 XMT 14 - -
RCV 15 - -
Single Frequency Distortion, Transmit - - — 46 dB
Single Frequency Distortion, Receive - - — 46 dB
Intermodulation Distortion - - - 41 dB
Loop Around Measurement,
VFxl * =— 4 dBm0 to — 21 dBmo,
Two Frequencies in the Range 300 Hz — 3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
Transmit to Receive Crosstalk, 0 dBmO Transmit Level dB
f = 300 Hz — 3400 Hz, Dg = Steady PCM Mode - - 90 -75
Receive to Transmit Crosstalk, 0 dBm0 Receive Level dB
f = 300 Hz — 3400 Hz, VFxl =0 V - -90 - 70
’ (note 2)
1. Measured by extrapolation of the S/N ratio result in the first segment of the encoder
2. CTrxis measured with a — 40 dBmO activating signal applied at VFxI".
(37 SGS-THOMSON 11z
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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

_ 1 1 0 1 0 1 0 1

V=0V 0 1 0 1 0 1 0 1

Vin = — Full-scale 0 0 1 0 1 0 1 0

SIGN + MAGNITUDE A-LAW, Cs =1
(before even bit inversion)

Vin = + Full-scale 1 1 1 1 1 1 1 1

1 0 0 0 0 0 0 0

Vin=0V 0 0 0 0 0 0 0

Vin =— Full-scale 0 1 1 1 1 1 1 1
12n2 (37 SGS-THOMSON
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ETC5067
ETC5064

SERIAL INTERFACE CODEC/FILTER
WITH RECEIVE POWER AMPLIFIER

= COMPLETE CODEC AND FILTERING SYS-
TEM INCLUDING :
- Transmit high-pass and low-pass filtering
- Receive low-pass filter with sin x/x correction
- Active RC noise filters
- p-law or A-law compatible COder and

DECoder

- Internal precision voltage reference
- Serial I/0 interface
- Internal auto-zero circuitry
- Receive push-pull power amplifiers

= p-LAW ETC5064

s A-LAW ETC5067

MEETS OR EXCEEDS ALL D3/D4 AND CCITT

SPECIFICATIONS

= £5V OPERATION

= LOW OPERATING POWER - TYPICALLY
70 mW

= 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 (u-law) and ETC5067 (A-law) are
monolithic PCM CODEC/FILTERS utilizing the A/D
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 TSX oufput.

September 1988

DIP20
(Ceramic) J
(Plastic) N

ORDER CODES : ETC5067J
ETC5064J
ETC5067N
ETC5064N

PIN CONNECTIONS

veo* C 7 20[] vgs
enoal2 wf] VExl ¥
veo-[]3 18] VFyi -
veil]e 17[J ey
vrgol]s 16{] anLB
vece 151 75x
FSR[]7 14[] FSx
or{s 13[] Ox
BCLKR/CLKSEL[] 9 12[] BCLKY
MCLKR/PON[] 10 11 [] MCLky
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Figure 1 : Block Diagram.
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(4]
| p! '
mf] ! I
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B RC ACTIVE CAPACITOR S/H RCV or
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ETC5067-ETC5064

PIN DESCRIPTION

Name Pin | No Description
Type*

VPO * o} 1 | The Non-inverting Output of the Receive Power Amplifier

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

VPO ~ o} 3 | The Inverting Output of the Receive Power Amplifier

VPI | 4 | Inverting Input to the Receive Power Amplifier. Also powers down both amplifiers
when connected to Vgg.

VFRO (e] 5 | Analog Output of the Receive Filter.

Vce S 6 | Positive Power Supply Pin. Vec =+5V+5 %

FSg | 7 Receive Frame Sync Pulse which enable BCLKRg to shift PCM data into Dg.
FSg is an 8 kHz pulse train. See figures 2 and 3 for timing details.
Dr | 8 | Receive Data Input. PCM data is shifted into Dg following the FSg leading edge.
BCLKR/CLKSEL I 9 | The bit Clock which shifts data into Dg after the FSg 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 BCLK is used for both
transmit and receive directions (see table 1). This input has an internal pull-up.
MCLKg/PDN | 10 | Receive Master Clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous with MCLK, but should be synchronous with MCLKx for best
performance. When MCLKR is connected continuously low, MCLKx is selected for
all internal timing. When MCLKR is connected continuously high, the device is
powered down.

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

BCLKx | 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 1 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 2 and 3 for timing details.

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

ANLB | 16 | Analog Loopback Control Input. Must be set to logic 'O’ 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 o) 17 | Analog output of the transmit input amplifier. Used to set gain externally.

VFxl = | 18 | Inverting input of the transmit input amplifier.

VFxl * | 19 | Non-inverting input of the transmit input amplifier.

Vesg S 20 | Negative Power Supply Pin. Vgg == 5V +5 %

* 1:Input, O : Output, S : Power Supply

TRI-STATE ® is a trademark of National Semiconductor Corp.

315
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ETC5067-ETC5064

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
MCLKgr/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 MCLKr/PDN pin
high ; the alternative is to hold both FSx and FSrin-
puts continuously low. The device will power-down
approximately 2 ms after the last FSx or FSg pulse.
Power-up will occur on the first FSx or FSR pulse.
The TRI-STATE PCM data output, Dx, will remain
in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must
be applied to MCLKx and the MCLKgr/PDN pin can
be used as a power-down control. A low level on
MCLKRgr/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 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 BCLKr/CLKSEL. 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.

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
BCLKXx. 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
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 MCLKXx,
which is easily achieved by applying only static
logic 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 BCLKgr
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 FSg,
must be one bit clock period long, with timing rela-
tionships specified in figure 3. With FSx high during
a falling edge of BCLKY, the next rising edge of
BCLKx enables the Dx 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

Master Clock Frequency latches in the sign bit. The following seven falling
Selected edges latch in the seven remaining bits. Both de-
BCLKa/CLKSEL ETC 5067 ETC 5064 vices may utilize the short frame sync pulse in syn-
chronous or asynchronous operating mode.
Clocked 2.048 MHz 1.536 MHz or
1544 MHz LONG FRAME SYNC OPERATION
0 1.536 MHz or |  2.048 MHz To use the long frame mode, both the frame sync
o 1.544 MHz pulses, FSx and FSR, must be three or more bit clock
1 (or open circuit) | 2.048 MHz | 1.536 MHz or periods long, with timing relationships specified in
1.544 MHz figure 4. Based on the transmit frame sync. FSx, the
4/15
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ETC5067-ETC5064

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-
ternalresistors, 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 A/D is of companding type accord-
ing to A-law (ETC5067) or p-law (ETC5064) coding
conventions. A precision voltage reference is
trimmed in manufacturing to provide an input over-
load (tmax) 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 ps (due to the transmit filter) plus 125 ps (due
to encoding delay), which totals 290 ps. Any offset

ABSOLUTE MAXIMUM RATINGS

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 p-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 a2 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 FSg, the data at the Dg 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 us later
the decoder DAC output is updated. The total
decoder delay is ~10 ps (decoder update) plus
110 ps (filter delay) plus 62.5 ps (1/2 frame), which
gives approximately 180 ps.

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 Q load, or 4.0 Vinto 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 Q subscriber line
termination is obtained by differentially driving a bal-
anced transformer with aV2 : 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
inputto Vs, saving approximately 12 mW of power.

Symbol Parameter Value Unit
Vee Ve to GNDA 7 \Y
Ves Vgg to GNDA -7 \Y

Vin Vour | Voltage at Any Analog Input or Output Vece + 0.3 to Vgg — 0.3 \Y

Voltage at Any Digital Input or Output Vee + 0.3 to GNDA - 0.3 \
Toper Operating Temperature Range —-2510 + 125 °C
Tstg Storage Temeperature Range - 6510 + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

Ly7 3R THANEON =
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ELECTRICAL OPERATING CHARACTERISTICS

Vec=5.0V+5%,VBe=—-5V+5%,GNDA=0V, Ta=0 "Cto 70 "C (unless otherwise noted) ; Typical
characteristics specified at Vec = 5.0V, Ves=—5.0V, Ta= 25 °C; all signals are referenced to GNDA.

DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage - - 0.6 \')
Viy Input High Voltage 22 - - Vv
Vor Output Low Voltage \Y

IL =32 mA Dx_ - - 0.4
I =3.2 mA, Open Drain TSx - - 0.4
VoH Output High Voltage \Y
ly=—32mA Dx 2.4 - -
I Input Low Current (GNDA < Viy < V|, all digital inputs, -10 - 10 HA
except BCLKR)
I Input High Current (Vi < Vin < V) except ANLB -10 - 10 pHA
loz Output Current in High Impedance State (TRI-STATE) pA
(GNDA < Vg < Vce) Dx -10 - 10

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
XA Input Leakage Current (-25V <V <+25V) VFxl * or VFxl = | — 200 - 200 nA
RiXA | Input Resistance (-25<V<+25YV) VFxl * or VFxl ~ 10 - - MQ
RoXA | Output Resistance (closed loop, unity gain) - 1 3 Q
RLXA | Load Resistance GSx 10 - - kQ
C_LXA | Load Capacitance GSx - - 50 pF
VoXA | Output Dynamic Range (R = 10 kQ) GSx | £ 28 - - \Y
AvXA | Voltage Gain (VFxl * to GSx) 5000 - - VIV
FuXA | Unity Gain Bandwidth 1 2 - MHz

VosXA | Offset Voltage -20 - 20 mV

VemXA | Common-mode Voltage -25 - 25 \

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

VOSgO | Output DC Offset Voltage — 200 - 200 mV

6/15 L3y SGS-THOMSON
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ELECTRICAL OPERATING CHARACTERISTICS (continued)
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
RIPI Input Resistance (- 1.0 V< VPI < 1.0 V) 10 - - MQ
VIOS | Input Offset vOltage -25 - - 25 mV
ROP Output Resistance (inverting unity-gain at VPO * or VPO 7) - 1 - Q
Fc Unity-gain Bandwidth, Open Loop (VPO 7) - 400 - kHz
C.P Load Capacitance (VPO * or VPO ~ to GNDA) pF
RL = 1500 Q - - 100
RL =600 Q - - 500
Ry =300 Q - - 1000
GAp * | Gain VPO ~ to VPO * to GNDA, Level at VPO ~ =1.77 Vrms - -1 - VIV
(+ 3 dBmO)
PSRRp | Power Supply Rejection of V¢ or Vgg (VPO ~ connected to VPI) dB
0 kHz - 4 kHz 60 - -
0 kHz — 50 kHz 36 - -

POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lccO Power-down Current - 0.5 1.5 mA
Igg0 Power-down Current - 0.05 0.3 mA
lecl Active Current - 7.0 10.0 mA
Igp1 Active Current - 7.0 10.0 mA

ALL TIMING SPECIFICATIONS

Symbol Parameter Min. Typ. Max. Unit
1/tem | Frequency of Master Clocks - 1.536 - MHz
MCLKx and MCLKg - 2.048 -
Depends on the device used and the
BCLKR/CLKSEL pin. - 1.544 -
twmH Width of Master Clock High MCLKx and MCLKR 160 - - ns
twmL Width of Master Clock Low MCLKx and MCLKg 160 - - ns
tRm Rise Time of Master Clock MCLKx and MCLKg - - 50 ns
tFm Fall Time of Master Clock MCLKx and MCLKgr - - 50 ns
tee Period of Bit Clock 485 488 15,725 ns
twen | Width of Bit Clock High (Vi =2.2 V) 160 - - ns
tweL | Width of Bit Clock Low (V| = 0.6 V) 160 - - ns
tre Rise Time of Bit Clock (tpg = 488 ns) N - - 50 ns
tFe Fall Time of Bit Clock (tpg = 488 ns) - - 50 ns
tssem | Set-up Time from BCLKx High to MCKLx Falling Edge 100 - - ns
(first bit clock after the leading edge of FSx)
tusr Holding Time from Bit Clock Low to the Frame Sync 0 - - ns
(long frame only)
tsrB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 80 - - ns

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

7115
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ALL TIMING SPECIFICATIONS (continued)

Symbol Parameter Min. | Typ. | Max. | Unit

tusrr | Hold Time from 3rd Period of Bit Clock FSx or FSg 100 - - ns
Low to Frame Sync (long frame only)

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

tpsD Delay Time from BCLKx High to Data Valid 0 - 150 ns
(Load = 150 pF plus 2 LSTTL loads)

tpze Delay Time from BCLKx Low to Data Output Disabled 50 - 165 ns

tsps Set-up Time from Dy Valid to BCLKg/x Low 50 - - ns

tHeD Hold Time from BCLKg;x Low to DR Invalid 50 - - ns

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

tse Set-up Time from FSy,g to BCLKx/r Low 80 - - ns
(short frame sync pulse) - Note 1

thF Hold Time from BCLKx/r Low to FSx/r Low 100 - - ns
(short frame sync pulse) - Note 1

txop Delay Time TSx Low (load = 150 pF plus 2 LSTTL loads) - - 140 ns

twrL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns
(64 k bit/s operating mode)

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

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

BCLKx . 1 2 3 . _/1_\_/_.—\_
BCLKge —_——
FSx \ -

an____},_( N L_
' D GEED G ¢

—

X X

8/15

SGS-
[STR- Al

138



ETC5067-ETC5064

Figure 3 : Short Frame Sync Timing.
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Figure 4 : Long Frame Sync Timing.
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ETC5067-ETC5064

TRANSMISSION CHARACTERISTICS
(all devices) TaA=0"Ct0 70 °C, Vec =5 V+5 %, Ve =—-5V 5 %,GNDA =0 v, f = 1.02 kHz, Vin = 0 dBmO0

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). Vims
0 dBmO - 1.2276 -
tmax | Max Overload Level Vpk
3.14 dBm0 ETC5067 - 2.492 -
3.17 dBm0 ETC5064 - 2.501 -
Gxa Transmit Gain, Absolute (Tpo =25 °C,Vec =5V, Vgg =—5V) dB
Input at GSx = 0 dBmO at 1020 Hz -0.15 - 0.15
GxR Transmit Gain, Relative to Gxa dB
f=16 Hz - - - 40
f=50 Hz - - -30
f =60 Hz - - - 26
f=180 Hz -28 - -02
f =200 Hz -1.8 - - 01
f =300 Hz — 3000 Hz -0.15 - 0.15
f =3300 Hz - 0.35 - 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - - 14
f = 4600 Hz and up, measure response from O Hz to 4000 Hz - - - 32
Gxat | Absolute Transmit Gain Variation with Temperature dB
(Ta =0°C to + 70 °C) - 0.1 - 0.1
Gxav | Absolute Transmit Gain Variation with Supply Voltage dB
(Vec =5V £5%, Vgg=—5V+5%) - 0.05 - 0.05
GxRL Transmit Gain Variations with Level dB
Sinusoidal Test Method Reference Level =— 10 dBm0
VFxl * =— 40 dBm0 to + 3 dBm0 -02 - 0.2
VFxl * =— 50 dBm0 to — 40 dBm0 -04 - 0.4
VFxl * =~ 55 dBm0 to — 50 dBm0 -12 - 1.2
GRra Receive Gain, Absolute (Tp =25 °C, Vecc =5V, Vgg ==5 V) —-0.15 - 0.15 dB
Input = Digital Code Sequence for 0 dBmO Signal at 1020 Hz
GRR Receive Gain, Relative to Gga dB
f= 0 Hz to 3000 Hz - 0.15 - 0.15
f = 3300 Hz - 0.35 - 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - -14
GRrat | Absolute Receive Gain Variation with Temperature dB
(TA =0°C to + 70 °C) -0.1 - 0.1
GRrav | Absolute Receive Gain Variation with Supply Voltage dB
(Vec=5V*E5% Vgg=—5V+5%) - 0.05 - 0.05
GgrL | 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 dBm0 -0.2 - 0.2
PCM level = - 50 dBmO to — 40 dBmO -04 - 0.4
PCM level = - 55 dBm0O to — 50 dBm0O -1.2 - 1.2
Vro Receive Filter Output at VFRO Ry =10 kQ -25 - 25 \
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TRANSMISSION CHARACTERISTICS (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

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

f =500 Hz — 600 Hz - 195 220
f =600 Hz — 800 Hz - 120 145
f =800 Hz — 1000 Hz - 50 75
=1000 Hz — 1600 Hz - 20 40
f = 1600 Hz — 2600 Hz - 55 75
f = 2600 Hz — 2800 Hz - 80 105
f = 2800 Hz — 3000 Hz . - 130 155
Dgra Receive Delay, Absolute (f = 1600 Hz) - 180 200 us
Dgrr Receive Delay, Relative to Dga us
f =500 Hz — 1000 Hz - 40 -25 -
f =1000 Hz -~ 1600 Hz -30 -20 -
f = 1600 Hz — 2600 Hz - 70 90
f = 2600 Hz — 2800 Hz - 100 125
f = 2800 Hz — 3000 Hz - 145 175

NOISE

Symbol Parameter Min. Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted (ETC5067, VFxl * =0 V) - -74 - 69 | dBmOp

(note 1)
Ngrp Receive Noise, P Message Weighted dBmOp
(ETC5067, PCM Code Equals Positive Zero) - - 82 -79
Nxc Transmit Noise, C Message Weighted (ETC5064, VFXI * =0 V) - 12 15 | dBrnCO
Ngrc Receive Noise, C Message Weighted dBrnCO
(ETC5064, PCM Code Equals Alternating Positive and - 8 11
Negative Zero)
Ngs Noise, Single Frequency dBmo0
f = 0 kHz to 100 kHz, Loop Around Measurement,
VFxl * =0 Vrms - - - 53
PPSRx | Positive Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgc = — 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
NPSRx | Negative Power Supply Rejection, Transmit dBp
VFxl * =0 Vrms, Vgg =— 5.0 Vpc + 100 mVrms, 40 - -
f =0 kHz — 50 kHz
PPSRR | Positive Power Supply Rejection, Receive
(PCM code equals positive zero, Vcc =5.0 Vpc + 100 mVrms)
f =0 Hz — 4000 Hz 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, Vgg =— 5.0 Vpc + 100 mVrms)
f =0 Hz — 4000 Hz 40 - - dBp
f =4 kHz — 25 kHz 40 - - dB
f =25 kHz — 50 kHz 36 - - dB
1215 LSy SGS-THOMSON
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TRANSMISSION CHARACTERISTICS (continued)

Symbol Parameter Min. Typ. Max. Unit
SOS | Spurious out-of band signals at the channel output. dB
Loop around measurement, 0 dBm0, 300 Hz — 3400 Hz input
applied to VFxl *, measure individual image signals at VFr0
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
STDgr | Transmit or Receive Half-channel
Level =3 dBm0 33 - -
=0 dBm0 to — 30 dBm0 36 - -
=—40 dBm0 XMT 29 - -
RCV 30 - -
=-—55 dBm0 XMT 14 - -
RCV 15 - -
SFDx | Single Frequency Distortion, Transmit - - — 46 dB
SFDgr | Single Frequency Distortion, Receive - - - 46 dB
IMD Intermodulation Distortion - - - 41 dB
Loop Around Measurement,
VFxl * == 4 dBm0 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 dBm0 Transmit Level dB
f = 800 Hz — 3400 Hz, Dg = Steady PCM Mode - - 90 - 75
CTr-x | Receive to Transmit Crosstalk, 0 dBmO0 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 dBmoO to + 3 dBmO (balanced load, R. connected
between VPO * and VPO 7).
RL =600 Q 3.3 - -
RL =1200 Q 35 - -
RL =30 kQ , 4.0 - -
S/Dp Signal/Distortion R = 600 ©, 0 dBm0 50 - - dB
Notes : 1. Measured by extrapolation from the distortion test result
2. CTrx is measured with a — 40 dBmO activating signal applied at VFxI*.
LRy SGS-THOMSON 18715
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ENCODING FORMAT AT Dy OUTPUT

A-Law Law
(including even bit inversion) "
Vin (at GSx) = + Full-scale 10101010 10000000
11010101 11111111
Vin (at GSx) =0 V 01010101 01111111
Vin (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 extra long ground pin in the connector should
be used.

All ground connections to each device should meet
atacommon point as close as possible to the GNDA

14/15
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pin. This minimizes the interaction of ground return
currents flowing through a common bus impedance.
0.1 uF supply decoupling capacitors should be con-
nected from this common ground point to Vcc and
VBg as close to the device as possible.

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

For best performance either, TS x should be
grounded if not used.

MICROELECTRONICS
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Figure 5 : Typical Asynchronous Application.
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ETC5064FN

MICROELECTRONICS ETCS5067FN
SERIAL INTERFACE CODEC/FILTER WITH RECEIVE
POWER AMPLIFIER

» COMPLETE CODEC AND FILTERING SYS-
TEM INCLUDING :
- TRANSMIT HIGH-PASS AND LOW-PASS
FILTERING
- RECEIVE LOW-PASS FILTER WITH SIN
X/X CORRECTION
- ACTIVE RC NOISE FILTER
- u-LAW OR A-LAW COMPATIBLE CODER
AND DECODER
- INTERNAL PRECISION VOLTAGE REF-
ERENCE
- SERIAL I/O INTERFACE
- INTERNAL AUTO-ZERO CIRCUITRY
- RECEIVE PUSH-PULL POWER AMPLI-
FIERS
n U-LAW 20 PINS ETC5064FN
» A-LAW 20 PINS ETC5067FN
» MEETS OR EXCEEDS ALL D3/D4 AND CCITT
SPECIFICATIONS
= +5V OPERATION
= LOW OPERATING POWER-TYPICALLY 70mW
= POWER-DOWN STANDBY MODE-TYPICALLY
3mw
AUTOMATIC POWER-DOWN
= TTL OR CMOS COMPATIBLE DIGITAL INTER-
FACES
= MAXIMIZES LINE INTERFACE CARD CIRCUIT
DENSITY

DESCRIPTION

The ETC5064 (u-law) and ETC5067 (A-law) are
monolithic PCM CODEC/FILTERS utilizing the A/D
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

- a =

o o o o
o z a o
>3 6 > >

UFgI(-)

-
©
-
o
N

MCLKg/PON [ ]
ncLk ]
BCLKy | ]

ox [J5

MBBETCS5664FN-81

BCLKg/CLKSEL [ Jw0
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Vce to GNDA 7 \Y
Vgs Vgg to GNDA -7 \

Vin, Vout | Voltage at any Analog Input or Output Vee + 0.3 to Vgg — 0.3 \

Voltage at Any Digital Input or Output Vce + 0.3 to GNDA - 0.3 \
Toper Operating Temperature Range —25to0 + 125 °C
Tstg Storage Temperature Range —65to + 150 °C
Lead Temperature (soldering 10 seconds) 300 °C

BLOCK DIAGRAM

R2

ANLB
e |

VExI T L
Analog in—{} AUTO-ZERO |
R1 . / LOGIC |
|
| I
VExI™ | |
|
SWITCHED
veo* acive s capaciton |
FILTER BAND-PASS |
FILTER |
|
[ |
VPO~ !
VOLTAGE XMT o
|reFERENCE REG x
R3
L COMPARATOR oE :
; |
Ra |
SWITCHED
B | RC ACTIVE CAPACITOR SIH ACV o
FILTER LOW-PASS ﬂ DAC REG R
1 FILTER 1
| CiK |
| |
| |
| |
| TIMING |
| AND »-F::}o Sx
| ETC-064FN CONTROL
| ETC067FN |
! |
' i
|
| *5V-5V 1
|
i bbbl
Vee Vg GNDA MCLKy BCLKx MCLKg BCLKg FSg FSx
PDN CLKSEL
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PIN DESCRIPTION

Pin

Name Ne° Description
Type

VPO+ (e} 1 The non-inverted Output of the receive power amplifier.

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

VPO- o} 3 | The inverted output to the receive power amplifier.

VPI | 4 | Inverting input to the receive power amplifier. Also powers down both amplifiers
when connected to Vgg.

VFRO (¢} 5 | Analog Output of the Receive Filter

Vee S 6 | Positive Power Supply Pin. Vec =+5V+5 %

FSgr | 7 | Receive frame sync pulse which enables BCLKg to shift PCM data into Dg. FSg
is an 8 kHz pulse train.
See figures 1 and 2 for timing details.

Dr | 8 | Receive Data Input. PCM data is shifted into Dr following the FSg leading edge.

BCLKR/CLKSEL| | 9 | The bit clock which shifts data into Dg after the FSg 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 BCLKy is used for both
transmit and receive directions (see table I). This input has an internal pull-up.
MCLKRg/PDN | 10 | Receive Master Clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be

asynchronous with MCLKy, but should be synchronous with MCLKx for best
performance. When MCLKR is connected continuously low, MCLK is selected for
all internal timing. When MCLKGR 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 MCLKg.

BCLKx | 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 (¢} 13 | The tri-state PCM data output which is enabled by FSx.

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

T_Sx (0] 15 | Open drain output which pulses low during the encoder time slot. Must to be
grounded it not used.

ANLB | 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.

VFxI~ | 18 | Inverting Input of the Transmit Input Amplifier.

VFxl* | 19 | Non-inverting Input of the Transmit Input Amplifier.

Ves S 20 | Negative Power Supply Pin. Vgg =—5V +5

* 1 :Input, O : Output, S : Power Supply

3/15
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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
MCLKRg/PDN pin and FSx and/or FSg pulses must
be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKs/PDN pin
high ; the alternative is to hold both FSx and FSg in-
puts continuously low. The device will power-down
approximately 2ms after the last FSx pulse. The
TRI-STATE PCM data output, Dx, will remain in the
high impedance state until the second FSx pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock
and bit clock should be used for both the transmit
and receive directions. In this mode, a clock must
be applied to MCLKx and the MCLKgr/PDN pin can
be used as a power-down control. A low level on
MCLKRg/PDN powers up the device and a high level
powers down the device. In either case, MCLKx will
be selected as the master clock for both the 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.

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
BCLKXx. 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 Dg 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 MCLKg
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 MCLKr/PDN pin. This will automatically
connect MCLKx to allinternal MCLKRg 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 BCLKXx.
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 FSg,
must be one bit clock period long, with timing rela-
tionships specified in figure 3 with FSg high during
a falling edge of BCLKR, the next rising edge of
BCLKx enables the Dx TRI-STATE output buffer,
which will output the sign bit. The following seven ri-
sing edges clock out the remaining seven bits, and
the next falling edge disables the Dx output. With

Master Clock FSr high during a falling edge of BCLKR (BCLKx in
BCLKR/CLKSEL Frequency Selected synchronous mode), the next falling edge of BCLKR
ETC5067 ETC5064 latches in the sign bit. The following seven falling
edges latch in the seven remaining bits. Both de-
Clocked 2048 MHz 1'1523 4MMH§:' vices may utilize the short frame sync pulse in syn-
’ chronous or asynchronous operating mode.
0 1,53 Wiz or | 2,048 Mz LONG FRAME SYNC OPERATION
' To use the long frame mode, both the frame sync
1 (or open circuit) | 2.048 MHz 1.536 MHz or pulses, FSx and FSgr, mustbe three or more bit clock
1.544 MHz periods long, with timing relationships specified in
4/15
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figure 3. Based on the transmit frame sync FSy, 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 (seefig. 1). The Dx 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
FSx going low, whichever comes later. A rising edge
on the receive frame sync pulse, FSRr, 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-
ternalresistors, 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 A/D is of companding type according to
A-law (ETC5067) or p-law (ETC5064) coding
conventions. A precision voltage reference is trim-
med in manufacturing to provide an input overload
(tmax) 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 Dx at the next FSx pulse. The
total encoding delay will be approximately 165us
(due to the transmit filter) plus 125us (due to enco-
ding delay), which totals 290us. Any offset voltage

due to the filters or comparator is cancelled by sign
bit integration.

RECEIVE SECTION

The receive section consist of an expanding DAC
which drives a fifth order switched-capacitor low
pass filter clocked at 256kHz. The decoder is A-law
(ETC5067) or p—law (ETC5064) and the 5 th order
low pass filter corrects for the sin x/x attenuation due
to the 8kHz sample and hold. The filter is then fol-
lowed by a2 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 10us later
the decoder DAC output is updated. The total
decoder delay is ~ 10pus (decoder up-date) plus
110us (filter delay) plus 62.5ps (1/2 frame), which
gives approximately 180us.

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
3009Q 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 600L2 subscriber line termination is obtained by
differientially driving a balanced transformer with a
V2 : 1 turns ratio, as shown in figure 4. A total peak
power of 15.6dBm can be delivered to the load plus
termination. Both power amplifier can be powered
down independently from the PDN input by connect-
ing the VPl input to Veg saving approximately 12mW
of power.

L7 SGS-THOMSON 515
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ELECTRICAL OPERATING CHARACTERISTICS V¢ =5.0 V5%, Vgg =—5%, GNDA =0V,
Ta =0°C to 70 °C (unless otherwise noted) ; typical characteristics specified at V¢ = 5.0V,
Vgg =—5.0V, Tp = 25 °C ; all signals are referenced to GNDA.

DIGITAL INTERFACE (all devices)

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

IL =32 mA Dx. g'j v
IL = 3.2 mA, Open Drain TSx .
Vou Output High Voltage v
Iy =32 mA Dx | 24
I Input Low Current (GNDA < Viy < V).) all Digital Inputs 10 10 A
Except BCLKR B H
I Input High Current (V4 < Vin < Vec) Except ANLB 10 10 uA
loz Output Current in High Impedance State (TRI-STATE)
(GNDA < Vo < Vec) Dx | - 10 10 HA
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
1) XA Input Leakage Current . _

(~25V<V<+25V) VExI* or VFxI - 200 200 nA

RiXA Input Resistance -
(-25V<Vs+25V) VExI®or VEXI™ | 4o 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 (R = 10 kQ) GSx | —-28 +28 Vv
AvXA Voltage Gain (VFxl* to GSx) 5000 VIV
FuXA Unity Gain Bandwidth 1 2 MHz
VosXA Offset Voltage -20 20 mV
VcomXA Common-mode Voltage -25 2.5 \
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

6/15
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ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices)

Symbol Parameter Min. Typ. Max. Unit
1P Input Leakage Current (- 1.0 VS VPI<1.0V) -100 100 nA
RIPI Input Resistance (- 1.0 < VPI < 1.0 V) 10 MQ
VIOS Input Offset Voltage -25 25 mV
ROP Output Resistance (inverting unity—gain at VPO * or VPO ™) 1 Q
Fc Unity—gain Bandwidth, Open Loop (VPO ") 400 kHz
C.P Load Capacitance (VPO * or VPO~ to GNDA)
RL = 1500 Q 100 F
RL = 6000Q 500 P
RL =300 Q 1000
GAp * Gain VPO~ to VPO * to GNDA, Level at VPO~ =1. 77 Vrms
-1 VIV
(+ 3 dBm0)
PSRRp | Power Supply Rejection of Vcc or Ve
(VPO™ connected to VPI) dB
0 kHz — 4 kHz 60
0 kHz — 50 kHz 36
POWER DISSIPATION (all devices)

Symbol Parameter Min. Typ. Max. Unit
lccO Power-down Current 0.5 15 mA
lgg0 Power-down Current 0.05 0.3 mA
lcc Active Current 7.0 10.0 mA
Igg1 Active Current 7.0 10.0 mA

LS7 SGS-THOMSON 715
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TIMING SPECIFICATIONS All timings parameters are measured at Voy = 2.0 Vand Vo = 0.7 V.

