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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with Ti's standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Ti through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedurai
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
representthat any license, either express orimplied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Pnntm%/'Company
Owensville, Missouri



INTRODUCTION

The 1996 Wireless and Telecommunications Products Data Book has been created to showcase
our growing line of analog and digital components for telecommunications and wireless
applications. Featured in this data book are most of the components found in the 1993
Telecommunications Circuits Data Book, plus many new and exciting wireless communications,
telecom, and RF for telemetry and remote keyless entry products introduced since then.

This new data book is more than a collection of data sheets; it is a tool for locating the best
wireless and telecommunications components for a successful design effort. It has been
structured into two parts, first telecommunications, then wireless, to help you quickly find the
devices best suited to your application.

A complete alphanumeric index at the beginning of the data book makes locating data sheets for
known part numbers easy, and separate selection guides for telecom and wireless have
abbreviated application information and technical data to assist in your selection process. An
extensive glossary is provided for referencing, defining, and clarifying terms used by Texas
Instruments and the semiconductor industry that may be new, unfamiliar, or confusing.

While this data book offers design and specification data only for wireless and
telecommunications products, complete technical data for any Tl semiconductor product is
available from your nearest Tl Field Sales Office, local authorized Tl distributor or by writing
directly to:

Texas Instruments, Incorporated
LITERATURE RESPONSE CENTER
Post Office Box 809066

Dallas, TX 75380-9066

or by visiting TI's web site at http://www.ti.com

A complete list of sales offices, distributors, and technology centers is located in the back of this
book.

We sincerely believe that the new 1996 Wireless and Telecommunications Circuits Data Book
is a valuable and useful addition to your collection of technical literature.
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PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the development
stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate statement
from the following list is placed in the lower left corner of the first page of the data sheet.

PRODUCTION DATA information is current as of publication date. Products conform to
specifications per the terms of Texas Instruments standard warranty. Production processing
does not necessarily include testing of all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of
development. Characteristic data and other specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of
development. Characteristic data and other specifications are design goals. Texas Instruments
reserves the right to change or discontinue these products without notice.

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent pages
of the data sheet containing PRODUCT PREVIEW information or ADVANCE INFORMATION are then
marked in the lower left-hand corner with the appropriate statement given below:

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information
current as of publication date. Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not necessarily include testing of
all parameters.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of
development. Characteristic data and other specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design phase of
development. Characteristic data and other specifications are design goals. Texas Instruments
reserves the right to change or discontinue these products without notice.



General Information

Telecommunications Circuits

_Central OfficeCodecs

“Transient Voltage Suppressors

Wireless Communications Circuits

_Digital Signal Processors

1-1



uoljeuLioju| jelauar) !

1-2

Contents
Page
Alphanumbericindex ........ .o iiiiiiiiiiiii it ittt s st et ea e 1-3
Telecom Introduction ..........ccciiiiiiiiiniiiecnrncarartoncncnnnennanncnnn 1-5
Wireless Introduction ...........cciiiiiiiireiinrernrararanscacsencnnnnnnnns 1-7
Wireless Selection GUide ..........ciiiiiiiiiiiiirancenranrarannscsnsannnans 1-11
Wireless Product Briefs .............ciiiiiiiiiiiiieitccnsnnsnssesanannnnns 1-25

GloSSaAry ... c.iviiiiii i i i i i e 1-33



ALPHANUMERIC INDEX

DEVICE PAGE
MARCSTAR™ RF Application Report ........ ceess 4-29
TCM1030 vseneeoannnansannnan cesiesanaas . 33
TCM1060 «.onvenns susesauens stseansssanes 3-5
TCM129C13 v uvnivenvnenannanansna cesersaas 2-3
TCMI29C13A teviverennsncnnnnsnnnsnrannss 2-27
TCM129C14 ......... cenenersssnea ceneaens 2-3
TCMI29CT4A v iviiinensissanannsnansanraes 2-27
TCM129C16 ..... essenncsncansan reaseaasnns 2-3
TCM129C16A v.cvvnrneanes saaavannasn aeanens 2-27
TCM129C17 v vivnennnennnan eserennen ceree 2-3
TCMI29C17A tiveennnctnnnnasas Cieneaesena 2-27
TCM129C18 v vuucnvsunsensanassnannsessans 251
TCM129C19 v ecevvnennnan enenen seensenns .. 2-51
TCM129C23 v ovvvnvnnnanonnnsan ceacesenass 2-69
TCM29C13 vevvnenns [ [ vees 2-3
TCM29C13A ..... esanenaarencunrans ceenans 2-27
TCM29C14 . viinvinnsransnnns sreanssernen 2-3
TCM29C14A ..... ennaanas [ [ 2-27
TCM29C16 . .vevunnn eerareseneaaas veeese 2-3
TCM29C16A cvvvennrnses teeesesenseanan cen 2227
TCM29C17 vvenvennnarnnnns sessrerassnaase 2-3
TCM29CH7A «vvivinnnecrnnnnnns ssasnaasens 227
TCM29C18 tvveneneenscnnanursarnssnnsannse 2-51
TCM29C19 v vnvnereenans assssessssssncanss 2-51
TCM29C23 .vnvuns eansasaenes [ 2-69
TCM320AC36 v vvvennannnnannns cisessananas 63
TCM320AC37 v o eneanunnnsnnsnnssnnnanssnss 6-3
TOMB20ACSB « v e v evnnnnensnsanneessanneness 623
TCM320AC39 vuvenrrnnnncnns caresessesnaan 6-23
TCM320AC54 v venvvennraranans tenesesianas 2-89
TCM320AC56 «vsvsanvnsns arearesesaraanan 6-43
TCMB20AC57 wueccunnensannannnnnnnnncnnns 6-43
TCM37C13 «vvennnn seeresrerasarerancnnas 2-105
TCM37C14 1 iiiinnnnennnsnssannsnnasnsanns 2-105
TCM37C15 cvvvennnsnrnnnsanes cessnenrnane 2-105
TCM3BC17 voveansnanennnssnannan Cereienen 2-125
TCMA4300 v ennnenennnacnancnseasnnnaanennne 8-3
TCM4301 vevveennnn aasessassesraensannes 8-51
TCM4400 cvevernnnnan ceeeane esenssnrenes . 8-113
TCM8002 «.uvuns -
TCMB010-37 vevecnnnnnass e ceeeeraans 5-25

DEVICE

TCM8010-50 . ..... e

TCM8030
TLV320AC36 ¢ vevennnnnnns
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TP13067A

TP3057A
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TPS9103
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TRF1400
TRF1410
TRF2040
TRF2050
TRF3020
TRF7000
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4-21
7-13
7-25
7-37
7-47
7-57

NOTES: 1. Thefollowing devices have been deleted from this volume: TCM15018, TCM1506B, TCM1512B, TCM1520A, TCM1531, TCM1532,
TCM1536, TCM1539, TCM5087, TCM5087, TCM5089, TCM5092, TCM5094, TLC2470 / TLC2471 / TLC2472 / TLC2047

2. TheTCM3637now appears in the Remote Keyless Entry Data Book.

MARCSTAR is a trademark of Texas Instruments Incorporated.
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TELECOM INTRODUCTION

Introduction

Texas Instruments has been a world leader in central office codec technology since 1979. The combo section
of this data book includes our established product line of codecs with on-chip filtering, primarily used in central
office (line card) applications that perform the A/D and D/A conversion and filtering required for voice
communications. The TP30xx series and TCM29Cxx series of combos provide the industry’s best noise levels
using TI's advanced switched-capacitor filter technologies. The TCM10xx family of devices compliments our
line of codecs by providing protection from voltage transients for the codecs as well as the line cards.

Smaller geometry process technology and sigma-delta conversion technologies are combined this year in our
first Advanced Combo™ product offering, the highly integrated QCombo™, TCombo™, and Combo Ill. The
QCombo and TCombo are single-rail 4-channel (quad) and 2-channel (twin) combos-on-a-chip. The Combo
Il features TCM29C13 functionality with the addition of programmable gain. Texas Instruments is rapidly
expanding it's Advanced Combo product family — see our roadmaps for additional information.

For the past 13 years, Texas Instruments has manufactured an advanced line of fixed-code RKE (remote
keyless entry) products. This year, Texas Instruments is proud to introduce the MARCSTAR™ (Multi-Channel
Advanced Remote-Control Signaling Transmitter And Receiver) family of RKE devices. These devices are
advanced ASK/FSK RF receivers and mixed-signal rolling-code encoder/decoders utilizing new and innovative
features that are industry first. The MARCSTAR RF section featured in this data book represents a portion of
that family that provides turn-key receiver solutions on-a-chip. While primarily targeted at the RKE, GDO
(garage door opener), and home security markets, the TRF140xx device family is also well suited to other
low-power remote control and general telemetry applications. The MARCSTAR RF devices require a minimum
of external components, significantly reducing circuit complexity and footprint compared to the current discrete
receiver solutions. Using an RF architecture that is an RKE-industry first, MARCSTAR RF receivers feature no
spurious emissions and infinite image rejection.

The MARCSTAR RF family maintains good sensitivity and out-of-band rejection with no manual alignment when
used with external SAW filters. For a reduced-cost solution, the device is also compatible with external L/C
components. MARCSTAR RF also includes several on-chip features that would normally require additional
circuitry in a receiver system design. These include an RF amplifier/comparator for detection and shaping of
input signals and decoding logic that provides specially formatted TTL data output, synchronized with a trigger
output, for easy interface to any microcontroller when using Manchester-encoded data. The device also outputs
raw demodulated AM at TTL levels using any ASK data for interface to self-synchronizing devices such as the
Tl rolling-code MARCSTAR encoder/decoders (covered in the TI RKE data book).

Texas Instruments is also rapidly expanding its MARCSTAR product family — see our roadmaps in this data
book, as well as our separate RKE data book, for further information on the full MARCSTAR RF and
encoder/decoder device families.

MARCSTAR, Advanced Combo, QCombo, and TCombo are trademarks of Texas Instruments Incorporated.
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current Tl line-card codec product offering

TCMxxCxx

Intel Timing

For Central Office Equipment Use

Direct Intel Replacement

Reduced Noise

(by 50% using a patented Tl process)

Programmable Gain

Quad channel

Interface For DSP

Both p-Law and Both p-Law and Reduced Noise Qcomso Low Cost Extended
A-Law A-Law Frequency
. N -Law | p-Law and A-Law
sth Bit | Stand- 8thBit | Stand- H ! p-Law and
p-lLaw | A-Law : p-law | A-Law " u-law | A-Law and Single Voltage u-Law p-Law il
Signal ard Signal ard A-Law Supply (+5V) A-Law
1.536 1.536 1.536 1.536 1.536
2.048 2.048 1.544 1.544 2.048 2.048 1.544 1.544 2.048 2.048 1.544 2.048 MHz 2.048 1.536 up to 4.096
MHz MHz 2.048 2.048 MHz MHz 2.048 2.048 MHz MHz 2.048 ) MHz MHz MHz
MHz MHz MHz MHz MHz
TCM TCM TCM TCM TCM TCM TCM TCM TCM TCM TCM TCM38C17 TCM TCM TCM
29C16 | 29C17 | 29C14 | 29C13 | 29C16A | 29C17A | 29C14A | 29C13A | 37C13 | 37C15 | 37C14 28C18 29C19 29C23
PAGE NO.
PAGE NO. 2-3 PAGE NO. 2-27 PAGE NO. 2-105 PAGER "% | pAGENO. 2-51 e
LIT. NO. SCTS011G LIT. NO. SCTS030D LIT. NO. SLWS018 SLWS040 LIT. NO. SCTS021C SCTS029A

3ain® NOILI3T13S WOI313L



TELECOM SELECTION GUIDE

current Tl line-card codec product offering (continued)

TP30xx
National Timing
For Central Office Equipment Use
Foduced NoT Interface For
educed Nolse DTAD/DSP
Direct Natlonal Replacement (by 50% using a patented Tl process)
Differentlal Output Single Ended Output Single Ended Output Differential Output Single Ended
p-law A-Law p-Law A-Law p-Law A-Law p-Law A-Law p-Law
1.636 1.536 1.536 1.536 1.536 1.5636 1.536 1.536 1.536
1.544 1.544 1.544 1.544 1.544 1.544 1.544 1.544 1.644
2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048
MHz MHz MHz MHz MHz MHz MHz MHz MHz
TP3064A | TP3067B | TP3054A | TP3057B | TP3054B | TP3057A | TP3064B | TP3067A | TCM320AC54
PAGE NO. 2-161
LIT. NO. SCTS042A
PAGE NO. 2-145 PAGE NO.
LIT. NO. SCTS026C 6-43
LIT. NO.
PAGE NO. 2-197 SCTS029A
LIT. NO. SCTS031D
PAGE NO. 2-177
LIT. NO. SCTS025C
transient voltage suppressors
SUPPLY
DESCRIPTION FUNCTION | TECHNOLOGY VOLTAGE PRODUCT FEATURES DEVICE | PAGE
. Firing voltage: ~70 V, Max peak surge
Dual transient . _5Vvio |current:35A TCM1030 | 3-3
Line card suppressor voltage Bipolar 65V Firing voltage: 70V, Max poak surge
suppressor - TIE Yy
uppi current: 50 A TCM1060 3-3
remote Keyless entry and general telemetry receivers
DESCRIPTION | FUNCTION | TECHNOLOGY VSC;JG:I(-;YE PRODUCT FEATURES DEVICE PAGE
200 Hz to 450 MHz high receiver sensitivity,
Remote 500 Hz to 20 KHz data rate,
Internal amplifier comparator,
VHF/UHF ASK ] keyless Submicron Lo
RZreceiver | Entry/General BiCMOS 5v No emissions, =~ TRF1400- | 43
Telemetry Infinite image rejection,
No manual alignment,
Internal Manchester decoder
200 Hz to 450 MHz high receiver sensitivity,
Remote 500 Hz to 20 KHz data rate,
VHF/UHF ASK | keyless Submicron Internal amplifier comparator,
RZ receiver Entry/General BiCMOS Sv No emissions, TRF1410 2
Telemetry Infinite image rejection,
No manual alignment,
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TELECOM SELECTION GUIDE

Complexity

Integration, COMBO with
Echo Cancellation,
Hybrid Function

OCTAL COMBO

QUAD COMBO

COMBO 3
29C13 w/Prog Gain
V.34 COMBO,
TP30XX-Based
SOIC T
Line-Card COMBOs ADVANCED
COMBOS
TCM29CXX
TP30XX
Line-Card COMBOs
| | |
I 1 | 1
1992 1994 1996 1998 2000
ADVANCED COMBO

ROADMAP
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TELECOM SELECTION GUIDE

DBS RF Chipset
(RF RCVR + Converter)

CDMA 900-MHz
Remote Control
RCVR

Wireless LAN
Chipset

Wirel LAN MARCSTAR E/D + (RFRCVR +
ireless 500-MHz RF Receiver Converters)
2 2.4-GHz RF RCVR 1
= DBS Down ntegrated
Y] -
E_ DBS RF Converter + 241_3::'2:';3'(
Decoding Functi
S Downconverter ecoding Functions (PTP Comms)
4
GPS Receiver
FSK RF Receiver
TRF9000
- i TI TELECOM RF
MARCSTAR RE ASK RF Receiver Set-Top Box Receiver
Custom
TRF1400/1410
MARCSTAR RF
: Auto/Home Security
| | | | |
| [ | ] |
1995 1996 1997 1998 1999 2000

MSP RF Thrust
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WIRELESS INTRODUCTION

Introduction

Texas Instruments portfolio of digital signal processor (DSP) solutions addresses the key technologies required
to achieve success in today’s fast-moving wireless communications market. To help OEMs gain a competitive
edge, Tl provides system solutions including components, software modules, development tools,
demonstration platforms and global development support. Our customizable DSP (cDSP) capability can create
highly-integrated, low-power, custom solutions fine-tuned for specific needs.

With worldwide manufacturing capacity and expertise, including high-yielding processes and tight parametric
control, Texas Instruments can supply wireless communications OEMs with the large volumes they need to
meet their production requirements. We continue to invest in manufacturing capacity to keep pace with our
customers’ growing needs.