Symbol Parameter Min. Typ. Max. Unit
1tem Frequency of master clocks MCLKyx and MCLKg 1.536
Depends on the device used and the MHz
BCLKR/CLKSEL Pin 1.544
2.048
twmH Width of Master Clock High MCLKyx and MCLKg 160 ns
twmL Width of Master Clock Low MCLKx and MCLKg 160 ns
tRm Rise Time of Master Clock MCLKx and MCLKg 50 ns
tem Fall Time of Master Clock MCLKyx and MCLKg 50 ns
tee Period of Bit Clock 485 488 | 15.725 ns
tweH Width of Bit Clock High (Viy =2.2 V) 160 ns
twsL Width of Bit Clock Low (Vi =0.6 V) 160 ns
tre Rise Time of Bit Clock (tpg = 488 ns) 50 ns
trB Fall Time of Bit Clock (tpg = 488 ns) 50 ns
tsBFM Set-up time from BCLKx high to MCLKx falling edge. 100 ns
(first bit clock after the leading edge of FSy)
tusr Holding Time from Bit Clock Low to the Frame Sync 0 ns
(long frame only)
tsrB Set-up Time from Frame Sync to Bit Clock (long frame only) 80 ns
tHeFI Hold Time from 3rd Period of Bit Clock
Low to Frame Sync (long frame only) FSxorFSs | 100 ns
tozr 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)
tosD Delay Time from BCLKx high to data valid 0 180 ns
(load = 150 pF plus 2 LSTTL loads)
tozc Delay Time from BCLKx low to data output disabled 50 165 ns
tsps Set-up Time from Dg valid to BCLKg/x low 50 ns
thsD Hold Time from BCLKRg,x low to Dg invalid 50 ns
tHoLD Holding Time from Bit Clock High to Frame Sync 0 ns
(short frame only)
tsk Set-up Time from FSx/r to BCLKx/r Low 80 n
(short frame sync pulse) - Note 1 S
tHe Hold Time from BCLKx/s Low to FSx/r Low 100
(short frame sync pulse) - Note 1 ns
txop Delay Time to TSy low (load = 150 pF plus 2 LSTTI loads) 140 ns
twrL Minimum Width of the Frame Sync Pulse (low level) 160
(64 bit/s operating mode) ns

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

8/15
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Figure 1 : 64 k bits/s TIMING DIAGRAM. (see next page for complete timing)
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Figure 2 : Short Frame Sync Timing.
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ETC5064/5067FN

TRANSMISSION CHARACTERISTICS (all devices) Ta = 0°C to 70°C, Vcc = 5V + 5%, VB = —5V + 5%,
GNDA =0V, f = 1.02kHz, ViNn = 0dBmO, 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) 12276 Vrms
0 dBmo
tmax Max Overload Level
3.14 dBm0 ETC5067 2.492 Ve
3.17 dBmO ETC5064 2.501
Gxa Transmit Gain, Absolute (Ta =25 °C,Vec =5V, Vgg =—5V) dB
Input at Gsx = 0 dBm0 at 1020 Hz -0.15 0.15
Gxr f=16 Hz — 40
f =50 Hz - 30
f =60 Hz - 26
f =200 Hz -1.8 - 0.1
f =300 Hz - 3000 Hz - 0.15 0.15 dB
f = 3300 Hz -0.35 0.05
f = 3400 Hz -07 0
f = 4000 Hz —14
f = 4600 Hz and up, Measure Reponse from 0 Hz to 4000 Hz -32
GxaT Absolute Transmit Gain Variation with Temperature — 04 04 dB

(Ta =0 °C to + 70 °C)
Gxav Absolute Transmit Gain Variation with Supply Voltage

(Vec =5V 5% Ve =—5 V + 5%) -005 005 | dB
GxRL Transmit Gain Variation with Level
Sinusoidal Test Method Reference Level =— 10 dBmO
VFxl* =— 40 dBmoO to + 3 dBm0 -02 0.2 dB
VFxl* =— 50 dBmO to — 40 dBm0 -04 0.4
VFxl* =— 55 dBmO to — 50 dBm0 -12 1.2
Gga Receive Gain, Absolute (Ta =25 °C,Vec =5V, Vegg ==5V) | _ 0.15 0.5 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 =3300 Hz -0.35 0.05 daB
f = 3400 Hz -07 0
f = 4000 Hz -14
GRAT Absolute Receive Gain Variation with Temperature — 04 04 dB
(Ta =0 °C to + 70 °C) : :
GRav Absolute Receive Gain Variation with Supply Voltage
(Vec =5V +5%, Vgg =— 5V +5 %) -005 0.05 dB
GRRL Receive Gain Variation with Level
Sinusuoidal test method ; reference input PCM code
corresponds to an ideally encoded — 10 dBmO signal 4B
PCM Level = - 40 dBmO to + 3 dBm0O -02 0.2
PCM Level = - 50 dBm0O to — 40 dBmO -04 0.4
PCM Level = - 55 dBm0 to — 50 dBm0 -1.2 1.2
Vro Receive Fiiter Output at VRO RL =10 kQ - 25 25 \

12115
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ETC5064/5067FN

TRANSMISSION CHARACTERISTICS (continued).
ENVELOPE DELAY DISTORTION WITH FREQUENCY

Symbol

Parameter

Min.

Typ.

Max.

Unit

Dxa

Transmit Delay, Absolute (f = 1600 Hz)

290

315

us

Dxr

Transmit Delay, Relative to Dxa

f =500 Hz-600 Hz

f =600 Hz-800 Hz

f =800 Hz-1000 Hz

f =1000 Hz-1600 Hz

f =1600 Hz-2600Hz

f = 2600 Hz-2800 Hz

f = 2800 Hz-3000 Hz

195
120
50
20
55
80
130

220
145
75
40
75
105
155

us

Dgra

Receive Delay, Absolute (f = 1600 Hz)

180

200

us

Drr

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

- 40
-30

-25

-20
70
100
145

90
125
175

us

NOISE

Symbol

Parameter

Min.

Typ.

Max.

Unit

Nxp

Transmit Noise, P Message Weighted
(ETC5067, VFxl* =0 V)

- 74

- 69
(note 1)

dBmOp

Receive Noise, P Message Weighted
(ETC5067, PCM code equals positive zero)

- 82

-79

dBmOp

Transmit Noise, C Message Weighted
(ETC5064, VFxI* =0 V)

15

dBrnCO

Receive Noise, C Message Weighted
(ETC5064, PCM Code Equals Alternating Positive and
Negative Zero)

11

dBrnCO

Noise, Single Frequency
f =0 kHz to 100 kHz, Loop around Measurement,
VFxl* =0V

- 53

dBmoO

PPSRx

Positive Power Supply Rejection, Transmit (note 2)
Vce =5.0 Vpe + 100 mVrms, f =0 kHz-50 kHz

40

dBp

NPSRx

Negative Power Supply Rejection, Transmit (note 2)
Vgg =5.0 Vpc + 100 mVrms, f =0 kHz-50 kHz

40

dBp

PPSRgr

Positive Power Supply Rejection, Receive (PCM code equals
positive zero, Vgg = 5.0 Vpc + 100 mVrms)
f =0 Hz-4000Hz 5067
f = 4 kHz-25 kHz
f = 25 kHz-50 kHz

40

36

dBp

dB

NPSRgr

Negative Power Supply Rejection, Receive (PCM code equals
positive zero, Vgg =— 5.0 Vpc + 100 mVrms)

f =0 Hz-4000Hz 5067

f = 4 kHz-25 kHz

f = 25 kHz-50 kHz

40

36

dBp
dB
dB

SOS

Spurious out-of-band Signals at the Channel Output
Loop around measurement, 0 dBm0, 300 Hz-3400 Hz input
applied to Dgr, measure individual image signals at Dx
4600 Hz-7600 Hz
7600 Hz-8400 Hz
8400 Hz-100,000 Hz

- 32
— 40
- 32

13/15
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ETC5064/5067FN

TRANSMISSION CHARACTERISTICS (continued).

DISTORTION
Symbol Parameter Min. Typ. Max. Unit
STDx Signal to Total Distortion (sinusoidal test method)
or
STDg Transmit or Receive Half-channel
Level = 3.0 dBm0O 33
=0 dBmO to — 30 dBmO 36 dBp
=—40 dBm0 XMT 29
RCV 30
=—-55 dBm0 XMT 14
RCV 15
SFDx Single Frequency Distortion, Transmit - 46 dB
SFDgr Single Frequency Distortion, Receive - 46 dB
IMD Intermodulation Distortion
Loop Around Measurement, VFxl* =—- 4 dBm0 to - 41 dB
— 21 dBm0, two Frequencies in the Range 300 Hz-3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTx-r Transmit to Receive Crosstalk, 0dBmO0 Transmit _90 _75 dB
f =300 Hz-3400 Hz, Dg = Steady PCM Code
CTr-x Receive to Transmit Crosstalk, 0dBm0 Receive Level -70
f = 300 Hz-3400 Hz, VFxl =0 V -90 (note 2) dB
POWER AMPLIFIERS
Symbol Parameter Min. Typ. Max. Unit
VoL Maximum 0 dBmO Level for Better than + 0.1 dB Linearity Over
the Range 10 dBmO to + 3 dBm0
(balanced load, R connected between VPO * and VPO ) Vrms
RL =600 Q 33
RL =1200 Q 35
RL =30 kQ 4.0
S/Dp Signal/Distortion Ry =600 Q, 0 dBm0 50 dB
Notes : 1. Measured by extrapolation from the distortion test results
2 PPSRX, NPSRX, CTR-X measured with a -50dBm0 activating signal applied at VFxI*
ENCODING FORMAT AT Dy OUTPUT
A-Law Law
(including even bit inversion) H
Vin (at GSx) = + Full-scale 1 01 0 1 0 1 0 1 0 0 0 0 O
11 0 1 0 1 0 1 1 1 1 1 1
Vin (at GSx) =0V 01010 1 0 1 0 1 11 1
Vin (at GSx) =— Full-scale 00 1 0 1 0 1 0 0 0 00 0 O
14/15
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ETC5064/5067FN

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
atacommon point as close as possible to the GNDA

Figure 4 : Typical Asynchronous Application.

pin. This minimizes the interaction of ground return
currents flowing through a common bus impedance.
0.1pF supply decoupling capacitors should be con-
nected from this common ground point to Vcc and
Vg as close to the device as possible.

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

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

V2
‘I; HYBRID

V2

il

}

11300

——1—¢

j ZBAL

3wH

+5V

ia

-5V

ralie

VPO *

FSp —¥

DR —*

BCLKR —
MCLKg/PDN —

Vcc GNDA Vg
VFxI*

VFxl™

ANLB [¢— ANALOG LOOPBACK

t

GSx

> TSx
[¢— FSy
— Dy

le— BCLKx
MCKLx

Note 1: Transmut gain =20 x log (ﬁlﬂt;‘l)' (R1+R2)>10 Kk

Note 2 : Recewve gain - 20 x log ( %‘ ) RA>10 kO
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ETC50S64
ETC50S67

SYNCHRONOUS SERIAL INTERFACE CODEC/FILTER WITH

RECEIVE POWER AMPLIFIER

= COMPLETE CODEC 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

- w-LAW OR A-LAW COMPATIBLE CODER
AND DECODER

- INTERNAL PRECISION VOLTAGE REFE-
RENCE

- SERIAL I/0O INTERFACE

- INTERNAL AUTO-ZERO CIRCUITRY

- RECEIVE PUSH-PULL POWER AMPLI-

FIERS

u-LAW ETC50S64

= A-LAW ETC50S67

= MEETS OR EXCEEDS ALL D3/D4 AND CCITT
SPECIFICATIONS

= £ 5V OPERATION

= LOW OPERATING POWER - TYPICALLY
70 mW

= 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 (u-law) and ETC50S67 (A-Law) are
synchronous monolithic PCM CODEC/FILTERS
utilizing the A/D 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 Q load.

January 1989

DIP16

(Plastic)
ORDER CODES : ETC50S67N
ETC50S64N

PIN CONNECTION

vPol+) []1 16[] ueB
GND [ 2 15[] UFX(+)
vPo(-) [ 3 14[] UFR(-)
uPI [] 4 13[] GSX
UFRO [ 5 12[] Fs
vee O e 11[7] ox
bR [] 7 18[] BCLK
PON [] 8 g [J mMCLK

NMBBETCS58564-81
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ETC50S64/ETC50S67

BLOCK DIAGRAM

VI~

Analog in—_}— 'L AUTO-ZERO !
R LOGIC ‘
+ I |
VFx! | |
I SWITCHED ) !
b
VPO ™ RC CAPACITOR |
ACTIVE [®] BAND-PASS I
FILTER |
|
[ 1
VPO~ . |
VOLTAGE XM —qﬂ-»ox

" REFERENCE REG
i COMPARATOR » oe :
i |
R4 |

RC ACTIVE CAPACI oD S/H K RCV ‘*_
CAPACITOR
FLTER  [€] (ow-pass (€] Dac REG Or
FILTER |
P CLK |
|
|
|
TIMING |
AND I
CONTROL
|
|
|
|
|
|
______________ — _———— -4
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ETC50S64/ETC50S67

PIN DESCRIPTION

Pin
Name | Type N° 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 | 4 Inverting input to the receive power amplifier. Also powers down both amplifiers
when connected to Vgg.
VFrO (0] 5 Analog Output of the Receive Filter.
Vee S 6 Positive Power Supply Pin. Vec =+5V £ 5 %.
Dr | 7 Receive Data Input. PCM data is shifted into Dg following the FSg leading edge.
PDN | 8 Power Down Selection. Must be connected continuously low in operation. When PDN
is connected continuously high, the device is powered down.
MCLK | 9 Master Clock. Must be 2.048 MHz for ETC50S67 and 1.536 or 1.544 MHz for
ETC50S64.
BCLK | 10 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 o 11 The tri-state PCM data output which is enabled by FS.
FS | 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- | 14 Inverting Input of the Transmit Input Amplifier.
VFxl+ | 15 Non-inverting Input of the Transmit Input Amplifier.
Ves S 16 Negative Power Supply Pin. Vgg == 5V £ 5 %.

(*) 1 : Input, O : Outputs, S : Power supply.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vcc Vcc to GND 7 \Y
Ves Vgg to GND -7 v

Vi, Vout| Voltage at any Analog Input or Output

Vce + 0.3 to Vgg — 0.3 \

Voltage at any Digital Input or Output

Vce + 0.3 to GND - 0.3 \Y

Toper | Operating Temperature Range —25to + 125 °C
Tstg Storage Temperature Range —65to + 150 °C
Lead Temperature (soldering, 10 seconds) 300 °C

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-
callow level or clock must be applied to the PDN pin
and FS pulses must be present. Thus, 2 power-

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.

L7 S5S-THOMSON 315

MICROELECTRONICS

165



ETC50S64/ETC50S67

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. Arising 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.

4/15
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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 A/D is of companding type accord-
ing to A-law (ETC50S67) or p-law (ETC50S64)
coding conventions. A precision voltage reference
is trimmed in manufacturing to provide on input
overload (tmax) 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 165 ps (due to the transmit filter) plus 125 ps (due
to encoding delay), which totals 290 ps. 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 p-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 drivinga 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 10 plater the
decoder DAC output is updated. The total decoder
delay is ~ 10 ps (decoder update) plus 110 ps (filter
delay) plus 62.5 us (1/2 frame), which gives approxi-
mately 180 ps.

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




ETC50S64/ETC50S67

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 V2 : 1 turns ratio. A total peak power of

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
VP! input to Vas saving approximately 12 mW of
power.

ELECTRICAL OPERATING CHARACTERISTICS Vgc =5.0V+£5%, Vgg =—5V+£5%,GND =0V,
Ta = 0°C to 70 °C (unless otherwise noted) ; typical characteristics specified at Vo =5.0 V, Vgg =—5.0 V,

Ta =25 °C ; all signals are referenced to GND.
DIGITAL INTERFACE

Symbol Parameter Min. Typ. Max. Unit
Vi Input Low Voltage - - 0.6 \
ViH Input High Voltage 22 - - \
VoL Output Low Voltage \"
I =8.2mA Dx - - 0.4

VoH Output High Voltage \
Iy ==32mA Dx 2.4 - -

[ Input Low Current (GND < V\y < V), all digital inputs except -10 - 10 pA
BCLK)

[ Input High Current (Vi < Vin € Vee) -10 - 10 pA

loz Output Current in High Impedance State (TRI-STATE)
(GND < Vg < Vee) Dx - 10 - 10 HA

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices)

Symbol Parameter Min. Typ. Max. Unit
1IIXA Input Leakage Current —200 - 200 nA
(-25V<V<+25Y) VFx!I* or VFxI™
RXA | Input Resistance 10 - - MQ
(-25V<sV<+25V) VFx!I* or VFxI™
RoXA | Output Resistance (closed loop, unity gain) - 1 3 Q
R.XA | Load Resistance GSx 10 - - kQ
C XA | Load Capacitance GSx - - 50 pF
VoXA | Output Dynamic Range (R > 10 kQ) GSx +28 - - Vv
AyXA | Voltage Gain (VFxI* to GSx) 5000 - - A%
FuXA | Unity Gain Bandwidth 1 2 - MHz
VosXA | Offset Voltage -20 - 20 mV
VomXA | Common-mode Voltage -25 - 25 \%
CMRRXA| Common-mode Rejection ratio 60 - - dB
PSRRXA| Power Supply Rejection Ratio 60 - - dB

ANALOG INTERFACE WITH RECEIVE FILTER (all devices)

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

VOSRO | Output DC Offset Voltage — 200 - 200 mV

L7 35S =
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ELECTRICAL OPERATING CHARACTERISTICS (continued)
ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices)

Symbol Parameter Min. Typ. Max. Unit
IPI Input Leakage Current (— 1.0 V< VPI<1.0V) -100 - 100 nA
RIPI Input Resistance (- 1.0 V< VPI < 1.0 V) 10 - - MQ
VIOS | Input Offset Voltage -25 - 25 mV
ROP | Output Resistance (inverting unity-gain at VPO* or VPO™) - 1 - Q
Fc Unity-gain Bandwidth, open loop (VPO™) - 400 - kHz
C.P Load Capacitance (VPO* or VPO™ to GND) pF
RL = 1500 Q - - 100
Ry =600 Q - - 500
RL =300 Q - - 1000
GAp+ | Gain VPO-to VPO* to GND, Level at VPO™ =1.77
Vrms (+ 3 dBmO) - -1 - Vi
PSRRp | Power Supply Rejection of V¢c or Veg dB
(VPO™ connected to VPI)
0 kHz - 4 kHz 60 - -
0 kHz - 50 kHz 36 - -
POWER DISSIPATION (all devices)
Symbol Parameter Min. Typ. Max. Unit
lccO Power-Down Current - 0.5 2.0 mA
— Igg0 | Power-Down Current - 0.05 05 mA
—lcc1 | Active Current - 7.0 12.0 mA
Igg1 Active Current - 7.0 12.0 mA

6/15
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ETC50S64/ETC50S67

TIMING SPECIFICATIONS. All timing parameters are measured at Voy = 2.0 V and Vg = 0.7 V. See

"definitions" and "timing conventions" section for test method information.

Symbol Parameter Min. Typ. Max Unit
1/tem | Frequency of Master Clock MCLK - 1.536 - MHz
ETC50S64 - 1.544 -
ETC50S67 - 2.048 -
twmn | Width of Master Clock High MCLK 160 - - ns
twmL Width of Master Clock Low MCLK 160 - - ns
tRM Rise Time of Master Clock MCLK - - 50 ns
tFm Fall Time of Master Clock MCLK - - 50 ns
teg Period of Bit Clock 485 488 156.725 ns
twen | Width of Bit Clock High (Vig =2.2 V) 160 - - ns
tweL Width of Bit Clock Low (V. =0.6 V) 160 - - ns
tre Rise Time of Bit Clock (tpg = 488 ns) - - 50 ns
trB Fall Time of Bit Clock (tpg = 488 ns) - - 50 ns
tserm | Set-up time from BCLK high to MCLK falling edge. 100 - - ns
(first bit clock after the leading edge of FS)
thBF Holding Time from Bit Clock Low to the Frame Sync 0 - - ns
(long frame only)
tsFB Set-up Time from Frame Sync to Bit Clock Low (long frame only) 80 - - ns
tusri | Hold Time from 3rd Period of Bit Clock FS 100 - - ns
Low to Frame Sync (long frame only)
tozr 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)
toep Delay Time from BCLK High to Data Valid 0 - 180 ns
(load = 150 pF plus 2 LSTTL loads)
tozc Delay Time from BCLK Low to Data Output Disabled 50 - 165 ns
tsps Set-up Time from Dy Valid to BCLK Low 50 - - ns
tHBD Hold Time from BCLK Low to Dg Invalid 50 - - ns
thoLp | Holding Time from Bit Clock High to Frame Sync 0 - - ns
(short frame only)
tsr Set-up Time from FS to BCLK Low 80 - - ns
(short frame sync pulse) - Note 1
tHE Hold Time from BCLK Low to FS Low 100 - - ns
(short frame sync pulse) Note 1
twrL Minimum Width of the Frame Sync Pulse (low level) 160 - - ns
(64K bit/s operating mode)
Note : 1. For short frame sync timing FS must go high while bit clock is high.
L7 SGS-THOMSON s
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ETC50S64/ETC50S67

Figure 1 : 64 k bits/s TIMING DIAGRAM.
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ETC50S64/ETC50S67

Figure 2 : Short Frame Sync Timing.
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ETC50S64/ETC50S67

Figure 3 : Long Frame Sync Timing.

Ll | |

XK

—\

X

SRS G

1t
T 3
105
‘ SGS-THOMSON
Y/ sacRozLECTRONICS

172



ETC50S64/ETC50567

TRANSMISSION CHARACTERISTICS (all devices) To =0°C 10 70 °C, Ve =5V £5%, Vgg =—5V
+5%, GND =0V, f = 1.02 kHz, V\y = 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) 0 dBmO - 1.2276 - Vrms
tmMax Max Overload Level Vpk
3.14 dBm0 ETC50S67 - 2.492 -
3.17 dBm0 ETC50S64 - 2.501 -
Gxa Transmit Gain, Absolute (Tao =25 °C, Vec =5V, Vgg =—5 V) dB
Input at GSx = 0 dBm0 at 1020 Hz - 0.15 - 0.15
GxR Transmit Gain, Relative to Gxa dB
f=16 Hz - - - 40
f = 50Hz - - -30
f =60 Hz - - - 26
f =180 Hz -28 - -02
f =200 Hz -1.8 - - 0.1
f = 300 Hz-3000Hz -0.15 - 0.156
f = 3300 Hz -0.35 - 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - - 14
f = 4600 Hz and up, measure reponse from OHz to 4000 Hz - - - 32
GxaT | Absolute Transmit Gain Variation with Temperature dB
(Ta =0 °C to + 70 °C) - 0.1 - 0.1
Gxav | Absolute Transmit Gain Variation with Supply Voltage dB
(Vec =5V +5%, Vg =—5V+5%) ~0.05 - ~0.05
GxRL Transmit Gain Variation with Level dB
Sinusoidal Test Method Reference Level =— 10 dBm0
VFxI* =- 40 dBm0 to + 3 dBmO -0.2 - 0.2
VFxI* = - 50 dBm0 to — 40 dBm0 -04 - 0.4
VFxI* = - 55 dBm0 to — 50 dBmo -1.2 - 1.2
GRa Receive Gain, Absolute (Ta =25 °C,Veec =5V, Vegg =-5V) -0.15 - 0.15 dB
Input = Digital Code Sequence for 0dBmO Signal at 1020 Hz
GRr Receive Gain, relative to Ggra dB
f =0 Hz to 3000 Hz - 0.15 - 0.156
f = 3300 Hz —-0.35 - 0.05
f = 3400 Hz -07 - 0
f = 4000 Hz - - - 14
GgraT | Absolute Receive Gain Variation with Temperature dB
(Ta =0 °C to + 70 °C) - 0.1 - 0.1
Grav | Absolute Receive Gain Variation with Supply Voltage dB
(Vecc =5V 5%, Vgg =—5V x5 %) - 0.05 - 0.05
GgrpL | Receive Gain Variation with Level dB
Sinusuoidal Test Method ; reference input PCM code
corresponds to an ideally encoded — 10 dBmO signal
PCM Level =- 40 dBm0 to + 3 dBm0 -02 - 0.2
PCM Level =- 50 dBm0 to — 40 dBmO -04 - 0.4
PCM Level = - 55 dBmO to — 50 dBm0 -1.2 - 1.2
Vgro Receive Filter Output at VFRO, RL =10 kQ -25 - 25 \Y

11/15
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ETC50S64/ETC50S67

TRANSMISSION CHARACTERISTICS (continued)
ENVELOPE DELAY DISTORTION WITH FREQUENCY

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

f = 500 Hz-600 Hz - 195 220
f = 600 Hz-800 Hz - 120 145
f = 800 Hz-1000 Hz - 50 75
f= 1000 Hz-1600 Hz - 20 40
f = 1600 Hz-2600Hz - 55 75
f = 2600 Hz-2800 Hz - 80 105
f = 2800 Hz-3000 Hz - 130 155
Dga Receive Delay, Absolute (f = 1600 Hz) - 180 200 us
Dgrr Receive Delay, Relative to Dga us
f = 500 Hz-1000 Hz —40 -25 -
f = 1000 Hz-1600 Hz -30 -20 -
f = 1600 Hz-2600 Hz - 70 90
f = 2600 Hz-2800 Hz - 100 125
f = 2800 Hz-3000 Hz — 145 175
12115 (37 SGS-THOMSON
Y/ sicromEcTROMCS
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ETC50S64/ETC50S67

NOISE
Symbol Parameter Min. Typ. Max. Unit
Nxp Transmit Noise, P Message Weighted - -74 - 67 | dBmOp
(ETC50867, VFxI* = 0 V) (note 1)
Ngrp Receive Noise, P Message Weighted dBmoOp
(ETC50S67, PCM code equals positive zero) - - 82 -79
Nxc Transmit Noise, C Message Weighted dBmCO
(ETC50S864, VFXI* = 0 v) - 12 15
Ngc Receive Noise, C Message Weighted dBmCo
(ETC50S64, PCM code equals alternating positive and negative - 8 11
zero)
Ngs Noise, Single Frequency dBmo
f = 0 kHz to 100 kHz, Loop around Measurement,
VFxl* =0V - - - 53
PPSRyx | Positive Power Supply Rejection, Transmit (note 2) dBp
Vee = 5.0 Vpe + 100 mVrms, f = 0 kHz-50 kHz 40 - -
NPSRx | Negative Power Supply Rejection, Transmit (note 2) dBp
Vgg = —5.0 Vpc + 100 mVrms, f = 0 kHz-50 kHz 40 - -
PPSRR | Positive Power Supply Rejection, receive
(PCM code equals positive zero, Ve = 5.0 Vpc + 100 mVrms)
f = 0 Hz-4000Hz 40 - - dBp
f = 4 kHz-25 kHz 40 - - dB
f = 25 kHz-50 kHz 36 - - dB
NPSRgr | Negative Power Supply Rejection, receive
(PCM code equals positive zero, Vgg = — 5.0 Vpc + 100 mVrms)
f = 0 Hz-4000Hz
f = 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 dBmo0, 300 Hz-3400 Hz input
applied to DR, measure individual image signals at DX
4600 Hz-7600 Hz - - -32 dB"’
7600 Hz-8400 Hz - - -40 dB
8400 Hz-100,000 Hz - - -32 dB
LS7 SGS-THOMSON 19/15
Y/ icRoECTRONIGS
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ETC50S64/ETC50S67

TRANSMISSION CHARACTERISTICS (continued)
DISTORTION

Symbol Parameter Min. Typ. Max. Unit
STDx | Signal to Total Distortion (sinusoidal test method) dBp
or
STDgr | Transmit or Receive Half-channel
Level = 3.0 dBmO 33 - -
= 0 dBm0O to — 30 dBmO 36 - -
=—-40 dBm0 XMT 29 - -
RCV 30 - -
=~ 55 dBmo0 XMT 14 - -
RCV 15 - -
SFDx | Single Frequency Distortion, transmit - - — 46 dB
SFDRr | Single Frequency Distortion, receive - - — 46 dB
IMD Intermodulation Distortion - - -4 dB
Loop Around Measurement, VFxl + = — 4 dBmO to
— 21 dBm0, two Frequencies in the Range 300 Hz-3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTx.r | Transmit to Receive Crosstalk, 0dBmO Transmit dB
f = 300 Hz-3400 Hz, Dg = Steady PCM Code — -90 -75
CTgr-x | Receive to Transmit Crosstalk, 0dBmO 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 Vrms
over the Range 10 dBmO to + 3 dBmO (balanced load, R¢
connected between VPO* and VPO™)
RL =600 Q : 33 - -
RL =1200 Q 3.5 - -
RL =30 kQ 4.0 - -
S/Dp Signal/Distortion R =600 Q, 0dBm0 50 - - dB
Notes : 1. Measured by extrapolation from the distortion test result.
2. PPSRX, NPSRX, CTR-X measured with a - 50 dBmO activating signal applied at VFxl+.
ENCODING FORMAT AT Dy OUTPUT
A-Law puLaw
(including even bit inversion)
Vin (at GSy) = + Full-scale 10101010 1 00 000
11010101 1 11 111
Vin (at GSx) =0V 01010101 0 11 111
Vin (at GSx) = — Full-scale 00101010 0 00 000
1413 (57 SGS-THOMSON
Y/ icroeLEcTRONICS
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ETC50S64/ETC50S67

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

pin. This minimizes the interaction of ground return
currents flowing through a common bus impedance.
0.1 uF supply decoupling capacitors should be con-
nected from this common ground point to Vcc and
VBs as close to the device as possible.

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

L7 SGS-THOMSON 19715
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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

n AT&T D3/D4 AND CCITT COMPATIBLE

» TWO TIMING MODES :
FIXED DATA RATE MODE : 1.536 MHz, 1.544
MHz, 2.048 MHz
VARIABLE DATA MODE : 64 kHz - 4.096 MHz

n PIN SELECTABLE p-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 transmit/re-
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

- 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 Ceramic)

ORDER CODES :

M5913B1 M5913F1
M5914B1 M5914F1
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M5913/M5914

PIN NAMES
Vge Power (-5 V) GSx Gain Control
PWRO+, PWRO-| Power Amplifier Outputs VFxl-, VFxl+ | Analog Inputs
GSgr 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 p 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
FSgr Receive Frame Synchronization Clock FSx Transmit Frame Synchronization Clock
GRDD Digital Ground CLKx Transmit Master Clock
Vee Power (+ 5 V) CLKgr Receive Master Clock
PIN CONNECTION
\/
U, Vgp [ 1 24 ] Vee
ves | 20]] Vee pwro+ [|2 23(] 65x
PWRO + [ 2 19 ] GSx PWRO - [ 3 22 ] VFy I-
PWRO - L 3 18] VFxI- osa [l all vexr
GSr - 17]] VExi+ N ]s 20(] GRDA
JE— M5914
PDN 5 16 GRDA
[ M5913 j ciksel [l 6 19 (] NC
CLKSEL H 6 ‘SJ ASEL oor |7 18 [] si6x/asEL
ocikp  [| 7 14] TSy /DCLKx sicg  [|8 17 [] Toy/ociky
Dg [e nj Ox ST | ) 16 (] Ox
Fse [fo 12(] FSx DR [{ro 15(] FSx
eroo  [f1o 1) ' CLK FSp KR 14 ] CLKy
<7546 erop  [[12 13 j ClKg
S 7547
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vece With Respect GRDD, GRDA =0 V -06to7 Vv
Vg With Respect GRDD, GRDA =0 V 06to-7 \Y
GRDD, GRDA | In Such Case :0<Vgc<+7V,-7V<Vggs0V +0.3 Vv
Vio Analog Inputs, Analog Outputs and Digital Inputs Vgg — 0.3 < V|nVour < Vee + 0.3 \Y
Vo big DIglta' OUtpUtS GRDD-03<Voyr<Vec+03|_ V
Top Temperature Range - 10 to 80 °C
Tstg Storage Temperature — 65 to 150 °C
Piot Power Dissipation 1 w
22t L3y SGS-THOMSON
Y/ wicRosESTRONICS
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M5913/M5914

PIN DESCRIPTIONS

Symbol Function
Ves 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+.

GSg Input to the Gain Setting Network on the Output Power Amplifier. Transmission level can be
adjusted over a 12 dB range depending on the voltage at GSg.

PDN Power Down Select. When PDN 1s 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 = VBB wurvecorenereccsssamnneerss cnsrereeee 2.048 MHz
CLKSEL = GRDD 1.544 MHz
CLKSEL = V¢c 1.536 MHz
LOOP Analog Loopback. When this pin is TTL high, the receive output (PWRO+) is internally connected
to VFxl+, GSg is internally connected top PWRO-, and VFxl- Os internally connected to GSx.
A 0 dBmoO digital signal input at Dg is returned as a + 3 dBmo digital signal outupt at Dx.

SIGg Signaling Bit Output, Receive Channel. In fixed data rate mode, SIGg outputs the logical state of the
eighth bit of the PCM word in the most recent signaling frame.

DCLKg Selects the fixed or variable data rate mode. When DCLKR is connected to Vgg, the fixed data rate
mode is selected. When DCLKg is not connected to Vgg, 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 ; CLKg in the fixed data rate mode and DCLKRg 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 FSg is TTL
low for 30 milliseconds.

GRDD Digital Ground for all Internal Logic Circuits. Not Internally Tied to GRDA.