The devices in this databook support the world’s most widely adopted standards in analog cellular, digital and
dual-mode cellular, personal communications services (PCS), digital cordless telephones, paging, wireless
local loop systems, wireless data, and more. The product families addressed in this databook include:

® Baseband Processors for Analog Cellular Handsets
Voice-Band Audio Processors (VBAP™)

Radio Frequency (RF) Products For Personal Communcations
Baseband Interface Circuits

ASICs

DSPs

Microcontrollers

System Solutions

Data Converters

Operational Amplifiers

Low Drop-Out Regulators

Power Management Products

The alphanumeric index in this data book provides a means of quickly locating the device type. The selection
guide includes a brief description of each device and references to additional literature items about that product
family. The glossary describes the symbols, terms, and definitions used in this data book.

Additional literature is available from your nearest Texas Instruments Field Sales Office, local authorized Tl
distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. BOX 809066

Dallas, TX 75380-9066

A list of Ti sales offices, distributors, and technology centers is located in the back of this book.

In addition, the latest information on wireless communications products is available on the Internet. Visit the Ti
Wireless Communications home page at http://www.ti.com/sc/docs/wireless/home.htm, or access the full range
of TI's Semiconductor products using the Tl home page at http://www.ti.com.

Thank you for your interest in wireless personal communications products from Texas Instruments.

VBAP is a trademark of Texas Instruments Incorporated.
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WIRELESS SELECTION GUIDE

selection guide

Cellular Telephone Handset Antenna
RFAF Subsystem
Synthesizer | | Receiver
Digital Cellular Baseband Subsystem TRF2XXX TRF1XXX
Microphone TC_M47XX— ______________ _| Transmit Transmit Output
Baseband Interface Circuit | Modulator Driver 1 Stage
| VBAP™ TCMAXXX | TRF3XXX TRF8XXX TRF7XXX
| TCM/ _I
TLVS20A0XX | [=—— —————"
Speaker |_ —_—— __.I DSP uc Data Converters
TMs320Cxxx| | TMS470 I Keyboard | TLC/TLVXXXX
“I Memory I
Signal Conditioning
Operational Amplifiers
A A A TLC/TLV22XX
T — T - T - Power Supplies and Switches
J, [ Res | [» | [Reguiator | TPSXXXX
e TPSXXX Low Drop-Out Regulators
Battery I
= Power Management Subsystem
baseband processors for analog cellular handsets
VOICE PROCESSOR | PAGE | DATA PROCESSOR | \qheY: | PAGE
TCM8002 5-3 TCM8010-50 5V 5-53
TCM8010-37 3.7V 5-25
Voice and Data Processor
TCM8030T | 27-55V | 5-59
t Product Preview
NOTE 1: TCMB8000 is obsolete — replace with TCM8010-50 or TCM8010-37.
‘Ui TEXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-13



WIRELESS SELECTION GUIDE

VBAP™ voice-band audio processor (voice codecs for wireless personal communications)

13-BIT LINEAR | 13-BIT LINEAR | MASTER
PRIMARY APPLICATION MODE AND MODE AND CLK SUPPLY | PAGE
p-LAW A-LAW (MHZ)
1S-19, 1S-54/136 and digital cordless TLV320AC36 TLV320AC37 2.048 3v 6-63
1S-19, 1S-54/136 and digital cordless, noise
cancellation disabled TLV320ACS56T TLV320AC57t 2.048 3V 6-103
DECT TLV320AC40T TLV320AC41T 1.152 3V 6-83
1519, IS-54/136 and digital cordless, noise Tomazoacsst | Tomazoacs7t | 2.04s 5V 6-103
Reduced spec ‘AC36 TCM320AC46% N/A 2.048 5V -
GSM TCM320AC38 TCM320AC39 2.600 5V 6-23
1S-19, 1S-54/136 and digita! cordless TCM320AC36 TCM320AC37 2.048 5V 6-3
T Product Preview data
3 TCM320AC46 is obsolete — replace with TCM320AC36.
additional VBAP literature
LIT. NO.
Voice-Band Audio Processors Application Report SLWAO001
radio frequency products for wireless personal communications
PRIMARY APPLICATION FUNCTION DEVICE SUPPLY VOLTAGE PAGE
%?&,';",*ggrﬁ{‘:s'gg' Digttal, Dual Mode Cellular; | gocoiver front end TRF10151 35-55V 7-3
900 MHz-1.9 GHz: Analog, Digital, Dual Mode | Fractional-N / Integer-N
Cellular; PCS Synthesizer TRF20401 27-36V 7-13
. Fractional-N / Integer-N
1.1 GHz: 1S-54/1S-136 Synthesizer TRF20501 27-51V 7-25
PooMHz: Analog, Digital, Dual Mode Cellular; |/ ang FM Modulator TRF30201 36-3.9V 7-37
900 MHz-1.9 GHz: Analog, Digital, Dual Mode | GaAs MESFET Output 3.6 VAMPS
Cellular; PCS Stage : TRF7000T |78 v Gsmis-sans—136 | 747
900 MHz: Analog, Digital, Dual Mode Cellular | Driver Amplifier TRFeotot |38 Y AMRe e cais—1as | 757
- , Power Supply for GaAs _ -
Analog, Digital, Dual Mode Cellular; PCS Power Amplifiers TPS9103t 27-55V 7-65

T Product Preview data

baseband interface circuits for wireless personal communications

PRIMARY
APPLICATION VOICE CODEC PAGE RF CODEC PAGE
TCM320AC36 or 6-3
1S-54B TLV320AC36 6.63 TCM4300t 8-3
TCM320AC36 or 6-3
1S-136 TLV320AC36 6.63 TCM4301T 8-51
GSM TCM4400T 8-113
T Product Preview data
VBAP is a trademark of Texas Instruments Incorporated.
% 7
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WIRELESS SELECTION GUIDE

digital signal processors

DSP standard device family roadmap

Performance (MIPS/MFLOPS)

A

Multiprocessor

Next Gen. 32-bit
Floating Pt. J Floating Point

S

Next Gen. 16-bit
Floating Pt. Fixed Point

Generation

general DSP literature

v

LIT. NO.
DSP Solutions Selection Guide SSDV004
TMS320 DSP Production Overview (Flipbook) SPRZ094C
TMS320 DSP Brochure SPRB113
TMS320 Revised Software Co-op Data Sheet Package SPRT111B
TMS320 Development Support Brochure SPRT096B
TMS320 Development Support Reference Guide SPRU0O11D
TMS320 Third Party Support Guide SPRU052C

QZP TEXAS
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WIRELESS SELECTION GUIDE

TMS320C2xx family

PAGE
TMS320C203/209 Data Sheet 9-3
TMS320C2xx product specification guide
DEVICE ram | (Words) 1 ey as | ser 'Nng,f’Ec(T,:g" MIPS | PACKAGING
TMS320C203-80 544 Boot - 2 25 40 100 TQFP
TMS320C204-80 544 4K - 2 35 40 100 TQFP
TMS320C205-80 45 Boot - 2 25 40 100 TQFP
TMS320C209-57 45 4K - - 35 28.5 80 TQFP
TMS320F206-80 45 4K 32K 2 25 40 100 TQFP
TMS320F207-80 45 4K 32K 3 25 40 144 TQFP
NOTE 1: All devices: data/program space = 64kB/64kB, DMA = external, timers = 1, parallel port = 64K x 16.
TMS320C2xx additional literature
LIT. NO.
'C2XX User's Guide SPRU127A
"C2XX Product Bulletin SPRT122A

{? TEXAS
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WIRELESS SELECTION GUIDE

TMS320C5x family

PAGE
TMS320C5x Data Sheet 9-67
TMS320C5x product specification guide
(Words) INSTRUCTION
DEVICE RAM ROM .~ | SER | COM | "eye Eins) | MIPS | PACKAGING
TMS320C50-57 11 10K Boot 2 - 35 28.57 | 132PQFP
TMS320C50-80 § 10K Boot 2 - 25 40 132 PQFP
132 PQFP
TMS320C51-57 t4 2K 8K 2 - 35 2857 | 100 TQFP
132 PQFP
TMS320C51-100 £ 2K 8K 2 - 20 50 100 TQFP
100 PQFP
TMS320C52-57 t1 1K 4K 1 - 35 28.57 | 100 TQFP
100 PQFP
TMS320C52-80 1K 4K 1 - 25 40 100 TQFP
100 PQFP
TMS320C52-100 t 1K 4K 1 - 20 50 100 TQFP
TMS320C53-80 . 4K 16K 2 - 25 40 100 PQFP
TMS320C53S57 1% 4K 16K 2 - 35 28.57 | 100 TQFP
TMS320C53580 4K 16K 2 - 25 40 100 TQFP
TMS320LBC56-80 7K 32K 2§ - 25 40 100 TQFP
TMS320LBC57-80 7K 32K 2§ HPI 25 40 128 TQFP
TMS320BC575-80 7K Boot 2§ HPI 25 40 144 TQFP

T Extended temperature version available

$3.3 V version available

§ Butfered serial port

NOTE 1: All devices: boot loader available, data/program space = 64kB/16kB, DMA = external, timers = 1, parallel port = 64K x 16.

TMS320C5x additional literature

LIT. NO.
TMS320C5x User's Guide SPRU056B
TMS320C5x Fixed-Point DSP Production Bulletin SPRT119A
'C5x Power Dissipation Application Report SPRA030
'C5x DSP Seminar Workbook SPRWO017
'C5x Telecommunications Appliations With 'C5x SPRA033
'C5x On-chip Oscillator With External Resonator SPRA054

*5‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-17



WIRELESS SELECTION GUIDE

TMS320C54x family

PAGE
TMS320C54xt Data Sheet 9-67

T Advance Information data

TMS320C54x product specification guide

Device pavpro | ser | com |"GIEHETON | mips | PackaciNG

TMS320C5414-40 64K/64K 2 - 25 40 |100 TQFP
TMS320C5424-40 64K/64K 2t HPI 25 40 | 128,144 TQFP
TMS320LC541#-50 64K/64K 2 - 20 50 |100 TQFP
TMS320LC5424-50 64K/64K 2t HPI 20 50 | 128, 144 TQFP
TMS320LC543#-50 64K/64K 2t - 20 50 | 100 TQFP
TMS320L.C545#-66 64K/64K 2t HPI 15 66 |128 TQFP
TMS320LC5464-66 64K/64K 2t - 15 66 | 100 TQFP
TMS320LC5484-66 AM/64K 3tt HPI 15 66 | 144 TQFP
TMS320VC5414-50 64K/64K 2 . 20 50 | 100 TQFP
TMS320VC5424-50 64K/64K 2tt HPI 20 50 |128,144 TQFP
TMS320VC5434-50 64K/64K 2t . 20 50 |100 TQFP
TMS320VC5454-50 64K/64K 2t HPI 20 50 |128 TQFP
TMS320VC5464-50 64K/64K 2t - 20 50 | 100 TQFP
TMS320VC5484-50 AM/64K 3tf HPI 20 50 | 144 TQFP

1 Buffered serial port (C548 has 2)

¥ 1 TDM serial port M

NOTES: 2. All devices: bootioader avaliable, DMA =external, timers = 1, parellel port = 64K x 16, DAT/PRO = data/program space, # =
1 for PLL option 1 or # = 2 PLL for option 2 (see User’s Guide for details), LC = 3.3 V,VC =3V part

TMS320C54x additional literature

LIT. NO.
TMS320C54x Product Bulletin SPRT121A
TMS320C54x User's Guide SPRU131
'C54x Serial Ports User’'s Guide Addendum SPRU156
'C54x Source Debugger User's Guide SPRU099A
'C54x Assembly Language Tools User's Guide SPRU102A

“4‘ TEXAS
INSTRUMENTS
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custom digital baseband solutions

To allow for higher integration levels and to further reduce chip count, power dissipation, and system cost, Tl
offers the capability to create a custom device around DSP and microcontroller cores. TI's customizable DSP
(cDSP) and customizable microcontroller (c470) technologies allow the single-chip integration of the DSP cores
with the TMS470 microcontroller core, additional memory, peripherals, logic gates, and analog modules in the

ASIC backplane.
ASIC standard cell — family roadmap

A

Density

TSC3000 @ :
TSC2000

| | | |

[ |
1

| I I I I I
1993 1994 1995 1996 1997 1998 1999

>
Ld

Currently, Tl is developing the TSC4000 and TSC5000 standard cell ASIC product familes that are optimized
for ultra-low power and highly integrated applications. Designers in the wireless market can take full advantage
of the low power consumption for extended battery life, high density capability to integrate complex functions,
high performance for muitiple applications, and leading design tools capabilities that reduce overall design

cycle-time.
additional ASIC literature:
DEVICE STANDARD CELL LITERATURE LIT. NO.
TSC2000 5-V Product Information SRSTO01
TSC3000 3.3-V Product information SRST002
TSC2000LV 3.3-V Product Information SRST003
additional microcontroller literature:
DEVICE MCU LITERATURE LIT. NO.
TMS470R1% User's Guide SPNU134A
{i’
TEXAS
INSTRUMENTS
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TSC2000

5-V 0.55-um CMOS Standard Cell

Product Information

Overview

® 5.V, 0.55-um Lg¢¢, Triple-Level Metal (TLM)

Process

and Low Power

Digital Signal Processor Cores

Clock Tree Synthesis

Support for Synopsys™ DesignPower

Third-Party CAD Signoff

Datapath Function Generation with
Interface to Synopsys Through
DesignWare™

® Memory Compilers Including Single-Port,

Two-Port, Dual-Port, and ROM

® TTL, CMOS, SCSI-20, ATA-2, Ultra-Low-
Power and, Ultra-Low-Noise I/Os

® QFP and TQFP Packaging

® Typical Gate Delays of 165 ps (2-Input
NAND, FO = 2)

Features and Benefits

: FEATURES
Robust support for leading CAD tools

Core Cell Library Optimized for Synthesis

Batch and Graphics Mode Floorplanner

1-uW/MHz/Gate Typical Power Dissipation

Routing channels:
Not always necessary
between cell rows and
can be variable width.
Standard cell rows:
All cells are the same
K height but variable width.

i
5 X 1] ] a
o — X ] | o
p— / —
i | ] =
= . =
= — —
Zz Mega- [:l Mega- zg
SZ Module E:\ Module zg
TGOy
1/O slot Bond pad

BENEFITS
Third-party CAD signoff

Synthesis-optimized cell library

High-density synthesis results and lower power

Tight coupling between synthesis, floorplanning, and layout

Shorter design cycle time

Support for Synopsys Design Power

Accurate power analysis

Ultra low noise 1/Os

Reduced power pin requirements and lower system noise

Ultra low power I/Os

Low power system solutions

Low power cells

Low power system solutions

Clock tree synthesis

Insertion delay and skew management. Low power clock
distribution. Support for high number of clocks.

Datapath synthesis

Efficient implementation of datapath logic

Analog cells

System integration

SCSI Fast-20, ATA-2 I/Os

Direct interface to SCSI/ATA-buses

' ‘@ TeEXAS
INSTRUMENTS
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TSC2000LV
3.3-V 0.55-um CMOS Standard Cell
Product Information

Overview

® 3.3-V, 0.55-um Lg¢4, Triple-Level Metal (TLM)

Process

and Low Power

Analog Functions

Clock-Tree Synthesis

Support for Synopsys™ DesignPower™
Batch and Graphics Mode Floorplanner
Third-Party CAD Signoff

Datapath Function Generation with
Interface to Synopsys Through
DesignWare™

® Memory Compilers Including Single-Port,

Two-Port, Dual-Port, and ROM

® TTL, LVCMOS, Ultra-Low-Power, and
Ultra-Low-Noise [/0s

® QFP and TQFP Packaging

® 0.42-uW/MHz/Gate Typical Power
Dissipation

® Typical Gate Delays of 210 ps (2-Input
NAND, FO =2)

Features and Benefits

FEATURES
Robust support for leading CAD tools

Core Cell Library Optimized for Synthesis

Routing channels:
Not always necessary
between cell rows and
can be variable width.
Standard cell rows:
All cells are the same
K height but variable width.

DDDDUDDDUDDD ooog
=] X :]D
o & J:!n
— | =
DC:L /v ——— 0o
Dl:ﬁ / I:D
o c— —/ — o
oc———} i ——— D
o — ——ao
oc——I ———a
[ — =t
oc—] —— oD
E”:: Mega- l::] Megal- :':,‘;
o — | Module oduie —— o
o —1 L] —
o —/ ——— o

DDDDDDEEDDD

1/0 slot Bond pad

BENEFITS
Third-party CAD signoff

Tight coupling between synthesis, floorplanning, and layout

Shorter design cycle time

Support for Synopsys DesignPower

Accurate power analysis

Ultra-low-noise 1/Os

Reduced power pin requirements and lower system noise

Ultra-low-power I/Os

Low-power system solutions

Low-power cells

Low-power system solutions

Clock tree synthesis

Insertion delay and skew management. Low-power clock
distribution. Support for high number of clocks.