CLKgr Recelve master and data clock for the fixed data rate mode ; receive master clock only in variable
data rate mode.

CLKx Transmit master and data clock for the fixed data rate mode, transmit master clock only in variable
data rate mode.

FSx 8 KHz frame synchronization clock input/timeslot enable, transmit channel. Operates independently
but in an analogous manner to FSg.
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 : CLKx in fixed data rate mode and DCLKy in variable data rate mode.

TSx/DCLKx| Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In variable

data rate mode, this pin becomes the transmit data clock which operates at TTL levels from 64 KB
to 4.096 MB data rates.

: 3/21
‘ - 0|
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M5913/M5914

PIN DESCRIPTIONS (continued)

Symbol Function
SIGx/ASEL| A dual purpose selects p-law and pin. When connected to Vgg. A-law operation is selected. When it
is not connected to Vgg 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.

Vce Most Positive Supply, Input Voltage is + 5V + 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
(TDM) system. They are intended be used at the
analog termination of a PCM line or trunk.

Figure 3 : Typical Line Terminations.

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

SWITCHING

[Paxico swirching Svstem T T T TRaNSMISSIoN
HIGHWAYS
CONTROL HIGHWAYS
| OFF-HOOK/ROTARY DIAL PULSES
SUPERVISION
PROTECTION
BATTERY wiew M
Al fe—>4
FEED M5914
HYBRID ComBo
| RINGING
| t RING CONTROL

Functional block diagram of a line circuit with separate signaling
control highways.

\_s,._f‘ .TELEPHONE SET

TRANSMISSION
HIGHWAYS
CONTROL HIGHWAYS

OFF-HOOK/ROTARY DIAL PULSES

SUPERVISION
PROTECTION

[Pasxic'o swirching svsTem

2WIW M5914

BATTERY
FE EED COMBO

HYBRID fe - |
| RINGING e

RING CONTROL |

Functional block diagram of a line circuit with borrowed 8th bit si-
gnaling.
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M5913/M5914

CHANNEL BANKS

| T
ne GFFICE
U I ¥ —
ang_ | | wMsor3
e OR
MS5914

EOE lYOCAL - | - -4
SEHICEY | ming

I
|
t SIGNALING ||
CIRCUITS I
|

SIGNALING
teaos |

-— |-

SIGNALING
STROBES 5-1597

Atypical CCITT channel unit.

10 LOCAL
OFFICE

e 4.}
CENTRAL "ING_‘

T ) Centrat
OFFICE

RING, E

MS914

il

SIGNALING

CIRCUITS

17

SIGNALING ¢
LEAD!

A typical 4-wire channel unit with signaling using borrowed 8th bit.

GENERAL OPERATION

SYSTEM RELIABILITY FEATURES

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 Vgg or Vcc 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 (500us) after power up or applica-
tion of Vg or Vcc. After this delay, DX, TS x, and
signaling will be functional and will occur in the pro-
per timeslot. The analog circuits on the transmit side
require approximately 40 milliseconds to reach their
equilibrium value due to the autozero circuit setting
time. Thus, valid digital information, such as for

Table 1 : Power-down Methods.

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 Ve or Vcc. SIGr will remain
low thereafter until itis updated by a signaling frame.

To further enhance system reliability, TS x and Dx
will be placed in a high impedance state approxima-
tely 20us after an interruption of CLKx. Similarly,
SIGr will be held low approximately 20us 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

Device Status

Power-down Method

Digital Outputs Status

Power Down Mode PDN = TTL low

?S_x and Dx are placed in a high impedance state
and SIGR is placed in a TTL low state within 10 ps.

Standby Mode

FSx and FSg are TTL low.

TSy and Dx are placed in a high impedance state
and SIGR is placed in a TTL low state 30
milliseconds after FSx and FSg are removed.

Only transmit is on standby. | FSx is TTL low. TSx and Dx are placed in a high impedance state
within 30 milliseconds.
Only receive is on standby. | FSgis TTL low. SIGr is placed in a TTL low state within 30
milliseconds.
L7 SGS-THOMSON 52t
Y/ wicRosLECTRORICS
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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 FSg. With both channels in the standby state,
power consumptions is reduced to an average of 1
milliwatts. 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 Vgg. It employs master clocks CLKx and
CLKR, frame synchronization clocks FSx and FSg,
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 FSRr 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 timeslot 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 Dx on the first
eight positive transitions of CLKx following the rising
edge of FSx. Similarly on the receive side, data is
received on the first eitht falling edges of CLKg. 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

6/21
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rather than to Vag. It employs master clocks CLKx
and CLKR, bit clocks DCLKRr 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 64 KHz 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 DCLKXx 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 =
Veg). 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 SIGRr 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 trsp nanoseconds before the rise of FSx, while
the leading edge of DCLKx must occur within trspx
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, evenin
variable data rate mode, but avoids the use of asyn-
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 VFxI- 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 (Dx). Due to the difference in trans-
mission levels between the transmit and receive
sides, a0 dBmO code sent into Dr will emerge from
Dx as a + 3 dBm0 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 atem-
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.

——— e — — = —— 4
I— VFyl- GSy +— LOOP
Dxl DIGITIZED
TRANSMIT g Ao ——= S5 s ack
VOICE | RESPONSE
|
PWRO + 4 ! DIGITIZED
oiA DR PCM
{ TEST
WRO— :1. TONE
PWRO — \::I '
I GSR _J
COMBOCHIP ANALOG LOOP BACK FUNCTION 5-760"
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M5913/M5914

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 p-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 CCITT
recommendation G.712. The M5913 and M5914
specifications meet or exceed digital class 5 central

Figure 6 : Transmit Filter Gain Adjustment.

and decoder process a companded 8-bit PCM word
following CCITT recommendation G.711 for p-law
and A-law conversion. If A-law operation is desired,
SIGx should be tied to Vas. Thus, signaling is not al-
lowed during A-law operation. If p=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.

VFyl+

VFxI-

R2 GSy

y—>
cAIN=1+ 22
R1

S-7545
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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 GSris 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 Driis 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.

greater than 10 KQ and less than 100KQ for R1 +
R2 is recommended because :

a) The parallel combination of R1 + R2 and RL sets
the total loading.

b) The total capacitance at the GSr input and the
parallel combination of R1 and R2 define a time
constant which has to be minimized to avoid inac-
curacies.

T 2 PWRO +
Vor R1
M5913
R - 4 o
L Vo GSR M5914
R2 DIGITAL
MILLIWATT
3 Or [ SEQUENCE
] PWRO - PER CCITT G.711
VA -
JO_ S-7504
10/21
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M5913/M5914

If Va represents the output voltage without any gain
setting resistor network connected, you can have :

Vo = AVa
1+ (R1/R2)

4 + (Ri/R2)

For design purposes, a useful form is R1/R2 as a
function of A.

where A =

4A -1

1-A

(allowable values for A are those which make R1/R2
positive)

R1/R2 =

Examples are :

If A =1 (maximum output), then
R1/R2 =« or V(GSR) = Vo ;
i.e., GSRis tied to PWRO-

If A=1/2, then
R1/R2 =2

If A = 1/4 (minimum output) then
R1/R2 = 0 or V(GSR) = Vo+;
i.e., GSr s tied to PWRO+

DC CHARACTERISTICS (T., =0°Ct070°C,Vee =+5£5%, Vgg =—5V+5%, GRDA=0V,
unless otherwise specified) Typical values are for T,,;, = 25 °C and nominal power supply values.

DIGITAL INTERFACE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
i Low Level Input Current GRDD < Vin < Vi (note') 10 HA
™ High Level Input Current Vi < Vin < Vee 10 HA
Vi Input Low Voltage, Except 0.8 v

CLKSEL :
Vi Input High Voltage, Except 20 v
CLKSEL g
VoL Output Low Voltage loL =3.2 mA at Dy ﬁx 04 v
and SIGgr !
Vou Output High Voltage lon =9.6 mA at Dx 24 v
lon = 1.2 mA at SIGRr :

ViLo Input Low Voltage, CLKSEL? Ves Vgg+05| V
Vio Input Intermediate Voltage, GRDD 05 v
CLKSEL -05 !

Viho Input High Voltage, CLKSEL Vce—0.5 Vce \Y
Cox Digital Output Capacitance® pF
CiN Digital Input Capacitance 10 pF

Notes : 1. Viis the voltage on any digital pin
2 SIGx and DCLKg are TTL level inputs between GRDD and Vcc ; they are also pinstraps for mode selection when tied to Ves Under

these conditions Vio is the input low voltage requirement.
Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to a common
PCM highway without buffering, assuming a board capacitance of 60 pF

11721 -
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DC CHARACTERISTIC (continued)
POWER DISSIPATION All measurements made at fpc k = 2.048 MHz, outputs unloaded.

Symbol Parameter Test Conditions Min. Typ. Max. Unit
lcct V¢ Operating Current 6 10 mA
lgs1 Vgg Operating Current 6 9 mA
lcco Vcc Power Down Current PDN < V_ ; after 10 ps 40 300 LA
lgBo Vgg Power Down Current PDN < V,_ ; after 10 pus 40 300 pA
lces Vce Standby Current FSx, FSg < V_ ; after 30 ms 300 600 pA
IgBs Vgg Standby Current FSyx, FSgr < V)_ ; after 30 ms 40 300 pA
Pp1 Operating Power Dissipation 60 100 mW
Ppo Power Down Dissipation PDN < Vy_ ; after 10 ps 0.4 3 mwW
Pst Standby Power Dissipation FSx, FSg < V| ; after 30 ms 1.7 5 mW

Notes : 1. Vs the voltage on any digital pin
2. SIGx and DCLKg are TTL level inputs between GRDD and Vcc , they are also pinstraps for mode selection when tied to Ves Under
these conditions ViLo 1s the input low voltage requirement
3 Timing parameters are guaranteed based on a 100 pF based on a 100 pF load capacitance. Up to eight digital outputs may be
connected to a common PCM highway without buffering, assuming a board capacitance of 60 pF

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE

Symbol Parameter Test Conditions Min. Typ. Max. Unit

Igx1 Input Leakage Current _ .

VEyl+, VFyl— 217V<Vin <217V 100 nA
Rixi Input Resistance,

VFyl, VFxl— 10 Mo
Vosxi Input Offset Voltage,

VFyl+, VFyl- S
CMRR Common Mode Rejection, _

VFylt, VEyl 217 <Vin <217V 55 dB
AvoL DC Open Loop Voltage R, =10 KQ 5000 | 20.000

Gain, GSx L= :

fc Open Loop Unity Gain

Bandwidth, GSx 1 MHz
Voxi Output Voltage Swing GSx RL 210 kQ 217 - 217 Vv
Cixi Load Capacitance, GSx 50 pF
Rixi Minimum Load

Resistance, GSx 10 kQ

12/21
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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
PWRO-
Vosra Single Ended Output DC . _
Offset, PWRO+, PWRO- Relative to GRDA 150 75 150 mV
CLRrA Load Capacitance, PWRO+,
PWRO- 100 | pF

AC CHARACTERISTICS - TRANSMISSION PARAMETERS

Unless otherwise noted, the analog input is a 0 dBm0, 1020 Hz sine wave'. Input amplifier is set for unity
gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dBm0, 1020 Hz sine wave
through an ideal encoder. Receive output is measured single ended, maximum gain configurationz. All out-
put levels are (sin X)/X corrected.

GAIN AND DYNAMIC RANGE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
EmwW Encoder Milliwatt Response Tamb =25°C ;Vee =—5V; | _
(transmit gain tolerance) Vee =5V 0151 £004 1 015 dBmO
EmWrs | EmW Variation with + 5 % Supplies, 0 to 70 °C 042 0.2 dB
Temperature and Supplies Relative to Nominal Condition ) )
Dmw Digital Milliwatt Response Tamb =25°C,Vgg =—5V; —045 | +004 | 015 | dBmO
(receive gain tolerance) Vec =5V : - :
DmWys | DmW Variation with ) +5% 01070 °C —0.08 0.08 dB
Temperature and Supplies
0 TLP1x | Zero Transmission Level Point
: 600 Q Load 2.76 dBm
Transmit Channel (0dBm0) 900 O Load 1.00 dBm
p-law .
0 TLP2x | Zero Transmission Level Point
N 600 Q Load 2.79 dBm
Transmit Channel (0 dBm0) 900 © Load 1.03 dBm
A-law
O0TLP1r | Zero Receive Level Point
\ 600 Q Load 5.76 dBm
Receive Channel (0 dBm0) 900 Q Load 4.00 dBm
p-law
OTLP2r | Zero Receive Level Point
. 600 Q Load 5.79 dBm
Receive Channel (0 dBmO0) 900 Q Load 4.03 dBm

A-law

Note : 1. 0dBmO is defined as the zero reference point of the channel under test (0 TLP). This corresponds to an analog signal input of 1.064
Vims OF an output of 1.503 Vims (u-Law) dual 1.068 Vims or an output 1.516 Vims (A-Law).
2. Unity gain input amplifier : GSx is connected to VFxI, Signal input VFxl+ , Maximum gain output amplifier : GSr 1s connected to
PWRO, output to PWRO+.

13721
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AC CHARACTERISTIC (continued)
GAIN TRACKING

Reference Level = — 10 dBm0

Symbol Parameter Test Conditions Min. Typ. Max. Unit
GT1x Transmit Gain Tracking Error 3 to — 40 dBmO + 0.2 dB
Sinusoidal Input ; p-law - 40 to — 50 dBmO + 0.4 dB
-~ 50 to — 55 dBmO +1.0 dB
GT2x Transmit Gain Tracking Error 3 to — 40 dBmO +0.2 dB
Sinusoidal Input ; A-law — 40 to — 50 dBmO + 0.4 dB
— 50 to — 55 dBm0 +1.0 dB
GT1gr Receive Gain Tracking Error 3 to — 40 dBmO +0.2 dB
Sinusoidal Input ; p-law — 40 to — 50 dBmO + 04 dB
— 50 to — 55 dBm0 +1.0 dB
GT2r Receive Gain Tracking Error 3 to — 40 dBmO +0.2 dB
Sinusoidal Input ; A-law — 40 to — 50 dBm0 + 04 dB
- 50 to — 55 dBm0 +1.0 dB
NOISE
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Nxc1 Transmit Noise, C-message VFxl+ =GRDA
Weighted VFyl- = GSx 0 13 | dBrneo
Nxc2 Transmit Noise, C-message VFxl+ = GRDA
Weighted with Eighth Bit VFyl- = GSx ; 13 18 dBrnco
Signaling 6 th Frame Signaling
Nxp Transmit Noise, VFxl+ = GRDA N _
Psophometrically Weighted | VFxl— = GSx (1 80 | dBmop
Nrc1 Receive Noise C-message Dr =11111111 1 9 dBrnco
Weighted : Quiet Code Measure at PWRO+
NRrc2 Receiver Noise, C-message Input to DR is Zero Code with 1 10 dBrnco
Weighted : Sign Bit Toggle Sign Bit Toggle at 1 kHz Rate
Ngp Receive Noise, Dg = Lowest Positive Decode _ _
Psophometrically Weighted Level 90 81 | dBmop
Nge Single Frequency NOISE End CCITT G.712.4.2 —50 DBMO
to End Measurement
PSRR; Ve Power Supply Rejection, | Idle Channel ; 200 mV P-P
Transmit Channel Signal on Supply ; 0 to 50 — 40 dB
kHz, Measure at Dx
PSRR2 Ve Power Supply Rejection, | Idle Channel ; 200 mV P-P
Transmit Channel Signal on Supply ; 0 to 50 —40 dB
kHz, Measure at Dx
PSRR3 | Vcc Power Supply Rejection, | Idle Channel ; 200 mV P-P
Receive Channel Signal on Supply ; Measure — 40 dB
Narrow Band at PWRO+
Single Ended, 0 to 50 kHz
PSRR4 Veg Power Supply, Rejection | Idle Channel ; 200 mV P-P
Receive Channel Signal on Supply ; Measure — 40 dB
Narrow Band at PWRO+
) Single Ended, 0 to 50 kHz

(1) * Noise free :

14/21
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AC CHARACTERISTIC (continued)
NOISE (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
CTtr Crosstalk, Transmit to VFxl+ = 0 dBmO, 1.02 kHz,
Receive, Single Ended Dr = Lowest Positive Decode - 80 dB
Outputs Level, Measure at PWRO+
CTrt Crosstalk, Receive to Dg =0 dBmoO, 1.02 kHz,
Transmit, Single Ended VFxl+ = GRDA, measure at Dy - 80 dB
Outputs
DISTORTION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
SD1x Transmit Signal to Distortion, | 0 < VFxl+ < — 30 dBm0 36 dB
p-law Sinusoidal Input ; - 40 dBm0 30 dB
CCITT G, 712-method 2 — 45 dBm0 25 dB
SD2x Transmit Signal to Distortion, 0 < VFxl+ £ — 30 dBmO 36 dB
A-law Sinusoidal Input — 40 dBm0 30 dB
CCITT G, 712-method 2 — 45 dBm0 25 dB
SD1gr Transmit Signal to Distortion, 0 < VFxl+ < — 30 dBmO 36 dB
p-law Sinusoidal Input ; — 40 dBm0 30 dB
CCITT G, 712-method 2 — 45 dBm0 25 dB
SD2gr Receive Signal to Distortion, 0 < VFxl+ < — 30 dBmO 36 dB
A-law Sinusoidal Input ; - 40 dBmO 30 dB
CCITT G, 712-method 2 — 45 dBm0 25 dB
DPx4 Transmit Single Frequency AT & T Adivisory # 64 (3.8) _46 dB
Distortion Products 0 dBmO Input Signal
DPg1 Receive Single Frequency AT & T Adivisory # 64 (3.8) _ 46 dB
Distortion Products 0 dBmO Input Signal
IMD Intermodulation Distortion,
End to End Measurement CCITT G712 (7.1) =35 dB
IMD» Intermodulation Distortion,
End to End Measurement CCITT G.712 (7.2) - 49 .
SOS Spurious out of Band Signals, _
End to End Measurement CCITT G.712 (6.1) 30 | dBmoO
SIS Spurious in Band Signals, _
End to End Measurement CCITT G.712 (9) 40 | dBmoO
Dax Transmit Absolute Delay Fixed Data Rate CLKx = 2.048
MHz ; 0 dBmO0, 1.02 kHz 300 us
Signal at VFxl+ Measure at Dy
Dpx Transmit Differential Envelope | f = 500 — 600 Hz 170 us
Delay Relative to Dax f =600 — 1000 Hz 95 us
f = 1000 — 2600 Hz 45 us
f = 2600 — 2800 Hz 80 us
Dar Receive Absolute Delay Fixed data rate, CLKg = 2.048
MHz ; digital input is DMW 190 ps
codes. Measure at PWRO+
Dor Receive Differential Envelope | f =500 — 600 Hz 10 us
Delay Relative to Dar f =600 — 1000 Hz 10 us
f =1000 — 2600 Hz 85 us
f = 2600 — 2800 Hz 110 ps
L7 SGS-THOMSON 1521
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AC CHARACTERISTIC (continued)
TRANSMIT FILTER TRANSFER CHARACTERISTICS

Input amplifier is set for unity gain, noninverting ; maximum gain output.

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Grx Gain Relative to Gain .
at 1.02 kHz 0 dBmo0 Signal Input at VFxl+
16.67 Hz -30 dB
50 Hz -25 dB
60 Hz - 23 dB
200 Hz -1.8 -0.125 dB
300 to 3000 Hz - 0.125 0.125 dB
3300 Hz - 0.35 0.03 dB
3400 Hz -07 - 0.10 dB
4000 Hz - 14 dB
4600 Hz and Above -32 dB
Figure 8 : Transmit Filter.
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AC CHARACTERISTIC (continued)
RECEIVE FILTER TRANSFER CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Grn (:tarozeliﬁlive to Gain 0 dBmoO Signal Input at Dg
below 200 Hz 0.125 dB
200 Hz - 05 0.125 dB
300 to 3000 Hz - 0.125 0.125 dB
3300 Hz - 0.35 0.03 dB
3400 Hz -07 -041 dB
4000 Hz -14 dB
4600 Hz and Above -30 dB

Figure 9 : Receive Filter.
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AC CHARACTERISTICS - TIMING PARAMETERS

CLOCK SECTION

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tey Clock Period, CLK)(, CLKR feLkx =feLkr = 2.048 MHz 488 ns
toLk Clock Pulse Width CLKy, CLKR 195 ns
tocLk Data Clock Pulse Width' 64 kHz < fpoLk < 2.048 MHz 195 ns
tcoc Clock Duty Cycle CLKx, CLKg 40 50 60 %
tr, tr Clock Rise and Fall Time 5 30 ns

TRANSMIT SECTION, FIXED DATA RATE MODE?

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tpzx Data Enabled on TS Entry 0 < CLoap < 100 pF 0 145 ns
toox Data Delay from CLKx 0 < CLoap'< 100 pF 0 145 ns
tHzx Data Float on TS Exit CrLoap =0 60 190 ns
tson Timeslot X to Enable 0 < CLoap < 100 pF 0 145 ns
tsoEE Timeslot X to Disable CrLoap =0 50 190 ns
teso Frame Sync Delay 0 120 ns
tss Signal Setup Time 0 ns
tsH Signal Hold Time 0 ns

RECEIVE SECTION, FIXED DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tosr Receive Data Setup 10 ns
toHR Receive Data Hold 60 ns
tesp Frame Sync Delay 0 120 ns
tsiGr SIGgr Update 0 2 us

Notes : 1. Devices are available wich operate at data rates up to 4.096 MHz , the minimum data clock pulse width for these devices 1s 110 ns.
2. Timing parameters tozx, tHzx, and tsorr are referenced to a high impedance state.
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WAVEFORMS

Fixed Data Rata Timing - Transmit Timing
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AC CHARACTERISTICS (continued)

TRANSMIT SECTION, VARIABLE DATA RATE MODE'

Symbol Parameter Test Conditions Min. Typ. Max. Unit
trspx Timeslot Delay from DCLKy - 80 80 ns
tesp Frame Sync Delay 0 120 ns
topx Data Delay from DCLKx 0 < CLoap < 100 pF 0 100 ns
toon Timeslot to Dx Active 0 < CLoap < 100 pF 0 50 ns
toorF Timeslot to Dx Inactive 0 < CLoap < 100 pF 0 80 ns

fox Data Clock Frequency 64 20482 | kHz
torFsx Data Delay from FSx ttspx =80 ns 0 140 ns
RECEIVE SECTION, VARIABLE DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tTsor Timeslot Delay from DCLKg - 80 80 ns
tesp Frame Sync Delay 0 120 ns
tosr Data Setup Time 10 ns
tonr Data Hold Time 60 ns

foR Data Clock Frequency 64 20482 | kHz
tser Timeslot End Receive Time 0 ns
64 KB OPERATION, VARIABLE DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit

tesLx Tr'apsmit Frame.Sync FSx is TTL high for remainder 488 ns
Minimum Downtime of frame

trsLR Receiv_e Frame Sync Minimum| FSg is TTL high for remainder 1952 ns
Downtime of frame

tocLk Data Clock Pulse Width 10 us

Notes : 1. Timing parameters toon and toorr 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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VARIABLE DATA RATE TIMING
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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

s 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

u 70mW TYPICAL OPERATING

u ON CHIP AUTO ZERO, SAMPLE AND HOLD,
AND PRECISION VOLTAGE REFERENCES

DESCRIPTION
The M5917 is alimited feature version of Intel's 2913
and 2914 combination codec/filter chips. They are

Figure 1 : Pin Connection.

fully integrated PCM codecs with transmit/receive
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 (125ps) are required for analog to digital
interface functions :

+ High Speed Modems

* Voice Store and Forward
» Secure Communications
« Digital Echo Cancellation
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Figure 2 : Block Diagram.
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Table 1 : Pin Names.
Vgs Power (- 5V) GSx Transmit Gain Control
PWRO+, PWRO- | Power Amplifier Outputs VFxl- Analog Input
PDN Power Down Select GRDA Analog Ground
DCLKgr Receive Variable Data Clock TSy Timeslot Strobe/buffer Enable
Dr Receive PCM Input DCLKx Transmit Variable Data Clock
FSg Receive Frame Dx Transmit PCM Output
Synchronization Clock FSx Transmit Frame
GRDD Digital Ground Synchronization Clock
Vee Power (+ 5V) CLK Master Clock
2/16 LSy SGS-THOMSON
Y/ nicrorzcTRONICS

202




M5917

Table 2 : Pin Description.

Symbol Function

Ves Most Negative Supply. Input voltage is — 5 volts + 5%.

PWRO+ Non-inverting Output of Power Amplifier. Can drive transformer hybrids or high impedance loads
directly in either a differential or single ended configuration.
PWRO- Inverting Output of Power Amplifier. Functionally identical and complementary to PWRO+.

PDN Power Down Select. When PDN is TTL high, the device is active.When low, the device is
powered down.

DCLKRg Selects the fixed or variable data rate mode. When DCLKR is connected to Vgg, the fixed data
rate mode is selected.
When DCLKg is not connected to Vgg, the device operates in the variable data rate mode. In
this mode DCLKg 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 FSg is TTL low for 30 miliseconds.

GRDD Digital Ground for all Internal Logic Circuits. Not internally tied to GRDA.

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 FSg. 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 DCLKy 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.

GRDA 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
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 (TDM) system. It
is intended to be used at the analog termination of
a PCM line.
The following major functions are provided :

« Bandpass filtering of the analog signals prior

to encoding and after decoding

+ Encoding and decoding of voice and call pro-
gress information

GENERAL OPERATION
SYSTEM RELIABILITY FEATURES

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 Veg or Vcc 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 TSy
are held in a high impedance state for approximate-
ly four frames (500ps) after power up or application

L3y SCS-THOMSON 316
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of Ves or Vce. After this delay, Dx and TSy 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, TSy and Dx will be
placed in a high impedance state approximately
20us 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.

The Power Down mode utilizes an external control
signalto 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 FSg. With both channels in the standby state,
power consumption is reduced to an average of
1mW. If transmit only operation is desired, FSx
should be applied to the device while FSr is held
low. Similarly, if receive only operation is desired,
FSr should be applied while FSx is held low.

Device Status Power-downMethod

Digital Output Status

Power Down Mode

PDN = TTL low

TSx and Dy are placed in a high impedance state within
10us.

Standby Mode

FSx and FSg are TTL low.

TSx and Dy are placed in a high impedance state within
30 milliseconds.

Only transmit is on FSx is TTL low. TSx and DX are placed in a high impedance state within
standby. 30 milliseconds.
Only receive is on FSgis TTL low.
standby.
FIXED DATA RATE MODE rather than to Vas. It employs master clock CLK, bit

Fixed data rate timing, is selected by connecting
DCLKR to Ves. It employs master clock CLK, frame
synchronization clocks FSx and FSg, and output TSy.

CLK serves as the master clock to operate the
codec andfilter 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. TSy 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

4ne L7 SGS-THOMSON

clocks DCLKR and DCLKY, and frame synchroniza-
tion clocks FSg 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.

MICROELECTRONICS
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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 atem-
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 256mV, a minimum voltage gain of 5000,
and a unity gain bandwidth of typically 1MHz. 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 VFx! 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 to re-
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

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.
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ENCODING

The encoder internally samples the output of the
transmit filter and holds each sample on aninternal
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 autozero circuit corrects for DC-offset on
the input signal to the encoder. This autozero circuit
uses the sign bit averaging technique. In this way,
all DC offset is removed from the 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. A D/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.

L7 SGS-THOMSON Al
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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

ABSOLUTE MAXIMUM RATINGS

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.

Symbol Parameter Value Unit
Vee With Respect GRDD, GRDA =0V -06to7 \"
Vge With Respect GRDD, GRDA =0V +06to-7 Vv

GRDD, In Such Case : 0 £ Vgg £+ 7V, — 7V £ Vgg < OV + 0.3 \%

GRDA

Vio Analog Inputs, Analog Outputs and Digital Inputs

Vgg — 0.3 £ Vin/'Vour £ Vee + 0.3 Y

Vobic Digital Outputs GRDD - 0.3 € Voyr £ Vee + 0.3 Vv
Top Temperature Range —10to + 80 °C
Tstg Storage Temperature — 65 to + 150 °C
Ptot Power Dissipation 1 w

DC CHARACTERISTICS (T = 0°Cto 70°C, V¢ = +5V +5%, Vgg = — 5V + 5%, GRDA = 0V,

GRDD = 0V, unless otherwise specified)

Typical values are for Tp = 25°C and nominal power supply values.

DIGITAL INTERFACE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
M Low Level Input Current GRDD < V|y < V)L (note 1) 10 HA
m High Level Input Current ViH € Vin € Vee 10 pA
Vi Input Low Voltage 0.8 \
i Input High Voltage 2.0 \
VoL Output Low Voltage loL =3.2mA at Dy, ﬁx 0.4 Vv
Vou Output High Voltage lon = 9.6mA at Dy 2.4 \)
Cox Digital Output Capacitance? 5 pF
CIN Digital Input Capacitance 5 10 pF
o K7 3R THONGON
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POWER DISSIPATION All measurements made at fpc kx = 2.048MHz, outputs unloaded.

Symbol Parameter Test Conditions Min. Typ. Max. Unit
lect Vcc Operating Current 6 10 mA
lgg1 Vgs Operating Current 6 9 mA
lcco Vcc Power Down Current PDN < V)_ ; after 10us 40 300
Isso Vg Power Down Current PDN < V_ ; after 10us 40 300
lccs Vcc Standby Current FSx, FSr < VL ; after 30ms 300 600
lgBs Vgg Standby Current FSx, FSr < VL ; after 30ms 40 300 pA
Pp1 Operating Power Dissipation 60 100 mwW
Ppo Power Down Dissipation PDN < V_ ; after 10us 0.4 3 mW
Pst Standby Power Dissipation FSx, FSg < Vy_ ; after 30ms 1.7 5 mwW

Notes : 1. Vivis the voltage on any digital pin.

common PCM highway without buffering, assuming a board capacitance of 60pf.

. With nominal power supply values.

ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE

. Timing parameters are guaranteed based on a 100pF load capacitance. Up to eight digital outputs may be connected to a

Symbol Parameter Test Conditions Min. Typ. Max. Unit
lex1 Input Leakage Current, VFxl— | — 2,17V < V|y £ 2.17V 100 nA
Rixi Input Resistance, VFxI- 10 MQ

Vosxi Input Offset Voltage, VFxI- 25 mV
AvoL DC Open Loop Voltage Gain, | Ry = 10K 5000 | 20.000
GSx
fc Open Loop Unity Gain 1 MHz
Bandwidth, GSx
Voxi Output Voltage Swing GSx Ry > 10kQ -2.17 217 Vv
CLxi Load Capacitance, GSx 50 pF
Rixi 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-
VosRra Single-ended Output DC Relative to GRDA - 150 75 150 mV
Offset, PWRO+, PWRO-
CLRA Load Capacitance, PWRO+, 100 pF
PWRO-
LS7 SGS-THOMSON 718
Y/ cRoELECTRONICS

207



M5917

A.C. CHARACTERISTICS - TRANSMISSION PARAMETERS

Unless otherwise noted, the analog input is a sine wave through an ideal encoder. Receive out-
0dBm0, 1020Hz sine wave. Input amplifier is set for put is measured single ended. All output levels are
unity gain,2 inverting. The digital input is a PCM bit (sin x)/x corrected.

stream generated by passing a 0dBm0, 1020Hz

GAIN AND DYNAMIC RANGE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
EmwW Encoder Milliwatt Response Signal Input of 1.068Vrms -0.15 | £0.04 | +0.15 | dBmO
(transmit gain tolerance) Ta =25°C, Vg =— 5V,
Voo =+ 5V
EmWrs | EmW Variation with + 5% Supplies, 0 to 70°C - 0.1 +0.1 dB
Temperature and Supplies Relative to Nominal Conditions
DmwW 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 1000Hz.
Ta =25°C ;Vgg == 5V ;

Vce =+ 5V
DmWys | DmW Variation with + 5% Supplies, 0 to 70°C - 0.1 + 0.1 dB
Temperature and Supplies
O0TLP2x | Zero Transmission Level Point| Referenced to 600Q +2.79 dBm
Transmit Channel (0dBmO) Referenced to 900Q + 1.03 dBm
0TLP2gr | Zero Receive Level Point Referenced to 600Q +5.79 dBm
Receive Channel (0dBmO0) Referenced to 900Q + 4.03 dBm

Notes : 1. 0dBmO is defined as the zero reference point of the channel under test (OTLP) This corresponds to an analog signal
input of 1.068 volts rms or an output of 1.516 volts rms.
2 Unity gain input amplifier, signal input VFxI —.