Datapath synthesis

Efficient implementation of datapath logic

Analog cells

System integration

Level-shifting 1/0s

Interface from 3-V core to 5-V signaling environment

Synthesis-optimized library

High-density synthesis results and lower power

{?‘ TEXAS
INSTRUMENTS
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TSC3000

3.3-V 0.44-um CMOS Standard Cell

Product Information

Overview

® 3.3-V, 0.44-um Lqgf, Triple-Level Metal (TLM)

Process

@ Core Cell Library Optimized for Synthesis
and Low Power

Digital Signal Processor and
Microcontroller Cores

Clock-Tree Synthesis

Support for Synopsys™ DesignPower™
Batch and Graphics Mode Floorplanner
Third-Party CAD Signoff

Datapath Function Generation with
Interface to Synopsys Through
DesignWare™

® Memory Compilers Including Single-Port,
Two-Port, and Dual-Port

® TTL, LVCMOS, 5-V-Tolerant, Ultra-Low-
Power, Ultra-Low-Noise I/0s

® QFP and TQFP Packaging

® 0.33-uW/MHz/Gate Typical Power
Dissipation

® Typical Gate Delays of 120 ps (2-Input
NAND, FO = 2)

© Tight Max/Min Performance Ratio (2:1
Commercial Conditions)

Features and Benefits

Robust support for leading CAD tools

Routing channels:
Not always necessary
between cell rows and
can be variable width.
Standard cell rows:
All cells are the same /

K height but variable width.

=)\ —=:
oe— 4 [ ] |F==0
i A\ [ ¥ —:
L= 7 =s
— . | =
= =:
= R =F
JHU@JHHHHHUHHHH[
2o0sMoooonqgaos
1/O slot Bond pad

Third-party CAD signoff

Tight coupling between synthesis, floorplanning, and layout

Shorter design cycle time

Support for Synopsys Design Power

Accurate power analysis

Ultra-low-noise I/0s

Reduced power pin requirements and lower system noise

Ultra-low-power /Os

Low-power system solutions

Low-power cells

Low-power system solutions

Clock-tree synthesis

Insertion delay and skew management. Low-power clock  distribution.
Support for high number of clocks.

Datapath synthesis

Efficient implementation of datapath logic

5-volt-tolerant cells

Interface to external 5-V logic

Tight min/max performance window due to advanced
manufacturing capability

Eases chip and system-leve! timing issues due to delay spread

‘@ TEXAS
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operational amplifiers

Vio | ovio | lcc 1B [CMRR | Vp(1kHz) | SR |GBW | oot
DEVICE mV |{uveC | mA nA dB nVAHz Vius | MHz RANGE DESCRIPTION
(max) | (typ) {(max) | (typ) | (typ) (typ) (typ) | (typ)
TLC2252A 085} 05 | 0.063] 0.001 83 19 0.12 0.2 LM Dual, low power, rail-to-rail output, low noise
TLC2254A 085 | 0.5 0.063 | 0.001 83 19 0.12 0.2 I, M Quad, low power, rail-to-rail output, low noise
TLV2252A 085} 05 0.063 | 0.001 83 19 0.12 0.2 LM Dual, low voltage, rail-to-rail output, low noise
TLV2254A 085 | 0.5 0.063 | 0.001 77 19 0.12 0.2 I, M Quad, low voltage, rail-to-rail output, low noise
TLC2262 25 2 0.25 | 0.001 80 12 0.55 | 0.82 C, 1 Dual, low power, rail-to-rail output, low noise
TLC2262A 0.95 2 0.25] 0.001 80 12 0.55| 0.82 (o Dual, precision, low power, rail-to-rail output
TLC2264 25 2 0.25 | 0.001 80 12 055 0.82 C, 1 Quad, low power, rail-to-rail output, low noise
TLC2264A 0.95 2 0.25 | 0.001 80 12 0.55 | 0.82 | Quad, low power, rail-to-rail output, low noise
TLC2272 25 2 3| 0.001 75 9 36| 218| C,I,M | Dual, rail-to-rail output
TLC2272A 0.95 2 31 0.001 75 9 36| 218 C,I,M |Dual, rail-to-rail output, precision
TLC2274 25 2 3] 0.001 75 36} 218} C,I,M |Quad, rail-to-rail output
TLC2274A 0.95 2 3| 0.001 75 9 36| 2.18| C,I,M |Quad, rail-to-rail output, precision
TLV2262 25 2 0.25 | 0.001 80 12 0.55| 0.82 ! Dual, precision, low voltage, low power, rail to rail
TLV2262A 0.95 2 0.25 | 0.001 80 12 0.55| 0.82 | Dual, precision, low voltage, low power, rail to rail
TLV2264 25 2 0.25 | 0.001 80 12 0.55| 0.82 I Quad, precision, low voltage, low power, rail to rail
TLV2264A 0.95 2 0.25 | 0.001 80 12 0.55] 0.82 1 Quad, precision, low voltage, low power, rail to rai
tC=0°C to 70°C, | = -40°C to 85°C, M = —55°C to 125°C
fixed output voltage series pass regulators
lo ) Vpo

DEVICE (V)V,?OM &1\:} T(? ')' - A)qu o p(l?n " V'(':‘,)ax LDO sg‘lfv{l svst TA DESCRIPTION
POSITIVE OUTPUT VOLTAGE
TPS7233 250 2 155 uA 0.14-0.18 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7333 3.3 2 340 nA 0.044 - 0.06 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVST
TPS7133 500 2 285 pA 0.047 - 0.060 10 X X —40°C to 125°C | Lowest droput PMOS
TPS7248 250 2 155 pA 0.09-0.1 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7348 4.85 500 2 340 pA 0.028 - 0.037 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVST
TPS7148 2 285 pA 0.03 -0.037 10 X X —40°C to 125°C | Lowest dropout PMOS
TPS7250 250 2 155 pA 0.76 —0.85 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7350 5 2 340 pA 0.27 -0.035 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVST
TPS7150 500 2 285 pA 0.27 - 0.033 10 X X —~40°C to 125°C | Lowest dropout PMOS

t Supply-voltage supervisor

3diND NOILIT T3S SSIT3HIM
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adjustable series pass regulators

Vo lo Vpo
T |
DEVICE W) (mA) (3 ;' . A)qTYP ) V'('s;”‘ LDO nsgva svst TA DESCRIPTION
MIN-MAX | MAX ° TYP-MAX
TPS7201 1.2-975 250 3 155 uA 0.16-0.27 10 X X —40°C to 125°C | Very low dropout PMOS adjustable
TPS7301 12-9.75 250 3 340 pA 0.052-0.085 10 X X X —40°C to 125°C | Lowest dropout PMOS with svst
TPS7101 1.2-9.75 500 3 285 pA 0.052-0.085 10 X X —40°C to 125°C | Lowest dropout PMOS adjustable
T Supply-voltage supervisor
supply voltage supervisors
Vi TOL lcc Vimin | PROGRAMMABLE | COMPLEMENTARY
DEVICE | ) ©) | maymAx | ) TIME DELAY OUTPUTS DESCRIPTION
Singte micropower SVS (5 V) with programmable time delay and
TLC7705 4.55 1.5 25 nA 1 X X push-pull outputs
TL7705A 4.55 3 3.60 X X Single SVS for 5 V systems with programmable time delay
TL7705B 4.55 2 3 1 X X Single SVS for 5 V systems with programmable time delay
p-channel MOSFETs
'DS(on) TDS(ON) TDS(ON)
Vps D
Vgs=-10V V ==10V) |V =-27
pevice | W | es o ) | VeEs <-10V) | VaES =27V} | (s DESCRIPTION
MAX TYP TYP TYP MAX
TPS1100 -15 0.18 0.291 0.606 +1.58 | Single p-channel enhancement-mode MOSFET
TPS1101 -15 0.09 0.134 0.232 +2.12 | Single p-channel enhancement-mode MOSFET
TPS1110 -7 - 0.065 0.100 -6 Single p-channel enhancement-mode MOSFET
TPS1120 -15 0.18 0.291 0.606 1.7 | Dual p-channel enhancement-mode MOSFET

additional Mixed Signal Products literature:

LIT. NO.
1996 Designer’s Guide and Reference SLYU001
Data Converter Selection Guide SLAT079
Data Acquistion Data Book SLADOO1
Understand Data Converters Application Report SLAAO13
Supplement to the Linear Circuits 3-V Family SLYDO013
Power Supply Circuits SLYDO002
Operational Amplifiers and Comparators, Volume A SLVDO11
Operational Amplifiers and Comparators, Volume B SLYDO12
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PRODUCT BRIEF LIT. NO. SSTT001

TCM8010/TCM8002

Analog Cellular System Solutions Product Brief

Analog Cellular Phone Power Supply
r————————————_—————— = < L TPS7XXX
| RF Section ]
| | TCM8010
Antenna | » Receiver I > Audio Processor
! assi | Apc2 |«
| 2 T e ] ApC 1
nm
| 14— pac1
Duplexer I Channel 0S€ Trim } DAC2 User Interface
: Synthesizer | ¢ | ' r———— A
I Power Control § bACS ’A“di° out| |< =
I { l Audio In | !
: —<¢ Transmitter < [ Transmit ‘——_}'—D :
| y | |
N t __________ 1 SAT Data Control : |
A | A | |
L & |
Synthesi v | ¥ | |
Programming /O _ | |
>~ /o >| Display I ]
Arbitration Control
RAM RFEN | l
1
A TCM8002
o . Data Processor vo . >|Hboardl |
P~ Microcontroller | |
4 ] |
EPROM b J
Introduction™" development is kept to a minimum. The system
] operates from either a 5-V supply
TI's analog cellular solution consists of the (TCM8010-50) or a 3.7-V supply (TCM8010-37)
TCM8010 audio processor and the TCM8002 and needs only one crystal or an external clock
data processor. Together they comprise a highly for operation.

integrated baseband system for Advanced

Mobile Phone Service (AMPS) and Total Access Chipset Features

Communication System (TACS) cellular phones.
TCMB8010 audio processor

® An on-chip compander to provide a

high-quality voice transmission.

The optimized architecture reduces the material

cost of the phone and minimizes the power ® Two integrated input amplifiers allow handset
consumption in standby mode. Digital trimming or hands free operation.
significantly reduces the test time and ® On-chip DTMF generator provides 16 tones,

manufacturing cost of a phone, ensuring a
competitive, low-cost phone design for the
worldwide consumer cellular phone market. ® Two integrated ADCs are used to monitor the
Since the TCM8002 implements the required RSSI level and battery voltage.

data processing, microcontroller software

programmable for level adjustments.

PRODUCTION DATA information is current as of publication date.

Plrod:cts conform to specifications per thedterms c;! Texas In§lrrnmlen;s i
standard warranty. oe
testing of slll;r:ar;ymeters. " 9 doesna yineuse I TEXAS
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® Three DACs are used to control the transmit required. Programmable 20-pin I/O expansion
output power, to trim the VCTCXO and to capabilities provide system support to the
adjust the response of the first IF stage. keyboard, dispiay, and the RF section.

A total of 12 events are microcontroller-interrupt An on-chip watchdog timer fulfills the

Programmable. The 4-wire serial interface requirement of the AMPS/TACS standard for a

minimizes the number of microcontroller pins microcontroller-independent watchdog.

¢ TEXAS
INSTRUMENTS
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PRODUCT BRIEF LIT. NO. SSTT005

1S-54B

Dual-Mode Cellular Solutions Product Brief

Control Antenna
TLV320AC36/ TCM4300 '
TCM320AC36 | p—
RF o Q .ma A
[—] Interface Circuit Signal
Audio Control
Interface
Circuit
—] 1S-54B Display
DSP mcu

TMS3201S54B I Keyboard |

Power
Management

Memory

Introduction

The 1S-54B technology from Texas Instruments
provides a single-DSP baseband solution for the
IS-54B standard. With its high level of integration,
the solution reduces device count, saves space,
and simplifies design, allowing users to design a
competitive product with a fast time-to-market. By
supporting the 1S-54B dual-mode standard, this
solution allows seamless integration into the
emerging digital cellular telephone market.

The 1S-54B solution from Tl consists of the 1S-54B
DSP, a 16-bit fixed-point product from TI's leading
family of DSPs; the TCM4300 Advanced RF
Cellular Telephone Interface Circuit (ARCTIC™),
a high-performance mixed-signal device; and the
TLV320AC36 or TCM320AC36 Voice-Band Audio
Processor (VBAP™), an audio CODEC
manufactured using TI's low-power LInCMOS™
technology.

Benefits ;.

Some of the key benefits you can expect by using
the Texas Instruments IS-54B solution include

® Full compliance with the 1S-54B dual-mode
standard

® Optimized software for complete baseband
operations

Minimized overall system cost
Flexible microcontroller and RF interfaces

Bit-error-rate  performance  exceeding
I1S-54/1S-55 requirements

® VSELP segmented signal-to-noise-ratio
(SNR) performance exceeding 1S-85
requirements

® TQFP and SQFP packaging

ARCTIC, VBAP, and LinCMOS are trademarks of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products in the formative or .

design phase of development. Characteristic data and other i,

srciﬁcaﬂons are design goals. Texas Instruments reserves the right to

change or discontinue these products without notice. l EXAS
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Features

TI's IS-54B solution simplifies dual-mode cellular
design by providing a flexible interface to the
microcontrollers and RF designs most commonly
used in cellular phones. In addition, our product
contains drivers for both the speaker and
microphone; no additional buffers or drivers are
needed. A 3.3-V power supply and advanced
power management techniques allow your
products to use smaller, lighter batteries and have
longer operating times.

® |n analog mode, provides all base-band
filtering and transmit D/A conversion and
receive A/D conversion

® |[ntegrated wide-band data (WBD)
demodulator provides DSP power saving in
analog mode

® Advanced power control minimizes power
consumption of many dual-mode functional
blocks

® 3.3V orb5V single supply operation

TCM320AC36/TLV320AC36
TMS320iS54B DSP: Auido Interface Circuit:

® FM voice transmission and reception for
analog mode operation

@ Synchronization and timing control of the
chipset in digital mode

® 1/4 DQPSK decoding and demodulation for
digital operation

Channel coding/decoding and interleaving
VSELP voice coding/decoding

Robust channel equalization

TCM4300 Advanced RF Cellular Telephone

Interface Circuit:
® Single-chip interface to DSP, micro-controller  Etal isAS—

and RF modulator/demodulator in a
dual-mode 1S-54B cellular telephone

® Performs w/4 differential  quadrature
phase-shift keying (n/4-DQPSK) symbol
modulation

® Single chip audio PCM CODEC that provides
all the filtering and frame sync timing
necessary for a standard voice channel

® Standard serial interface to a TMS320 or any
other standard DSP

® Transmit and receive directions can be
operated independently

Simple microphone and speaker interfaces

Operates from a single 5 V (TCM320AC36) or
3 V (TLV320AC36) supply

In addition, Texas Instruments has development
platforms (which include baseband,
microcontroller and RF subsystems for prototype
and system testing) and thorough documentation
to support you with your digital cellular design.

“if TEXAS

INSTRUMENTS
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PRODUCT BRIEF LIT. NO. SSTT003

1S-136

Dual-Mode Cellular / PCS Solutions Product Brief

Control

Antenna
TCM4301 r | 1
TLV320AC36 RF a S.mall "
>| ) [—1 Interface Circuit. Signal
Audio Control
Interface
Circuit
q 1S-136 Mcu Display
DSP
TMS3201S136 Keyboard

Power
Management

Introduction

The IS-136 technology from Texas Instruments
provides a single-DSP baseband solution for the
I1S-136 standard. With its high level of integration,
the solution reduces device count, saves space,
and simplifies design, giving you a competitive
product with a fast time-to-market. By supporting
the 1S-136 dual-mode standard, this solution
allows seamless integration into the emerging
digital cellular telephone market.

The 1S-136 solution from Tl consists of an IS-136
DSP, a 16-bit fixed-point product based on TI's
leading family of DSPs; TCM4301
(ARCTIC™-136) RF Interface Circuit, a

high-performance mixed-signal device; and the

TLV320AC36 Voice-Band Audio Processor,
(VBAP™) an audio codec manufactured using Tl's
low-power LiInCMOS™ technology.

Some of the benefits you can expect by using TI's
1S-136 solution include:

VBAP, ARCTIC, LinCMOS are trademarks of Texas Instruments Incorporated.

® Full compliance with the TIA [S-136
dual-mode cellular standard for North
America

® Optimized software for complete baseband
operations

Minimized overall system cost
Flexible microcontroller and RF interfaces

Bit-error-rate  exceeding  1S-136/IS-137
requirements

® VSELP segmented signal-to-noise ratio
(SNR) performance exceeding 1S-85
requirements

® TQFP and SQFP packaging

TI's 1S-136 solution simplifies dual-mode cellular
design by providing a flexible interface to the
microcontrollers and RF designs most commonly
used in cellular phones. In addition, our product
contains drivers for both the speaker and
microphone; no additional buffers or drivers are
needed. A 3.3-V power supply and advanced

PRODUCT PREVIEW information concerns products in the formative or .

deslgn phase of development Characteristic data and other I

specifications are design goals. Texas Instruments reserves the right to

change or discontinue these products without notice. I EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-29



WIRELESS SELECTION GUIDE

PRODUCT BRIEF LIT. NO. SSTT003

power management techniques allow your
products to use smaller, lighter batteries and have
longer operating times.

TMS320CI1S136 DSP:

Digital control channel encoding and
decoding for 1S-136 operation as well as
search and channel type determination

FM voice transmission and reception for
analog mode operation

Control and voice channel processing

Synchronization and timing control of the
chipset in digital mode

/4 DQPSK decoding and demodulation for
digital operation

Channel coding/decoding and interleaving
VSELP voice coding/decoding
Robust channel equalization

TCM4301 (ARCTIC™-136)
RF Interface Circuit:

Single-chip interface to DSP, microcontroller
and RF modulator/demodulator in a
dual-mode IS-136 cellular telephone

Performs n/4  differential  quadrature
phase-shift keying (n/4-DQPSK) symbol
modulation

Sleep mode timer allows the phone to utilize
power saving modes of 1S-136 paging classes

In analog mode, provides all baseband
filtering and transmit D/A conversion and
receive A/D conversion

Integrated  wide-band  data (WBD)
demodulator provides DSP power savings in
analog mode

Advanced power control minimizes power
consumption of many dual-mode functional
blocks

3.3 V single supply operation

TLV320AC36 Audio Interface Circuit:

“Systems——
Support

Single chip audio PCM CODEC that provides
all the filtering and frame sync timing
necessary for a standard voice channel

Standard serial interface to a TMS320 or any
other standard DSP

Transmit and receive directions can be
operated independently

Simple microphone and speaker interfaces

Operates from a single 3 V supply

In addition, Texas Instruments has development

platforms

(which include baseband,

microcontroller and RF subsystems for prototype
and system testing) and thorough documentation
to support you with your digital cellular design.
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TMS320FLEX
Chipset Product Brief

MOS| [«
Microcontroller MISO
SCK l
TLV5590
A/D
DV
CONVERTER  °°
Do g
TLV5591
D1 q FLEX
Receiver —’\/\/\r—_l_—— VIN Track Enable DECODER
I I: Vuip Mode 1 (¢
) VOFFSET Mode 0
Test BW Select
P GND CLK
FLEX Pager Block Diagram

Introduction

The TMS320FLEX chipset from Texas Instruments
allows OEMs in a variety of diverse industries to
rapidly develop paging devices conforming with the
FLEX™ paging protocol developed by Motorola Inc. In
addition to providing a turnkey solution for FLEX
pagers, the flexible architecture of the chipset lends
itself to integration into equipment as varied as
computers, automobiles, and smart home electronics.
Embedded paging functionality can open a new realm
of applications.

The '320FLEX chipset consists of the TLV5591, a
signal processor that decodes the FLEX paging
protocol transmission, and the TLV5590, which
converts the analog signal from the receiver into a
digital signal for decoding by the TLV5591.

FLEX is a trademark of Motorola Incorporated.

As paging has become more widely accepted,
Motorola developed the FLEX advanced paging
protocol to provide a robust form of text and data
messaging not previously available with other
protocols. Bringing new levels of functionality and
service to pagers, the FLEX protocol delivers several
key benefits to users:

© Longer battery life (up to 5x) than existing
paging standards, enabling improvements in
design and miniaturization because of the
smaller batteries

® Support for numeric and alphanumeric
messages

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic and other
speclfications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice.
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® Increased signal integrity for error protection
and positive message termination

® Advanced features, such as group pages
between systems

Paging carriers also realize numerous advantages by
converting to the FLEX protocol:

® Support for 1600-, 3200- or 6400-bps
transmission

® Carriers can minimize their upgrade costs by
migrating gradually from existing standards to
FLEX 1600 to FLEX 3200 to FLEX 6400

® Significant increase in the number of
subscribers per channel, consequently
lowering infrastructure costs

With the substantial benefits of the FLEX protocol,
demand for FLEX pagers has been growing steadily.
FLEX has become the de facto high-speed
paging-protocol standard as 70% of paging operators
worldwide have adopted FLEX technology for their
next-generation upgrades.

Features

TI's '320FLEX chipset simplifies implementation of
the FLEX protocol in a paging application by
interfacing directly with most popular off-the-shelf
paging receivers and microcontrollers. Paging OEMs
can quickly and easily develop a FLEX-compliant
product by interfacing the TMS320FLEX chipset to
their existing receivers and microcontrollers with
virtually no hardware redesign.

To further simplify matters, purchase of the
TMS320FLEX chipset satisfies all licensing
requirements for the FLEX protocol. No separate
license agreement with Motorola is necessary.

TLV5591 FLEX Decoder:

® 16 programmable user-address words

® 16 fixed-temporary addresses

FLEXstack is a trademark of Motorola Incorporated.

® 1600, 3200, and 6400 bits-per-second
decoding

® Any-phase decoding

Uses standard serial peripheral interface
(SPI) in slave mode

® Allows low current STOP mode operation of
host processor

® Highly programmable receiver control
Real-time clock time base

FLEX fragmentation and group messaging
support

® Real-time clock over-the-air update support
Compatible with synthesized receivers
Low battery indication (external detector)

TLV5590 A/D converter:

® Selectable dual-bandwidth audio filter
— 3-pole Butterworth lowpass
- BW 1 =1kHz 5% (-3db)
- BW2=2kHz +5% (-3db)
Peak and valley detectors
Two-bit analog-to-digital converter

® Three modes of operation: fast acquisition,
slow acquisition, and hold

® 2.5-V operation with single power supply

“Systems
Support

FLEX system software to facilitate application
development is included with the TMS320FLEX
chipset. FLEXstack™ software is specifically designed
to support the FLEX decoder. The software runs on a
host processor, handles communications with the A/D
converter, and interprets the code words passed to
the host from the TLV5591.
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ADC!

American Digital Cellular (same as USDC)

ADC2

Analog-to-digital converter (also A/D). A converter that uniquely represents all analog input values within a
specified total input range by a limited number of digital output codes, each of which exclusively represents a
fractional part of the total analog input range.

NOTE: This quantization procedure introduces inherent errors of one-half LSB (least significant bit) in the
representation since, within this fractional range, only one analog value can be represented free of error
by a single digital output code.

Address

The number dialed by a calling party that identifies the party called. Also a location or destination in a computer
program.

Adjacent Channel Interference

Interference caused by the energy from a transmitting channel spilling over into an adjacent channel. This
interference can be minimized by applying filters to the transmitting and receiving ends or by simply using
non-adjacent frequency channels within a cell. Cellular systems typically transmit on nonadjacent frequencies
within a cell in order to prevent adjacent channel interference.

Alert

Constant 10 kHz signaling tone sent on the reverse voice channel (by the mobile), in an analog cellular
conversation, while the mobile phone is ringing.

Aliasing

The occurrence of spurious frequencies in the output of a PCM system that were not present in the input-due,
to foldover of higher frequencies.

AM (Amplitude Modulation)

A technique for sending information as patterns of amplitude variations of a carrier sinusoid.
Amplifier

An electronic device used to increase signal power or amplitude.

AMPS

A Bell acronym for Advanced Mobile Phone Service, an analog FDMA technology where channels of
information are separated by 30 kHz.

Analog

Information represented by continuous and smoothly varying signal amplitude or frequency over a certain
range, such as in human speech or music.
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Asynchronous

Refers to circuitry and operations without common timing (clock) signals.

Attenuation

Weakening of the signal due to it being partially blocked or absorbed — the decrease in power that occurs when
any signal is transmitted. RF signal attenuation is heavily dependent on the frequency of the RF transmission
and on the physical characteristics of the material that the transmission interacts with. For example, high
frequency microwave transmissions are severely attenuated by rain, but lower frequency cellular transmissions
are not.

ASK (Amplitude Shift Key Modulation)

Refers to transmitter on-off data transmission where data is transmitted by turning a radiation source on and
off to transfer data over a wireless link.

Audio Frequency

Frequencies detectable by the human ear, usually between 20 and 15,000 Hz.

Bandwidth1

The range of signal frequencies that a circuit or network will respond to or pass.

Bandwidth2

The amount of frequency allocated for an RF transmission. For example, a cellular channel typically has a
bandwidth of 30 kHz, i.e., a cellular system requires 30 kHz of frequency per channel to transmit its signal. One
of the fundamental problems associated with RF transmissions is the limited amount of electromagnetic
spectrum available. The electromagnetic spectrum is finite, and only a limited portion of the spectrum has been
allocated for cellular use by the FCC (Federal Communications Commission). The FCC has allocated only 50
MHz of spectrum for cellular use. Additional capacity can not be achieved by simply taking up more spectrum.
Since there is a limited amount of spectrum available for cellular use, additional capacity must be obtained by
other means.

BPF

Band-pass filter. Typically used in analog and RF circuitry to pass a specific frequency band and attenuate out
of band frequencies.

Baseband

Refers to the data rate or baseband rate of transmitted data.

Base Station

A multichannel transceiver located at the center of a cell and connected via wireline to the mobile telephone
switching office (MTSO). Its primary purpose is to handle all incoming and outgoing cellular telephone traffic
within the cell.

Baud Rate

Baud rate is the number of carrier signal modulation events (signal changes) per second during data
transmission — not necessarily equal to the number of data bits transmitted per second (bps).
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Baud Rate versus Bit Rate (Bits Per Second — bps)

Baud rate is the number of carrier signal modulation events (signal changes) per second, which must be within
the bandwidth of the transmission medium. For modems using voice-grade telephone lines, the maximum baud
rate is approximately 3300, which is approximately the pass band of the voice circuit (3300 Hz). Modulation
schemes are employed that provide many bits of data for each carrier modulation event (baud) to increase the
number of bits per second that can be transmitted on a pass band-limited voice telephone circuit. A modem
running at 2400 baud and encoding four bits of data on each carrier transition (baud), for example, is actually
transmitting 9600 bits of data per second.

Bell Tapping

The undesired activation of the ringer circuit of a telephone caused by rotary dial pulses from a parallel
telephone. Also known as tinkling.

BER (Bit Error Rate)

Used as a measure to quantify bit error occurrences in a digital communications link.

Bias (Asymmetrical) Distortion

Distortion affecting a binary modulation scheme whereby the actual mark or space has a longer or shorter
duration than the corresponding theoretical duration.

Bit Rate

Bit rate is the actual number of bits of data that is transmitted or received per second.

BORSCHT

An acronym for the function that must be performed in the central office (on a line card) when digital voice
transmission occurs; Battery, Overvoltage, Ringing, Coding, Hybrid, and Test.

Byte

A group of bits (usually 8) treated as a unit or word. Often equivalent to one alphabetic or numeric character.

Call Forwarding

A feature allowing the subscriber to forward a call to another telephone number.

Call Processing

The complete process of routing, originating, terminating cellular telephone calls, along with the necessary
billing and statistical collection processes.

Call Record

A record stored on tape containing mobile number, dialed digits, time stamp information, and other data needed
to bill or ‘ticket’ a cellular telephone call.

Call Setup

The call processing events that occur during the time a call is being established, but not yet connected.
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Call Waiting

A feature allowing the subscriber to be alerted to the arrival of another call during the current conversation. The
user can answer the call waiting and then switch between the two calls, but cannot connect all parties together.

CCIT

International Telegraph and Telephone Consultative Committee. An international forum for establishing
communication system standards.

CDMA (Code Division Multiple Access)

In a CDMA system, each voice circuit is labeled with a unique code and transmitted on a single channel
simultaneously with many other coded voice circuits. The only distinctions between the multiple voice circuits
are the assigned codes. The channel is typically very wide with each voice circuit occupying the entire channel
bandwidth. For example, 64 different voice circuits can be simultaneously transmitted on the same channel, with
each voice circuit identified by its assigned code.

Cell

The RF coverage area in the cellular system resulting from operation of a single multiple-channel set of base
station frequencies. Cell can also refer to the base site equipment servicing this area.

Channell
An electronic communication path. In telecommunications, it is usually a voice bandwidth of 4000 Hz.
Channel2

A unique RF frequency that is used for communication between a subscriber unit and a cell site base station.
Channels must be assigned by the FCC.

Circuit

An interconnected group of electronic devices or, in telecommunications, the path connecting two or more
communications terminals.

Click Tone

A particular progress tone injected onto the forward voice channel (base station transmit, mobile unit receive)
to indicate to the subscriber that the call has not been abandoned by the system.

C-Message Weighting

A noise weighting used to measure noise on a line that would be terminated by a 500-type telephone set or
similar instrument. The resulting noise reading is in dBrnC.

Class 5 Office

See central office

CO (Central Office)?

The switching equipment that provides local-exchange telephone service for a given geographical area and is
designated by the first three digits of the telephone number. This is also known as a Class-5 office.

{9 TEXAS
INSTRUMENTS

1-36 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



WIRELESS and TELECOM GLOSSARY
TERMS AND DEFINITIONS

CO (Central Office)2

The switching office that connects the MTSO (mobile telephone switching office) to the PSTN (public-switched
telephone network). The CO is also known as a Class 5 or ‘end’ office.

Co-channel Interference

Co-channelinterference is the interference caused between two cells transmitting on the same frequency within
a network. Since co-channel interference is caused by another cell transmitting the same frequency, the
interference cannot simply be filtered out. The co-channel interference can only be minimized through proper
cellular network design. A cellular network must be designed to maximize the C/I ratio, which is the
carrier-to-co-channel interference ratio. One of the ways to maximize the C/I ratio is to increase the frequency
re-use distance, i.e., increase the distance between cells using the same set of transmission frequencies. The
C/l ratio, in part, determines the frequency re-use distance of a cellular network.

Codec

An assembly comprising an encoder and a decoder in the same unit. A device that produces a digital coded
output from an analog input, and vice versa.

Combo

A single-chip pulse-code-modulated (PCM) encoder and decoder (codec), and PCM line filter.

Common Battery

A system supplying direct current for the telephone set from the central office.

Compander

A combination of a compressor and an expander. The audio signal is compressed at the transmitter, reducing
its dynamic range and thereby reducing the dynamic range of the transmitted signal. An expander at the receiver
restores the recovered signal to its original dynamic range. Companding is used in communications systems
to improve signal-to-noise ratio as a result of the reduced dynamic range that is transmitted. In analog cellular,
2:1 syllabic compression is used to limit the maximum peak voice deviation to +2.9 kHz.

Constructive Interference

Interference that occurs when waves occupying the same space combine to form a single stronger wave. The
strength of the composite wave depends on the how close in phase the two component waves are. Forexample,
if two waves of the same phase, each with an amplitude of 10 are transmitted, they would combine into a
composite wave of amplitude 20. Two waves slightly out of phase, however, would combine into a composite
wave with an amplitude less than 20.

Control Channel

A unique RF channel used by each cell base station that is dedicated to the transmission of digital control
information from the base station to the cellular mobile unit. It is used to assign voice channels, control mobile
power, authorize handoffs, etc.

Crossbar Switch

An electromechanical switching machine using a relay mechanism with horizontal and vertical input lines
(usually 10 to 20). Uses a contact matrix to connect any vertical to any horizontal.
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Crosspoint

The element that actually performs the switching function in a telephone system. It may be mechanical using
metal contacts or solid state using integrated circuits.

CT2

Cordless telephone, type 2, or 2nd generation

CTIA

Cellular Telecommunication Industry Association
Cutoff Frequency
The frequency above or below which signals are attenuated below a specified value by a circuit or network.

DAC

Digital-to-analog converter (also D/A). A converter that represents a limited number of different digita! input
codes by a corresponding number of discrete analog output values.