GAIN TRACKING Reference Level = —10dBm0

Symbol Parameter Test Conditions Min. Typ. Max. Unit
GT2x Transmit Gain Tracking Error + 3 to — 40dBm0 +0.2 dB
Sinusoidal Input. — 40 to — 50dBm0 + 04 dB
— 50 to — 55dBm0 +1.0 dB
GT2R Receive Gain Tracking Error + 3 to -~ 40dBmO +0.2 dB
Sinusoidal Input. — 40 to — 50dBm0 + 0.4 dB
— 50 to — 55dBm0 +1.0 dB
8116 (37 SGS-THOMSON
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NOISE
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Nxp Transmit Noise, VFxl+ =GRDA, (1)* - 80 |dBmOp
Psophometrically Weighted VFxl- = GSx
Ngp Receive Noise, Dgr = Lowest Positive Decode - 81 | dBmOp
Psophometrically Weighted Level +9
NsF Single Frequency NOISE End | CCITT G.712.4.2 - 50 dBmoO
to End Measurement
PSRR; Vcc Power Supply Rejection, | Idle Channel ; 200mV P-P - 40 dB
Transmit Channel Signal on Supply ; 0 to 50kHz,
Measure at Dx
PSRR; Vgg Power Supply Rejection, | Idle Channel ; 200mV P-P - 40 dB
Transmit Channel Signal on Supply ; 0 to 50kHz,
Measure at Dx
PSRR3 Vcc 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 Vgg 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
CTrtr Crosstalk, Transmit to VFxl+ = 0dBmO, 1.02kHz, - 80 dB
Receive, Single Ended DR = Lowest Positive Decode
Outputs Level, Measure at PWRO+
CTgt Crosstalk, Receive to Dg = 0dBmO, 1.02kHz, - 80 d
Transmit, Single Ended VFxl+ = GRDA, Measure at Dy
Outputs
(1) * Noise free : DXPCM Code stable at 01010101.
L7 SGS-THOMSON v16
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DISTORTION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
SD2x Transmit Signal to Distortion, | 0 < VFxl+ < — 30dBm0 36 dB
Sinusoidal Input - 40dBmO 30 dB
CCITT G.712-method 2 — 45dBm0 25 dB
SD1R Transmit Signal to Distortion, | 0 < VFxl+ < — 30dBm0 36 dB
w-law Sinusoidal Input ; — 40dBm0 30 dB
CCITT G.712-method 2 — 45dBm0 25 dB
SD2g Receive Signal to Distortion, 0 < VFxl+ < = 30dBm0 36 dB
Sinusoidal Input ; — 40dBmO 30 dB
CCITT G.712-method 2 — 45dBm0 25 dB
DPx4 Transmit Single Frequency AT & T Adivisory = 64 (3.8) - 46 dB
Distortion Products 0dBmO Input Signal
DPRy Receive Single Frequency AT & T Adivisory = 64 (3.8) - 46 dB
Distortion Products 0dBmO Input Signal
IMD;4 Intermodulation Distortion, CCITT G.712 (7.1) -35 dB
End to End Measurement
IMD, Intermodulation Distortion, CCITT G.712 (7.2) - 49 dB
End to End Measurement
SOS Spurious Out of Band Signals, | CCITT G.712 (6.1) —-30 | 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 us
2.048MHz ; 0dBmO, 1.02kHz
Signal at VFxl+ Measure at D
Dox Transmit Differential Envelope | f = 500 — 600Hz 170 us
Delay Relative to Dax. f =600 — 1000Hz 95 us
f =1000 — 2600Hz 45 us
f = 2600 — 2800Hz 80 us
Dar Receive Absolute Delay Fixed data rate, CLKg = 190 us
2.048MHz ; digital input is
DMW codes. Measure at
PWRO+
Dor Receive Differential Envelope | f =500 — 600Hz 10 us
Delay Relative to Dagr f =600 — 1000Hz 10 us
f = 1000 — 2600Hz 85 us
f = 2600 — 2800Hz 110 us
10116 (37 SGS-THOMSON
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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 -18 -0.125 dB
300 to 3000Hz - 0.125 +0.125 dB
3300Hz -0.35 +0.03 dB
3400Hz -07 - 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. Typ. Max. Unit
GRrR Gain Relative to Gain 0dBmO Signal Input at Dg
at 1.02kHz
below 200Hz +0.125 dB
200Hz -05 +0.125 dB
300 to 3000Hz - 0.125 +0.125 dB
3300Hz -0.35 +0.03 dB
3400Hz -0.7 -0.1 dB
4000Hz - 14 dB
4600Hz and Above - 30 dB
Figure 5 : Receive Channel.
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AC CHARACTERISTICS - TIMING PARAMETERS
CLOCK SECTION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
tcy Clock Period, CLK fcLk = 2.048MHz 488 ns
teLk Clock Pulse Width CLK 195 ns
tocLk Data Clock Pulse Width' 64kHz < fpcLk < 2.048MHz 195 ns
tcoc Clock Duty Cycle CLK 40 50 60 %
tr, b Clock Rise and Fall Time 5 30 ns
12/16
‘_ SGS-THOMSON
Y/ raicrorECTRONICS
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AC CHARACTERISTICS - TIMING PARAMETERS (continued)
TRANSMIT SECTION, FIXED DATA RATE MODE?

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tozx Data Enabled on TS Entry 0 < CrLoap < 100pF 0 145 ns
topx Data Delay from CLK 0 < CLoaD < 100pF 0 145 ns
thHzx Data Float on TS Exit CrLoap =0 60 190 ns
tson Timeslot X to Enable 0 < CLoap < 100pF 0 145 ns
tsoFF Timeslot X to Disable CrLoap =0 50 190 ns
trso Frame Sync Delay 0 120 ns

RECEIVE SECTION, FIXED DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tosr Receive Data Setup 10 ns
tDHR Receive Data Hold 60 ns
tFso Frame Sync Delay 0 120 ns

Notes : 1. Devices are available which operate at data rates up to 4.096MHz ; the minimum data clock pulse width for these devices

2.

1s 110ns.

Timing parameters tozx, tzx, and tsorr are referenced to a high impedance state.

WAVEFORMS
FIXED DATA RATE TIMING.

Tx

TRANSMIT TIMING

ey "

TIMESLOY

ek

y S

)

TIMESLOT

BITS X ansx an BITS

tsorr 1

s-7602n

Note : All timing parameters referenced to Vin and Vi except tozx, tsorr and tuzx which reference a high impedance state.

"_l SGS-THOMSON
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FSR

Dp

RECEIVE TIMING

tey .

TIMESLOT

TIMESLOT

s-15911

Note : All timing parameters referenced to Vis and Vi

AC CHARACTERISITCS - TIMING PARAMETERS (continued)

TRANSMIT SECTION, VARIABLE DATA RATE MODE!

Symbol Parameter Test Conditions Min. Typ. Max. Unit
trspx Timeslot Delay from DCLKx - 80 80 ns
trsp Frame Sync Delay 0 120 ns
topx Data Delay from DCLKx 0 < CLoap < 100pF 0 100 ns
toon Timeslot to Dx Active 0 < CLoap < 100pF 0 50 ns
tboFF Timeslot to Dx Inactive 0 < CLoap < 100pF 0 80 ns
fox Data Clock Frequency 64 20482 kHz
torsx Data Delay from FSx trspx = 80ns 0 140 ns

RECEIVE SECTION, VARIABLE DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
trsor Timeslot Delay from DCLKg - 80 80 ns
trsp Frame Sync Delay 0 120 ns
tosr Data Setup Time 10 ns
toHR Data Hold Time 60 ns

for Data Clock Frequency 64 20482 kHz
tser Timeslot End Receive Time 0 ns
14/16
O SRS

214




M5917

AC CHARACTERISTICS - TIMING PARAMETERS (continued)
64KB OPERATION, VARIABLE DATA RATE MODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tesLX Transmit Frame Sync FSx is TTL high for remainder| 488 ns
Minimum Downtime of frame
tFsLR Receive Frame Sync FSg is TTL high for remainder| 1952 ns
Minimum Downtime of frame
tocLk Data Clock Pulse Width 10 us
Notes : 1. Timing parameters toon and tporr are referenced to a high impedance state.
2. Device are available which operate at data rates up to 4.096MHz.
VARIABLE DATA RATE TIMING
FS ’ \
X
— Fsoy
oCLK _‘\ [ /2 3\ 4\ 7 5 \ / \ 7\ \ 7
x (- — ~— — [ — (U AL RN
te—'FSD
CLK I_‘\ 1 1 / \ \ / \ ] \ ] \ / 1 / ) 1 \ Ir_-\\ Il
— — ~— — — | W— — — — — — —
— tooN toox 1DOFF
— torsx
~\r r~ —\r —
Ox __(\_J‘ BIT1 XL BIT 2 JX‘ BIT s ‘i‘ Bl & X‘ BiT 5 lX‘ BIT 6 X_ Bl 7 ’(L BIT8
5-7592
FSp
ocLKg
CLX
Op

Note : All timing parameters referenced to Vin and Vi except toon and torr which reference a high impedance state.

SGS-THOMSON
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A.C. TESTING INPUT, OUTPUT WAVEFORM

24
20 gy 20
0.64POINTSw, o

0.45
S-7594

A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0" timing
measurements are made at 2.0V for a logic "1" and 0.8V for a logic "0".

16/16
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TS5070
TS5071

PROGRAMMABLE CODEC/FILTER

COMBO 2ND GENERATION

s COMPLETE CODEC AND FILTER SYSTEM IN-
CLUDING :
- TRANSMIT AND RECEIVE PCM CHANNEL
FILTERS
- u-LAW OR A-LAW COMPANDING CODER
AND DECODER
- RECEIVE POWER AMPLIFIER DRIVES
300 Q
- 4.096 MHz SERIAL PCM DATA (max)
s 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 :
SLOTS/FRAME
2 PORT ASSIGNMENT (TS5070)
6 INTERFACE LATCHES (TS5070)
A or u-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 CCITT AND LSSGR
SPECIFICATIONS '
s TTL AND CMOS COMPATIBLE DIGITAL IN-
TERFACES
» SECOND SOURCE OF TP3070, TP3071/COM-
BOIl®

UP to 64

(I O B |

DESCRIPTION

The TS5070 series are second generation combi-
ned PCM CODEC 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 p-law 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

ed

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.

1/28

217



TS5070-TS5071

To enable COMBO IIG to interface to the SLIC input or an output. The TS5070 provides 6 latches
control leads, a number of programmable latches and the TS5071 5 latches.
are included ; each may be configured as either an

BLOCK DIAGRAM

UCC=+5U US5-=-5U
g Oiem
UFXI
ENCUDER
™ DX8
—» REGISTER DX1
HYBRID T TSKe
BALANCE Uref —_
FILTER [T IME-SLOT| TSX1
ASSIGN- FSX
T MENT BCLK
UFRD O
l FSR
GND RX DR8
= 155878/71 LREGISTER DR1
MCLK
DECODER
X MR
ILS —
— 1 | s
L3 INTERFACE CONTROL CCLK
IL2 LATCHES REGISTER Cco
*
IL1 CI
ILe T
1188TS568768-61AR
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Vce to GND 7 \'
Vss Vss to GND -7 Vv
Voltage at VFXI Vce + 0.5t0 Vgs — 0.5 \
ViN Voltage at Any Digital Input Vce + 0.5 to GND — 0.5 \
Current at VFRO +100 mA
lo Current at Any Digital Output +50 mA
Tstg Storage Temperature Range - 65, + 150 °C
Tiead | Lead Temperature Range (soldering, 10 seconds) 300 °C

2/28
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TS5070-TS5071

PIN CONNECTIONS

PLCC28 DIP28 DIP20
TS5070FN TS5070J TS5071J/N
v 8 o % o o GND [] 1 e 28[] UFXI
23355355 = VUFRO [] 2 27[] vcc
g g
< 3 2 1 28 27 %6 uss [ 3 261 ne oD d—,—u_;] UFXI
Ne|]s 25 [ 1Lt Ne [ 4 s e O 197 uce
3]s 24 | 1Le s s 247 111 uss [] 3 18[] 1L8
2]z 23D ILs nz s 23[] 1L4 w3 [ a 1207 1
Fse[] s 22 [] Fsx FsrR (] 7 22[] IS w2 s 16 1L4
DRi:lS 21[@ DR1 |7] 8 21[] Fsx FsR [] 6 15:]3
ore [] 10 20 [] 750 pre [] 9 28| Tsx1 ore [] 7 14[7] Tsxe
co [J1e 19[] Tsxe cl/0 s 137 oxe
cof] 11 19 [ ox1 o1 as w7 oxe  cex s 12[7 BCLK/MCLK
,E”E”H”E”E‘%ﬁ_ﬂ ccLk [J12 17[7] oxe cs Qe v
S i 8 % Ef 5 Q E E 13 16 ] MCLK neerssez-61
(53 (8] 18] [=]
© == MR []14 15[ BCLK
188155676-62
H88TS55678-83
PIN DESCRIPTION
POWER SUPPLY, CLOCK
Name| Pin [ TS5070 | TS5070 |TS5071 Function Description
Type J FN
Vce S 27 27 19 Positive Power | + 5V +5 %
Supply
Vss S 3 3 3 Negative -5V+5%
Power Supply

GND S 1 1 1 Ground All analog and digital signals are referenced to
this pin.

BCLK | 15 16 12 Bit Clock Bit clock input used to shift PCM data into and
out of the Dg and Dx pins. BCLK may vary from
64 kHz to 4.096 MHz in 8 kHz increments, and
must be synchronous with MCLK.

MCLK | 16 17 12 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.

BCLK and MCLK are wired together in the
TS5071.

&7
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TS5070-TS5071

PIN DESCRIPTION (continued)

TRANSMIT SECTION

Name

Pin | TS5070
Type J

TS5070
FN

TS5071

Function

Description

FSx

| 21

22

15

Transmit
Frame Sync.

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 assigment counter).

VFxl

| 28

28

20

Transmit
Analog

This is a high-impedance input. Voice frequency
signals present on this input are encoded as an
A-law or p—law PCM bit stream and shifted out
on the selected Dx pin.

Dx0
Dx1

18
19

Transmit Data

Dx1 is available on the TS5070 only, Dx0 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.

TSx0
TSx1

o

19

20
21

14

Transmit
Time—slot

TSx1 is available on the TS5070 only.

TSx0 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.

RECEI

VE SECTION

Name

Pin | TS5070
Type J

TS5070
FN

TS5071

Function

Description

FSr

| 7

8

Receive Frame
Sync.

Normally a pulse or squrewave 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).

VFgRO

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.

DgrO
Dgr1

Receive Data

Dr1 is available on the TS5070 only, DO 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.

4/28
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TS5070-TS5071

PIN DESCRIPTION (continued)
INTERFACE, CONTROL, RESET

Name | Pin | TS5070 | TS5070
Type J FN

TS5071

Function

Description

ILS 110 22 23 -
IL4 /0 23 24 16
IL3 110 5 6 4
IL2 110 6 7 5
IL1 /10 24 25 17
ILo /10 25 26 18

Interface
Latches

IL5 through ILO are available on the TS5070,

IL4 through ILO are available on the TS5071.
Each interface Latch /O 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 (or CI/O) pin. When configured as
outputs, control data written into the ILR appears
at the corresponding IL pins.

CCLK | 12 13 9

Control Clock

This clock shifts serial control information into or
out of Cl or CO (or Cl/O) when the CS input is
low depending on the current instruction. CCLK
may be asynchronous with the other system
clocks.

Cl/o | 110 - - 8

Control Data
Input/output

This is Control Data 1/0 pin wich is provided on
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.

Input

Control Data

Control Data
Output

These are separate controls, availables only on
the TS5070. They can be wired together if
required. :

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 Cl/O).

MR | 14 15 11

Master Reset

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".

FUNCTIONAL DESCRIPTION
POWER-ON INITIALIZATION

When power is first applied, power-on reset circui-
try 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
no output, the hybrid balance circuitis turned off, the
power amp is disabled and the device is in the non-
delayed timing mode. The Latch Direction Register
(LDR) is pre-set with all IL pins programmed as in-
puts, placing the SLIC interface pins in a high impe-

dance state. The CI/O 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.

k37 SCS-THOMSON 528
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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-activa-
ted and the Dx0 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 LDR
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-
S0 remain active, maintaining the ability to monitor
and control a SLIC.

TRANSMIT FILTER AND ENCODER

The Transmit section input, VFxI, 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 A/D
converter has a compressing characteristic accor-
ding to the standard CCITT A or u255 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 pus (due to the Transmit Filter) plus 125 ps
(due to encoding delay), which totals 290 ps. Data
is shifted out on Dx0 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 the se-
lected time-slot on the 8 falling edges of BCLK. The
Decoder consists of an expanding DAC with either
A or u255 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

6/28 "7 SGS-THOMSON

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 2 300 Q loadto +3.5V,
a600 Qloadto£3.8 Vor15kQloadto+4.0V at
peak overload.

A decode cycle begins immediately after each re-
ceive time-slot, and 10 ps later the Decoder DAC
output is updated. The total signal delay is 10 ps
plus 120 ps (filter delay) plus 62.5 ps (1/2 frame)
which gives approximately 190 ps.

PCM INTERFACE

The FSx and FSg 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 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-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 Dx0/1 output shifts data out from the PCM re-
gister on the rising edges of BCLK. TSx0 (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 DrO/1 input during each as-
signed Receive time slot on the falling edges of
BCLK. Dx0 or Dx1 and DrO or Dr1 are selectable
on the TS5070 only.

SERIAL CONTROL PORT

Control information and data are written into or read-
back from COMBO |IG via the serial control port
consisting of the control clock CCLK ; the serial da-
ta input/output CI/O (or separate input Cl, and out-
put CO on the TS5070 only) ; and the Chip Select
input CS. All control instructions require 2 bytes, as

MICROELECTRONICS
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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/O 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 byte 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 8" 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.

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 appro-
priate 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 or CI/O pin on the rising
edges of CCLK. When CS is high the CO or CI/O
pin is in the high-impedance TRI-STATE, enabling
the CI/O pins of many devices to be multiplexed to-
gether. Thus, to summarize, 2-byte READ and
WRITE instructions may use either two 8-bit wide
CS pulses or a single 16-bit wide CS pulse.

. Byte 1
Function 7 6 5 4 3 2 1 0 Byte 2

Single Byte Power—up/down P X X X X X 0 X None
Write Control Register P 0 0 O 0 O 1 X See Table 2
Read-back Control Register P o o0 0o o0 1 1 X See Table 2
Write Latch Direction Register P o o0 1 0 0 1 X See Table 4
(LDR) P o o 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 o o o0 1 1 1 X See Table 5
Write Transmit Time-slot/port P 1 0 1t 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 t 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 Pp 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 o 1 0 0 0 t 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 0o 1 1 0 0 1 X See Table 9
Read Hybrid Balance Register # 1 p o 1 1 0 1 1 X See Table 9
Write Hybrid Balance Register = 2 p o 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 O 1 X
Read Hybrid Balance Register=3 (P 1 0 0 0 1 1 X

Notes : 1.

Bit 7 of bytes 1 and 2 is always the first bit clocked into or out of the Cl, CO or CI/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 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

‘7_’ SGS-THOMSON

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 setto a 0.

When a power-up command is given, all de-activa-
ted circuits are activated, but the TRI-STATE PCM
output(s), Dx0 (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 512 kHz,
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.

Table 2 : Control Register Byte 2 Functions.

CODING LAW SELECTION

Bits "MA" and "IA" in table 2 permit the selection of
U255 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 s entered by settingthe "DL"
bit in the Control Register as shown in table 2. This

Bit Number
7 6 5 4 3 2 1 0 Function
F1 FO MA 1A DN DL AL PP
0 0 MCLK = 512 kHz
0 1 MCLK = 1. 536 or 1. 544 MHz
1 0 MCLK = 2. 048 MHz
1 1 MCLK = 4. 096 MHz
0 X Select . 255 Law
1 0 A-law, Including Even Bit Inversion
1 1 A-Law, No Even Bit Inversion
0 Delayed Data Timing X
1 Non-delayed Data Timing
0 0 Normal Operation
1 X Digital Loopback
0 0 Analog Loopback
0 Power Amp Enabled in PDN
1 Power Amp Disabled in PDN °
* = State at power-on initialization (bit 4 = 0).
Table 3 : Coding Law Conventions.
True A-law Including A-law Without
n255 Law Even Bit Inversion Even Bit Inversion
MSB LSB | MSB LSB | MSB LSB
ViN=+FullScale {10 0 0 0 0O O 001 O 1 O 1 0 1]0t 1 1 1 1 1 1
Vin=0V i1 1 1 1 1 1 111 1 0 1 0 1 of11 0 o 0 O O O
ot 1+ 1+ 1 1 1 1|10 1 0 1 0 1 010 0 0 0 0 O O
Viy =—Full Scale |00 0 0 0 0 0 O|OO O 1 0 1 o0 1jo0 1 1 1 1 1 1

Note : The MSB is always the first PCM bit shifted in or out of COMBO IIG.

8/28 L7 SCS-THOMSON
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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 Dx0 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
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.

Bit Number
7 6 5 4 3 2 1 0

Lo | L1 L2 | L3 | L4 | L5 X

Ly Bit IL Direction
0 Input *
1 Output

* = State at power-on initialization.
Note : L5 should be programmed as an output for the 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
7 6 5 4 3 2 1 0

DO | D1 | D2 | D3 | D4 | D5 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 FSg. Time-Slot Assignment may only be
used with Delayed Data timing : see figure 6. FSx
and FSg may have any phase relationship with each
other in BCLK period increments.

Table 6 : Byte 2 of Time-slot and Port Assignment Instructions.

(note 1) | (note 2)

Bit Number Function
7 6 5 4 3 2 1 0
EN PS T5 T4 T3 T2 T1 T0

0 X X X X X X

X Disable Dx Outputs (transmit instruction) *
Disable Dg Inputs (receive instruction) *

Assign One Binary Coded Time-slot from 0-63

Enable Dx0 Output, Disable Dx1 Output (Transmit

1 0 instruction)
Assign One Binary Coded Time-slot from 0-63 | Enable DRO Input, Disable D1 Input (receive
. instruction)
Assign One Binary Coded Time—-slot from 0-63 Enable Dx1 Output, Disable Dx0 Output (Transmit
1 1 instruction)
Assign One Binary Coded Time-slot from 0-63 | Enable Dr1 Input, Disable DRO Input (receive
instruction)
Notes : 1. The "PS" bit MUST always be set to 0 for the TS5071.
2. T5is the MSB of the time-slot assignment.
* = State at power-on initialization.
LSy SGS-THOMSON 928
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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 DrO/1 or outputs Dx0/1 as ap-
propriate, to be enabled or disabled.

Time-Slot Assignment mode requires that the FSx

and FSg 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, Dx0 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.

ceive are made within the appropriate time-slot as-
signment instruction using the "PS" bit in the second
byte.

On the TS5071, only ports Dx0 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 TransmitGain Register as de-

fined in tables 1 and 7. This corresponds to a range
of 0 dBmoO levels at VFx| 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 dBm0 level in
Vrms, take the nearest integer to the decimal num-
ber given by :
200 Xlogio (V/ /0.6 ) + 191

and convert to the binary equivalent. Some exam-
ples are given in table 7.

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 dBmoO levels < 1.97 Vrms at VFRO may be dri-
ven into a load of =15 kQ to GND,

b) 0 dBmoO levels < 1.86 Vrms at VFRO may be dri-
ven into a load of > 600 Q to GND,

10/28

[7-1- SGS-THOMSON

Bit Number 0dBmoO Test Level at VFxl

7 6 5 4 3 2 1 0 In dBm (into 600 Q) In Vrms
0 0 0 0 0 0 0 O No Output *

0 0 0 0 0 0 0 1 - 19 0. 087
0 0 0 0 0 0 1 0 -18.9 0. 088
1 0o 1 1 1 11 1 0 0.775
1 1 1 1 1 1 1 0 +6.3 1. 60

1 1 1 1 1 1 1 1 + 6.4 1. 62

* = state at power initialization.

c) 0dBm levels < 1.71 Vrms at VFRO may be driven
into a load of =300 Q 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 logo (VA0.6) + 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 0dBmO0 Test Level at VFRO

7 6 5 4 3 2 1 0 In dBm (into 600 Q) In Vrms
0 0 0 0 0 0 0 0 No Output * (low Z to GND)

0 0 0 0 0 0 0 1 -17.3 0. 106
0 0 0 0 0 0 1 0 -17.2 0. 107
1 0 1 0 1 1 1 0 0 0. 775
1 1 1 1 0 0 1 1 + 6. 9 (note 1) 1. 71

1 1 1 1 1 0 1 0 + 7.6 (note 2) 1. 86

1 1 1 1 1 1 1 1 + 8.1 (note 3) 1. 97

Notes : 1 Maximum level into 300 Q 3. RL>15kQ.

2. Maximum level into 600 Q.
HYBRID BALANCE FILTER

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 SLIC, and the first
order section to balance midrange to higher audio
frequency signals. The attenuator can be program-
med to compensate for VFRO to VFxI echos in the
range of —2.5t0 —8.5dB.

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.

* = 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
useof 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 SLIC, and is al-
so helpful with a transformer SLIC 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.

Bit State

Function

0 Disable Hybrid Balance Circuit Comp}etely.
7 No internal cancellation is provided.

Enable Hybrid Balance Cancellation Path

Phase of the internal cancellation signal assumes inverted phase of the echo
path from VFgO to VFxl.

Phase of the internal cancellation signal assumes no phase inversion in the line
interface.

5

Bypass Hybal 2 Filter Section

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 (11000).

* = State at power on initialization.

Settling = Please refer to software TS5077-2

L7 SGS:THOMSON 11/28
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Figure 1 shows a simplified diagram of the local
echo path for atypical application with a transformer
interface. The magnitude and phase of the local
echo signal, measured at VFx| are a function of the
termination impedance Zr, the line transformer and
the impedance of the 2 W loop, Z1. If the impedance

reflected back into the transformer primary is ex-
pressed as ZL’ then the echo path transfer function
from VFRO to VFxlis :

HW) =20 /(ZT + Z0)

Figure 1 : Simplified Diagram of Hybrid Balance Circuit.
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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 testimpedance (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 ZLin figure 1. The echo signal and the de-
gree of transhybrid loss obtained by the program-
mabile filter must be measured from the PCM digi-
tal input DrO, to the PCM digital output Dx0, either
by digital test signal analysis or by conversion back
to analog by a PCM CODEC/Filter.
Three registers must be programmed in COMBO
1IG to fully configure the Hybrid Balance Filter as fol-
lows :
Register 1 : select/de-select Hybrid Balance Filter
invert/non-invert cancellation signal

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
7 6 5 4 3 2 1 0

0O 0 0 0 0 O

Function

By Pass Hybal
1 Filter

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

X X X X X X X X

select/de-select Hybal2 filter section at- from SGS-Thomson Microelectronics (order
tenuator setting. TS5077-2).
12/28
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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 IIG).
Figures 3 and 4 show an arrangement with SGS-
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 follo-

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 meetata 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 pF should be connected from this
common device ground point to Vcc and Vss as
close to the device pins as possible. Vcc and Vss
should be decoupled with low effective series resis-
tance capacitors of at least 10 uF near the card edge
connector.

L3y SGS-THOMSON 18728
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Figure 2 : Transformer SLIC + COMBO IIG.
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TS5070-TS5071

ELECTRICAL OPERATING CHARACTERISTICS

Unless otherwise noted, limits in BOLD characters
are guaranteed forVec=+5V+£5% ;Vss= -5V
+5 %. Ta=0 °C to 70 °C by correlation with 100 %
electrical testing at Ta = 25 °C. All other limits are

DIGITAL INTERFACE

assured by correlation with other production tests
and/or product design and characterisation. All si-
gnals referenced to GND. Typicals specified at
Vec=+5v,vss= -5V, Ta=25"C.

Symbol Parameter Min. Typ. Max. | Unit
Vi Input Low Voltage  All Digital Inputs 0.7 Vv
Vi Input high Voltage  All Digital Inputs 2.0
VoL | Output Low Voltage Dx0 and Dx1, TSxO, TSx1 and CO, 0.4 v

IL=3.2mA
All Other Digital Outputs, IL =1 mA
Vou | Output high Voltage Dx0 and Dx1 and CO, I, =—3.2 mA
All other digital outputs except
TSy, IL=—1mA 2.4 v
All Digital Outputs, I, =— 100 pA Vee—0.5 v
I Input Low Current all Digital Inputs (GND < Viy < V1) -10 10 HA
[ Input High Current all Digital Inputs Except MR (Vi < Vin < Vee) | — 10 10 HA
I Input High Current on MR -10 100 UA
loz Output Current in High Impedance State (TRI-STATE) -10 10 HA
Dx0 and Dx1, CO and CI/O (as an input)
IL5 - ILO as Inputs
(GND < Vg < Vee)

ANALOG INTERFACE

Symbol Parameter Min. Typ. Max. | Unit

Ivexi Input Current VFxl (- 3.3 V < VFxl < 3.3 V) -10 10 UA
Rvexi | Input Resistance VFxl (- 3.3 V < VFxl < 3.3 V) 390 620 kQ
VOSyx | Input offset voltage at VFx! 0dBmO= - 19 dBm 20 mV
0dBmO = + 6.4 dBm 200 mV

RLvero | Load Resistance at VFRO (- 3.5 V < VFRO < 3.5 V) 300 Q

CLvrRro | Load Capacitance 200 pF

CLvrro from VFRO to GND
ROvrro | Output Resistance VFRO (steady zero PCM code applied to Dr0 1 3 Q
or Dg1)
Vosr | Output Offset Voltage at VFRO (alternating + zero PCM code - 200 200 mV
applied to DO or Dg1, 0dBmO = 8.1 dBm)
L7 SGS-THOMSON 17128
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ELECTRICAL OPERATING CHARACTERISTICS (continued)

POWER DISSIPATION

Symbol Parameter Min. Typ. Max. | Unit
ICCO | Power Down Current (CCLK, CI/O, Cl =0.4 V, CS =24 V)
Interface latches set as outputs with no load. 3 1.5 mA
All Other Inputs active, Power Amp Disabled N
-ISS0 | Power Down Current (as above) A 0.3 mA
ICC1 | Power Up Current _ 7 10 mA
(CCLK, CI/O, Cl =0.4 V, CS =24 V)
No Load on Power Amp
Interface latches set as outputs with no load.
—-ISS1 | Power Up Current (as above) 7 10 mA

TIMING SPECIFICATIONS

Unless otherwise noted, limits in BOLD characters
are guaranteed for Vcc + 5V £5%;
Vss=5v+5%. Ta=0"Cto 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 characterization. All
signals referenced to GND. Typicals specified at

MASTER CLOCK TIMING

Vec=+5V,Vss= 5V, Ta =25 °C. All timing pa-
rameters are measured at Vo 20 V and
VoL=0.7 V.

See Definitions and Timing Conventions section for
test methods information.

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 V4 to V4, see note 1) 80 ns
twmL Period of MCLK Low (measured from V_ to V., see note 1) 80 ns
tRMm Rise Time of MCLK (measured from V_ or Vi¥) 30 ns
tem Fall Time of MCLK (measured from Vi to Vi) 30
tHBM Hold Time, BCLK Low to MCLK High (TS5070 only) 50 ns
twrL Period of FSx or FSg Low 2 us
18/28
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TIMING SPECIFICATIONS (continued)
PCM INTERFACE TIMING

Symbol Parameter Min. Typ. Max. | Unit
fascLk | Frequency of BCLK (may vary from 64 kHz to 4.096 MHz in 8 64 4.096 | kHz
kHz increments, TS5070 only)
twen | Period of BCLK High (measured from Viy to Vin) 80 ns
twsL Period of BCLK Low (measured from Vi to Vi) 80 ns
tre Rise Time of BCLK (measured from Vy_ to Vi) 30 ns
trB Fall Time of BCLK  (measured from Viy to Vi) 30 ns
tHBF Hold Time, BCLK Low to FSx;r High or Low 0 ns
tsre Setup Time FSy/r High to BCLK Low 30 ns
toeD Delay Time, BCLK High to Data Valid (load = 100 pF plus 2 80 ns
LSTTL loads)
tpez Delay Time from BCLK8 Low to Dx disabled (if FSx already low) ; 15 80 ns
FSx Low to Dx Disabled (if BCLKS low) ;
BCLK9 High to Dx Disabled (if FSx still high) ;
tosT | Delay Time, from BCLK and FSx Both High to TSx Low (load = 60 ns
100 pF plus 2 LSTTL loads)
tzer | Delay Time from BCLKS low to TSx Disabled (if FSx already low) ;| 15 60 ns
FSx Low to TSx Disabled . (if BCLKS low) ;
BCLK9 High to TSx Disabled (if FSx still high) ;
tprp | Delay Time, FSx High to Data Valid (load = 100 pF plus 2 LSTTL 80 ns
loads, applies if FSx rises later than BCLK rising edge in
non-delayed data mode only)
tsos Setup Time , D 0/1 Valid to BCLK Low 30 ns
tHpB Hold Time, BCLK Low to Dg 0/1 Invalid 10 ns

Note : 1. Applies only to MCLK frequencies = 1.536 MHz. At 512 kHz a 50:50 + 2 % duty cycle must be used.

Figure 5 : Non Delayed Data Timing (long frame mode).
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Figure 6 : Delayed Data Timing (short frame mode).

tRA tFR [

RCLK

tunc

tRB tFB

BCLK

tSFB

e t0BD '
ox8/1 {1 2 XT3 XTa XTs  XTe X @ &)
- tDBT tzat
Tsxe/1 B mam— —‘\[
tSFB tHEF
FSR H ____________________________________________
ts08 tHBD
DRB/1 X1 Xr_:_j)( 3 X« X5 X8 X7
SERIAL CONTROL PORT TIMING
Symbol Parameter Min. Typ. Max. | Unit
feoLk | Frequency of CCLK 2.048 | MHz
twcH Period of CCLK High (measured from Viy to Viu) 160 ns
twoL | Period of CCLK Low (measured from Vi to Vi) 160 ns
tRe Rise Time of CCLK (measured from V. to Vi) 50 ns
trc Fall Time of CCLK  (measured from Vy to V) 50 ns
thues Hold Time, CCLK Low to CS Low (CCLK1) 10 ns
tHsc Hold Time, CCLK Low to CS High (CCLKS) 100 ns
tssc Setup Time, CS Transition to CCLK Low 70 ns
tssco | Setup Time, CS Transition to CCLK High (to insure CO is not 50 ns
enabled for single byte)
tspc Setup Time, Cl (CI/O) Data in to CCLK low 50 ns
theo Hold Time, CCLK Low to CI (CI/O) Invalid 50 ns
toco Delay Time, CCLK High to CO (Cl/O) Data Out Valid 50 ns
(load = 100 pF plus 2 LSTTL loads)
toso Delay Time, CS Low to CO (CI/0) Valid 50 ns
(applies only if separate CS used for byte 2)
topz Delay Time, CSor CCLKS9 High to CO (CI/O) High Impedance 15 80 ns
(applies to earlier of CS high or CCLK9 high)
INTERFACE LATCH TIMING
Symbol Parameter Min. Typ. Max. | Unit
tsLe Setup Time, I, Valid to CCLK 8 of Byte 1 Low. I, as Input 100 ns
tHeL Hold Time, I Valid from CCLK 8 of Byte 1 Low. I, as Input 50 ns
tocL Delay Time, CCLK 8 of Byte 2 Low to I.. C = 50 pF. I_ as Output 200 ns
MASTER RESET PIN
Symbol Parameter Min. Typ. Max. Unit
twmRr Duration of Master Reset High 1 us
20/28
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TRANSMISSION CHARACTERISTICS

Unless otherwise noted, limits printed in BOLD cha-
racters are guaranteed for Vecc =+ 5V +5 % ; Vss
=-5V+5%, Ta=0"Cto 70 °C by correlation with
100 % electrical testing at TaA = 25 °C. f =
1015.625 Hz, VFx| = 0dBm0, DrO or Dr1 = 0 dBmO
PCM code, Hybrid Balance filter disabled. All other

AMPLITUDE RESPONSE

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 Vocc = + 5V,
Vss= 5V, Ta=25"C.

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 mvVrms
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 0 dB Rx Attenuation (R = 15 kQ) 2.825 Vrms
0.5 dB Rx Attenuation (R. = 300 Q) 2.667 Vrms
1.2 dB Rx Attenuation (R = 300 Q) 2.461 Vrms
25.4 dB Rx Attenuation 151.7 mVrms
u-law
VFxl 0 dB Tx Gain 2.332 Vrms
25.4 dB Tx Gain 125.2 mVrms
VFRO 0 dB Rx Attenuation (R > 15 kQ) 2.836 Vrms
0.5 dB Rx Attenuation (R, = 600 Q) 2.677 Vrms
1.2 dB Rx Attenuation (R = 300 Q) 2.470 Vrms
25.4 dB Rx Attenuation 152.3 mVrms
Transmit Gain Absolute Accurary
GXA Transmit Gain Programmed for 0 dBmO0 = 6.4 dBm, A-law
Measure Deviation of Digital Code from Ideal 0 dBm0 PCM Code
at Dx0/1, f =1015.625 Hz
Ta=25°C,Vec=5V,Vgs=—5V -0.15 0.15 dB
Transmit gain Variation with Programmed Gain
GXAG | — 19 dBm < 0 dBmO < 6.4 dBm
Calculate the Deviation from the Programmed Gain Relative to
GXA - 0.1 0.1 dB
i.e., GXAG = Gactual — Gprog — GXA
Ta=25°C,Vec=5V,Vgs=—5V
22/28
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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)
- 19 dBm < 0 dBmO < 6.4 dBm
DRrO (or Dr1) = 0 dBmO Code
f =60 Hz - 26 dB
f =200 Hz -18 - 0.1 dB
f =300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -07 0 dB
f = 4000 Hz -14 dB
f > 4600 Hz Measure Response at Alias Frequency from 0 kHz -32 dB
to 4 kHz
0 dBm0 = 6.4 dBm
VFxl = -4 dBmO (note 2)
f =625 Hz - 249 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, Vcc =5V, Vss ==5V
— 19 dBm < 0 dBm0 < 6.4 dBm - 0.1 0.1 dB
GXAV | Transmit Gain Variation with Supply
Vec =5V +5%, Vgs=—5V+5%
Measured Relative to GXA
Ta =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 dBm0O
VFxl =— 40 dBmO to + 3 dBmO - 0.2 0.2 dB
VFxl == 50 dBmO to — 40 dBm0O - 0.4 0.4 dB
VFxl =— 55 dBm0 to — 50 dBm0 - 1.2 1.2 dB
GRA | Receive Gain Absolute Accuracy
0 dBmO = 8.1 dBm, A-law
Apply 0 dBm0 PCM Code to DrO or Dr1 Measure VFRO - 0.15 0.15 dB
Ta=25°C,Vec =5V, Vgsg ==5V
GRAG | Receive Gain Variation with Programmed Gain
—17.3 dBm < 0 dBm0 < 8.1 dBm
Calculate the Deviation from the Programmed Gain Relative to - 0.1 0.1 dB
GRA
23/28
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AMPLITUDE RESPONSE (continued)

Symbol Parameter Min. | Typ. | Max. | Unit

i.e. GRAG = Gactual — Gprog — GRA
Ta =25 °C, Vee =5V, VSS =-5V

GRAT | Receive Gain Variation with Temperature
Measured Relative to GRA
Vec=5V,Vgs=—5V - 0.1 0.1 dB
- 17.3 dBm < 0 dBmO < 8.1 dBm

GRAV | Receive Gain Variation with Supply
Measured Relative to Ggra
Vec=5V+5% Vss=—5V+5% - 0.05 0.05 dB
Ta =25°C, 0dBm 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 =200 Hz - 0.25 0.15 dB
f =300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -07 0 dB
f = 4000 Hz -14 dB
GR =0 dBm0 = 8.1 dBm
GX =Dg0 =—4 dBm0
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 - 135 dB

GRAL | Receive Gain Variation with Signal Level
Sinusoidal Test Method Reference Level =0 dBm0
Dr0 = - 40 dBmO to + 3 dBm0 - 0.2 0.2 dB
DRO =— 50 dBmO to — 40 dBmO - 0.4 0.4 dB
Dgr0O =— 55 dBm0O to — 50 dBmO -1.2 1.2 dB

2afes L7 SGS-THOMSON
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ENVELOPPE DELAY DISTORTION WITH FREQUENCY

Symbol Parameter Min. Typ. Max. Unit
DXA Tx Delay Absolute 315 ps
f =1600 Hz
DXR Tx Delay, Relative
f =500 — 600 Hz 220 us
f = 600 — 800 Hz 145 us
f =800 — 1000 Hz 75 us
f =1000 - 1600 Hz 40 us
f =1600 — 2600 Hz 75 us
f = 2600 — 2800 Hz 105 us
f = 2800 — 3000 Hz 155 us
DRA Rx Delay, Absolute
f = 1600 Hz 200 us
DRR Rx Delay, Relative
f =500 — 1000 Hz - 40 us
f =1000 — 1600 Hz -30 us
f = 1600 — 2600 Hz 90 us
f =2600 — 2800 Hz 125 us
f =2800 — 3000 Hz 175 us
L3y SGS-THOMSON 25728
Y/ MiCROELECTRONICS
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NOISE

Symbol

Parameter

Min.

Typ.

Max.

Unit

NXC

Transmit Noise, C Message Weighted
p-law Selected (note 3)
0 dBmO = 6.4 dBm

12

15

dBrnCO

NXP

Transmit Noise, Psophometric Weighted
A-law Selected (note 3)
0 dBmO = 6.4 dBm

-74

- 67

dBmoOp

NRC

Receive Noise, C Message Weighted
p-law Selected
PCM code is alternating positive

11

dBrnCO

NRP

Receive Noise, Psophometric Weighted
A-law Selected
PCM Code Equals Positive Zero

- 82

- 79

dBmOp

NRS

Noise, Single Frequency
f =0 kHz to 100 kHz, Loop Around Measurement VFxl =0 Vrms

- 53

dBmo

PPSRX

Positive Power Supply Rejection Transmit
Vce =5 Vpe + 100 mVrms
f =kHz — 50 kHz (note 4)

30

dBp

NPSRX

Negative Power Supply Rejection Transmit
Vss =—-5VDC + 100 mVrms

30

dBp

PPSRR

Positive Power Supply Rejection Receive
PCM Code Equals Positive Zero

Vece =5 Vpe + 100 mVrms

Measure VFg0

f =0 Hz — 4000 Hz

f =4 kHz — 25 kHz

f =25 kHz — 50 kHz

30

36

dBp

dB

NPSRR

Negative Power Supply Rejection Receive
PCM Code Equals Positive Zero

Vgs =— 5 Vpc + 100 mVrms

Measure VFRO

f =0 Hz — 4000 Hz

f =4 kHz — 25 kHz

f =25 kHz — 50 kHz

30

36

dBp

dB

SOS

Spurious Out-of Band Signals at the Channel Output

0 dBmO 300 Hz to 3400Hz input PCM applied at DO (Dg1)
4600 Hz — 7600 Hz

7600 Hz — 8400 Hz

8400 Hz — 100 000 Hz

- 30
- 40
- 30

dB
dB
dB

26/28
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DISTORTION
Symbol Parameter Min. Typ. Max. Unit
STDX | Signal to Total Distortion Transmit
Sinusoidal Test Method
Half Channel
Level = 3 dBm0 33 dBp
— 30 dBmO to 0 dBmO 36 dBp
— 40 dBmO 29 dBp
— 45 dBm0 25 dBp
STDR | Signal to Total Distortion Receive
Sinusoidal Test Method
Half Channel
Level =3 dBm0 33 dBp
— 30 dBm0 to 0 dBmO 36 dBp
— 40 dBm0 30 dBp
— 45 dBmO 25 dBp
SFDX | Single frequency Distortion Transmit ~ 46 dB
SFDR | Single Frequency Distortion Receive - 46 dB
IMD Intermodulation Distortion Transmit or Receive Two Frequencies
in the Range -41 dB
300 Hz — 3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTX-R | transmit to Receive Crosstalk,
0 dBmO Transmit Level
f =300 — 3400 Hz -90 -75 dB
DR = Steady PCM Code
CTR-X | Receive to transmit Crosstalk,
0 dBmO Receive Level
f = 300 — 3400 Hz, (note 4) -90 -70 dB
Notes : 1. Applies only to MCLK frequencies = 1 536 MHz At 512 kHz A 5050 + 2 % duty cycle must be used.
2 A multi-tone test technique is used (peak/rms <9 5 dB)
3 Measured by extrapolation from distortion test result at — 50 dBm0
4 PPSRX, NPSRX and CTR-X are measured with a — 50 dBm0 activation signal applied to VFxl.

A signal is Valid if it is above Viy or below Vi and invalid if it is between Vi and Viu. For the purpose of the specification
the following conditions apply :

a) All input signals are defined as ViL=0.4V, Viu=2.7V,tr< 10 ns, tr 10 ns

b) tr is measured from Vi to Vi, tr is measured from Vi to Vi

c) Delay Times are measured from the input signal Valid to the clock input invalid

d) Setup Times are measured from the data input Valid to the clock input invald

e) Hold Times are measured from the clock signal Valid to the data input invahd

f) Pulse widths are measured from Vi to Vi or from Vi to Vin

27/28
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DEFINITIONS AN

DEFINITIONS
ViH

ViL

VoH
VoL

Threshold Region
Valid Signal

Invalid signal

TIMING CONVENTI

D TIMING CONVENTIONS

Vinis 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 ViH and maximum supply vol-
tages applied to the device.

ViLis 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 Vi but with all
driving signal low levels set to ViL 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 ViL and Vin.
A signal is Valid if it is in one of the valid logic states. (i.e. above Vi or below V). 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 Vi and V1. In timing specifications, a signal is deemed Invalid at the instant
it enters the threshold region.

ONS

For the purpose of this timing specifications the following conventions apply :

Input Signals
Period

Rise Time
Fall Time

Pulse Width High

Pulse Width Low

Setup Time

Hold Time

Delay Time

28/28

Allinput signals may be characterizedas: VL=0.4V,Vy=24V,tR <10 ns, tF < 10 ns.

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 ViLto ViH.

Fall times are designated as tFyy, where yy represents a mnemonic of the signal whose
fall time is being specified, tFyy is measured from V|4 to ViL.

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 ViH to ViH.

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 VL to ViL.

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.
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ST5075
ST5076

PROGRAMMABLE CODEC / FILTER
FOR ISDN AND DIGITAL PHONE APPLICATIONS

= COMPLETE CODEC AND FILTER SYSTEM IN-
CLUDING :
- TRANSMIT AND RECEIVE PCM CHANNEL
FILTERS
- uw-LAW OR A-LAW COMPANDING CODER
AND DECODER
. RECEIVE POWER AMPLIFIER DRIVES
300 Q
- 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)

Aor p-LAW

ANALOG LOOPBACK

- DIGITAL LOOPBACK

» STANDARD SERIAL CONTROL INTERFACE

= 70 mW OPERATING POWER (typ)

= 2 mW STANDBY POWER (typ)

s MEETS OR EXCEEDS ALL CCITT AND LSSGR
SPECIFICATIONS

= TTL AND CMOS COMPATIBLE DIGITAL IN-
TERFACES

= SECOND SOURCE OF
TP3076/COMBO Il ®

TP3075,

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 p-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

1/23

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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A number of programmable latches are included ; put. The ST5075 provides 6 latches and the ST5076
each may be configured as either an input or an out- 4 latches.

vce
1 15U :
]
I I
1 1
1 I
UFX1 ——o T oA ENCODER :
9 . DXB
TX REGISTER DX1

]

1

I

:

:I UREF TIME-SLOT z TSX1
! ASSIGNMENT j&—— BCLK
i

:

:

RX REGISTER 5 DRB

DR1
]

UFRD ﬂ———-<}—ﬂ—i A DECODER 3»—~— MCLK
1

T 3—%——nn

1

1

I

[} 1 .

i —— C

i CONTROL l

. INTERFACE LATCHES T, e

| REGISTER[__1° &I
i

|

| { { I { } E T :

MB8BST5675-681R

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Vce to GND 7 \%
Vss Vss to GND -7 \

Voltage at VFXI Vce + 0.5 to Vgs — 0.5 \"

Vin Voltage at Any Digital Input Ve + 0.5 to GND - 0.5 \Y

Current at VFRO + 100 mA

lo Current at Any Digital Output + 50 mA

Tstg Storage Temperature Range — 65, + 150 °C

Tiead Lead Temperature Range (soldering, 10 seconds) 300 °C

2/,
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PIN CONNECTIONS

PLCC28
o -
o 8 0 X u ©
o 5 & 2 &8 8
235 8&58 =
L
4 3 2 1 28 27 26
N []s 25 [| 1
w3f]s 24 [ 1Le
2]z 23] s
Fsr[] 8 22 [| Fsx
or1[] s 21 [| 750
ore [] 10 28 [| Tsxe
cof] 11 19 [ ox1
12 13 14 15 16 17 18
o rm
- X {23 o X b4 «©
PR 4 T
a g &
(8} b=

n8esTS675-620

DIP20

enod1 ~ 28 B s
UFRO [ 2 19 [ vce
uss [ 3 18 [ 1L
L3 4 17 3 1Lt
L2 0s 16 [ FSX
FSR [ 6 15 [J TSX1
DR1 [] 7 14 [J px1

coL]s 13 |3 ncLk

c1ds 12 [1 BCLK
ccLk [ 10 11 [J CS

MBEBST5875-64A

PIN DESCRIPTION

POWER SUPPLY, CLOCK

Name T';':e ST5075|ST5076 Function Description
Vee S 27 19 Positive Power Supply | +5V+5 %
Vss S 3 3 Negative Power Supply| -5V +5 %
GND | S 1 1 Ground All analog and digital signals are referenced to this
pin.
BCLK | | 16 12 Bit Clock Bit clock input used to shift PCM data into and out of
the Dgr and Dx pins. BCLK may vary from 64 kHz to
4.096 MHz in 8 kHz increments, and must be
synchronous with MCLK.
MCLK | | 17 13 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.

&1

SGS-THOMSON
MICROELECTRONICS
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ST5075/76

PIN DESCRIPTION (continued)

TRANSMIT SECTION

Pin

ST5075
Type

Name

ST5076

Function

Description

FSx | 22

16

Transmit Frame Sync.

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).

VFEx| 1 28

20

Transmit Analog

This is a high-impedance input. Voice frequency
signals present on this input are encoded as an
A-law or p—law PCM bit stream and shifted out on
the selected Dx pin.

Dx0
Dx1

18
19

(o)}

14

Transmit Data

Dx0 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| 0 | 20
Tsxi| O | 2t

15

Transmit Time-slot

TSx0 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_on one of
the Dyx outputs, when the appropriate TSx outputs
pulls low to enable a blackplane line—driver. Should
be strapped to ground (GND) when not used.

RECEIVE SECTION

Pin |ST5075

Name Type| FN

ST5076

Function

Description

FSg | 8

6

Receive Frame Sync.

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).

VFRO| O 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 Dg pin is
decoded and appears at this output as voice
frequency signals.

DgrO |
Dgrt | 9

Receive Data

DRrO is available on the ST5075 only, Dg1 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.

4/23
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ST5075/76

PIN DESCRIPTION (continued)
INTERFACE, CONTROL, RESET

Pin [ST5075

Type| FN ST5076

Name Function

Description

ILs | 110 23 -
IL4 | 110 24 -
IL3 | /O 6 4
IL2 | 110 7 5
IL1 110 25 17
ILO | 11O 26 18

Interface Latches

IL5 through ILO are available on the ST5075,

IL3 through ILO are available on the ST5076.

Each Interface Latch 1/O 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 1IG,
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.

CCLK | 1 13 10 Control Clock

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.

Cl | 12 9 Control Data Input

CO o 11 8 Control Data Output

Serial control information is shifted into COMBO Il on
this pin when CS is low.

Serial control or status information is shiftted out of
COMBO Il on this pin CS is low.

Chip Select

When this pin is low, control information can be
written into or out of COMBO IIG via the Cl and CO
pins.

MR | 15 - Master Reset

This logic input must be pulled low for normal
operation of COMBO |IG. When pulled momentarily
high, all programmable registers in the device are
reset to the states specified under "Power—on
Initialization". Not available on ST5076.

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 SLIC interface
pins in a high impedance state. The CO pin is TRI-
STATE condition.

"_ SGS-THOMSON

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.

5/23
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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 Dx0 and Dx1 outputs are in the high imped-
ance TRI-STATE condition.

The coefficients stored in the Gain Control registers,
the data in the LDR 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, VFx| 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 A/D con-
verted has a compressing characteristic according
to the standard CCITT A or u255 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 ps (due to the Transmit Filter) plus
125 ps (due to encoding delay), which totals 290 ps.
Data is shifted out on Dx0 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 DgO or Dr1 pin during the se-
lected time-slot on the 8 falling edges of BCLK. The
Decoder consists of an expanding DAC with either
A or n255 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,

6/23 L7 SGS-THOMSON

which must be set by writing to the Receive Gain
Register, is included, and finally a Post-Filter/Power
Amplifier capable of driving 2 300 Q loadto £3.5 V,
a600 Qloadto+3.8 Vor 15kQ load to £4.0 V at
peak overload.

A decode cycle begins immediately after each re-
ceive time-slot, and 10 ps later the Decoder DAC
output is updated. The total signal delay is 10 pus
plus 120 ps (filter delay) plus 62.5 us (1/2 frame)
which gives approximately 190 ps.

PCM INTERFACE

The FSx and FSg 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 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. TSx0 (or TSx1
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 DrO/1 input during each
assigned Receive time slot on the falling edges of
BCLK. Dx0 or Dx1 and DrO or Dr1 are selectable
on the ST5075 only.

SERIAL CONTROL PORT

Controlinformation 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
input 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-

MICROELECTRONICS
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up/down command. To shift control data into
COMBO IIG, 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 byte_may either be defined by a second
byte-wide CSpulse or may follow_the 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 8" 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.

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 IIG, the first byte of the_appropri-
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.

. Byte 1

Function 7 6 5 4 3 2 1 0 Byte 2
Single Byte Power-up/down P X X X X X 0 X None
Write Control Register P 0 0 0 O 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 1t 0 1 1 X See Table 4
Write Latch Content Register (ILR) | P 0 0 0 1 0 1t X See Table 5
Read Latch Content Register P o o o 1t 1 1 X See Table 5
Write Transmit Time-slot/port P 1 0 1t 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 0o t 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 0o 1 0 1 0 1 X See Table 7
Read Transmit Gain Register P 0o 1 0 1 1 1 X See Table 7
Write Receive Gain Register P o 1 0 0 0 1 X See Table 8
Read Receive Gain Register P o 1 0 0 1t 1 X See Table 8

Notes : 1. Bit 7 of bytes 1 and 2 1s always the first bit clocked into 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

‘7—, SGS-THOMSON

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), Dx0 (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.

7/23
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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 512 kHz,
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 "IA" in table 2 permit the selection of
1255 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 VFx! is isolated from the input pin and in-
ternally connected to the VFRO output, forming a

Table 2 : Control Register Byte 2 Functions.

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
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 Dx0 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).

Bit Number
7 6 5 4 3 2 1 0 Function
F1 FO MA 1A DN DL AL PP
0 0 MCLK =512 kHz
0 1 MCLK = 1.536 or 1.544 MHz
1 0 MCLK = 2.048 MHz (*)
1 1 MCLK = 4.096 MHz
X Select p. 255 Law (*)
1 0 A-law, Including 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 0 Analog Loopback
0 Power Amp Enabled in PDN
1 Power Amp Disabled in PDN (*)
(*) = State at power on imitialization (bit 4 = 0).
True A-law Including A-law Without
K255 Law Even BitInversion Even Bit Inversion
MSB LSB | MSB LSB | MSB LSB
Vin = + Full Scale i1 00O0O0OO0OOOOO,O0T1TOT1TOT1TOTT|)]0 1 1 1 1 1 11
Vin=0V tt+1+1111 1)1 11010101 100O0O0TO0TO0
o1t1+111111{1 010101 0|1 0O0UO0O0O0O0O0
Vin =— Full Scale 0o00O0OOOOO|OOOOT1TOTOT1T|O0OOTI1T 1 1 1 11
Note : The MSB Is always the first PCM bit shifted in or out of COMBO IIG
8/23 .
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iINTERFACE 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.

Bit Number
7 6 5 4 3 2 1 0

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 6 5 4 3 2 1 0

DO | D1 | D2 | D3 | D4 | D5 X

L0 | L1 L2 | L3 | L4 | L5 X

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)

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 FSg. Time-Slot Assignment may only be
used with Delayed Data timing : see figure 6. FSx
and FSgr 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 Function
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 Disable Dx Outputs (trapsmjt instrL{ction) *
Disable Dg Inputs (receive instruction) *

Assign One Binary Coded Time-slot from 0-63

Assign One Binary Coded Time-slot from 0-63

Enable Dx0 Output, Disable Dx1 Output
(Transmit instruction)

Enable DRO Input, Disable Dg1 Input (receive
instruction)

Assign One Binary Coded Time-slot from 0-63

Assign One Binary Coded Time-slot from 0-63

Enable Dx1 Output, Disable Dx0 Output
(Transmit instruction)

Enable Dgr1 Input, Disable DrO Input (receive
instruction)

* = State at power-on inttialization.
Notes : 1. The "PS" bit MUST always be set to 1 for the ST5076.
2. T51s the MSB of the time-slot assignment.

L7 S5S:THOMSON /23
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Alternatively, the internal time-slot assignment
counters and comparators can be used to access
any time-slotin 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 DrO/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

Onthe ST5075 only, an additional capability is avail-
able : 2 Transmit serial PCM ports, Dx0 and Dx1 are
2 receive serial PCM ports, DrO 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.

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 setto 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
definedintables 1 and 7. This corresponds to arange
of 0 dBmO levels at VFxI 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 log1o (V/\/0.6) + 205

and convert to the binary equivalent. Some exam-
ples are given in table 7.

Bit Number 0 dBmO Test Level at VFxl
7 6 5 4 3 2 1 0 In dBm (into 600 Q) In Vrms
0 0 0 0 0 0 0 0 No Output *
0 0 0 0 0 0 0 1 - 204 0. 074
0 0 0 0 0 0 1 0 -20.5 0. 075
1 1 0 0 1 1 0 1 0 0. 775
1 1 1 1 1 1 1 0 +4.9 1.36
1 1 1 1 1 1 1 1 +5.0 1.38

* = 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 < 1.97 Vrms at VFRO may be
driven into a load of > 15 kQ to GND,

b) 0 dBmO levels < 1.86 Vrms at VFRO may be
driven into a load of 2600 Q to GND,

10/23
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¢) 0 dBmoO levels < 1.71 Vrms at VFRO may be
driven into a load of 2 300 Q 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/\/0.6) + 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 Instruction.

Bit Number 0 dBmoO Test Level at VFRO
7 6 5 4 3 2 1 0 In dBm (into 600 Q) In Vrms
0 0 0 0 0 0 0 o No Output ~ (low Z to GND)
0 0 0 0 0 o o0 1 -17.3 0. 106
0 0 0 0 0 0o 1 0 -17.2 0. 107
1 0 1 0 1 1 1 0 0 0.775
1 1 1 1 0 o 1 1 +6.9 (note 1) 1.71
1 1 1 1 1 o 1 o0 + 7.6 (note 2) 1. 86
1 1 1 1 1 1 11 + 8.1 (note 3) 1.97

Notes : 1. Maximum level into 300 Q.
2. Maximum level into 600 Q

APPLICATIONS INFORMATIONS
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.

3.RL215kQ.
* = State at power on initialization
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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 uF should be connected from
this common device ground point to Vcc and Vss as
close to the device pins as possible. Vcc and Vss
should be decoupled with low effective series resist-
ance capacitors of at least 10 uF near the card edge
connector.

ELECTRICAL OPERATING CHARACTERISTICS

Unless otherwise noted, limits in BOLD characters
are guaranteed for Vec=+5V+5% ;Vss=-5V
+5%. TaA=0 "Cto 70 "C by correlation with 100 %
electrical testing at Ta = 25 “C. All other limits are

DIGITAL INTERFACE

assured by correlation with other production tests
and/or product design and characterisation. All sig-
nals referenced to GND. Typicals specified at
Vec=+5V,Vss=—5V,Ta=25 °C.

Dx0 and Dx1, CO
IL5 — ILO as Inputs
(GND < Vg < V¢g)

Symbol Parameter Min. Typ. Max. | Unit
Vi Input Low Voltage  All Digital Inputs 0.7 Vv
Viy Input High Voltage  All Digital Inputs 2.0
VoL | Output Low Voltage Dx0 and Dx1, TSx0, TSx1 and CO, 0.4 v

IL=3.2mA

All Other Digital Outputs, IL =1 mA
Vou Output High Voltage Dx0 and Dx1 and CO, Ip =—32 mA

All other digital outputs except

TSx, IL=—1mA 2.4 \

All Digital Outputs, I =— 100 pA Vec—=0.5 v
I Input Low Current all Digital Inputs (GND < Viy < Vi) -10 10 HA
I Input High Current all Digital Inputs Except MR (Viy < Vin < Vee) | — 10 10 uA
m Input High Current on MR -10 100 HA
loz Output Current in High Impedance State (TRI-STATE) -10 10 HA

ANALOG INTERFACE

Symbol Parameter Min. Typ. Max. | Unit
Ivex Input Current VFxl (- 3.3 V< VFxl < 3.3 V) -1.0 1.0 UA
Rvexi | Input Resistance VFxl (- 3.3 V < VFxl < 3.3 V) 1.0 MQ
VOSx | Input offset voltage at VFxl 0dBmO= - 20.4 dBm 20 mV

0dBmO = + 5.0 dBm 200 mV

RLvrro | Load Resistance at VFRO (- 3.5 V < VFRO < 3.5 V) 300 Q

CLvrro | Load Capacitance 200 pF

CLvegro from VFRO to GND
ROvrRro | Output Resistance VFRO (steady zero PCM code applied to DrO 1 3 Q
or Dr1)
Vosr | Output Offset Voltage at VFRO (alternating + zero PCM code - 200 200 mV
applied to DrO or Dr1, 0dBmO = 8.1 dBm)
12123 L3y SGS-THOMSON
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ELECTRICAL OPERATING CHARACTERISTICS (continued)

POWER DISSIPATION

Symbol Parameter Min. Typ. Max. | Unit
ICCO | Power Down Current (CCLK, Cl = 0.4 V, CS = 2.4 V)
Interface latches set as outputs with no load. 3 1.5 mA
All Other Inputs active, Power Amp Disabled
—ISS0 | Power Down Current (as above) 0.3 mA
ICC1 Power Up Current ___ 7 10 mA
(CCLK,Cl =04 V,CS=24V)
No Load on Power Amp
Interface latches set as outputs with no load.
-ISS1 | Power Up Current (as above) 7 10 mA

TIMING SPECIFICATIONS

Unless otherwise noted, limits in BOLD characters
are guaranteed for Vcc = + 5 V £ 5 % ;
Vss=5V+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 pro-
duction tests and/or product design and charac-
terization. All signals referenced to GND. Typicals

MASTER CLOCK TIMING

specified at Vecc =+ 5V, Vss=5V, Ta=25 "C. All
timing parameters are mesured at Vox = 2.0 V and
VoL =0.7 V.

See Definitions and Timing Conventions section for
test methods information.