NOTE: Examples of input code formats are straight binary, two's complement, and binary-coded decimal
(BCD).

Data
In telephone systems, any information other than human speech.
Data Set

Telecommunications term for a modem.

dB (Decibel)
A unit of measure of relative power — the logarithmic ratio between two amounts of power, 10 log (P1/P2), or

voltage, 20 log (V1/V2), in terms of the ratio of two values. It is typically used in receiver and transmitter
+ measurements.

dBm

Decibels referenced to one milliwatt; used in communication work as a measure of absolute power values. Zero
dBm equals one milliwatt. (0 dBm = log 1 mW)

dBmo0
Noise power referenced to or measured at a zero transmission level point (OTLP).
dBmOp
Noise power in dBm0, measured by a psophometer or noise measuring set having psophometric weighting.

dBrn

Decibels above reference noise. Rated noise power dB referenced to one picowatt. Zero dBrn equals —90 dBm.
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dBrnC

Noise power in dBrn, measured by a noise measuring set with C-message weighting.

dBrnCO

Noise power in dBrnC referenced to or measured at a zero transmission level point (OTLP).

dBW

Decibels referenced to one Watt.

Decoder

Any device that modifies transmitted information to a form that can be understood by the receiver.

DECT

Digital European Cordless Telephone

Demultiplexer

A circuit that distributes an input signal to a selected output line (with more than one output line available —
one-to-many).

Destructive Interference

Interference that occurs when waves occupying the same space combine to form a single wave with an
amplitude that is less that any of the component waves. Destructive interference occurs when the waves that
are summed into a single, composite wave are out of phase such that at any given instance, the negative
amplitudes summed with the positive amplitudes result in an amplitude of the composite wave that is less than
of any of the component waves. Destructive interference can result in attenuations ranging up to 100%, which
is the case when two signals of equal amplitude but 180 degrees out of phase are summed together. They
completely cancel each other.

Diversity Receive

A method commonly employed by cellular equipment manufacturers to improve the signal strength of received
signals. The scheme uses two independent antennas that receive signals that differ in phase and amplitude
resulting from the slight difference in antenna positions. These two signals are either summed or the strongest
one is accepted by voting.

DTMF

Dual-tone multifrequency, commonly known as touchtones. This in-band signaling system consists of 12 audio
tones, each created from two different frequencies (out of a group of 8), that correspond to the digits 0 through
9, and * and # on a subscriber telephone key pad.

Dual-Mode Cellular

Dual-mode celiular telephones operate in either digital or analog cellular systems.
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DTX (Discontinuous Transmission)

A cellular telephone subscriber unit feature that allows the mobile unit to disable its RF power amplifier (PA)
during conversation when the subscriber is not talking. This reduces the power drawn from the battery and thus
increases talk time. The cellular system must support this feature if the subscriber is to be able to use it.

EAMPS
Extended Advanced Mobile Phone Service (AMPS with extended frequency allocation)
EIA
Electronic Industries Association. (2001 Pennsylvania Avenue, N.W., Washington, D.C. 20006)

Electromagnetic Spectrum

The total range of wavelengths or frequencies or electromagnetic radiation, extending from the longest radio
waves to the shortest known cosmic rays.

EMI

Electromagnetic interference.

Encoder

Any device that modifies information into the desired pattern or form for a specific method of transmission.

End Office

See central office

Erlang

A dimensionless quantity used in the statistical measurements of the traffic in a cellular system. One Erlang is
equivalent to the average number of simultaneous calls, and is equal to 3600 call-seconds per hour or 36 CCS
(call century seconds) per hour.

ESN (Electronic Serial Number)

A 32-bit code that is unique to each cellular telephone mobile unit. It is used by the base station to validate the
mobile unit. The ESN is not alterable by either the cellular service provider or the end user.

ESS

Electronic Switching System. A telephone switching machine using electronics, often combined with
electromechanical crosspoints, and usually with a stored-program computer as the control element.

Equalization

The reduction of frequency distortion and/or phase distortion of a circuit by the introduction of networks to
compensate for the difference in attenuation, time delay, or both, at the various frequencies in the transmission
band.

Exchange Area

The territory within which telephone service is provided for a basic charge. Also called the local calling area.

2\
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Fade

A drop in the received signal strength of a cellular RF transmission signal that results from the RF signal
interactions with the transmission environment.

FCC

Federal Communications Commission. A government agency that regulates and monitors the domestic use of
the electromagnetic spectrum for communications.

FCC Part 68

A government document describing the types of equipment that must be registered and the electrical and
mechanical standards to be met when connecting equipment to the public telephone network.

FDMA (Frequency Division Multiple Access)

A communications scheme where channels of information are separated by frequency and systems transmit
one voice circuit per channel. The channels are relatively narrow, usually 30 KHz or less and are defined as
either transmit or receive channels. A full-duplex conversation requires a transmit and receive channel pair. For
example, if a FDMA system had 200 channels, the system could handle 100 simultaneous full-duplex
conversations (100 channels for transmitting and 100 channels for receiving).

Flash Hook

400 ms of signaling tone sent on the reverse voice channel by the cellular mobile unit to request a hook flash.

FOCC (Forward Control Channel)

A control channel from the cellular base station to the mobile unit; also known as the control channel downlink.

Forced Disconnect

A call processing function that forces termination of a cellular call, usually not at the request of the mobile
subscriber.

Four-Wire Line

A two-way transmission circuit using two pairs of conductors. This allows full-duplex (simultaneous in both
directions) conversation without multiplexing.

Free Space Loss

The power loss of the RF transmission signal as a result of the signal spreading out as it travels through space.
As aradio wavefront travels through space, its power diminishes according to the inverse-square law — at twice
the distance, there is only one-fourth the power.

FSK (Frequency Shift Keying)

The form of frequency modulation that uses two different audio frequencies to transmit binary ones and zeros
by shifting back and forth between the two frequencies.

Full-Duplex

Simultaneous communication in both directions between two points. It uses two communications paths with
both points being able to transmit and receive simultaneously.
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FVC (Forward Voice Channel)

A voice channel from the cellular base station to the mobile unit; also known as the voice channel downlink.

Glare Hold and Glare Release

A method of glare resolution. Glare occurs when both the local and distant end of a trunk are seized at the same
instant, usually resulting in deadlock of the trunk. To prevent this, one end of the trunk is assigned a glare hold
status and the other a glare release status. In the event of glare, the glare-hold end holds the trunk and the glare
release-end releases the trunk and attempts to seize another. This scheme is used on the wirelines between
the MTSO and connecting cellular sites.

Grade of Service

A measure of what percentage of calls placed through an exchange fail to be completed due to congestion of
that exchange. In cellular communications, a 2% GOS is usually considered acceptable.

GSM

Groupe Special Mobile (a European format for cellular communications).

Half-Duplex

A circuit that can carry information in both directions but not simultaneously — uses two communications paths
with only one point being able to transmit and receive simultaneously.

Handoff (Intercell)

The process by which cellular mobile units traveling through the system coverage area are switched from one
cell (and its base station) to the next cell (and to a different channel) that has better coverage for that particular
area. The handoffis often triggered by the degradation of the transmission quality due to the mobile unit reaching
the edge of the cell’'s service area or by adverse RF propagation characteristics in the area through which the
mobile unit is traveling.

Handoff (Intracell)

The process by which cellular mobile units traveling through a cell’s coverage area are switched from one sector
in the cell to the next sector in the cell (and to a different channel) that has better coverage for that particular
area. The handoffis often triggered by the degradation of the transmission quality due to the mobile unitreaching
the edge of the sector’s service area or by adverse RF propagation characteristics in the area through which
the mobile unit is traveling.

Harmonic Filter

A filter used in the base station and cellular mobile unit transmitter circuits to remove unwanted harmonics
(spurious frequencies) from the transmitted signal.

HPF

High-pass filter. Typically used in analog and RF circuitry to pass high frequencies and attenuate lower
frequencies.
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Hybrid

In telecommunications, a circuit that divides a signal transmission channel into two channels (i.e., one for each
direction) or, conversely, combines two channels into one. Typically telecommunications applications are 2-to-4
or 4-to-2 wire hybrids, with two wires being one communication path. Every telephone contains a hybrid circuit
to separate ear piece and mouthpiece audio and couple both into a 2-wire circuit that connects to the Central
Office. If the hybrid is not balanced properly, echo or ‘loop-back’ can result in the circuit when the transmitted
signal is reflected back into the receive path.

Idle Channel

A channel that is assigned to a cell base station for use but is not currently in service (being used). All idle
channels for each cell base station are kept in an ‘idle-link-list,” which is constantly updated at the MTSO (Mobile
Telephone Switching Office).

Infrastructure

All parts of the cellular system, excluding the subscriber. It includes the MTSO, base stations, cell sites, and
all links between them.

In-Band Signaling

A process in which audio tones between 300 and 3400 Hz provide supervisory and/or address signaling
between the cell base station and the cellular mobile unit.

1S-54/1S-136

TIA standard for dual-mode cellular telephones. 1S-136 is the most recent revision of the standard.

JDC

Japanese Digital Cellular

Lineside

Refers to the portion of the central office that connects to the local loop.

Local Loop

The voice-band channel connecting the subscriber to the central office.

Longitudinal Balance

A measure of symmetry impedance of a balanced network. Improper longitudinal balance results in poor
common-mode rejection.

LNA

Low noise amplifier used in data transmission circuits (analog and RF) to set the noise floor of gain stages as
low as possible.

Loop Current

Direct current in the local loop. This indicates that a telephone is off-hook (in use).
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Loss

Attenuation of a signal due to any cause.

LPF

Low-pass fiiter. Typically used in analog and RF circuitry to pass low frequencies and attenuate higher
frequencies.

Manchester-Encoded Data

Digital data format that reduces noise in RF links.

MARCSTAR

Multichannel Advanced Remote Control Signaling Transmitter and Receiver is a registered trademark of Texas
Instruments, Incorporated. Generally refers to a family of remote contro! devices produced at Tl.

Mark

One of the two possible states of a binary information element. The closed circuit and idle stage in a teleprinter
circuit. See Space.

Microwave Hop

A microwave RF connection between the MTSO and cell sites in remote locations.

MIN1

The 24-bit number that corresponds to the 7-digit subscriber telephone number.

MIN2

The 10-bit number that corresponds to the 3-digit subscriber area code.

Mobile Attenuation

The power of the cellular mobile unit can be adjusted (or attenuated) dynamically to one of seven discrete power
levels (analog cellular). This is done so that when a mobile unit comes closer to a base receiver, its power is
reduced to prevent the chance of interfering with other mobile units operating on the same voice channel in
another cell (co-channel interference). In addition, this increases the taltk usage time of the mobile unit by
reducing the amount of power drawn from its battery.

Mobile Coverage Area

Geographical area in which two-way cellular telephone service can be expected (between the cell base station
and the cellular mobile unit).

Mobile-ID
The 7-digit cellular mobile unit telephone number. It does not include the area code.

Mobile Origination

The initiation of a telephone call by a cellular mobile unit.
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Mobile Unit

The cellular mobile unit is either a handheld or car-mounted transceiver. The mobile unit connects the user to
the base station using RF transmission and reception. The mobile unit is also known as the subscriber.

Modem

A contraction of modulator/demodulator. it is a device to convert digital data into an analog signal and vice versa
so that two electronic devices (e.g., a computer and a data terminal) may communicate over the telephone
system.

MSA (Metropolitan Service Area)

A cellular coverage, defined by the FCC, that resides in a densely populated area.

MTS (Message Telephone Service)

The official name for long distance or toll service.

MTSO (Mobile Telephone Switching Office)

This is the switching office to which all cellular base station sites connect. The MTSO, in turn, interfaces to the
PSTN by connection to a CO. Control of all cell sites, all subscriber records, statistics, and billing is maintained
at the MTSO.

Mu-Law (u-Law)

An encoding format for the quantization and digitization of analog signals into Pulse Code Modulation (PCM)
signals (A/D) and recovery of analog signals from PCM (D/A). p-law specifies the parameters for compression
and re-expansion of the signals during signal transmission and processing. p-law PCM encoding is used in
North America. A-law is the European format.

Multipath Fading

Multipath fading, also called Rayleigh fading, occurs when the direct-path transmitted wave destructively
interferes with its reflections at the receiving end. The destructive interference is a result of the reflected waves
arriving at the receiving end later and out of phase with the direct-path transmitted wave. Multipath interference
can vary in intensity depending on the amount of destructive interference that takes place.

Multiplexer

A device for accomplishing simultaneous transmission of two or more signals over a common transmission
medium (many-to-one).

NADC

North American Digital Cellular

NAMPS

Narrow-band Advanced Mobile Phone Service. An analog FDMA technology in which channels of information
are separated by 10 kHz, and provides three times capacity over AMPS, which has 30 Khz cannel spacing.

NMT
Nordic Mobile Telephone
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No-Answer Transfer

A feature that allows calls to a cellular mobile unit to be transferredto a predeterrhined number if the mobile unit
does not acknowledge an incoming calli or is not answered.

NPA (Numbering Plan Area)

The area code

Off-Hook

The circuit condition caused when the handset is lifted from the switch hook of the telephone set. This condition
exists during call setup or conversation.

On-Hook

The normal circuit condition when the handset is on the switch hook of the telephone set.

Operator
In cellular telephony, this is the local service provider that owns the cellular system in that particular area.
Origination

A call that is placed by the cellular mobile subscriber, calling either a land-line circuit or another cellular mobile
subscriber.

PABX

Private Automated Branch Exchange. Small local automatic telephone office serving extensions in a business
complex providing access to the public network.

Page

A message that is broadcast from a group of cell sites that carries a mobile ID for the purpose of alerting the
mobile that a call is waiting.

Parallel Data

The transfer of all bits of a data word simultaneously over two or more wires or transmission links (one for each
bit in the word).

Parity

An error-detection scheme in which an extra bit (the parity bit) is added to each data word to make the total of
all the bits in the word either even or odd according to whether even or odd parity is called-for. Correct patity
{even or odd) of each data word is checked at the receiving end to determine if there were any transmission
errors.

PBX

Private Branch Exchange. A telephone exchange serving an individual organization and having connection to
a public telephone exchange.
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PCM (Pulse Code Modulation)

Process in which the modulating signal is sampled, and the magnitude of each sample (with respect to a fixed
reference) is quantized and converted by coding to a digital signal. PCM provides undistorted transmission,
even in the presence of noise. The sample frequency must be at least twice the highest modulating frequency
for full recovery of the original modulating information (Nyquist).

PCN

Personal Communications Network, also known as PCS (Personal Communications System)

Period

The time or angle that a signal is delayed with respect to some reference position.

Phase

The time or angle that a signal is delayed with respect to some reference position.

PL

The transmitting power level of the cellular mobile unit.

Port Change

A channel change from one sector to another, while staying within the same cell, as a mobile unit moves from
one area in a cell to another area in the same cell.

POTS

Plain Old Telephone Service. An acronym used by the telephone industry for conventional telephone service.

PSK (Phase-Shift Keyed Modulation)

A method of placing data on a carrier signal by modifying the phase of the carrier wave.

Psophometric Weighting

A noise-weighting method recommended by the CCITT for use in a noise measuring set or psophometer.

PTP
Point-to-point or line of sight communications link.

Quantization

A process in which the continuous range of values of an analog input signal is divided into nonoverlapping
subranges (chords) and to each subrange a discrete value of the output is uniquely assigned a binary number.

Quantizing Distortion

The inherent distortion introduced in the process of quantization.
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Quantizing Noise

Anundesirable random signal caused by the error of approximation in a quantizing process. It may be regarded
as noise arising in the pulse-code modulation process due to the code-derived facsimile not exactly matching
the waveform of the original message.

RECC (Reverse Control Channel)

The control channel that is used from the cellular mobile station to the base station direction, also known as the
control channel uplink.

Reflections

RF waves can reflect off of hills, buildings, moving cars, the atmosphere, and basically almost anything in the
RF transmission environment. The reflections may vary in phase and strength from the original wave.
Reflections allow radio waves to reach their targets around corners, behind buildings, under bridges, in parking
garages, etc. RF transmissions ‘bend’ around objects as a result of refiections.

Register
A storage element for one or more bits of digital information.

Remote Control

A term used to describe wireless control of electronics and the systems controlled by these circuits.

RF

Radio frequency. Used to describe frequencies between audio and infrared that are used in communications
applications.

Ring

The alerting signal to the subscriber or terminal equipment. Also, the name for one conductor of the wire pair
comprising the local loop, designated by R.

Ring Trip

During ring signaling, the detection of the off-hook condition and removal of the ring signal from the line by the
switch.

RKE

Remote keyless entry. Primarily used in automobile entry systems, home security systems, and garage door
openers.

Roamer

A cellular mobile station that operates in a cellular system other than the one from which the service is
subscribed (the home system).

Rolling-code

In many communications links, a code is used to identify a user. Rolling-code means this code changes every
time the code is transmitted to improve security of the system or link.
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RSA (Rural Service Area)

A cellular coverage, defined by the FCC, that resides in a less populated area.

RSSI (Relative Signal Strength Indication)

Received signal strength indicator — used in RF circuitry to detect the strength of a received signal. In cellular
telephony, it is a value representing the received signal strength of both the cellular mobile unit and the base
station. This value is used to initiate a power change or handoff.

RVC (Reverse Voice Channel)

The voice channel that is used in the cellular mobile station to base station direction, also known as the voice
channel uplink.

SAT (Supervisory Audio Tone)

One of three tones (5970, 6000, and 6030 Hz) that are transmitted by the cell base station and transponded
by the cellular mobile station. It is used to evaluate the complete radio path, both forward and reverse voice
channels. The SAT received by the mobile unit is actually regenerated by the mobile unit with the same
amplitude and noise associated with the actual received SAT.

SAW (Surface Acoustic Wave)

Resonant devices that are used in many communication applications and are well suited for low power RF.

Scan Receiver

A receiver that resides in the cell base station that is dedicated to measuring the signal strength of the cellular
mobile units that are communicating via the cell. These measurements are used in the handoff process (but
not in the power-up/power-down process, which is handled by each voice transceiver).

SCM (Station Class Mark)

This indicates the cellular mobile station type (mobile/trans/port), and if the station has DTX.

Sector-Receive Cell Site

Six or three directional antennas that are used at a cell site to get the additional gain required to serve cellular
mobile units. A mobile unit could move completely around a sector-receive cell site and never change channels;
but it would change antennas.

Sector-Sector Cell Site

The cell is broken up into two or more independent sectors that each have their own transmit and receive
antennas. A cellular mobile unit moving around a sector-sector cell would change channels (intra-cell handoff).

Sensitivity
A term used to describe the minimum discernible signal a receiver can detect.

Serial Data

The transfer of data over a single wire in a sequential pattern of bits that make up a data word.
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SID (System Identification)

A unique digital code assigned to each cellular system. The home system of each mobile is stored in its internal
memory so that the mobile unit knows when it is a roamer (outside its normal service area).

Sidetone

An attenuated portion of the transmit audio returned to the originator and subsequently heard in the earpiece
of the sender. Sidetone is common, as all telephones produce some sidetone and is caused by unbalanced
2-to-4 wire hybrids. And, sidetone is often intentional to meet the expectations of the user, who is accustomed
to hearing it on a ‘live’ telephone set as an indication that it is ‘connected.’

Signal-to-Noise

The ratio of the magnitude of the signal to that of the noise with no signal present, usually expressed in dB.

Simplex

A circuit that can carry information in only one direction (e.g., broadcasting, public address, etc.). Uses one
communication path with one only able to transmit and the other end only able to receive.

SLIC

Subscriber line interface circuit. In digital transmission of voice, this circuit that performs some or all of the
interface functions at the central office. See BORSCHT.

Source Cell

The cell that a cellular mobile unit is leaving during the handoff process.

Source Channel Falsing

A condition that exists when co-channel SAT (supervisory audio tone) exists on the source channel during
handoff, so that the source channel does not squelch during the handoff process. This results in noise during
the handoff process (after the hand-off order) that can be heard by both the landiine and cellular mobile unit
parties.

Space

One of the two possible states of a binary information element: the open-circuit or no-current state of a
teleprinter. See Mark.

Spectrum
The electromagnetic spectrum, which is the continuous range of electromagnetic frequencies.

Squelch Circuit

A radio receiver circuit that disables the audio path when the incoming signal strength is below a predetermined
threshold.
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ST (Signaling Tone)

A 10 kHz tone transmitted by the cellular mobile unit on a voice channel to (1) confirm channel change orders
(HO tone, 50 ms ST), (2) request a flash-hook by the mobile (400 ms ST), (3) mobile alert (continuous ST), and
(4) mobile ending call (1.8 sec ST).

State

A condition of an electronic device, especially a computer, that is maintained until an internal or external
occurrence causes change.

Subscriber

The mobile user of the cellular system.

Subscriber Files

User records stored at the MTSO containing all information pertaining to each subscriber. This includes cellular
mobile unit number, home service location, last known location, type of mobile unit, service denial flags, and
special feature options available to that subscriber.

Subscriber Loop

See local loop.

TACS

Total Area Coverage Systems

Target Cell

The cell that a mobile unit is going to during the hand off process.

Target Channel Falsing

A condition that exists when a co-channel SAT exists on the target channel during handoff, so that the target
channel does not squelch before arrival of the cellular mobile unit during the handoff process. This results in
noise during the handoff process (before the handoff order) that can be heard by both the landline and mobile
unit parties.

TDM (Time Division Multiplexing)

A communication system technique in which each of multiple channels is sequentially connected to a
single-channel transmission link. At the other end, the single-channel transmission link is sequentially
connected to each of connected separates information from multiple channel inputs and places them on a
carrier in specific positions of time to send.

TDMA (Time Division Multiple Access)

TDMA systems are able to transmit multiple voice circuits on each channel. A TDMA channel is a single FDMA
channel divided up into multiple time slots. The channels can vary in bandwidth and, depending on the type of
system and the time slots, can transmit all or part of a voice circuit.

TIA

Telecommunications Industry Association
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TIP

One conductor of the wire pair composing the local loop and designated by the letter T. Usually, the more positive
of the two conductors.

Toll Center

A major telephone distribution center that distributes calls from one major metropolitan area to another. Also
known as a class 4 office.

Toll Ticketing

Subscriber records that are kept at the MTSO for billing purposes. They contain subscriber number, time of call,
called number, location of call origination, location of call termination, and other important statistics for the
proper billing of the subscriber.

Toll Ticketing House

A third-party company that takes the toll ticketing records and actually bills the subscribers. Nonpayment by
subscribers is reported to the operating company so denial of service can be performed.

TPC — (Three-Party Conference Circuit)

A TPC is used in a 3-party conference, but more important, it is used during every handoff so that the
channel-change transition can be made with less noise by connecting the audio of the source and target cells
together before the handoff order is sent. When a handoff is made during a 3-party conference call and the TPC
is being used, ‘hard handoffs’ occur and the potential for noise during channel changes increases significantly.

Transmission Link

The path over which information flows from sender to receiver.

Transhybrid Loss

In a telephone hybrid, the measure of the isolation between the receive and transmit ports. Itis also a measure
of the balance between the two matched windings of a hybrid transformer.

Transmission Link

The path over which information flows from sender to receiver.

Trunk

A transmission channel connecting two switching machines. In cellular systems, this is the connection between
the MTSO and CO and the connections between the MTSO and cell sites.

Trunkside

That portion of the central office that connects to trunks going to other switching offices.

Tumbling ESN (Electronic Serial Number)

Fraudulent hardware that changes the cellular mobile unit ESN every time a call is originated. Since often only
the FIRST call of a roamer is screened for a bad ESN, an infinite number of fraudulent calls can be placed using
a tumbling ESN.
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UHF
Ultra high frequency range from 300 to 1000 MHz.

uUsbpcC
U.S. Digital Cellular

Validation

The method of determining if a cellular mobile unit should be given service by the cellular system. Validation
often requires matching the ESN (electronic serial number) of the mobile with its mobile ID, and then checking
the mobile unit against files that contain subscribers who should be denied service.

VBAP (Voice-Band Audio Processor)

Tl trademark for device that provides A/D and D/A conversion, along with the filtering necessary for voice-band
communications.

VHF
Very high frequency range from 100 to 300 MHz.

VMAC (Voice Mobile Attenuation Code)

One of eight discrete cellular mobile unit transmit power levels that are dynamically selected during a cellular
telephone conversation. These power steps are in 4 dB increments.

Voice Circuit

Half of a full-duplex conversation, i.e., one-half of a two-way conversation. For example, if two people are talking
by phone, each of their voices is considered a separate voice circuit.

Voice-Grade Line

A local loop or trunk having a band pass of approximately 300 Hz to 3000 Hz.

Wide-Band Circuit

A transmission facility having a bandwidth greater than that of a voice-grade line.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS011G —~ APRIL 1986 ~ REVISED JULY 1996

® Replaces Use of TCM2910A in Tandem With FEATURES TABLE
TCM2912C FEATURE 29C13 | 29C14 | 29C16 | 29C17
® Reliable Silicon-Gate CMOS Technology 129C13]125C14 | 120C16} 120C17
® Low Power Consumption: N”’;‘Se’ of Pins: %
Operating Mode . . . 80 mW Typical 20 X
Power-Down Mode . . . 5 mW Typical 18 X X
® Excellent Power-Supply Rejection Ratio “'Lﬁ‘_"l’_/:‘;v'-aw Coding: x X X
Over Frequency Range of 0 Hz to 50 kHz A-Law X X X
® No External Components Needed for Gain Timing Rates:
Variable Mod
Sample, Hold, and Autozero Functions sgﬂk“hz‘io 2.038 e X x X X
® Precision Internal Voltage References Fixed Mode
® Direct Replacement for Intel 2913, 2914, }gﬁ mz § §
E r4
2916, and 2917 2048 MHa g % X X
® Recommended for Direct Voice Loopback Test Capabilty X
Applications
8th-Bit Signaling X

description

The TCM29C13, TCM29C14, TCM29C16,

TCM29C17, TCM129C13, TCM129C14, TCM129C16, and TCM129C17 are single-chip PCM codecs
(pulse-code-modulated encoders and decoders) and PCM line filters. They provide all the functions required
to interface a full-duplex (4-wire) voice telephone circuit with a TDM (time-division-multiplexed) system, and are
intended to replace the TCM2910A in tandem with the TCM2912C. Primary applications include:

® Line interface for digital transmission and switching of T1 carrier, PABX, and central office telephone
systems

® Subscriber line concentrators
® Digital-encryption systems
® Digital voice-band data-storage systems
® Digital signal processing
TCM29C13, TCM129C13 TCM29C14, TCM129C14 TCM29C16, TCM29C17,
DW OR N PACKAGE DW PACKAGE TCM129C16, TLC129C17
(TOP VIEW) (TOP VIEW) DW OR N PACKAGE
. U (TOP VIEW)
vesll1 ~ 20[ vee ves [l 1 ™ 24f] Vee O
pwro+[2  19f] GSx PWRO+[J>  23f] GSX vesll1 ™ 1sfl Veo
PwrO-[]3  18[] ANLG IN- PWRO-[I3  22[] ANLG IN- PwRO+[{2 15[ GsX
asafl4 17 ANLG IN+ GSR[Ja  21[] ANLGIN+ PWRO-[13  14[] ANLG IN-
PON[5 16 ANLG GND PON[l5s  20]] ANLG GND FON[ 4  13[] ANLG GND
CLKSEL[ 6 15[ SIGXASEL CLKSEL[le 19l NC DCLKR(]5  12f] TSY/DCLKX
DCLKR]7  14[] TSXDCLKX ANLGLOOP [17  18f] SIGX/ASEL pcMiN[le 11l PcMoUT
pcMIN[l®8  13[lrcmouT SiGR[l8  17]] TSX/DCLKX FsATSRE(]7  10f] FsxTsxeE
FSRTSRE[ O  12[] FsxTsxe DCLKR o 16f] PCM OUT DGTLGND[] 8  9f] cLkRricLKX
pGTLGND [} 10 1] cLkmrcLkx PCMIN[[10  15[] FSX/TSXE
FSRTSRE [J 11 14]] CLKX
DGTLGND [J 12 13]] CLKR
NC - No internal connection
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
A during storage or handling to prevent electrostatic damage to the MOS gates.

PRODUCTION DATA Information Is current as of publication date.

mc': ;:;'r':l::"y 1o specifications per thod ::er;"n:o? exas lnnr;xnrl;:d': i
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TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS011G — APRIL 1986 — REVISED JULY 1996

description (continued)

These devices are designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. They are
intended to be used at the analog termination of a PCM line or trunk.

The TCM129C13, TCM129C14, TCM129C16, TCM129C17, TCM29C13, TCM29C14, TCM29C16, and
TCM29C17 provide the band-pass filtering of the analog signals prior to encoding and after decoding. These
combination devices perform the encoding and decoding of voice and call progress tones as well as the
signaling and supervision information.

The TCM29C13, TCM29C14, TCM29C16, and TCM29C17 are characterized for operation from 0°C to 70°C.
The TCM129C13, TCM129C14, TCM129C16, and TCM129C17 are characterized for operation from —40°C

to 85°C.

functional block diagram

I~ - - T
Transmit Section
PCM OUT
ANLG 'N+—| e Sample Successive Output ©
—» and Hold [—» Comparator [—» ! —> P >+ TSX/DCLKX
ANLG IN- and DAC Approximation Register
< SIGX/ASEL
GSX -1
i 4
Analog- <
to-Digital <
Reference > Con?rol : FSX/TSXE
Loglc < CLKX
|
T
Receive Section | cControl <} CLKSEL
| Section Control e
4 Filter ¥ | Logic DI
4 Gain I - «]- ANLG
GSR \ Yy | ¥
Set m L. Loopt
I e d -
PWRO-1 Sample - | Daital Input [+~ PCMIN
- g
and Hold Control 4] Register
and DAC N DCLKR
Logic T
PWRO+ Reference _._,__J L—»—— siGrt
A A

T T r —1 FSRITSRE
Vcc Vs DGTL ANLG cLiat
GND GND

t TCM29C14 and TCM129C14 only
$TCM29C13, TCM29C16, TCM29C17, TCM129C13, TCM129C16, and TCM129C17 only
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TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTSO11G — APRIL 1986 — REVISED JULY 1996

Terminal Functions

TERMINAL NO.
TCM29C16
NAME TCM29C13 | TCM29C14 | TCM29C17 | VO DESCRIPTION
TCM129C13 | TCM129C14 | TCM129C16
TCM129C17
ANLG GND 16 20 13 Analog ground return for all internal voice circuits. Not internally
connected to DGTL GND.
ANLG IN+ 17 21 | Noninverting analog input to uncommitted transmit operational amplifier.
Internally connected to ANLG GND on TCM129C16, TCM29C16,
TCM129C17, and TCM29C17.
ANLG IN—~ 18 22 14 I | Inverting analog input to uncommitted transmit operational amplifier.
ANLG LOOP 7 I Provides loopback test capability. When this input is high, PWRO+ is
internally connected to ANLG IN.
CLKR 1 13 9 | Receive master clock and data clock for the fixed-data-rate mode.

Receive masterclock only for variable-data-rate mode. CLKR and CLKX
are internally connected together for TCM129C13, TCM129C18,
TCM129C17, TCM29C13, TCM29C16, and TCM29C17.

CLKSEL 6 6 I | Clock-frequency selection. Input must be connected to Vgg, Vg, or
ground to reflect the master-clock frequency. When tied to Vgg, CLK is
2.048 MHz. When tied to GND, CLK is 1.544 MHz. When tied to V¢,
CLKis 1.536 MHz.

CLKX 11 14 9 I | Transmit master clock and data clock for the fixed-data-rate mode.
Transmit master clock only for variable-date-rate mode. CLKR and
CLKX are internally connected for the TCM129C13, TCM129C16,
TCM129C17, TCM29C13, TCM29C16, and TCM29C17.

DCLKR 7 9 5 | Fixed or variable-data-rate operation select. When connected to Vgg,
the device operates in the fixed-data-rate mode. When DCLKR is not
connected to Vgp, the device operates in the variable-data-rate mode,
and DCLKR becomes the receiver data clock. DCLKR then operates at
frequencies from 64 kHz to 2.048 MHz.

DGTL GND 10 12 8 Digital ground for all internal logic circuits. Not internally connected to
ANLG GND.
FSR/TSRE 9 1 7 | Frame synchronization clock input/time-slot enable for receive channel.

In the fixed-data-rate mode, FSR distinguishes between signaling and
nonsignaling frames by a double- orsingle-length pulse, respectively. In
the variable-data-rate mode, this signal must remain high for the duration
of the time slot. The receive channel enters the standby state when FSR
is TTL low for 300 ms.