MICROELECTRONICS

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 V4 to V4, see note 1) 80 ns
twmL Period of MCLK Low (measuret! from Vi to V., see note 1) 80 ns
teRm Rise Time of MCLK (measured from V,_ or V|y) 30 ns
tem Fall Time of MCLK (measured from V)4 to Vi) 30
tHeBM Hold Time, BCLK Low to MCLK High 50 ns
twrL Period of FSx or FSg Low 2 us
13/23
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TIMING SPECIFICATIONS (continued)
PCM INTERFACE TIMING

Symbol Parameter Min. Typ. Max. Unit
fscLk | Frequency of BCLK (may vary from 64 kHz to 4.096 MHz in 64 4.096 | kHz
8 kHz increments)
twen | Period of BCLK High (measured from V4 to Vi) 80 ns
twsL Period of BCLK Low (measured from V_ to Vi) 80 ns
tre Rise Time of BCLK  (measured from V,_ to Viu) 30 ns
tes Fall Time of BCLK  (measured from V4 to VL) 30 ns
tusr Hold Time, BCLK Low to FSx,r High or Low 0 ns
tsre Setup Time FSx;r High to BCLK Low 30 ns
toeD Delay Time, BCLK High to Data Valid (load = 100 pF plus 80 ns
2 LSTTL loads)
toez Delay Time from BCLK8 Low to Dx Disabled (if FSx already low) 15 80 ns
FSx Low to Dx Disabled (if BCLK8 low)
BCLK9 High to Dx Disabled (if FSx still high)
tosT Delay Time, from BCLK and FSx Both High to TSx Low (load = 60 ns
100 pF plus 2 LSTTL loads)
tzar Delay Time from BCLK8 low to TSx Disabled (if FSx already low) 15 60 ns
FSx Low to TSx Disabled (if BCLK8 low)
BCLK9 High to TSx Disabled (if FSx still high)
toro Delay Time, FSx High to Data Valid (load = 100 pF plus 2 LSTTL 80 ns
loads, applies if FSx rises later than BCLK rising edge in
non-delayed data mode only)
tsos Setup Time , Dg 0/1 Valid to BCLK Low 30 ns
tHoB Hold Time, BCLK Low to Dg 0/1 Invalid 10 n

Figure 5 : Non Delayed Data Timing (long frame mode).

Note : 1 Applies only to MCLK frequencies > 1 536 MHz. At 512 kHz a 50.50 + 2 % duty cycle must be used.
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Figure 6 : Delayed Data Timing (short frame mode).
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SERIAL CONTROL PORT TIMING
Symbol Parameter Min. Typ. Max. Unit
fccLk | Frequency of CCLK 2.048 | MHz
twcn | Period of CCLK High (measured from Viy to Vip) 160 ns
twelL Period of CCLK Low (measured from Vi to V) 160 ns
trc Rise Time of CCLK (measured from V_ to Vi4) 50 ns
trc Fall Time of CCLK  (measured from V|4 to V) 50 ns
thecs Hold Time, CCLK Low to CS Low (CCLK1) 10 ns
tHsc Hold Time, CCLK Low to CS High (CCLK8) 100 ns
tssc Setup Time, CS Transition to CCLK Low 70 ns
tssco | Setup Time, CS Transition to CCLK High (to insure CO is not 50 ns
enabled for single byte)
tspc Setup Time, Cl Data in to CCLK low 50 ns
tuco Hold Time, CCLK Low to ClI Invalid 50 ns
toco Delay Time, CCLK High to CO Data Out Valid 50 ns
(load = 100 pF plus 2 LSTTL loads)
tpsp Delay Time, CS Low to CO Vvald 50 ns
(applies only if separate CS used for byte 2)
tonz Delay Time, CSor CCLKS9 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
tsLc Setup Time, I Valid to CCLK 8 of Byte 1 Low. I_ as Input 100 ns
theL Hold Time, I Valid from CCLK 8 of Byte 1 Low. I_ as Input 50 ns
tocL Delay Time, CCLK 8 of Byte 2 Low to I.. C_ =50 pF. I_ as 200 ns
Output
MASTER RESET PIN
Symbol Parameter Min. Typ. Max. Unit
twmr Duration of Master Reset High (ST5075 only) 1 us
7 S5 THoNaN ==
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TRANSMISSION CHARACTERISTICS

Unless otherwise noted, limits printed in BOLD char-
acters are guaranteed for Vec = + 5 V£ 5 % ;
Vss=—5V+ 5%, Ta=0 Cto 70 °C by correlation
with 100 % electrical testing at Ta = 25 °C.
f = 1015.625 Hz, VFxl = 0 dBmO, DmrO or
Dr1 = 0 dBm0O 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 Vcc = + 5 V,
Vss=5V,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 1.377 Vrms
25.4 dB Tx Gain 74.0 mVrms
VFRO 0 dB Rx Attenuation (RL 2 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 1.978 Vrms
25.4 dB Tx Gain 106.2 mVrms
VFgO 0 dB Rx Attenuation (R. > 15 kQ) 2.825 Vrms
0.5 dB Rx Attenuation (RL = 300 Q) 2.667 Vrms
1.2 dB Rx Attenuation (R = 300 Q) 2.461 Vrms
25.4 dB Rx Attenuation 151.7 mVrms
p-law
VFxl 0 dB Tx Gain 1.985 Vrms
25.4 dB Tx Gain 106.6 mVrms
VFRO 0 dB Rx Attenuation (R = 15 kQ) 2.836 Vrms
0.5 dB Rx Attenuation (Rp = 600 Q) 2.677 Vrms
1.2 dB Rx Attenuation (R = 300 Q) 2.470 Vrms
25.4 dB Rx Attenuation 152.3 mVrms
Transmit Gain Absolute Accurary
GXA | Transmit Gain Programmed for 0 dBm0 =5 dBm, A-Law
Measure Deviation of Digital Code from Ideal 0 dBm0 PCM Code
at Dx0/1, f =1015.625 Hz
Ta=25°,Vec=5V,Vss==5V - 0.15 0.15 dB
Transmit Gain Variation with Programmed Gain
GXAG | —20.4 dBm < 0 dBmO < 5 dBm
Calculate the Deviation from the Programmed Gain Relative to
GXA -0.1 0.1 dB
i.e., GXAG = Gactual — Gprog — GXA
Ta=25°,Vec=5V,Vss =—5V
L7 SGS-THOMSON 17723
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ST5075/76

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 dBm0O Code
f =60 Hz - 26 dB
f =200 Hz -1.8 - 0.1 dB
f =300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -0.7 0 dB
f = 4000 Hz -14 dB
f 2 4600 Hz Measure Response at Alias Frequency from 0 kHz -32 dB
to 4 kHz
0 dBm0 = 5.0 dBm
VFxl = -4 dBmO (note 2)
f=62.5Hz - 249 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, Vecc =5V, Vss ==5V
—20.4 dBm < 0 dBm0 < 5.0 dBm - 0.1 0.1 dB
GXAV | Transmit Gain Variation with Supply
Vec=5V+£5%, Vss=—5V+5%
Measured Relative to GXA
Ta =25°C, 0 dBm0 =5.0 dBm - 0.05 0.05 dB
GXAL | Transmit Gain Variation with Signal Level
Sinusoidal Test Method, Reference Level = 0 dBm0
VF«l =— 40 dBmO to + 3 dBm0 - 0.2 0.2 dB
VFxl =—50 dBmO to — 40 dBmO - 0.4 0.4 dB
VFyl =~ 55 dBm0 to — 50 dBm0 - 1.2 1.2 dB
GRA | Receive Gain Absolute Accuracy
0 dBmO = 8.1 dBm, A-Law
Apply 0 dBm0 PCM Code to DrO or Dg1 Measure VFgO - 0.15 0.15 dB
Ta=25°C,Vec=5V,Vgg=—5V
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
18/23
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ST5075/76

AMPLITUDE RESPONSE (continued)

Symbol Parameter Min. Typ. Max. Unit
i.e. GRAG = Gactual — Gprog — GRA
Ta=25°C,Vcc=5V,Vgs=—5V

GRAT | Receive Gain Variation with Temperature
Measured Relative to GRA
Veec=5V,Vss=—5V - 0.1 0.1 dB
—17.3 dBm < 0 dBmO < 8.1 dBm

GRAV | Receive Gain Variation with Supply
Measured Relative to Gra
Vec=5V+5% Vss=—5V+5% -0.05 0.05 dB
Ta =25°C,0dBm 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 dBm0 < 8.1 dBm
f =200 Hz - 0.25 0.15 dB
f =300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -07 0 dB
f =4000 Hz - 14 dB
GR =0 dBm0 = 8.1 dBm
GX = DR0 =— 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 -135 dB

GRAL | Receive Gain Variation with Signal Level
Sinusoidal Test Method Reference Level = 0 dBmO
DRO =— 40 dBmO to + 3 dBm0 -0.2 0.2 dB
DRO =- 50 dBmO to — 40 dBmO -04 0.4 dB
Dg0 = - 55 dBm0 to — 50 dBm0 -1.2 1.2 dB

L7 SGS-THOMSON 19723
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ST5075/76

ENVELOPPE DELAY DISTORTION WITH FREQUENCY

Symbol Parameter Min. Typ. Max. Unit
DXA Tx Delay Absolute 315 us
f=1600 Hz
DXR Tx Delay, Relative
f =500 — 600 Hz 220 us
f =600 — 800 Hz 145 us
f =800 — 1000 Hz 75 us
f = 1000 — 1600 Hz 40 us
f = 1600 — 2600 Hz 75 us
f =2600 — 2800 Hz 105 us
f =2800 — 3000 Hz 155 us
DRA Rx Delay, Absolute
f =1600 Hz 200 us
DRR Rx Delay, Relative
f =500 — 1000 Hz —-40 us
=1000 — 1600 Hz -30 us
f = 1600 — 2600 Hz 90 us
f = 2600 — 2800 Hz 125 us
f = 2800 — 3000 Hz 175 us
2023 (57 SGS-THOMSON
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ST5075/76

NOISE
Symbol Parameter Min. Typ. Max. Unit
NXC Transmit Noise, C Message Weighted
p-law Selected (note 3) 12 15 dBrnCO
. 0 dBmO0 = 5.0 dBm
NXP Transmit Noise, Psophometric Weighted
A-law Selected (note 3) —-74 - 67 |dBmOp
0 dBm0 = 5.0 dBm
NRC Receive Noise, Psophometric Weighted
u-law Selected
PCM code is alternating positive 8 11 dBrnCO
NRP Receive Noise, Psophometric Weighted
A-law Selected
PCM Code Equals Positive Zero -82 - 79 |dBmOp
NRS Noise, Single Frequency
f =0 kHz to 100 kHz, Loop Around Measurement VFxl =0 Vrms - 53 dBmO
PPSRX | Positive Power Supply Rejection Transmit
Vece =5 Vpe + 100 mVrms 30 dBp
f = kHz — 50 kHz (note 4)
NPSRX | Negative Power Supply Rejection Transmit
Vgs =—5 VDC + 100 mVrms 30 dBp
PPSRR | Positive Power Supply Rejection Receive
PCM Code Equals Positive Zero
Vee =5 Vpe + 100 mVrms
Measure VFg0
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 Vpc + 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 dBm0 300 Hz to 3400Hz input PCM applied at Dr0 (Dg1) -
4600 Hz — 7600 Hz - 30 dB
7600 Hz — 8400 Hz - 40 dB
8400 Hz — 100 000 Hz - 30 dB
L7 SGS-THOMSON 2123
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ST5075/76

DISTORTION
Symbol Parameter Min. Typ. Max. Unit
STDX | Signal to Total Distortion Transmit
Sinusoidal Test Method
Half Channel,
Level = 3 dBmO 33 dBp
— 30 dBmo0 to 0 dBm0 - 36 dBp
— 40 dBm0 29 dBp
— 45 dBm0 25 dBp
STDR | Signal to Total Distortion Receive
Sinusoidal Test Method
Half Channel,
Level =3 dBm0 33 dBp
— 30 dBm0 to 0 dBm0 36 dBp
— 40 dBm0 30 dBp
— 45 dBm0 25 dBp
SFDX | Single Frequency Distortion Transmit - 46 dB
SFDR | Single Frequency Distortion Receive - 46 dB
IMD | Intermodulation Distortion Transmit or Receive Two Frequencies
in the Range -41 dB
300 Hz — 3400 Hz
CROSSTALK
Symbol Parameter Min. Typ. Max. Unit
CTX-R | Transmit to Receive Crosstalk,
0 dBmO Transmit Level
f =300 — 3400 Hz . -90 -75 dB
DR = Steady PCM Code
CTR-X | Receive to transmit Crosstalk,
0 dBmO Receive Level
f = 300 — 3400 Hz, (note 4) -90 -70 dB
Notes : 1. Applies only to MCLK frequencies > 1.536 MHz. At 512 kHz A 50:50 + 2 % duty cycle must be used.
2. A multi-tone test technique is used (peak/rms < 9.5 dB).
3. Measured by extrapolation from distortion test result at — 50 dBmO0.
4. PPSRX, NPSRX and CTR-X are measured with a — 50 dBm0 activation signal applied to VFxI.
Asignal s Valid if it is above Vin or below Vi and invalid if it is between ViLand Vik. For the purpose of the specification the following
conditions apply :
a) All input signals are definedas ViL=0.4V, Vih=2.7V,tr< 10 ns, tr 10 ns
b) tr 1s measured from Vi to Vi, tr Is measured from Vinto Vi
c) Delay Times are measured from the input signal Valid to the clock input invalid
d) Setup Times are measured from the data input Vald to the clock input invalid
) Hold Times are measured from the data signal Valid to the data input invalid
f) Pulse widths are measured drom Vi to Vi or from Vin to Vi
2223 (37 SGS-THOMSON
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ST5075/76

DEFINITIONS AND TIMING CONVENTIONS

DEFINITIONS
ViH

ViL

Vo
VoL

Threshold Region
Valid Signal

Invalid signal

ViH 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 Vi4 and maximum supply voltages
applied to the device.

ViLis 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 V|x but with all
driving signal low levels set to ViL and minimum supply voltage applied to the device.

Vo 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.

The threshold region is the range of input voltages between ViL and V4.
A signal is Valid if it is in one of the valid logic states. (i.e. above Vix or belowe ViL). In
timing 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 ViL and Vin. 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
Period

Rise Time
Fall Time

Pulse Width High

Pulse Width Low

Setup Time

Hold Time

Delay Time

Allinput signals may be characterizedas : V.=0.4V,V4H=2.4V,tR<10ns,tF <10 ns.

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 Vi to Vin.

Fall times are designated as tFyy, where yy represents a mnemonic of the signal whose
fall time is being specified, tFyy is measured from Vi4 to ViL.

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 ViHto ViH.

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 VL to VL. '

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 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 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.

L7 SGS-THOMSON 2823
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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
(1ms) FOR LOW DISTORTION DIAL
PULSE DETECTION
- 3. GROUND KEY DETECTION
s 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 10Hz ; 40dB at 1kHz)

DESCRIPTION

The SLIC KIT (L3000/L3010) 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 L3010 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/L3010 KIT generates the ringing signal
internally, avoiding the requirement for expensive
external circuitry. A low level 1Vrms input is re-
quired.

This kit is fabricated using a 140V Bipolar technol-
ogy for L3000 and a 12V Bipolar I2L technology for
L3010.

This kit is suitable for all the following applications :
C.0O. (Central Office), DLC (Digital Loop Carrier) and

high range PABX (Private Automatic Branch Ex-
change).

DiP28

FLEXIWATT15

ORDER CODES :
L3010 (Dip28)
L3000 (Flexiwatt15)

Lj SGS:THOMSON 126
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L3000/L3010

PIN CONNECTION
sod1 7 onlirer N -
uss 2 20 F1RX FNT =
voo ] 3 26 f12zn Ve :i]——__uz
usin [ 4 2128 BESE —
uouT ] 5 2a ] TTX2 —
zaCc 0 6 21 TTXL U:: —
RPC [ 7 P2ASREY UB- =1
tac 8 211 TTX AGND —— |
acoc [ 9 24 [1 CRT [T ——
1T 18 19 [ | RGIN 1 ——="]
ROC (] 11 LASRENS 2 =M\ A\
Q12 1/ [1CS 1T ——]
c2]13 |1 R/U L =]
c10 14 1 [l oi/so RING e=——={ |
negLIv1Y W1 188L 3666-83
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vp— Negative Battery Voltage - 80 \
Vp+ Positive Battery Voltage 80 Vv
| Vo— |+ Vp+ || Total Battery Voltage 140 \
Vdd Positive Supply Voltage +55 Vv
Vss Negative Supply Voltage -55 Vv
Vagna—Vbgna | Max Voltage between Analog Ground and Battery Ground 5 \%
T Max Junction Temperature + 150 °C
Tstg Storage Temperature - 5510 + 150 °C
THERMAL DATA
L3000 HIGH VOLTAGE
Rthje Max Resistance Junction to Case 4 °C/W
Rthja Max Resistance Junction to Ambient 50 °C/W
L3010 LOW VOLTAGE
| Rthja rMax Resistance Junction to Ambient 80 °C/W
OPERATING RANGE
Symbol Parameter Min. Typ. Max. Unit
Toper Operating Temperature Range 0 70 °C
Vp— Negative Battery Voltage -70 — 48 - 24 Vv
Vp+ Positive Battery Voltage 0 +72 +75 \
| Vp— |+| Vp+ || Total Battery Voltage 120 130 \Y
Vdd Positive Supply Voltage + 4.5 +55 \)
Vss Negative Supply Voltage -55 - 45 \
Imax Total Line Current (I + I7) 85 mA
2/26
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L3000/L3010

PIN DESCRIPTION (L3000)

N° Name Description
1 TIP A line termination output with current capability up to 100mA (I, is the current sourced from
this pin).
2 MNT Positive Supply Voltage Monitor
3 Vg+ Positive Battery Supply Voltage
4 BGND Battery ground relative to the Vg+ and the Vg— 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.
- fliter by an external capacitor the noise on Vg—.
8 V- Negative Battery Supply Voltage
9 AGND Analog Ground. All input signals and the Vpp 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 Ir High precision scaled transversal line current signal.
| la + Ip
T=
100
14 IL Scaled longitudinal line current signal.
iL=tazle
100
15 RING B line termination output with current capability up to 100mA (lp, is the current sunk into this

pin).

3/26
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L3000/L3010

PIN DESCRIPTION (L3010)

N° 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 VOouT 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 ZAC AC Line Impedance Synthesis
7 RPC AC Line Impedance Adjustment. Protection Resistances Compensation
8 CAC AC Feedback Input
9 ACDC AC - DC Feedback Input
10 IT Transversal Line Current Input
oty
100
11 RDC DC Feeding System
12 IL Longitudinal Line Current Input
iL=lazle
100
13 Cc2 State Control Signal 2
14 C1 State Control Signal 1. Combination of C1 and C2 define operating mode of the high voltage
part.
15 DI/O data Input/output of the Serial Digital Interface
16 RW 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 Shoping
21 TTX Teletaxe Signal Analog Input
22 TX Transmit Amplifier Output
23 TTX1 Teletaxe Filter
24 TTX2 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
Y26 L7 SGS:THOMSON
PMICROELECTRONICS
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L3000/L3010

L3000 BLOCK DIAGRAM

BGND uB+ MNT
@\ W ~O)
a] 3] 2
18 | UOLTAGE POUER SUPPLY
wer G L3000
REFER. SUITCH
11
e é—T
Ia L
12 | STATE — 1
c2 O—» O TIP
DECODER |—+
5 PHASE THERMAL
ubD (/
SPLITTER PROTECT.
6 /I 15
VIN C L > ———ORING
[ | |conuerTER «—
9 3 Ib
AGND O— 3
Ib
CURRENT |—(I)« | SUPPLY FILTER
AND
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Ia
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A4 A
T IL UBIM uB- nesL3666-64
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L3000/L3010

L3010 BLOCK DIAGRAM
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L3000/L3010

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.

L3010 - LOW VOLTAGE CIRCUIT

The L3010 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 L3010
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 SLIC kit has several different working
states. Each state is defined by the.voltage respec-
tively applied by pins 14 and 13 of L3010 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.

Table 1.
Pin 13 of L3010 / Pin 12 of L3000
+5 0 -5
Pin 14 of L3010 +5 Stand-by Conversation NB-DP Conversation NB-RP
0 Not Used Conversation BB-DP Conversation BB-RP
Pin 11 of L3000 -5 Not Used Ringing DP Ringing RP

NB . Normal Battery

BB : Boosted Battery

NP - Normal Polarity

RP - Reverse Polarity

Appropriate combinations of two pins define the
three status of the kit, that are :

a) Stand-by (SBY)

b) Conversation (CVS)

¢) 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

8/26 ‘Y_I SGS-THOMSON

voltage battery VB- (— 48V) is reduced but the SLIC
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
SLIC.

The SBY status should be used when the telephone
is in on hook and PD status only in emergency con-
dition when itis mandatory to cut any possible dissi-
pation but no operation are requested.
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L3000/L3010

OPERATING MODES

STAND-BY (SBY) MODE

In this mode the bias currents of both L3000 and
L3010 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 10mA.

b) A low resistive region where the equation for the
line voltage is equal to

VLINE = ( |VBAT| -10) - lune * i (Rrs + 2Rp)
3

The AC characteristic in Stand-by corresponds to a
low impedance (2xRP).

In Stand-by mode the Line Voltage Polarity is justin
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.

The power dissipation of the L3010 in the same con-
dition is typically 120mW.

CONVERSATION (CVS) MODE

In conversation Mode itis 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 : 30/45/60/70mA.

b) A resistive feeding region : the characteristic
VUNE = F (ILNg) is :
VLINE = 46V — 2RFS * ILiNe. 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 :

Ve = (| VBAT] - 10) - lune * 2 (RFs + 2Rp)
3

Switching between the three regions is automa-
tic without discontinuity, and depends on the loop
resistance.

4
Iline(mA)
Iline =18mA
2
SLOPE : = [RFS+2RP|
3
- 9
r Uline(U)
HE8L3816-67 |us-|-18U
LNy SGS-THOMSON 928
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Figure 2 : DC Characteristic in Conversation Mode - Rrs = 200Q2 ; Rp = 30Q ; VB—=—48V.
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Figure 3 : Line Current versus Loop Resistance - Rrs = 200Q ; Rp = 30Q ; VB—=—48V.
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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
VLNE = (|VB] + |VB+| - 27V) - ILNe 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 L3010’s pin 21, as metering pulses,
when request by the control processor (through

1026 L7 SGS-THOMSON

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 signalis 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 L3010).

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.

MICROELECTRONICS
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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 ZAC and RP, according to the following for-
mula :

ML= 2 Zac+2xRP
5

Depending on the characteristic of the ZAC 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 (Zline),
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 L3010,

4) The network ZB between the pin 25 (ZB) and
ground that shall copy the line impedance.

(o7 At

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 10, 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 L3010 is
typically 200mW.

RINGING MODE

When the ringing function is selected by the control
processor a low level signal (1Vrms) with a fre-
quency in the range from 16 to 70Hz, permanently
applied to the L3010 (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.

11/26
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The first and the last ringing cycles are synchronized
by the L3010 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 L3010 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 - Afraction 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 SLIC 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)

12726 L3y SGS:THOMSON

- 4 _ Atthe 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 signalis automatically suspended
for three periods and the SLIC is pro-
grammed in Conversation Mode.

- 5 _ Atthe 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 - lfthe Off-Hook condition is not confirmed the
SLIC 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).

DI/O : Bidirectional pin : data-in (8 bit), data-out (4-
bit)

R/W : R/W = 0 read operation ; R/W = 1 writing oper-
ation.

The data are shifted into and read by the low volt-
age L3010- on the falling edge of each CLK pulse,
if CS=0and RW = 1.

The data are shifted out from L3010 on the rising
edge of each CLK pulse, if CS = 0 and R/W = 0.

MICROELECTRONICS
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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 Value
BIT 0 = Activation 0 : stand-by
1 : power up
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 1
BIT 6 0 1 0 1
Line Current Limiting 30mA 45mA 60mA 70mA
BIT 7 = Parity Control 0 :Z bit = ODD
0-6
1: 2 bit = EVEN
0-6

Notes : 1. The BITO 1s the first bit to be sent to the L3010 and the BIT7 is the last.
2. In Conversation Mode and in Ringing Mode the BITO must be set to "1".
3. BIT7 s the parity control bit. It must be set to 0 if 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 0 : not accepted
1 : accepted

. The BITO is the first that L3010 send in the output
. If the line current exceeds 60mA. BIT1 =1
. This relation is valid for line current over 5mA
. The longitudinal current 1s defined as follows lgok = (la - Ig)/2
where la is the current sourced from the TIP pin and Ig is the current sunk into the RING pin

Notes :

HWOWN =

13/26
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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 input/output 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

(2/4 wire conversation). Itis 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-
sistorsis 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
CcDhvB 47uF — 20WV + 20% Battery Voltage Rejection

CVB + (note 1) 0.1uF — 100WV + 20%

Positive Battery Filter

CVB - (note 1) 0.1pF — 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 0.1uF — 15WV (note 1) Negative Supply Voltage Filter
CvDD 0.1uF — 15WV (note 1) Positive Supply Voltage Filter
CAC 47uF — 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
RDC (RFS - RP) x 1.25 DC Feeding Resistor
RL 24.9KQ 1% Bias Resistor
zB K Z_ine (note 2) Line Impedance Balancing Network
ZA 08 xK x RPC + (08 x K x ZAC / ((:)%C:(MKP) Line Impedance Balancing Network
C1TX 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 Subscriber Card.
2. The structure of this network shall copy the line impedance Zuine, multiplied by a factor K=1to . 10.
3 The structure of this network shall copy the SLIC output Impedance ZML multiplied by a factor K = 1 to 10 and compen-
sate the effect of CCOMP on transhybrid rejection
4. If the Teletex Filter 1s not used, pin 23 must be connected to the pin 24 and the ext. component can be avoided.
5. CINT value depends on the ringing frequency Fr :
LSy SGS-THOMSON 15/26
Y/ icRoELECTRONICS
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Fr (Hz) 16/19 19/23 23/27 27/34 34/41 41/49 49/61 61/68
CINT (nF) 470 390 330 270 220 180 150 120
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| | line = 0mA 37 39 \
ILCC Short Circuit Current 12 mA
lot Off-hook Detection Threshold 6 7.5 mA
Hys Off-hook/on-hook Hysteresis 1.5 2.5 mA
Vis Symmetry to Ground I line = OmA .75 \Y
DC OPERATION - NORMAL BATTERY
Symbol Parameter Test Conditions Min Typ. Max Unit
VLO Output Voltage at L3000 Line | line = OmMA 37 39 Vv
Terminals Data in 1X000XXX
llim Current Program through the Data in 1X000XXX ILim ILim ILim mA
Digital Interface - 10% + 10%
lot Off-hook Detection Threshold 75 mA
Hys Off-hook/on-hook Hysteresis 1.5 25 mA
ligk Longitudinal Line Current with GDK| ljjne > 5mA ILINE ILINE mA
Detect 26 2.2
DC OPERATION - BOOST BATTERY
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vio Output Voltage at L3000 Line ILiNe = OmA 90 96 \Y
Terminals ILine = 20mA 81 89 v
RFS =200Q
AC OPERATION
Symbol Parameter Test Conditions Min Typ. Max. Unit
Ztx Sending Output Impedance on TX | Data in 1X000XXX 15 Q
THD Signal Distortion at 2W and 4W Vix = 0dBm @ 1020Hz 0.5 %
Terminals
RI 2W Return Loss f =300 to 3400Hz 20 dB
Thi Transhybrid Loss f = 300 to 3400Hz 24 dB
Gs Sending Gain Vso = 0dBm 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
Gsl Sending Gain Linearity fr = 1020Hz - 0.1 + 0.1 dB
Vsoref =— 10dBm
Vso =+ 4/- 40dBm
16126 L§7 SGS-THOMSON
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ELECTRICAL CHARACTERISTICS (continued)

AC OPERATION (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Gr Receiving Gain Vri =0dBm ; F = 1020Hz | — 0.25 +0.25 dB
Grf Receiving Gain Flatness f =300 to 3400Hz -01 + 0.1 dB

Respect to 1020Hz
Grl Receiving Gain Linearity fr = 1020Hz -0.1 + 0.1 dB
Vriref = - 10dBm
Vri = + 4/~ 40 dBm
Np4W Psophomet. Noise 4W - Tx -75 70 dBmop
Terminals
NP2W Psophomet. at Line Terminals -75 70 dBmop
SVRR Supply Voltage Rejection Ratio Vn = 0.7Vrms dB
Relative to VB— F =3400Hz - 36
F = 1000Hz - 40
F =10Hz -20
SVRR Relative to VDD F = 3400Hz - 20 dB
SVRR | Relative to VSS Vn = 100mVrms -20 | dB
Ltc Longitudinal to Transversal F =300 to 3400Hz 49 (%) 60 dB
Conversion | line = 30mA .
49 (%) 60 dB
Tlc Transversal to Longitudinal ZML = 600Q
Conversion
Td Propagation Time Both Direction 40 us
Tdd Propagation Time Distortion 25 us
Vitx Line Voltage of Teletaxe Signal Z LiNe = 200Q 1.8 2.2 \Y
THD Teletaxe Signal Harmonic Dist. 5 %
Zitt Teletaxe Amplif. Input Impedance 100 KQ
(*) : up to 52dB using selected L3000.
AC OPERATION BOOST BATTERY

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Gs Sending Gain Vso = 0dBm f = 1020HZ - 05 +05 dB
Gr Receiving Gain Vri = 0dBm f = 1020HZ - 05 +0.5 dB

Np4W Psophometric Noise at 4W-Tx - 68 | dBmp
Terminals

Np2W Psophometric Noise at line -73 - 68 | dBmp
Terminals

SVRR Supply Voltage Rejection Ratio V =100mVrsm f = 3400Hz - 30 dB
Relative to VB+ (fig. 15)

SVRR Relative to Vdd f = 3400Hz -20 dB

SVRR | Relative to Vss Vs = 100mVrms -20 | dB

L57 SGS-THOMSON 17126
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ELECTRICAL CHARACTERISTICS (continued)
RINGING PHASE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vir Superimposed DC Voltage Rloop > 100KQ 19 30 \
Rloop = 1KQ 17 28 \
Vacr Ringing Signal at Line Terminal Vrain = 1Vrms/30Hz 56 60 Vrms
Rloop = 1kQ + 1uF
If DC Off-hook Del Threshold 1.7 23 mA
llim Output Current Capability 85 130 mA
Vrs Ringing Voltage Symmetry 2 Vrms
THDr Ringing Signal Distorsion 5 %
Zir Ringing Amplicat. Input Impedance | Pin RGIN 50 KQ
Vrr Residual of Ringing Signal at Tx 600 mVrms
Output
Trt Ring Trip Detection Time fring = 25Hz (T = 1/fring) 80(2T) ms
Toh Off-hook Status Delay after the CRT = 330nF 120(3T) us
Ringing Stop
SUPPLY CURRENT
Symbol Parameter Min. Typ. Max. Unit
Ipp Positive Supply Current Stand-by 16.3 mA
CS =1 Conversation (NB/BB) 26.4 mA
Ringing 26.4 mA
Iss Negative Supply Current Stand-by 9.5 mA
CS=1 Conversation (NB/BB) 18 mA
Ringing 18 mA
lgaT- Negative Battery Supply Current Stand-by 29 4 mA
Line Current = @mA Conversation NB 9.8 12 mA
Conversation BB 13 16 mA
Ringing 26 28.5 mA
IBAT+ Positive Battery Supply Current Stand-by 10 15 pA
Line Current = @mA Conversation NB 10 15 pA
Conversation BB 8 10 mA
Ringing 16 18.5 mA
NB = Normal Battery
BB = Boosted Battery
18/26 LNy SGS-THOMSON
Y/ HICROELECTRONICS
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DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(VDD = + 5V, £5% ; VSS = -5V, £5% ; Tamb = 0 to + 70°C)

STATIC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vil Input Voltage at Logical "0" Pins 15, 16, 17, 18 0 0.8 \
Vih Input Voltage at Logical "1" 2.0 5 Vv
lil Input Current at Logical "0" Vil =0V 200 pA
lih Input Current at Logical "1" Vih =5V 40 pA
Vol Output Voltage at Logical "0" Pin 15 lout =— 1mA 0.4 Vv
Voh Output Voltage at Logical "1" Pin 15 lout = TmA 24 \Y
Ik Tristate Leak Current Pin 15 with NCS ="1" 10 pA

DINAMIC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit

felk CKL Signal Frequency 1 512 Khz
Tr, Tf CLK Rise and Fall Time 50 ns

Twh, Twl | CLK Impulse Width 800 ns
Tec "1" RW to CKL Set up Time 100 ns
Tsc CS to CLK Set up Time 0 ns
Tsk CS to CLK Set up Time 400 ns
Tsd Data in Set up Time 0 ns
Thd Data in Hold Time 300 ns
Tes CS to CKL Hold Time 0 400 ns
Teca RW to CKL Hold Time 200 ns
Tac RW to CKL Set up Time 100 ns
Tzd Data out to CS Delay 0 600 ns
Tce RW to CKL Hold Time 200 ns
Tdz High Imp. to CS Delay 50 200 ns
Tdd Data out to CKL Delay 400 800 ns

L57 SEs:momsoN
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Figure 6 : Writing Operation Timing (from controller to slic).