FSX/TSXE 12 15 10 | Frame-synchronization clock input/time-slot enable for transmit
channel. Operates independently of, but in an analagous manner to,
FSR/TSRE. The transmit channel enters the standby state when FSXis
low for 300 ms.

GSR 4 4 I |Input to the gain-setting network on the output power amplifier.
Transmission level can be adjusted overa 12-dB range depending on the
voltage at GSR.

GSX 19 23 15 O | Output terminal of internal uncommitted operational amplifier. Internally,
this is the voice signal input to the transmit filter.

PCM IN 8 10 6 | | Receive PCM input. PCM data is clocked in on eight consecutive

negative transitions of the receive data clock, which is CLKR in
fixed-data-rate timing and DCLKR in variable-data-rate timing.

PCM OUT 13 16 1 O | Transmit PCM output. PCM data is clocked out on this output on eight
consecutive positive transitions of the transmit data clock, which is CLKX
in fixed-data-rate timing and DCLKX in variable-data-rate timing.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER
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Terminal Functions

TERMINAL NO.

NAME

TCM23C13
TCM129C13

TCM29C14
TCM129C14

TCM29C16
TCM29C17
TCM129C16
TCM129C17

[I[e}

DESCRIPTION

e
Z

5

4

Power-down select. The device is inactive with a TTL low-level input to
this terminal and active with a TTL high-level input to the terminal.

PWRO+

Noninverting output of power amplifier. Can drive transformer hybrids or
high-impedance loads directly in either a differential or a single-ended
configuration

PWRO-

Inverting output of power amplifier. Functionally identical with and
complementary to PWRO +.

SIGR

Signaling bit output, receive channel. In a fixed-data-rate mode, outputs
the logical state of the 8th bit (LSB) of the PCM word in the most recent
signaling frame.

SIGX/ASEL

15

18

A-law and p-law operation select. When connected to Vgg, A-law is
selected. When connected to Vo or GND, p-law is selected. When not
connectedto Vg, a TTL-levelinputis transmitted as the eighth bit (LBS)
of the PCM word during signaling frames on PCM OUT (TCM29C14 and
TCM129C14 only). SIGX/ASEL is internally connected to provide p-law
operational for TCM29C16 and TCM129C16 and A-law operation for
TCM29C17 and TCM129C17.

TSX/DCLKX

14

12

/0

Transmit channel time-slot strobe (output) or data clock (input) for the
transmit channel. In the fixed-data-rate mode, this terminal is an
open-drain output to be used as an enable signal for a 3-state output
buffer. In the variable-data rate mode, DCLKX becomes the transmit
data clock, which operates at TTL level from 64 kHz to 2.048 MHz.

VBB

Most negative supply voltage. Inputis -5 V £5%.

Vce

20

24

16

Most positive supply voltage. Inputis 5 V 5%

2-6
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (s€e Note 1) ..ot e
Output voltage range, Vo ... e i
Input voltage range, V| ... ..o e
Digital ground voltage range ..........oiiiii ittt i e e e

Continuous total dissipation at (or below) 25°C free-air temperature

Operating free-air temperature range, Ta: TCM29CXX . ....o.oiiiiniieieiiiiien e anens
TCMI29CXX ..viii it

Storage temperature range, Tstg ...................................................

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package

-03Vito15V
-0.3Vto15V
-03Vtot5V
-0.3Vto15V
1375 mW
0°C to 70°C
—40°C to 85°C

—-65°C to 150°C

260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values for maximum ratings are with respect to Vgg.

recommended operating conditions (see Note 2)

MIN NOM  MAX UNIT
Supply voltage, Vi (see Note 3) 4.75 5 5.25 \
Supply voltage, Vg -4.75 -5 =525 \
Digital ground voltage with respect to ANGL GND 0 v
High-level input voltage, V)Y (all inputs except CLKSEL) 2.2 \
Low-level input voltage, V)_ (all inputs except CLKSEL) 0.8 \
2.048 MHz VBB Ve +0.5
Clock-select input voltage 1.544 MHz 0 0.5 \
1.536 MHz Vee-05 \/ole}
] GSX 10 kQ
Load resistance, R
PWRO + and/or PWRO- 300 Q
) GSX 50
Load capacitance, C| pF
PWRO+ and/or PWRO— 100
K . TCM29Cxx 0 70
Operating free-air temperature, Ta °C
TCM129Cxx -40 85

NOTES: 2. Toavoid possible damage tothese CMOS devices and resulting reliability problems, the power-up procedure described in the device

power-up sequence paragraphs later in this document should be followed.

3. Voltage at analog inputs and outputs, Vo and Vg terminals, are with respect to the ANLG GND terminal. All other voltages are

referenced to the digital ground terminal unless otherwise noted.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

supply current, fpck = 2.048 MHz, outputs not loaded

TCM29Cxx TCM129Cxx
PARAMETER TEST CONDITIONS UNIT
MIN TYPt mMAx| MIN TYPT MAX
Operating 7 9 8 13
Icc fsr;‘fnp:}'g(‘:‘"em Standby | FSX, FSR = VL after 300 ms 05 1 07 15| mA
Power down | PDN = V| _after 10 ps 0.3 0.8 0.4 1
Operating -7 -9 -8 -13
BB fsrgg]p:}’;:"e"‘ Standoy | FSX, FSR = Vy_after 300 ms “05 1 207 15| mA
Power down | PDN =V)_after 10 us -03 -08 -0.4 -1
Operating 70 90 80 130
Pp Power dissipation Standby FSX, FSR = V|_ after 300 ms 5 10 7 15| mW
Power down | PDN = V| after 10 ps 3 8 4 10
T All typical values are at Vgg =—5 V, Vo =5 V, and Ta = 25°C.
digital interface
TCM29Cxx TCM129Cxx
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MmAX| MIN TYPt MAX
) PCMOUT |lpH=-9.6 mA 2.4 24
VoH  High-level output voltage \
SIGR loH=-1.2mA 24 24
VoL _Il.%v)v(-’les\:(é F({)utput voltage at PCM OUT, loL=3.2mA 0.4 05 v
iH High-level input current, any digital input Vi=22VtoVee 10 12 pA
IiL Low-level input current, any digital input V|=0t008V 10 12 pA
(o] Input capacitance 5 10 5 10 pF
Co Output capacitance 5 5 pF
1 All typical values are at Vgg = =5 V, Vo = 5 V, and Ta = 25°C.
transmit amplifier input
PARAMETER TEST CONDITIONS MIN TYPt mMAX| uNIT
Input current at ANLG IN+, ANLG IN — +100 nA
Input offset voltage at ANLG IN+, ANLG IN ~ Vi=-217Vto 217V +25 mV
Common-mode rejection at ANLG IN +, ANLG IN - 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input current at ANLG IN+, ANLG IN — 10 MQ
1 All typical values are at Vgg = =5 V, Vo = 5 V, and Ta = 25°C.
receive filter output
PARAMETER TEST CONDITIONS MIN TYPt mMAX| uniT
Output offset voltage PWRO+, PWRO- (single ended) Relative to ANLG GND 80 180 mV
Output resistance at PWRO+, PWRO- 1 Q

1 All typical values are at Vgg =~5 V, Vo = 5 V, and Ta = 25°C.
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gain and dynamic range, Voc =5V, Vgg =5 V, Tp = 25°C (unless otherwise noted)

(see Notes 4, 5, and 6)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
- . Signal input = 1.064 Vrms for p-law, + v
Encoder milliwatt response (transmit gain tolerance) Signal input = 1.068 Vrms for A-aw +0.04 +0.02| dBmO
Encoder milliwatt response additional tolerance "
=0° ° =+59 .
(nominal supplies and temperature) Ta=0Cto70°C, Supplies = £ 5% +0.08 d8
Digital milliwatt response (receive tolerance gain) Signal input per CCITT G.711,
relative to zero-transmission-level point Output signal = 1 kHz +0.04 £0.02 | dBm0
Digital milliwatt response variation with temperature " o
=0° ° = +
and supplies TA=0°Cto 70°C, Supplies=+£5% +0.08 dB
p-law 2.76
. RL=600Q
Zero-transmission-level point, transmit channel A-law 2.79
dBm
(0 dBmO) p-law 1
RL-=900Q
A-law 1.03
p-law 5.76
RL =600Q
Zero-transmission-level point, receive channel A-law 5.79
dBm
(0 dBm0) u-law 4
R =900 Q
A-law 4.03

NOTES: 4. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point of
the channel under test. This corresponds to an analog signal input of 1.064 Vrms or an output of 1.503 Vrms.
5. The input amplifier is set for noninverting unity gain. The digital input is a PCM bit stream generated by passing a 0-dBmo0, 1020-Hz

sine wave through an ideal encoder.

6. Receive outputis measured single ended in the maximum gain configuration. To set the output amplifier for maximum gain, GSR is

connected to PWRO - and the output is taken at PWRO+. All output levels are (sin x)/x corrected.

gain tracking over recommended ranges of supply voltage and operating free-air temperature,

reference level =—10 dBm0

PARAMETER TEST CONDITIONS MIN MAX | UNIT
3 2 input level =2 -40 dBm0 +0.25
Transmit gain-tracking error, sinusoidal input —40 > input level 2 =50 dBmO +0.5 dB
-50 > input level 2 —55 dBm0 +1.2
3 2input level > ~40 dBm0 +0.25
Receive gain-tracking error, sinusoidal input —40 > input level 2 —50 dBm0 +0.5 dB
—50 > input leve! 2 -55 dBm0 +1.2
3 13
EXAS
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noise over recommended ranges of supply voltage and operating free-air temperature range

PARAMETER TEST CONDITIONS MIN MAX | UNIT

Transmit noise, C-message weighted ANLG IN+ = ANLG GND, ANLG IN- = GSX 15 | dBrnCO
Transmit noise, C-message weighted with 8-bit- ANLG IN+ = ANLG GND, ANLG IN- = GSX, 18 | dBrmco
signaling (TCM29C14 and TCM129C14 only) 6th frame signaling

Transmit noise, psophometrically weighted ANLG IN+ = ANLG GND, ANLG IN- = GSX -69 1 dBmOp

. . . . PCM IN = 11111111 (u-law), PCMIN=10101010

Receive noise, C-message-weighted quiet code (A-law), measured at PWRO+ 11 | dBrCO
Receive noise, C-message-weighted sign bit toggled :rif(:tzt?::M IN'is zero code with sign bit toggled at 12 | dBrmCO
Receive noise, psophometrically weighted PCM = lowest positive decode level -79 | dBmOp

‘ ‘power-supply rejection ratio and crosstalk attenuation over recommended

voltage and operating free-air temperature

ranges of supply

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
. . |0<f<30kHz |!dlechannel, -30
Ve supply-voltage rejection ratio,
1rgrgmitp:h};nnel ge rej Supply signal = 200 mV(peak -to-peak): dB
30 <f<50kHz | f measured at PCM O -45
o . |0<f<30kHz |[!dlechannel, -30
Vgp supply-voltage rejection ratio,
tr?nBsmifsh);nnel ge reJ Supply signal = 200 mV(peak-t0-peak): dB
30<f<50kHz | f measured at PCM OUT -55
L . 0<f<30kHz |!dlechannel, -20
Vo supply-voltage rejection ratio, .
remsira channel ?:n X ended) I Supply signal = 200 mV(peak-to-peak): dB
g 30<f<50kHz | f measured at PWRO+ ~45
- " 0<f<30kHz |Idlechannel, -20
V@R supply-voltage rejection ratio, .
re?:zive ’():f\:nnel (gin k‘a ended) Supply signal = 200 mV(peak-to-peak). a8
g 30 <f<50kHz | Narrow band, f measured at PWRO + ~-45
ANLG IN+=0dBmO, f=1.02 kHz,
Crosstalk attenuation, transmit to receive Unity gain, 7 o8
(single ended) PCM IN = fowest decode level,
Measured at PWRO+
Crosstalk attenuation, receive to transmit PCM IN = 0 dBm0, f = 1.02 kHz, 71 dB
(single ended) Measured at PCM OUT
T All typical values are at Vgg = -5 V, VoG = 5 V, and Ta = 25°C.
‘V TEXAS
INSTRUMENTS

2-10

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS011G — APRIL 1986 — REVISED JULY 1996

distortion over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
0 dBmO 2 ANLG IN+ 2 —-30 dBmo 36
Transmit signal-to-distortion ratio, sinusoidal
- > —
input (CCITT G.712 — Method 2) 30 dBm0 > ANLG IN+ > -40 dBm0 30 dB
—40 dBmO > ANLG IN+ 2 -45 dBm0 25
0dBmO 2 ANLG IN+ > -30 dBm0 36
Receive signal-to-distortion ratio, sinusoidal
input (CCITT G.712 — Method 2) 30 dBmO > ANLG IN+ 2 -40 dBmO 30 dB
—40 dBm0 > ANLG IN+ 2 -45 dBm0 25
Transmit single-frequency distortion products AT&T Advisory #64 (3.8), Input signal = 0 dBm0 —-46 | dBm0
Receive single-frequency distortion products AT&T Advisory #64 (3.8), Input signal = 0 dBm0 -46 | dBmO
CCITT G.712(7.1) -35
Intermodulation distortion, end-to-end spurious CCITT G.712(7.2) -49
) dBmo0
out-of-band signals, end-to-end CCITT G.712 (6.1) 25
CCITT G.712 (9) -40
; . Fixed-data rate, foLKX + 2.048 MHz,
Transmit absolute delay time to PCM QUT Input to ANLG IN+ 1.02 kHz at 0 dBmo0 245 Hs
f = 500 Hz to 600 Hz 170
Transmit differentiat envelope delay time f =600 Hz to 1000 Hz 95 s
relative to transmit absolute delay time f = 1000 Hz to 2600 Hz 45 "
f = 2600 Hz to 2800 Hz 105
. . Fixed-data rate, . fCLKR +2.048 MHz,
Receive absolute delay time to PWRO + Digital input is DMW code 190 us
f = 500 Hz to 600 Hz 45
Receive differential envelope delay time f =600 Hz to 1000 Hz 35
relative to transmit absolute delay time f = 1000 Hz to 2600 Hz 85 us
f = 2600 Hz to 2800 Hz 110

1 All typical values are at Vgg = -5 V, VoG = 5 V, and T = 25°C.

transmit filter transfer over recommended ranges of supply voltage and operating free-air
temperature (see Figure 1)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
f=16.67 Hz -30
f=50Hz -25
f=60Hz -23
Input amplifier set for unity gain, f=200Hz -18 -0.125
Gain relative to gain at 1.02 kHz Noninverting maximum gain output, f=300 Hz to 3 kHz -0.15 0.15 dB
Input signal at ANLG IN + is 0 dBmO t=3.3kHz —0.35 0.15
f=3.4kHz -1 -0.1
f=4kHz —14
f=4.6 kHz and above -32
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receive filter transfer over recommended ranges of supply voltage and operating free-air
temperature (see Figure 2)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
f <200 Hz 0.15
f=200 Hz -05 0415
f=300Hz to 3 kHz -0.15 0.5
Gain relative to gain at 1.02 kHz Input signal at PCM IN is 0 dBm0 f=3.3kHz -0.35 0.15 daB
f=3.4kHz -1 =01
f=4kHz -14
f= 4.6kHz -30

timing requirements

clock timing requirements over recommended ranges of supply voltage and operating free-air temperature
(see Figures 3 and 4)

- MIN TYPT MAX| UNIT
tc(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) 488 ns
tn tf Rise and fall times for CLKX and CLKR 5 30 ns
tw(CLK) Pulse duration for CLKX and CLKR (see Note 7) 220 ns
tw(DCLK) Pulse duration, DCLK (fpCLK = 64 kHz to 2.048 MHz) (see Note 7) 220 ns

Clock duty cycle, [‘w(CLK)/tc(CLK)] for CLKX and CLKR 45% 50%  55%

1 All typical values are at Vgg = ~5V, VoG = 5 V, and T = 25°C.
NOTE 7: FSX CLK must be phase locked with CLKX. FSR CLK must be phase locked with CLKR.

transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see Figure 3)

MIN MAX UNIT
td(FSX) Frame-sync delay time 100 te(cLK) —100 ns
tsu(SIGX). Setup time before bit 7 falling edge of CLKX (TMC29C14 and TCM129C14 only) 0 ns
th(sigx)  Holdtime after bit 8 falling edge of CLKX (TCM29C13 and TCM129C14 only) 0 ns

receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, fixed-data-rate mode (see Figure 4)

PARAMETER MIN MAX UNIT
td(FSR) Frame-sync delay time 100 tg(CcLK)—100 ns
tsu(PCM IN) _ Setup time before bit 1 falling edge (TCM129C14 and TCM29C14 only) 10 ns
th(PCM IN)  Hold time after bit 1 falling edge (TCM129C14 and TCM29C14 only) 60 ns

transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see Figure 5)

PARAMETER MIN MAX UNIT
td(TSDX) Time-slot delay time from DCLKX (see Note 8) 140 tg(DCLKX)—140 ns
td(FSX) Frame-sync delay time 100 te(CLK)—100 ns
te(DCLKX) Clock period for DCLKX 488 15620 ns

NOTE 8: tpgpx minimum requirement overrides the td(TSDX) Mmaximum requirement for 64-kHz operation.
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receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, variable-data-rate mode (see Figure 6)

PARAMETER MIN MAX UNIT
td(TSDR) Time-slot delay time from DCLKR (see Note 9) 140 tq(DCLKR)—140 ns
1d(FSR) Frame-sync delay time 100 te(CLK)—100 ns
fsu(PCM IN)  Setup time before bit 3 falling edge 10 ns
th(PCcM IN)  Hold time after bit 4 falling edge 60 ns
{c(DCLKR) Data clock period 488 15620 ns
1SER Time-slot end receive time 0 ns

NOTE 9: trg| R minimum requirement overrides the tg(TSpR) maximum requirement for 64-kHz operation.