Twh TF Tewl 7T1r
e— ——-p-—o:t- - i'b-q
| 1
I ! !
CKL ! ! ! ,
I ) :
ITsc Tsk | Tecs
N — — lh’ - —-ﬂl
1
! ]
: ! : I
CS I ! e !
| LI 27 ’
1 | .
I [ e
' I | 7 ‘I
RU I ! : 1
) Tec ! Ts Thd 1 Teca
¥ s — -
l |
i + | .
NON d NON
DIO vALID BIT B aIt 1 BIT ? VALID
DRTA DATA
— 5
NBEL 36816-86
20/26
‘_ SGS-THOMSON
Y/ croEEcTRONICS

288



L3000/L3010

Figure 7 : Reading Operation Timing (from slic to controller).
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Figure 8

: Slic Test Circuit Schematic.
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APPENDIX
SLIC test circuits

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

configuration for each measurement.

In particular : A-B : Line terminals
C : Tx sending output on 4W side
D : Rx receiving input on 4W side
E : T1x teletaxe signal input
Rain : low level ringing signal input

TEST CIRCUITS
Figure 1 : Symmetry to Ground.
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TEST CIRCUITS (continued)
Figure 3 : Trans-hybrid Loss.
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TEST CIRCUITS (continued)
Figure 6 : SVRR Relative to Battery Voltage VB-.
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TEST CIRCUITS (continued)
Figure 9 : TTX Level at Line Terminals.
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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 (2VRms/5VRMS)

= LOW NUMBER OF EXTERNAL COMPO-
NENTS

= GOOD REJECTION OF THE NOISE ON BAT-
TERY VOLTAGE (20dB at 10Hz and 40dB at
1kHz)

= POSSIBILITY TO WORK ALSO WITH HIGH
COMMON MODE CURRENTS

s 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

- Sigg}gﬂlng

- Hybrid
Additional functions, such as battery reversal, extra
battery use, line overvoltage sensing and metering-

April 1989

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 for that, as well
as for the operation in battery boosted, a positive
battery voltage shall be available on the subscriber
card. As the right ringing signal amplification both in
voltage and in current is provided by SLIC, the ring
signal generator shall only provide a low level sig-
nal (0.285Vrms).

This kit is fabricated using a 140V Bipolar technol-
ogy for L3000 and a 12V Bipolar I12L technology for
L.3030.

This Kit is suitable for Central Office (German Spe-
cifications) and for the high range of PABX (Private
Automatic Branch Exchange).

FLEXIWATT15

ORDER CODES :
L3030 (DIP28)

L3030P (PLCC44)
L3000 (FLEXIWATT15)

1/28
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PIN CONNECTION (top view)

M89L3030-01 M89L3030-02 M89L3000-03
asvod1 7 28 | Rer e ﬁv\
uss 2 27 0 usIn ”:T -
voo [ 3 26 [1 RX/RG v :%
czs ] 4 25 3 Tx BE:E =:<:’—.
AcF O s 24 7z8 Uiy —
zac 6 23 [3 TTXF I
vout g 7 22 [ARGTIX I ppp——
cnge 21 [J TTXIN AGND ]
rRC O 9 28 [ CRTS REF —]
1T 1e 190 1L 1 == ]
rDC [ 11 18 O c2 2 ——1 e
E1A [ 12 17[3ct T ==\ \J)
NCS O 13 16 [dcr L =]
MAMAARARRSN oo 14 15 1 dekL RInG #_ﬂg
c¥sggFrroel nesisess o n8sL3830-82 ne8L3688-63
PLCC44 DIP28 FLEXIWATT15
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vp— Negative Battery Voltage - 80 Vv
Vp+ Positive Battery Voltage 80 Vv
Vo= + [Vb+| | Total Battery Voltage 140 \
Vdd Positive Supply Voltage +55 \
Vss Negative Supply Voltage -55 Vv
Vagnd — Vbgnd| Max. Voltage between Analog Ground and Battery Ground 5 \'
T, Max. Junction Temperature + 150 °C
Tstig Storage Temperature ~55to0 + 150 °C
THERMAL DATA
L3000 HIGH VOLTAGE
Rinje Max. Resistance Junction to Case 4 °C/W
Rithja Max. Resistance Junction to Ambient 50 °C/W
L3030 LOW VOLTAGE
| Rthja | Max. Resistance Junction to Ambient 80 ‘ °C/W
OPERATING RANGE
Symbol Parameter Min. Typ. Max. Unit
Toper Operating Temperature Range 0 70 °C
Vp— Negative Battery Voltage -70 — 48 - 24 \
Vp+ Positive Battery Voltage 0 +72 +75 \')
Vp— + Vp+ | Total Battery Voltage 120 130 Vv
Vdd Positive Supply Voltage + 4.5 +55 Vv
Vss Negative Supply Voltage -55 - 45 \
Imax Total Line Current 85 mA
2/28
c_ SGS-THOMSON
Y/ raicRoELECTRONICS
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L3000/L3030

PIN DESCRIPTIONS (L3000)

N° Name Description
1 TIP A line termination output with current capability up to 100mA (1, is the current sourced from
this pin).
MNT Positive Supply Voltage Monitor
3 Vg+ Positive Battery Supply Voltage

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

5 Vop Positive Power Supply + 5V
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 Vg—.

Vg— Negative Battery Supply Voltage
9 AGND Analog Ground. All input signals and the Vpp 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 It High precision scaled transversal line current signal.
Ia + Ib
"~ 100
14 IL Scaled longitudinal line current signal.
la—1
IL = a b
100
15 RING B line termination output with current capability up to 100mA (lp is the current sunk into this
pin).
LSy SGS-THOMSON 28
Y/ saichoELECTRONICS
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L3030 - PIN CONFIGURATION

PLCC-44Pm 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 (o743 AC Feedback Input

8 5 ACF AC Line Impedance Synthesis

9 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 RDC 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

L5 SEs:mHomsoN
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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 Ring 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 uB+ MNT
O ' OO
AR EE
UOLTAGE POWER SUPPLY
REF L3666
REFER. SWITCH
e —
Ia
STATE — 1
Cc2 BUFFER O TIP
DECODER |— /]/ I
5 PHASE THERMAL
uDD O
SPLITTER PROTECT.
6 u/1
VIN ] YRING
CONUERTER
2 T
AGND O *———
Ib
CURRENT |—(I)< SUPPLY FILTER
AND
SENSORS |—(I)< |BATTERY MEASURE
Ia
13 141 7,L 8
S \J
IL

1T UBIM UB- M88L36686-64

5/28
‘ SGS-THOMSON
S/ 4 muc?a@@m@mucs
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L3030 BLOCK DIAGRAM

ZB ACF zZAC CM RC RODC
41 36
RX/RG (
% 40 LINE CURRENT
TTXE 35 4U to 2U SENSING & AC-DC
34 CONUERTER IMPEDA
RGTTX DANCE
1 SYNTETIZER
I !
32 RING ON/OFF HOOK
CRTS ¢
INJECTOR DETECTOR
TTX INJIECT. GROUND-KEY 31
33 and SHAPING DETECTOR
TTXIN
27

DCLK

DIO
DGND

Nn89L38368-83R

CONTROL
LOGIC

LIN

E INTERFACE

——crrcurT conTroL| 28

EIA NCS CI

UOLTAGE

REGULATOR

B

e

REF

AGND

UssS uDD

IL

C1

c2
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L3000/L3030

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 Ir, 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-

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
TTX 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.

nals Three different voltage levels (- 5, 0, + 5) are avail-
- Battery ground as a reference for the output able at each connection, so defining nine possible
stages states as listed in tab. 1.
Table 1.
Pin 28 of L3030/ Pin 12 of L3000
+3 0 -3

Pin 27 +3 Stand-by Conversation in Normal Conversation in Normal

of Battery Direct Polarity Battery Reverse Polar
L3030 0 Not allowed. Conversation in Boost Conversation in Boost
Pin 11 Battery Direct Polarity Battery Reverse Polar

of -3 Not allowed. Ringing with Direct Not allowed.
L3000 Polarity

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

EI- SGS-THOMSON

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 SLIC
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
SLIC.

The SBY status should be used when the telephone
is in On hook and PD status only in emergency con-
dition when itis mandatory to cut any possible dissi-
pation but no operation are requested.

7128
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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.

2
R= - (RFS + 2RP)

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).

Iline(mA)

Iline - cost.-=-7mA

«— R =—§-x @Fs+2RP)

M839L3836-84

' Uline(y)
33

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 (lline > 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

8/28

‘y—l SGS-THOMSON

(BITOR and BIT1R) equal to "0".

Setting to 0 all the 8 bits of the command sent to the
digital interface of L3030, the bias currents of both
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 itis 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.

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

a) current limiting region ; the DC impedance of the
SLIC is very high (> 20 Kohm) and therefore the 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).

¢) 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:

% 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.

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 signalis 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 SLIC also provides,
in the transmit direction (from line to 4-wire side), an
amplifier to insert an externai notch filter (series res-
onator) for suppressing the 12/16kHz residual sig-
nal.

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

Iline(mA)

ILIM

<*+— R=2xRFS

R- —z— x (RFS+2RP ) —»\*«

ngsL3836-85

Uline (V)

Note :

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

value So, the voltage drop In the low impedance region 1s 15V. It1s also possible to increase up to 25V this value setting BIT3R to 1.

L3y S55-THOMSON 928
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Figure 3 : DC Characteristic (b.b.) ILim = 25/30/45/70 mA.

Iline(mA)

Iline-cost.

ILIN

<+— R=2xRFS

M838L 3838 -86

I Ulinetu)
Ig

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

1028 L7 S5s-THOMSON

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.

MICROELECTRONICS
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Figure 4 : External Teletaxe Filter.

. 1L h
" LS2D4
c1 C R2 -
- L |
R3
R4
- ——
LS284
+ l_
C2
N N RS
21 \/ LxC .
R2 x R4 x R5 n8sgL3836-87
= ———>—"xC2
R3
Figure 5 : DC Characteristic for 2 x 200 ohm Feeding System.
4
Iline (mA)
7BmA (18,78)
loop res-=278Q
_
45mA / \(24 45)
3BmA —\ (27.38)
25mA L (28,25)
«—
loop res-112BQ
n89L 3838 -88 33V Vline (V)
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Figure 6 : DC Characteristic for 2 x 400 ohm Feeding System.

4
Iline (mA)

loop res=278Q

68mA
(12.45)
ASmA loop res-=
o 2780 122,32)
2 (23.38)
25mA VA ~ \ “(24.25)

—
loop res-788Q

»

Mn83L3838-89

33V Vline (V)

Figure 7 : Line Current Versus Loop Resistance.

L3000/3030 DC Characteristic.

Line current versus loop resistance
RFS=2000hm; RP=300hm; VB-=-48V
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1600
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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, alow 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 DG polarity can only
be direct.

The firstand the last ringing cycles are synchronized
by L3030 so that ringing always starts and stops at

o7
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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.




L3000/L3030

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 (DIO), exchanged at pin 20
- input/output select (EIA), entering at pin 18
- chip select (NCS), entering at pin 19
- change NCS from in to out (Cl), entering at
pin 26 (note 1)

The maximum clock frequency is 600Khz.

When EIA signal is low data are transferred from the
card controller into 1/O registers of the L3030 se-
lected by NCS signal tied at low level ; then data are

Table 1 : Serial Mode.

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 ininput
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

BIT1R = TTX & Ring Timing (note 4)

0 - Timing off

1 - Timing on

BIT2R = Ring (note 5)

0 - TTX Signal Injection

1 - Ring Signal Injection

BIT3R =TTX Level

0 - Low Amplitude (2VRrms)

1 - High Amplitude (5Vrus)

BIT4R = Battery Polarity

0 - Normal Polarity

1 - Reverse Polarity

BIT5R = Extra Feeding

0 - Normal Battery

1 - Boosted Battery

BIT6R c 0 0 1 1
urrent 25mA 30mA 45mA 70mA
BIT7R Limiting 0 1 1 0
Notes : 1. When Cl signalis tied to low level, NCS signal is the chip select input ; with Cl signal at high level, the NCS signal becomes an out-
put that carry out the logical sum of the following bits : BITOT, BIT1T.
2. The description of the commands is referred to the system L3030 + LINE INTERFACE module.
3. To set SBY mode with llim = 7mA : BITOR = 0 and at least one of the two last bits (BIT6R ; BIT7R) must be setto 1.
4. TTX and RING signals are injected into the line interface module with BIT1R to "1".
5. To set RING mode at least one of the three last bits (BITSR, BITER, BIT7R) must be set to 1, in addition BITOR must be set to 0.

‘7_1 SGS-THOMSON
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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 < 177mA
0 - Long. Line Current > 177mA
BIT2T = Internal Line Current Limiter (note 2) 0 - Off
1-0n
BIT3T = Line Voltage 0 - Normal
1 - Minus of Half Battery
BIT4T = Thermal Overload (note 3) 1 - Off
0-0On

Notes : 1. The description 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 in Conversation Mode and into the miting current region (short loop).
3. The bit BIT4T is set to 1 when the junction temperature of L3000 I1s about 140°C.

Figure 8 : Writing Operation Timing (serial mode).
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Figure 9 : Reading Operation Timing (serial mode).
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2) PARALLEL MODE

This operating mode is enabled connecting pin 33
to a voltage inthe range from 4V to 5V. The five wire
have the following functions :
- power down/feeding (EIA), entering at pin 18
- timing (Cl), entering at pin 26
- ring (DCLK), entering at pin 21
- on-hook/off-hook (NCS), outgoing at pin 19
- ground-key (DIO), outgoing at pin 20

Lﬂ SGS-THOMSON

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.

15/28
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Table 2 : Parallel Mode.

Pin Rif. Meaning (note 1) Eq. ani:e(::‘Ser. Value
18 EIA PD/feeding BITOR 0 : High Impedance
1 : Low Impedance
26 Cl Timing BIT1R 0 : Ring Timing Off
1 : Ring Timing On
21 DCLK | Ring BIT2R 0 : No Ring
1 : Ring Injection
BIT3R 0 : Low Amplitude
BIT4R 0 : Normal Polarity
BIT5R 0 : Normal Battery
BIT6R 0:
BIT7R . Line Curr. = 30mA
19 NCS | On-hook/off-hook BITOT 0 : On-hook
1 : Off-hook
20 DIO | Ground Key BIT1T 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. Unit
Vil Input Voltage at Logical "0" Pins 18, 19, 20, 21, 26 0 0.8 \
Vih Input Voltage at Logical "1" 2.0 5 Vv
lil Input Current at Logical "0" Vil = 0V 200 uA
lih | Input Current at Logical "{" Vih = 5V 10 HA
Vol Output Voltage at Logical "0" | Pins 19, 20 lout =— 1mA 0.4 Vv
Voh Output Voltage at Logical "1" | Pins 19, 20 lout = 1mA 24 Vv
Ik Tristate Leak. Current Pin 20 NCS ="1" 10 LA
DINAMIC ELECTRICAL CHARACTERISITCS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
felk Clock Frequency 1 600 KHz
Tr, Tf Clock Rise and Fall Time 50 ns
Twh, Twl | Clock Impulse Width 750 ns
Tis Cl to NCS Set up Time 300 ns
Tec "0" EIA to DCLK Set up Time 300 ns
Tsc DCKL to NCS Delay (+ edge) 300 ns

16/28
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DINAMIC ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Tsd Data in Set up Time 0 ns
Thd Data in Hold Time" 500 ns
Tes NCS to DCLK Hold Time 800 ns
Tca "0" EIA to DCLK Hold Time 800 ns
Tac "1" EIA to DCLK Set up Time 200 ns
Tzd Data out to "0" NCS Delay 0 600 ns
Tce "1" EIA to DCLK Hold Time 800 ns
Tdz Data out to "1" NCS Delay 500 ns
Tdd Data out to DCLK Delay 1500 ns
Tsi "0" Cl to NCS Hold Time 300 ns

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.

- 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 .
Ref. Pin Value Involved Parameter or Function
RH 10 24.9KQ * 2% Bias Resistance
RP 1,15 30 to 100Q Line Series Resistor
CDVB 7 47uF — 10V Battery Voltage Rejection
CVB+ (note 1) 3 0.1pF — 100V Positive Battery Filter
CVB- (note 1) 8 0.1pF — 100V Negative Battery Filter
D1 (note 1) 8 BAT 49 Protective Shottky Diode

Note :

‘ﬂ SGS-THOMSON

1. CVB+, CVB- and D1 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 0.1pF — 15V Negative Supply Voltage Filter (note 6)
5-3 CVDD 0.1uF — 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)
1415 CAc2 il DC Feeding System and AC Impedence
8-9 ZAC ZML — (RP1 + RP2) Adjustement
8-9 CCOMP 1/(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 Imped. Balancing Network
36-41 ZA K x RPC in Series with SLIC Impedence Balancing Network (note 3)
K x ZAC // (CCOMP/K)
32-3 CINT (note 4) Time Constant
31-4 D2 BAT48 Protective Shottky Diode (note 6)
15-16 Ccon 0.15uF (note 5) Interface Time Constant

Notes : 1. Ifthe internal capacity multiplier stage is not used, pin 7 must be connected with pin 14 without mounting RR and CAC2. In this case
CAC1 =1/(6 28 x 30 x RDC).
. The structure of this network shall copy the line impedance, in case multiplied by a factor K= 1... 10

2
3. Kas fixed at note 2.
4

CINT can have the following values :

Fr. (Hz)

16/18

18/21 21/26 26/31

31/38 38/46 46/57 57/66

CINT (nF)

560

470 390 330

270 220 180 150

5. Ccon is necessary to work "without on/off hook detection-errors” during TTX-pulses.
6. CVSS, CVDD, can be shared with the others SLIC of the Line Card.

18/28

312

Gy SSTHOMEN




L3000/L3030

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 FILT = 1KQ).

STAND-BY
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vis Output Voltage at L3000 lline = 0mA 315 34.5 \
Terminals lline = 5mA 29.7 33 v
licc Short Circuit Current DATA IN (note 1) 000X00X1 5 8.5 mA
lot On/off-hook Detection 5 85 mA
Threshold
Vis Symmetry to Ground lline = OmA 75 \
STAND BY DENIAL
Symbol Parameter Test Conditions Min. Typ. Max. Unit
licc Short Circuit Current DATA IN 000X00X0 2 mA

Note : 1. The data into the digital interface of L3030 are send in serial mode. The format of data is the following :
a) DATA IN : the bit at left side is BIT 0 of the wrniting word, while the bit at the nght side 1s BIT 7.
b) DATA OUT : the bt at the left side 1s 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.

20/28
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ELECTRICAL CHARACTERISTICS (continued)
DC OPERATION - NORMAL BATTERY

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vio Output Voltage at L3000 line = 0mA 315 345 Vv
Terminals llim = 70mA Data in | jine = 20mA 245 28.3 v
10000010 -
lline = 50mA 25 175 \
llim Current Programmed Through -10% llim + 10% mA
the Digital Inter.
lo On-hook Detection Threshold 8 mA
If Off-hook Detection Threshold 12 mA
ligk Longitudinal Line Current with 10 17 24 mA
GK Detect .
lo On-hook Detection Threshold 8 mA
If Off-hook Detection Threshold 12 mA
ligk Longitudinal Line Current with 10 17 24 mA
GK Detect.

DC OPERATION - BOOST BATTERY

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vio Output Voltage at L3000 lline = 0mA 86 95.6 Vv
Terminals line = 20mA 68.6 81 v
AC OPERATION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ztx Sending Output Impedance 10 Q
4 Wire Side
Zrx Receiving Input Impedance 100 kQ
4 Wire Side
THD Signal Distorsion at 2W and 4W 0.5 %
Terminals
RI 2W Return Loss f = 300 to 500Hz 16.5 dB
f = 500 to 3400Hz 20 dB
Thi Trans Hybrid Loss f = 300 to 3400Hz 16 dB
f = 500 to 3000Hz 24 dB
Gs Sending Gain Vso = 0dBm f = 1020Hz
Norm. Polarity - 0.24 0 +0.24 dB
Rev. Polarity -0.24 0 +0.24
Gsf Sending Gain Flatness vs. f = 300 to 3400Hz Respect - 0.1 + 0.1 dB
Frequency to 1020Hz
Gsl Sending Gain Linearity fr = 1020Hz 0.1 dB

Vsoref = — 10dBm
Vso =+ 4 /- 40dBm

Vso =— 40 /- 50dBm 0.1 dB
LNy SGS-THOMSON 21728
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ELECTRICAL CHARACTERISTICS (continued)
AC OPERATION (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Gr Receiving Gain Vri = 0dBm f = 1020Hz
Norm. Polarity -0.238 0 +0.23 dB
Rev. Polarity -0.23 0 +0.23
Grf Receiving Gain Flatness f = 300 to 3400Hz Respect - 0.1 + 0.1 dB
to 1020Hz
Grl Receiving Gain Linearity fr = 1020Hz 0.1 dB
Vriref =— 10dBm
Vri = + 4 /- 40dBm
Vso =— 40 /- 50dBm 0.1 dB
Np4wW Psophometric Noise at 4W-Tx -75 —-70 | dBmp
Terminals
Np2w Psophometric Noise at Line -75 | =70 | dBmp
Terminals
SVRR Supply Voltage Rejection Ratio | f = 1000Hz - 40 dB
Relative to VB— f = 3400Hz _ 136
SVRR Relative to Vdd f = 3400Hz - 26 -23 dB
SVRR | Relative to VSS Vs = 100mVrms -32 | -30 | dB
Ltc Longitudinal to Transversal f =300 to 3400Hz 49(%) 60 dB
Conversion lline = 30mA
Tlc | Transversal to Longitudinal ZML = 600Q 49 | 60 dB
Conversion
* Up to 52dB using selected L3000
AC OPERATION BOOST BATTERY
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Gs Sending Gain Vso = 0dBm f = 1020Hz
Norm. Polarity - .61 -.16 +.29 dB
Rev. Polarity - .61 -.16 +.29
Gr Receiving Gain Vri = 0dBm f = 1020Hz
Norm. Polarity - .27 + .08 +.43 dB
Rev. Polarity - .27 +.08 + .43
Np4W Psophometric Noise at 4W-Tx -73 - 68 | dBmp
Terminals
Np2W Psophometric Noise at line -73 - 68 | dBmp
Terminals
2er8 L7 SGS-THOMSON
Y/ ricRoEECTRONICS

316




L3000/L3030

ELECTRICAL CHARACTERISTICS (continued)
AC OPERATION

Symbol Parameter Test Conditions Min. Typ. Max. Unit
SVRR Supply Voltage Rejection Ratio | V = 100mVrms - 30 dB
Relative to VB+ f = 3400Hz
SVRR Relative to Vdd f = 3400Hz -23 dB
SVRR | Relative to Vss Vs =100mVrms -23 | dB
Td Propagation Time Both Direction 40 us
Tdd Propag. Time Distortion 25 us
Vitx Line Voltage of Teletaxe Signal Note 6 1.7 23 \
Note 7 4.5 55 Vv
THD Teletaxe Signal Harmonic Ttx Filt = 0Q 5 %
Distortion @ 16Khz (note 8)
Zitt Teletaxe Amplif. Input Pin 33 of L3030 100 KQ
Impedance
RINGING PHASE
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vir Superimposed DC Voltage Rloop > 100KQ 20 24 30 Vv
Rloop = 1KQ 18 22 28 \
Vacr Ringing Signal at Line Termin. | Rloop = 1KQ + 1uF 57 Vrms
If DC Off-hook Det. Threshold 1.5 3.5 mA
llim Current Limit. 85 130 mA
Vrs Ringing Simmetry 2 Vrms
THDr Ringing Signal Distortion Vac = 0.285Vrms 5
fRING = 30Hz
RINGING PHASE
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Zir Ringing Amplif. Input Impedance| Pin 41 of L3030 100 KQ
Vrr Residual of Ringing Signal at 600 mV
TX Output
Trt Ring Trip Detection Time fring = 16Hz 125 ms
T = 1/fring (1) (2T)
Toh Off-hook Status Delay after the 125 ms
Ringing Stop (2T)
Trs Cut off of Ringing Ring Trip not Confirmed 188 ms
(3T)
Notes : 6 The configuration of data sent to device change, every 100mS, from - 1100X010 - to - 1000X010 -
7. The configuration of data sent to device change, every 100mS, from - 1101X010 - to - 1001X010 -
8. Error generated by ttx filt # 0 ohm, on the output teletax amplitude is
err% =100 x (1 + A) xB/C
where
A = 10 Kohm/RGTTX[Kohm]
B = TTXFILT[Kohm]
C = (TTXFILT{Kohm] + 1 Kohm)
for example 10 ohm means ern% = 2%.
L3y SGS-THOMSON 23128
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ELECTRICAL CHARACTERISTICS (continued)

SUPPLY CURRENT

Symbol Parameter Min. Typ. Max. Unit
IDD Positive Supply Current NCS =1 Stand-by 16.3 20.9 mA
Conversation (NB/BB) 26.4 33 mA
Ringing 18 23 mA
ISS Negative Supply Current NCS =1 Stand-by 9 12 mA
Conversation (NB/BB) 18 23 mA
Ringing 9 12 mA
lBaT- Negative Battery Supply Current Stand-by 29 4 mA
Line Current = OmA Conversation NB 9.8 12 mA
Conversation BB 13 16 mA
Ringing 26 28.5 mA
IBAT+ Positive Battery Supply Current  Stand by 10 15 pA
Line Current = OmA Conversation NB 10 15 pA
Conversation BB 8 10 mA
Ringing 16 18.5 mA
NB = Normal Battery
BB = Boosted Battery
Figure 12 : Slic Test Circuit Schematic.
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1K l[?sxj] 6K 3#cmr 3I 24.9)(!' le.mr ‘J ?F—“—W
1inF
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DIGITAL INTERFACE WITH CARD CONTROLLER
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APPENDIX
SLIC TEST CIRCUITS

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

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

TEST CIRCUITS
Figure 1 : Symmetry to Ground.

A
1uF -L I
oLs| SLIC
1KQ l
B
1uF = l 1uf negsLIC-81
588Q 588Q
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Figure 2 : 2W Return Loss.
A C

SLIC

R 1L -38mA
| ze-2 | | 2vs |
RL=201 20 log

1 [z+z | [E|

| B D—. | ,

C M88SLIC-82 W'C <<
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TEST CIRCUITS (continued)
Figure 3 : Trans-hybrid Loss.

2.2uF
: ¢ T
188KQ UR
e
5600 SLIC
IL-38mA
58Q
B D
o UTS THL =20 lo Vs |
n89SLIC 83 —L - g0 [ Vg |
Figure 4 : Sending Gain.
2.2uUF
| A C
I kR
‘[ 188KQ Bﬁ
688Q
guse| SLIC El
IL-38mA'y 1
1
| | B D | | Va |
2.2uF ne9sLIC-64 Gs =20 logio TVeo |
Figure 5 : Receiving Gain.
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TEST CIRCUITS (continued)
Figure 6 : SVRR Relative to Battery Voltage VB-.
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Figure 7 : Longitudinal to Transversal Conversion.
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Figure 8 : Transversal to Longitudinal Conversion.
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TEST CIRCUITS (continued)
Figure 9 : TTX Level at Line Terminals.
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Figure 10 : Ringing Simmetry.
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Y/ GiicRoELECTRONICS L3090

SUBSCRIBER LINE INTERFACE CIRCUIT KIT

» PROGRAMMABLE DC FEEDING RESIS- This kit is fabricated using a 140 V Bipolar techno-

TANCE and LIMITING CURRENT (42/62mA) logy for L3000 and a 12 V Bipolar 2L technology for
= FOUR OPERATING MODES : POWER DOWN, L3090.
STAND-BY, CONVERSATION, RINGING This kit is specially suitable to Private Automatic

» SIGNALLING FUNCTION (off-hook/GND-Key) Branch Exchange (PABX).

= 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- DIP28
HOOK IS DETECTED

= PARALLEL LATCHED DIGITAL INTERFACE (5
pins)

» LOW NUMBER of EXTERNAL COMPONENTS
WITH STANDARD TOLERANCE ONLY : 91 %
RESISTORS and 5 10-20 % CAPACITORS (for ¢
600 ohm appl.)

= POSSIBILITY TO WORK ALSO WITH HIGH FLEXIWATT 15

COMMON MODE CURRENTS
= GOOD REJECTION OF THE NOISE ON BAT-

TERY VOLTAGE (20 dB at 10 Hz ; 40 dB at ORDER CODES :1L3090 (DIP28)

1 KHz) L3000 (FLEXIWATT)
» INTEGRATED THERMAL PROTECTION
DESCRIPTION PIN CONNECTION
The SLIC KIT (L3000/L3090) is a set of solid state s
devices designed to integrate many of the functions Your [ 1 287 2ac
needed to interface a telephone line. It consists of 2 wec [ 2 2727 cac
integrated devices ; the L3000 line interface circuit O3 26[7 28
and the L3090 control unit. we e 2507 Poo
The kit implements the main features of the N Os 2417 Lin
BORSHT functions : we Os 2317 oxo

- Battery feed (balance mode) ovon O » 220 uss

- R.mgmg RNG | 8 21{] RcF

- S'gn.a”mg cs s 28] Voo

- Hybrid 6ok (10 197 Acoc
The SLIC KIT injects the ringing signal in balanced onme (11 18] 17
mode and requires a positive supply voltage of typi- c2 Oaz 1217 roc
cally + 72 V to be available on the subscriber card. ¢ s w6 1
The L3000/L3090 KIT generates the ringing signal RGIN []1¢ 15[ cRT
internally, avoiding the requirement for expensive —
external circuitry. A low level 1.5 Vims input is requi-
red. (This can be provided by the combo).
December 1988 1/16
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PIN CONNECTION (continued)

MEBL368E-83

ABSOLUTE MAXIMUM RATING

Symbol Parameter Value Unit
Vp- Negative Battery Voltage - 80 \
Vo+ Positive Battery Voltage 80 \
[Vp-l + |Vp+l| Total Battery Voltage 140 %
Vyd Positive Supply Voltage +5.5 \
Vss Negative Supply Voltage -55 \]
|Vagnd—Vbgnal| Max Voltage Between Analog Ground and Battery Ground 5 Y
T, Max Junction Temperature + 150 °C
Tstg Storage Temperature - 55t0 + 150 °C
THERMAL DATA
L3000 HIGH VOLTAGE
Rthje Max Resistance Junction to Case 4 °C/W
Rihja Max Resistance Junction to Ambient 50 °C/W
L3090 LOW VOLTAGE
| Rthja | Max Resistance Junction to Ambient 80 °C/W
OPERATING RANGE
Symbol Parameter Min. Typ. Max. Unit
Toper Operating Temperature Range 0 70 °C
V- Negative Battery Voltage -70 - 48 —24 Vv
Vp+ Positive Battery Voltage 0 +72 +75 \"
IVb-| + Vo4 | Total Battery Voltage 120 130 v
\AT Positive Supply Voltage +4.5 +55 \
Vss Negative Supply Voltage -55 - 45 Vv
Imax Total Line Current (I, + I7) 85 mA
2/16
‘_ SGS-THOMSON
Y/ ricRoRLEGTRONICS
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PIN DESCRIPTION (L3000)
N° Name Description
1 TIP A line termination output with current capability up to 100 mA (l; is the current sourced
from this pin).
2 MNT Positive Supply Voltage Monitor
3 Vg+ Positive Battery Supply Voltage
4 BGND Battery Ground Relative to the Vg+ and the Vg— 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 Vg—
8 Vg— Negative Battery Supply Voltage
9 AGND Analog Ground. All input signals and the Vpp 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 G2 Digital signal input (3 levels) that defines device status with pin 11.
13 It High precision scaled transversal line current signal.
| la +1p
T~ 100
14 IL Scaled longitudinal line current signal.
IL |a - Ib
~ 100
15 RING B line termination output with current capability up to 100 mA
(I is the current sunk into this pin).
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PIN DESCRIPTION (L3090)

N° 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
la—lp
IL= 00
17 RDC DC Feeding System
18 IT Transversal Line Current Input
IT= la+ly
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 ZAC AC Line Impedance Synthesis
= [OT Al s
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L3000 BLOCK DIAGRAM
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L3090 BLOCK DIAGRAM
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FUNCTIONAL DIAGRAM
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FUNCTIONAL DESCRIPTION
L 3000 - HIGH VOLTAGE CIRCUIT

The L3000 line 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, ILand It, 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

&r

SGS-THOMSON
MICROELECTRONICS

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 SLIC 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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Table 1.
Pin 12 of L3090 / Pin 12 of L3000
+5 0 -5
Pin 13 of L3090 +5 Stand-by Conversation Not Used
n 0 Not Used Not Used Not Used
Pin 11 of L3000 -5 Not Used Ringing Not Used

The fourth status, Power down (PD), is set by the
output pin PDO 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=0OV RNG=0V) 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 mA, 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.

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=0V).

Asfaras the DC Characteristic is concerned two dif-
ferent feeding conditions are present :

3
Iline(mA)
Iline .=12mA
SLCPE: 2xRFS
! Uline(U)
1M88L 36398-63 (UB-) -5V
AL Lyy SGS-THOMSON
Y/ wicRoELECTRONICS
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a) Current limiting region : the DC impedance of the
SLIC is very high (> 20 KQ) 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 mA (LIM=0V) or 42 mA (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
.3090).

Switching between the two regions is automatic wi-
thout discontinuity, and depends on the loop resi-

Figure 2 : DC Characteristic in Conversation Mode.

stance. Fig. 2 shows the DC characteristicin 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 (lcpk).
With a battery voltage of 48 V, RFS = 200 Q and
labk = 0 mA, the maximum loop resistance is over
3000 Q and with lapk = 20 mA is about 2000 Q (see
Application Note on maximum loop resistance for
L3000/L3090 SLIC KIT).

uB-5U \Iluut:(mﬁl
2xRFS | <

~
~

62 =

42

SLOPE: 2xRFS
-—— =

Mn88L36896-64

I Uiinel(u:
(UB-3 -5V

Figure 3 : Line Current Versus Loop Resistance - RFS = 200 Q ; Limiting Currents : 42 ; 62 mA.

lline (mA)
70 I
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—— VBAT=-24V
— = 17 |
0
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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 = +2xRP

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 (Zline),
2) The SLIC impedance at line terminals (ZML),

3) The balancing network ZA connected between
RXinput 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=0V 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 =+5V,RNG=+5V), alow 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
goesto O 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)

1016 L7 SGs-THOMSON

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 (line 7,5 mA) and is equal
to + 5 V when the line is in On hook condition (line
5,5 mA).

The output pin GDK monitors the ground key func-
tions.

When lgpk (longitudinal current) > 12 mA, pin GDK
settoOV

MICROELECTRONICS
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PWON PIN
oV +5V
RNG oV Stand-by Conversation
PIN +5V Power Down Ringing

When Icpk < 8 mA, pin GDK setto + 5V
The longitudinal current (Icok) is defined as follows :
IA—1IB

labk =
2

Where Iais the current sourced from pin TIP and Ig
is the current sunk into pin RING.

The CS input pin allows to connect the I/O pins of
the digital interfaces of many SLIC together.

It is possible to do it because :
When the CS = + 5 V the output pins (ONHK, GDK)
are in high impedance condition (>100 KQ). The si-

Figure 4 : Typical Application Circuit.

gnals present at the input pins (PWON and RNG)
are not transfered into the SLIC.

When the CS = 0V the output pins change in func-
tion of the values of the line current (line) and the
longitudinal current (lcpk). 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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EXTERNAL COMPONENTS LIST

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

EXTERNAL COMPONENT LIST FOR THE L3000

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 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

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. A mi-
nimum value of 30Q for each side is suggested.

With these assumptions, the following component
list is defined :

Component Involved Parameter or Function
Ref Value
RH 24.9 Kohms + 2 % Bias Resistor
RP 30 to 100 ohm Line Series Resistor
CDVB 47 uF — 20 WV + 20 % Battery Voltage Rejection
CVB + (note 1) 0,1 uF — 100 WV £ 20 % Positive Battery Filter
CVB — (note 1) 0, 1 uF — 100 WV + 20 % Negative Battery Filter
DS (note 1) BAT 49 Protective Shottky Diode
EXTERNAL COMPONENT LIST FOR THE L3090
Component
P Involved Parameter or Function
Ref Value
CVSS 0,1 uF — 15 WV (note 1) Negative Supply Voltage Filter
CvDD 0,1 uF — 15 WV Positive Supply Voltage Filter
CAC 47 uF — 10 WV + 20 % AC Path Decoupling
ZAC 25 x (ZML - 2xRP) 2 Wire AC Impedance
ccomp ! AC Loop Compensation
6.28 X 30000 X ZML X 25
RPC 25 x (2xRP) Rp Insertion Less Compensation
RDC 2x (RFS - RP) DC Feeding Resistor
RL 63.4 Kohms = 1 % Bias Resistor
ZA K x ZML (note 2) SLIC Impedance Balancing Network
8 (K x Zline) // (§K§ x CCOMP) (note 3)| Line Impedance Balancing Network
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 this network shall copy the SLIC output impedance multiplied by a factor K=10 to 25.
3. The structure of this network shall copy the line impedance, Z line, multiplied by a factor K=10 to 25 and compensate the
effect of CCOMP on transhybrid rejection.
4 The CINT value depends on the ninging frequency Fr -
12716 Lyy SGS-THOMSON
Y/ icRoELEGTRONICS
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Fr [Hz] 16/18 19/21 22/27 28/32 33/38 39/46 47/55 56/68
CINT [nF] 680 560 470 390 330 270 220 180

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

ELECTRICAL CHARACTERISTICS
(VDD=+5V;VSS=5V;VB+=+72V;VB~=-48V; Tamb =+ 25 °C)

STANDBY
Symbol Parametrer Test Conditions Min. Typ. Max. Unit
VLS Output Voltage at L3000 Terminals | | Line =0 mA 43 \"
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 25 mA
Vis Symmetry to Ground I Line =0 mA 75 \
DC OPERATION — NORMAL BATTERY
Symbol Parametrer Test Conditions Min. Typ. Max. Unit
VLO Output Voltage at L3000 Line | Line = 0 mA 43 V;
Terminals
llim Current programmed through the LIM| Pin 24 to + 5 V 38 42 46 mA
Input Pin 2410 0 V 56 62 68 mA
lot Off-hook Detection Threshold 5.6 9.8 mA
Hys Off-hook/On-hook Hysteresis 1.5 25 mA
ligk Longitudinal Line Current With GDK 65 15 mA
Detect '
SUPPLY CURRENT
Symbol Parameter Min. Typ. Max. Unit
Ipp Positive Supply Current Power Down 6.0 mA
CS=1 Stand-by 7.8 mA
Conversation 13.2 mA
Ringing 12.8 mA
Iss Negative Supply Current Power Down 5.4 mA
CS =1 Stand-by 54 mA
Conversation 8.2 mA
Ringing 8.2 mA
IBAT- Negative Battery Supply Current Power Down 0 mA
Line Current = 0OmA Stand-by 29 4 mA
Conversation 9.8 12 mA
Ringing 26 28.5 mA
IgAT+ Positive Battery Supply Current Power Down 0 mA
Line Current = OmA Stand-by 10 15 A
Conversation 10 15 uHA
Ringing 16 18.5 mA
LSy SGS-THOMSON 19716
Y/ RICROELECTRONICS
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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 Vix = 0 dBm@ 1020 Hz 05 %
Terminals
RI 2 W Return Loss f =300 to 3400 Hz 20 dB
Thi 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 ~01 +0.1 dB
respect to 1020 Hz
Gl Sending Gain Linearity fr =1020 Hz
Vsoref =— 10 dBm - 0.1 + 0.1 dB
Vso =+ 4 /=40 dBm
Gr Receiving Gain Vri=0dBm f=1020 Hz | — 0.25 + 0.25 dB
Grf Receiving Gain Flatness f = 300 to 3400 Hz 0.1 + 041 dB
Respect to 1020 Hz
Grl Receiving Gain Linearity fr =1020 Hz
Vriref =— 10 dBm - 0.1 +0.1 dB
Vri=+4/-40dBm
Np4W | Psophomet. Noise 4 W— Tx Terminals -70 -75 dBmp
NP2W | Psophomet. at Line Terminals -70 -75 dBmp
SVRR | Supply Voltage Rejection Ratio f=10 Hz Vn = 0.7 Vrms -20 dB
Relative to VB~ f=1KHz Vn = 0.7 Vrms —40 | dB
f=84KHz Vn =0.7 Vrms - 36 dB
Ltc Longitudinal to Transversal N
Conversion f = 300 to 3400 Hz 49 (") | 60 dB
Tlc Transversal to Longitudinal I Line = 30 mA
ZML =600 ohms
Conversion 49 60 dg
(*) : 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 \
Rloop = 1 Kohm 17 27 \
Vacr Ringing Signal at Line Terminal Rloop > 100 kOhms 56.0 Vrms
Vagin = 1.5 Vrms/30 Hz
Rloop =1 Kohm +1 uF 56.0 Vrms
Vgain = 1.5 Vrms/30 Hz
If DC Off—-hook Det. Threshold 55 mA
llim Output Current Capability 85 130 mA
Vis 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 Ring Trip Detection Time 120 (3T) ms
fring = 25 Hz (T = 1/fring)
Toh Off-hook Status Delay After the CINT =470 nF
. 50 us
Ringing Stop
14116 (57 SGS-THOMSON
Y/ sucrocECTRONICS
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DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(VDD =+5V;VSS =-5V; Tamb = 25 °C)

STATIC ELECTRICAL CHARACTERISTICS

Symbol Parametrer Test Conditions Min. | Typ. | Max. | Unit
Vil Input Voltage at Logical "0" Pins CS PWON 0 0.8 \
Vih Input Voltage at Logical "" RNG LIM 2,0 5 \
lil Input Current at Logical "0" Vil=0V 200 uA
lih Input Current at Logical "1" Vih=5V 100 uA
Vol Output Voltage at Logical "0" Pins ONHK GDK 0.4 \

lout=—1 mA
Voh Output Voltage at Logical "1" lout =1 mA 2.4 v
Ik Tristate Leak. Current CcS ="1" 10 uA

DYNAMIC ELECTRICAL CHARACTERISTICS

Symbol Parametrer Test Conditions Min. Typ. Max. Unit
Tsd z\éVON, RNG Set up Time to + Edge 400 ns
Thd (F;\éVON, RNG Hold Time to + Edge 500 nS

Tww CS Impulse Width (writing Op.) 800 nS
Thv ONHK, GDK Data Out to "0" CS 600 ns
Delay
Tvh ONHK, GDK High Imped. to "1" CS 600 ns
Delay
Twr CS Impulse Width (writing Op.) 800 nS
Figure 5 : Writing Operation Timing (controller to slic).
)
CS I |
Tww !
) R 1 :
Tsd I Thd
- —— - —pt— - P>
| |
1 |
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RNG
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Figure 6 : Reading Operation Timing (from slic to controller).

CS ! 1 /i
! Twr W/
_____________ |
! I
I Thy lTuh‘
- ’: >
I |
|
DNHK HIGH HIGH
UALID DATA
NGDK IMPEDANCE IMPEDANCE
~ N88L3BBE-867
Figure 7 : Test Circuit.
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A, B, C, D are test reference points used driving testing.
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SUBSCRIBER LINE INTERFACE CIRCUIT KIT

» PROGRAMMABLE DC FEED RESISTANCE
AND LIMITING CURRENT (25/42/62mA)

= LOW ON-HOOK POWER DISSIPATION

(70mW typ)

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

a PARALLEL LATCHED DIGITAL INTERFACE

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

» POSSIBILITY TO WORK ALSO WITH HIGH
COMMON MODE CURRENTS

» GOOD REJECTION OF THE NOISE ON BAT-
TERY VOLTAGE (20dB at 10Hz ; 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).

April 1989

ADVANCE DATA

R~

DIP28

'

PLCC28

FLEXIWATT15

ORDER CODES :
L3091 (DIP28)

L3091P (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 I2L technology for
L3091.

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

1/28

This 1s advanced information on a new product now in development or undergoing evaluation Detalls are subject to change without notice
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PIN CONNECTIONS

M89L3091-02 M89L3091-01 M89L3091-03
T~ 2 P .v8gga e %—w
ok FRE mr —C
Qs 26 b z8 2 3 2 12827 2 32:; Lt Ve WY W
comnp (] 4 25 [J PDO AuT PDO w00 =(:: ~ ~
AuUT s 241N nR Lin VIN ——]
MR 6 23 [ GND PUON cND uBIn —— |
PUON [ 7 22 Quss ans s P pppa—
RNG [ 8 21 [1 REF AGND — |
esds 28 3 uDD €s Rer REF ——}
GOK [ 18 19 [0 ACDC cox voo 1 =——_]
ONHK [ 11 180 IT ONHK Acoc 2 =1~ ~
c2 12 17 |1 RDC 1T —— 1T \J S
c113 16 [ IL L —_7}
RGIN [] 14 15 [J CRT 55 Zg =gt RING ={:_ﬁ=/
n89L3891-82 « nesLISSL-81 ne8L3868-83
DIP28 PLCC28 FLEXIWATT15
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vp— Negative Battery Voltage - 80 \
Vp+ Positive Battery Voltage 80 \%
| Vo— |+| Vp+ || Total Battery Voltage 140 \
Vdd Positive Supply Voltage +55 Vv
Vss Negative Supply Voltage -55 \Y
IVagnd—ngndI Max Voltage between Analog Ground and Battery Ground 5 \
T Max Junction Temperature + 150 °C
Tstg Storage Temperature —551t0 + 150 °C
THERMAL DATA
L3000 HIGH VOLTAGE
Rthje Max Resistance Junction to Case 4 °C/W
Rthja Max Resistance Junction to Ambient 50 °C/W
L3091 LOW VOLTAGE
| Rthja | Max Resistance Junction to Ambient 80 °C/W
OPERATING RANGE
Symbol Parameter Min. Typ. Max. Unit
Toper Operating Temperature Range 0 70 °C
Vp— Negative Battery Voltage -70 — 48 - 24 Vv
Vp+ Positive Battery Voltage 0 +72 +75 \Y
| Vo— |+ Vp+ || Total Battery Voltage 120 130 1
Va4 Positive Supply Voltage +45 +55 Vv
Vss Negative Supply Voltage -55 -45 Y
Imax Total Line Current (I + I1) 85 mA

‘;i SGS-THOMSON
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L3000/L3091

PIN DESCRIPTION (L3000)

N° Name Description
1 TIP A line termination output with current capability up to 100mA (1, is the current sourced from
this pin).
2 MNT Positive Supply Voltage Monitor
3 Ve+ Positive Battery Supply Voltage
4 BGND Battery ground relative to the Vg+ and the Vg— supply voltages.
It is also the reference ground for TIP and RING signals.
5 Vpp 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.
- fliter by an external capacitor the noise on Vg—.
8 V- Negative Battery Supply Voltage
9 AGND Analog Ground. All input signals and the Vpp 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 IT High precision scaled transversal line current signal.
| _la +lp
HRET)
14 IL Scaled longitudinal line current signal.
IL=lazle
100
15 RING B line termination output with current capability up to 100mA (lp is the current sunk into this

pin).

<7} ?ﬂf@sn@gggmgmnc'é ”
4
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PIN DESCRIPTION (L3091)

N° Name Description
1 VOUT Two wire unbalanced output carrying out the following signals reduced by 40 :
b 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. Looded 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 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

iLotazlo
100
17 RDC DC Feeding System
18 IT Transversal Line Current Input
irolatl
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. Looded 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
4/28
L7 32NN
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L3000 BLOCK DIAGRAM

BGND UB+ MNT
) ) )
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Ib
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L3091 BLOCK DIAGRAM (pins are for DIP28)

RDC ACDC CAC TX RPC ZAC 28
17 19 27 3 2 28 26
DC HYBRID
6
FEEDING MR
1 9
UDUT Qe + cs
18 N 5
T AuT
7
PUON
16 8
IL Loop _ ]| conTROL RNG
4 _ X 24
conp SUPERUISION|™ |7 LDGIC LIM
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15 ONHK
CRT 10
GDK
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14 | RING INJ. »O PDO
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FUNCTIONAL DIAGRAM
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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 I, 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

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 generaton 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)

L7 S5S-THOMSON 7128
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Table 1.
Pin 12 of L309 / Pin 12 of L3000
+5 0 -5
Pin 13 of L30 +5 Stand-by Conversation Not Used
0 Not Used Not Used Not Used
Pin 11 of L3000 -5 Not Used Ringing Not Used

The fourth status, Power down (PD), is set by the
output pin PDO 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

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 SLIC OPERATING MODES :

1) Conversation or Active Mode (CVS)
2) Stand - By Mode (SBY)

3) Power - Down Mode (PD)

4) Automatic Stand - By Mode (ASBY)
5) Test Mode (TS)

6) Ringing Mode (RNG)

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 Characteristicis concerned two dif-
ferent 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. 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 onthe loop resis-
tance. The SLIC AC characteristics are guaranteed
in both regions.

Fig. 1 shows the DC characteristic in conversation
mode.

8/28 L7 SGS-THOMSON

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

The allowed maximum loop resistance depends on
the values of the battery voltage (VB), on the RFS
and on the value of the longitudinal current (lGpk).
With a battery voltage of 48V, RFS = 200Q and
lapk = OmA, the maximum loop resistance is over
3000Q and with lepk = 20mA is about 2000Q (see
Application Note on maximum loop resistance for
L3000/L3090 SLIC 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 :

ZML = ZAC +2xRP

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 differ-
ent standards as far as the return loss is concerned.
The capacitor CCOMP guarantees stability to the
system.

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

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

3) The balancing network ZA connected between
RX input and ZB pin of L3091.

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

Figure 1 : DC Characteristics in Conversation Mode.

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 100mW.
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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.

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 70mW.

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.

Iline(mA)

Iline =12mA

SLOPE: 2xRFS
- " -

>

1188L 3696 -83

' Uline(U)
(UB-)-5U

SLIC OPERATING MODES

POWER DOWN (PD) MODE

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 70mW.

The PD 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 L7 SGS:THOMSON

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 aloop 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 (+ 0V) 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.

MICROELECTRONICS
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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.

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 againin Power
Down Mode.

Total operation is managed by line card controller.

Figure 4 : Off-hook Detection Circuit in Power Down Mode.

L 3 8 9 1 PDD REF
l RH
- TP
RING RP2 580
+5U (o RING
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INTERFACE
T
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2] 1 e
11/
(37 SGS-THOMSON 1/28
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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 CINT will be
slowly charged.

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

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

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 willbe setto 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-

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 VRer
value the C2 comparator will reset the FF Flip - Flop
and therefore the SLIC will be set again in Power
Down.

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

ting 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 = 200Q.

Limiting Current GDK =0 GDK =1
62mA (0 — 300) ohm > 300 ohm
42mA (0 — 600) ohm > 600 ohm
25mA (0 — 1300) ohm > 1300 ohm

If, for example, the loop resistance is 400Q the GDK
output will be 0 only when the limiting current value
is 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 the 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 Tx, Rx Gains and echo
cancellation characteristics into the programmable -
COMBO improving the quality of the system.

13/28
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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

typically - 48V and + 72V. The impedance to the line
is just equal to the two external resistors (typ. 100Q).

Ring trip detection is performed autonomously by
the SLIC, without waiting for a command from the
control processor, using a patented system which
allows detection during a ringing burst ; when the
off-hook condition is detected, the SLIC stops the
ringing signal and forces the Conversation Mode.

In this condition, if CS = 0V, the output pin ONHK
goes to OV.

After the detection of the ONHK = 0, the Card 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)

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 (line >7,5mA) and is equal
to + 5V when the line is in On hook condition
(|[|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 lgpk (longitudinal current) > 12maA,
pin GDK is setto OV ;

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 dey 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 Inj. (CVS 25mA) 1 1 1 X
Ringing Inj. (CVS 42mA) 1 1 0 1
Ringing Inj. (CVS 62mA) 1 1 0 0

Disable

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

lect if Off-Hook condition will be detected during ringing
When lepk < 8MA, pin GDK set to + 5V
The longitudinal current (Iapk) is defined as follows :

Ia -l
lcDk =

"_" SGS-THOMSON

Where Ia is the current sourced from pin TIP and Is
is the current sunk into pin RING.

The CS input pin allows to connect the I/O pins of
the digital interfaces of many SLIC together.

15/28
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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 (> 100K<). The sig-
nals present at the input pins are not transfered into
the SLIC.

When the CS = 0V the output pins change in func-
tion of the values of the line current (line) and the
longitudinal current (lcbk). 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

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

- The equivalent AC impedance of the line Zine
used for evaluation of the trans-hybrid loss

Figure 7 : Typical Application Circuit.

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.

Infact when this pin is set to "0" the SLIC 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 (SLIC
can work with this frequency ranging from 16
to 68Hz).

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

With these assumptions the following components
list is defined :
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H H .,4
22 |28 CINT 9]|5([3 4 ns
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18 13
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L3000/L3091

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 47uF — 20WV + 20% Battery Voltage Rejection
CVB + (note 1) 0.1pF — 100WV * 20% Positive Battery Filter
CVB - (note 1) 0.1uF — 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 0.1pF — 15WV (note 1) Negative Supply Voltage Filter
CvDD 0.1uF — 15WV (note 1) Positive Supply Voltage Filter
CAC 47uF — 10WV + 20% AC Path Decoupling
ZAC 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) // (%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 applications these components can be shared between all the SLIC s on the Subscriber Card.
2. The structure of this network shall copy the SLIC output impedance multiplied by a factor K = 10 to 25.
3. The structure of this network shall copy the line impedance, Zine, multiplied by a factor K = 10 to 25 and compensate the effect of
CCOMP on transhybrid rejection.
4. The CINT value depends on the ringing frequency Fr :
Fr (Hz) 16/18 19/21 22/27 28/32 33/38 39/46 47/55 56/68
CINT (nF) 680 580 470 390 330 270 220 180

The CINT value can be optimized experimentally for

each application choosing the lower value that
correspondance of the lower ringing frequency, t

&7

minimum line lenght and the higher number of rin-
in gers doesn't produce false off-hook detection.
he
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L3000/L3091

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| | Line = 0mA 43 Vv
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 | Line = OmA 75 \"
CONVERSATION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
vLO Output Voltage at L3000 Line | Line = 0mA 43 \
Terminals
llim Current Programmed Through the llim Ilim mA
LIM and AUT Inputs - 10% +10%
lot Off-hook Detection Threshold 5.6 9.8 mA
Hys Off-hook/on-hook Hysteresis 1.5 25 mA
ligk Longitudinal Line Current with GDK 6.5 15 mA
Detect
POWER-DOWN
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ven Input Voltage at Pin COMP to Set - 50 mV
the Output Pin ONHK =1
Ver Input Voltage at Pin COMP to Set 50 mV
the Output Pin ONHK =0
lcom Output Current at Pin COMP COMP = GND 20 LA
SUPPLY CURRENT
Symbol Parameter Min. Typ- Max. Unit
oo 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
lss 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
lgaT- Negative Battery Supply Current  Power Down-aut. Stand-by 0 mA
Line Current = @mA Stand-by 2.9 4 mA
Conversation 9.8 12 mA
Ringing 26 28.5 mA
AT Positive Battery Supply Current Power Down-aut. Stand-by 0 mA
Line Current = ImA Stand-by 10 15 HA
Conversation 10 15 HA
Ringing 16 18.5 mA
18/28
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L3000/L3091

AC OPERATION
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Zix Sending Output Impedance on TX 15 Q
THD Signal Distortion at 2W and 4W Vix = 0dBm @ 1020Hz 0.5 %
Terminals
R 2W Return Loss f =300 to 3400Hz 20 dB
Thi Transhybrid Loss f = 300 to 3400Hz 24 dB
Gs Sending Gain Vso =0dBm 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 - 041 + 0.1 dB
Vsoref =— 10dBm
Vso =+ 4/- 40dBm
Gr Receiving Gain Vri =0dBm ; 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 =— 10dBm
Vri = + 4/- 40 dBm
Np4wW 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 | line = 30mA 49(%) 60 4B
Tlc Transversal to Longitudinal ZML = 600Q
Conversion
(*) : up to 52dB using selected L3000.
L57 SGS-THOMSON 1928
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L3000/L3091

RINGING PHASE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vir Superimposed DC Voltage Rloop > 100KQ 19 29 \
Rloop = 1KQ 17 27 \Y
Vacr Ringing Signal at Line Terminal Rloop > 100kQ 56.0 Vrms
VRgN = 1.5Vrms/30Hz
Rloop = 1KQ + 1pF 56.0 Vrms
Vgen = 1.5Vrms/30Hz
If DC Off-hook Del Threshold 55 mA
llim Output Current Capability 85 130 mA
Vrs Ringing Symmetry 2 Vrms
THDr Ringing Signal Distorsion 5 %
Zir Ringing Amplicat. Input Impedance | L3091's Pin RGIN 50 KQ
Vrr Residual of Ringing Signal at Tx 100 | mVrms
Output
Trt Ring Trip Detection Time fring = 25Hz (T = 1/fring) 120(3T) ms
Toh Off-hook Status Delay after the CINT = 470uF 50 us
Ringing Stop
DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS
(VDD = + 5V ; VSS = -5V ; Tamb = 25°C)
STATIC ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vil Input Voltage at Logical "0" Pins CS PWON 0 0.8 \
Vih Input Voltage at Logical "1" RNG LIM-AUT 2.0 5 \Y
Il Input Current at Logical "0" Vil =0V 200 LA
lih Input Current at Logical "1" Vih =5V 100 pA
Vol Output Voltage at Logical "0" Pins ONHK GDK 04 \Y
lout =— 1mA
Voh Output Voltage at Logical "1" lout = TmA 2.4 Vv
Ik Tristate Leak Current CS="1" 10 pA
IMR Pull-up MR Output Current MR =0 50 pA
DYNAMIC ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Tsd PWON, BRNG, AUT, LIM 400 ns
Thd PWON, RNG, AUT, LIM 500 ns
Tww CS Impulse Width (writing op.) 800 ns
Thv ONHK, GDK Data Out to "0" CS 600 ns
Delay
Tvh ONHK, GDK High Imped. to "1" CS 600 ns
Delay
Twr CS Impulse Width (writing op.) 800 ns
2028 L3 SGs-THOMSON
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L3000/L3091

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

’_
I
INPUT
DATA

MngsL3891-18

Figure 9 : Reading Operation Timing (from slic to controller).

I Thy 1Tuh
1 L
DUTPUT HIGH HIGH
DATA  IMPEDANCE UALID DATA X IMPEDANCE
nesL3891-11
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L3000/L3091

Figure 10 : Test Circuit.
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A, B, C, D are test reference points use driving testing.
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L3000/L3091

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-B : Line terminals
C : Tx sending output on 4W side
D : Rx receiving input on 4W Side
E : TTx teletaxe signal input
RaiN : low level ringing signal input.

TEST CIRCUITS
Figure 1 : Symmetry to Ground.

1uf negsLIC-81

588Q 5880

25Hz
38V

Figure 2 : 2W Return Loss.

C

A
© SLIC ezl
) Zu—-Z 2V
R IL=-38mA AL=2010g —— - 201og °
|ZM|_+Z| lE|
| B D

C MEISLIC-82
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L3000/L3091

TEST CIRCUITS (continued)
Figure 3 : Trans-hybrid Loss.

2.2uF
A C
180KQ UR
o
65680 SLIC
IL=-38mA
58Q
B D
2.2UF t
us
nessLIC 83 —L
Figure 4 : Sending Gain.
2.2uF
A ‘ T x
188KQ jli
[515]5]¢}
uso| SLIC
IL-38mA 1
8 O
2.2uF n8gsLIC-84
Figure 5 : Receiving Gain.
2.2uF
— A C
65880 ] UR
SLIC
IL-38mA
5@Q
—] B D
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L.3000/L3091

TEST CIRCUITS (continued)
Figure 6 : PSRR Relative to Battery Voltage VB-.

2.2uF

Il a C
. 188KQ E
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S|

IL=3BmA
i B Do
2.2uF uUB-
&)
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Figure 7 : Longitudinal to Transversal Conversion.
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Figure 8 : Transversal to Longitudinal Conversion.
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L3000/L3091

TEST CIRCUITS (continued)
Figure 9 : TTX Level at Line Terminals.

2.2uF
A C
1eeka[] Jh
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Figure 10 : Ringing Simmetery.
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L3000/L3091

APPENDIX B

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+
[VB-| + 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
(20mA/4KQ) 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 SLIC is always in
ringing mode but the AC ringing signalis 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 SLIC 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 SLIC defaults automatically during ring-
ing mode when OFF HOOK is detected.

CONTROL INTERFACE BETWEEN THE SLIC AND THE CARD CONTROLLER

. Input Pin Output Pin
Operating Mode | oy 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 Inj. (CVS 25mA) 1 1 1 X

Ringing Inj. (CVS 42mA) 1 1 0 1

Ringing Inj. (CVS 62mA) 1 1 0 0

Ringing Inj. (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 : Hl = High Impedance.

BB = Boosted Battery.
28/28
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(v, SGS-THOMSON
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TDB771
TDB772

1
2

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

u 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

n INTEGRATED THERMAL PROTECTION

PIN CONNECTION

Multiwatt 15
DIP28 PLCC28

ORDER CODES : TDB7722 (Multiwatt 15)
TDB7711 (DIP28)
TDB7711 (PLCC28)

7 28[] cLk

1
2 27[] cs
3 26[7] DGND
4 25[7] RING
c1 s 24{] 1R/1
6 23[] 1rR/2
H 22{] 1%
acsoc [ 8 21[] cRr7
roC (] 9 28[] REF
uss 18 19[7] vain
cac (11 18[] n1/0
ree (12 17[J vout
28 13 16[] 2aC
> e 15[ AGND

188108271113

TDB7711

negroprr22-62

TDB7722

June 1989
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TDB7711-TDB7722

DESCRIPTION

The ST SLIC 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 TDB7722line

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

The ST SLIC 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, C.O or PBX,

- Signgﬂling where balanced or unbalanced ringing are re-
- Hybrid quested.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vp- Negative Battery Voltage 72 Vv
Vdd Positive Supply Voltage +55 \
Vss Negative Supply Voltage -55 \
Vagnd-Vbgnd| Maximum Voltage Between Analog GND and Battery GND +2 \Y
T Maximum Junction Temperature + 150' 'C
Tstg Storage Temperature - 55"to 150’ 'C
THERMAL DATA
TDB7722 HIGH VOLTAGE
Rinye Max. Resistance Junction to Case 3 'C/W
Rihja Max. Resistance Junction to Ambient 40 'C/IW
TDB7711 LOW VOLTAGE
| Rthja | Max. Resistance Junction to Ambient 80 'C/W
OPERATING RANGE
Symbol Characteristics Min. Typ. Max. Unit.
Toper Operating Temperature Range 0 70 C
V- Negative Battery Voltage -72 -20 Vv
Vg Positive Supply Voltage +45 +55 \Y
Vss Negative Supply Voltage -55 -45 \]
Imax Total Line Current 120 mA
218 L7 SGS-THOMSON
Y/ sauchomEeTRONICS
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TDB7711-TDB7722

PIN DESCRIPTION

TB7722

N’ NAME DESCRIPTION

1 RING B Line Termination Output with Current Capability up to 120 mA (I, is the current sunk into
this pin).

2 C1 Digital signal input (3 voltage levels) that defines device status with pin 3. Longitudinal
current is also provided.

3 Cz Digital signal input (3 voltage levels) that defines device status with pin 2. Thermal warning
current is also provided by TDB7722 through this pin.

4 It High precision scaled transversal line current signal. It is a current generator referred to
AGND. IT =13 + Ip .

200

5 Vg Negative Battery Supply Voltage.

6 TIP A Line Termination Output with Current Capability up to 120 mA (I is the current sourced
from this pin).

7 BGND Battery Ground Relative to Vg~ 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 Veim This voltage output provides
VRer/40 Voltage to TDB7711
Vger : Filtered Battery Voltage - (!Vgat!-2.1 V)

10 AcND Analog ground, all input signals and Vpp supply voltage must be referred to this pin.

11 VIN 2 Wire Unbalanced Voltage Input

12 Vop 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

3/18
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TDB7711-TDB7722

PIN DESCRIPTION

TB7711
N’ NAME DESCRIPTION
1 RW Read/Write Command of the Serial Digital SLIC Control
2 DI/O Data Input/output for SLIC 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 controll 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 =1z + lp.
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. Vpp and Vgs 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/O Programmable analog input/output pin, used to feed the SLIC with a low voltage battery
offering power saving capability. Also used to detect line short circuits.
19 Vaim VRer/40 V