64-kbit operation timing requirements over recommended ranges of supply voltage and operating free-air
temperature, variable-data-rate mode

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tFSLX Transmit frame-sync minimum down time FSX = TTL high for remainder of frame 488 ns
tFSLR Receive frame-sync minimum down time FSR = TTL high for remainder of frame 1952 ns
tw(DCLK) Pulse duration, data clock 10 [TE-3

switching characteristics

propagation delay times over recommended ranges of supply voltage and operating free-air temperature,
fixed-data-rate mode (see Figures 3 and 4)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
From rising edge of transmit clock to bit 1 data valid at PCM OUT (data enable _
tpdt time on time-slot entry) (see Note 10) CL=010100pF 0 148 ns
o2 Frqm _nsnng edge of transmit clock bit n to bit n data valid at PCM OUT (data CL=010100pF - o 145 ns
valid time)
From falling edge of transmit clock bit 8 to bit 8 Hi-Z at PCM OUT (data float time _
d3  5n time-slot exit) (see Note 10) CL=0 60 2151 ns
todd grr::)l rising edge of transmit clock bit 1 to TSX active (low) (time-slot enable CL =010 100 pF 0 145 ns
From falling edge of transmit clock bit 8 to TSX inactive (high) (time-slot disable _
tpds time) (see Note 10) CL=0 60 190} ns
4 From rising edge of channe! time slot to SIGR update (TCM129C14 and o 2 s
PdS  TCM29C14 only) n

NOTE 10: Timing parameters tpd1, tpda, and tpqs are referenced to the high-impedance state.

propagation delay times over recommended ranges of operating conditions, variable-data-rate mode (see
Note 11 and Figure 5)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tpd7  Data delay time from DCLKX Ci=0to 100 pF 0 100 ns
tpdg  Data delay time from time-slot enable to PCM OUT Cp=0to 100 pF 0 50 ns
todg  Data delay time from time-slot disable to PCM OUT CL =010 100 pF 0 80 ns
tod10 Data delay time from FSX t4(Tspx) = 80 ns 0 140 ns

NOTE 11: Timing parameters tpdg and tpgg are referenced to a high-impedance state.
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PARAMETER MEASUREMENT INFORMATION

CLKR and CLKX selection requirements for DSP-based applications
1. Note that CLKX and CLKR must be selected as follows:

CLKR, CLKX
CLKSEL (BETWEEN 1 MHz to 3 MHz) DEVICE TYPE
+ (256) x (rame ' ) TCM29C13/14/16/17
- = X -SyNnc frequenc
5V yneequenay) - I cmizectananen?
TCM29C13/14
oV = (193) x {frame-sync frequency)
TCM129C13/14
TCM29C13/14
5V = (192) x (frame-sync frequency)
TCM129C13/14
e. g., for frame-sync frequency = 9.6 kHz
CLKR, CLKX
CLKSEL (BETWEEN 1 MHz to 3 MHz) DEVICE TYPE
TCM29C13/14/16/17
~5vt =2.4576 MHz
TCM129C13/14/16/17
: TCM29C13/14
ov =1.8528 MHz
TCM129C13/14
TCM29C13/14
5V =1.8432 MHz
TCM129C13/14

T CLKSEL is internally set to —5 V for TCM129C16/17 and TCM29C16/17.

2. Corner frequency at 8-kHz frame-sync frequency = 3 kHz
Therefore, the corner frequency = (3/8) x (frame-sync frequency for nonstandard frame sync).

{5‘ TeEXAS
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Gain Relative to Gain at 1 kHz - db

PARAMETER MEASUREMENT INFORMATION

0.15dB 0.15dB 0.15dB
300 Hz 3000 Hz 3300 Hz
. — 3
ol -0.125dB -0.10 dB| 0 3
200 Hz 3400 Hz 3
-0.15dB -0.15dB L8
300 Hz 3000 Hz §
-0.35dB &
1 3300 Hz I
Typical Filter —1dB
Transfer Function 3400 Hz
o -1.8dB -
200 Hz -
ol —~ —o
2\
e
’e
¢
=10~ A — -10
A
A -14dB
A
A 4000 Hz
20 7 — -20
A
/,4)
N " . ]
Typical Filter A -32dB
Transfer Function
_aok % 4600Hz | .o
-30dB A |
16.67 Hz
A
e
¢
-40 7 — -40
A
1
A
A v
A
A
-50 g —{-50
A
7
e
eol—t 1Tl Pt I LA it e
10 50 100 1k 10k

f - Frequency ~ Hz

Figure 1. Transfer Characteristics of the Transmit Filter
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NOTE A: This is a typical transfer function of the receive filter component.

Gain Relative to Gain at 1 kHz—-db
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Transfer Characteristics of the Receive Filter
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PARAMETER MEASUREMENT INFORMATION

le Time-Slot 1 »
CLKX 1 2 |3 4, l 5 | 6 7 8
FSXInput  —* ¢ ld(FSX) jlr—> e it — ) ’
(nonsignaling I tw(CLK) ¥, [ | '
frames) | : c(CLK)
1
FSX input —.‘ d(FSX) —» lh_ td(FsX)
(signaling |
frames)
FRAME SYNCHRONIZATION TIMING
le Time-Slot N »l
CLKX 1 b2 3 4 5 6 7 8

tpa1 ¥ = —l —tpgp —

tpd3
PCM OUT —=—< Bin‘rX Bit2 X Bit3 X Bi(TX Bit5 X Bit6 X lBit7

—l le—y T
— P | tpds ”ﬂ|

TSX Output ‘[ !/

‘su(SlGX)_’I — —Hr—'h(sum

SIGX Input Don’t Care X Valid X Don’t Care

OUTPUT TIMING

Figure 3. Transmit Timing (Fixed-Data Rate)

le Time-Slot 1 »
CLKR ! 1 2 E 4l s 6 7 8
FSR " [« '(FSR) Lt le el e twielk)
(nonsignaling l Iﬂ—h—' te(CLK)
frames) | :
FSR 71 1 taFsk) — [+td(FsR)
(signaling |
frames)
FRAME SYNCHRONIZATION TIMING
le Time-Slot N »
CLKR 1 2 3 4 5 6 7 8
tsu(PCM IN)_’I th(PCM IN) tpds —, —
PCMIN /////.’//// UK RUDK IR XK XU .//// Y
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Valid Valid Valid Valid Valid Valid Valid Valid |
SIGR Output Valid X vaiia
INPUT TIMING

Figure 4. Recelve Timing (Fixed-Data Rate)

tBit1=MsSB= sign bit and is clocked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in last
on PCM IN or is clocked out last on PCM OUT.
NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.
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PARAMETER MEASUREMENT INFORMATION

< Time Slot >|:
FSX ZII 4 I\
I | VN
[¢—+—P—ta(rspx) I
a\ ! | — — — — | —_
DCLKX \_:_,/1\ /2N /3 ;r4\ /s\ /6N /T\ /8\I|/
~— (- ls
—:,_r— td(FsX) | ,_:_\
AV AYAVAVYAVAVYAVAVYAVYAVYAY
— | s ~— L - (- ~— | ~—

1 l— |
Pd8_ l¢—1tpd10 —» 4 tpa7 tpdg M [€—

PCM OUT —iO( me‘X Bit 2 X Bit 3 X Bit4 X Bit5 X Bit 6 X Bit7 X BitaT)——

Figure 5. Transmit Timing (Variable-Data-Rate)

FSR 7 \
I"_’}_'d(TSDR) :
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—> ‘d(FSR) | | i '(SER)—" =
CLKR /lﬂL\ / \ / \\_,/ \lb—'/ \\—‘lf/ | \\_,/ \ / \ / \ / \ / \ /

'su(PCMIN)—ﬁ — —» }4—— th(PCM IN)
PCMIN Don’tCare

it 1t Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit 8t
Figure 6. Receive Timing (Variable-Data-Rate)
1 Bit 1 = MSB = sign bit and is clocked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in

last on PCM IN or is clocked out last on PCM OUT.
NOTE A:  All timing parameters are referenced to V|4 and Vj|_ except tpdg and tpqg, which references the high-impedance state.
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PRINCIPLES OF OPERATION

system reliability and design considerations

General TCM29C13, TCM29C14, TCM29C16, TCM29C17, TCM129C13, TCM129C14, TCM129C16, and
TCM129C17 system reliability and design considerations are described in the following paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can resultin permanent damage to the device
if supply current to the device is not limited.

Even though the TCM29Cxx and TCM129Cxx are heavily protected against latch-up, it is still possible to cause
latch-up under certain conditions in which excess current is forced into or out of one or more terminals. Latch-up
can occur when the positive supply voltage drops momentarily below ground, when the negative supply voltage
rises momentarily above ground, or possibly if a signal is applied to a terminal after power has been applied
but before the ground is connected. This can happen if the device is hot-inserted into a card with the power
applied, or if the device is mounted on a card that has an edge connector, and the card is hot-inserted into a
system with the power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent), between
each power supply and GND (see Figure 7). if it is possible that a TCM29Cxx- or TCM129Cxx-equipped card
that has an edge connector could be hot-inserted into a powered-up system, it is also important to ensure that
the ground edge connector traces are longer than the power and signal traces so that the card ground is always
the first to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply V¢ (most positive voltage).

Force a power down condition in the device.

Connect the clocks.

Release the power-down condition.

Apply FSX and/or FXR synchronization pulses.

© ® N OO P 0=

Apply signal inputs.
When powering down the device, this procedure should be followed in the reverse order.
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PRINCIPLES OF OPERATION

b Vee

) DGND

} VBB

Figure 7. Diode Configuration for Latch-Up Protection Circuitry

internal sequencing

On the transmit channel, digital outputs PCM OUT and TSX are held in the high-impedance state for
approximately four frames (500 us) after power up or application of Vg or Vcc. After this delay, PCM OUT, TSX,
and signaling are functional and occur in the proper time slot. The analog circuits on the transmit side require
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Therefore, valid
digital information, such as on/off hook detection, is available almost immediately while analog information is
available after some delay.

On the receive channel, the digital output SIGR is also held low for a maximum of four frames after power up
or application of Vgg or V. SIGR remains low until it is updated by a signaling frame.

To further enhance system reliability, PCM OUT and TSX are placed in the high-impedance state approximately
20 ps after an interruption of CLKX. SIGR is held low approximately 20 us after an interruption of CLKR. These
interruptions could possibly occur with some kind of fault condition.

power-down and standby operations

To minimize power consumption, a power-down mode and three standby modes are provided.

For power down, an external low signal is applied to PDN. In the absence of a signal, PDN is internally pulled
up to a high logic level and the device remains active. In the power-down mode, the average power consumption
is reduced to 5 mW.

Three standby modes give the user the options of placing the entire device on standby, placing only the transmit
channel on standby, or placing only the receive channel on standby. To place the entire device on standby, both
FSX and FSR are held low. For transmit-only operation (receive channel on standby), FSX is high and FSR is
held low. For receive-only operation (transmit section on standby), FSR is high and FSX is held low. When the
entire device is in standby mode, power consumption is reduced to an average of 3 mW. See Table 1 for
power-down and standby procedures.

Table 1. Power-Down and Standby Procedures

TYPICAL POWER
DEVICE STATUS PROCEDURE CONSUMPTION DIGITAL QUTPUT STATUS
Power down BON low amw TSX and PCM OUT are in the high-impedance state; SIGR

goes low within 10 us.

Entire device on standby 3mw

FSX and FSR are low TSX and PCM OUT are in the high-impedance state; SIGR
goes low within 300 ms,

Only transinit on standby

FSXisiow, FSRis high TSX and PCM OUT are placed in the high-impedance state

40 mw within 300 ms.

Only receive on standby | FSRislow, FSXis high 30 mW SIGR is placed in the high-impedance state within 300 ms.
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fixed-data-rate timing (see Figure 8)

Fixed-data-rate timing is selected by connecting DCLKR to Vgg and uses master clocks CLKX and CLKR,
frame-synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the sampling
frequency and distinguish between signaling and nonsignaling frames by their pulse durations. A frame
synchronization pulse one master-clock period long designates a nonsignaling frame, while a double-length
sync pulse enables the signaling function (TCM29C14 and TCM129C14 only). Data is transmitted on PCM OUT
on the first eight positive transitions of CLKX foliowing the rising edge of FSR. Data is received on PCM IN on
the first eight falling edges of CLKR following FSR. A digital-to-analog (D/A) conversion is performed on the
received digital word, and the resulting analog sample is held on an internal sample-and-hold capacitor until
transferred to the receive filter.

The clock-selection pin (CLKSEL) is used to select the frequency of CLKX and CLKR (TCM29C13, TCM29C14,
TCM129C13, and TCM123C14 only). The TCM29C13, TCM29C14, TCM129C13, and TCM129C14 fixed-
data-rate mode can operate with frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz. The TCM29C16,
TCM29C17, TCM129C16, and TCM129C17 fixed-data-rate mode operates at 2.048 MHz only.

——Tsix— e Tire Siots — e—— T1s1x ——»]
CLKX (1 i i iy L i
T_12345678 123 46567 8
192/193/256 Transmit Signal Frame
o 1
FSX M 4 g
By Bg SIGX
PCM OUT Z— 2XCOOOOOOOOC T T T I T p—
B¢ Bp B3 B4 B5 Bg B7 Bg B¢ B3 B3 By Bs5 Bg| |
TS T\ Ve 5 ~ iy
| | Don’t Care
S0 S gugont S e S | . Gt p— ===
Don’t Care Valid
192/193/256
l&—— 751R ———» l— T —> —— 15t ——»]
CLKR M Mnnrnnn
1 23 45 6 7 829 12 3 45 6 7 8
192/193/256 . Receive Signal Frame
I 1
FSR 11 4 {—
SIGR
PCMIN — 2XOCOOOOOOOC T T T - T JRp—
By B2 B3 B4 Bs Bg B7 Bg B{ B2 B3 B4 B5 BgB7 Bg
SIGR rl { X
M T 7
Previous Value New Value

Figure 8. Signaling Timing (Fixed-Data-Rate Only)
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PRINCIPLES OF OPERATION

variable-data-rate timing

Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather
than to Vgg. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame-synchronization
clocks FSX and FSR.

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from
64 kHz to 2.048 MHz. Master clocks in the TCM29C13, TCM29C14, TCM129C13, and TCM129C14 are
restricted to frequencies of operation of 1.5636 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing
mode. The master clock for the TCM29C16, TCM29C17, TCM129C16, and TCM129C17 is restricted to 2.048
MHz.

When the FSX/TSXE is high, PCM data is transmitted from PCM OUT onto the highway on the next eight
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR.

The transmitted PCM word is repeated in all remaining time slots in the 125-us frame as long as DCLKX s pulsed
and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM highway more than
once per frame if desired, is available only with variable-data-rate timing. Signaling is allowed only in the
fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a signaling
frame.

signaling

The TCM29C14 (only) provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive
signaling frames are independent of each other and are selected by a double-width frame-sync pulse on the
appropriate channel. During a transmit signaling frame, the signal present on SIGX is substituted for the least
significant bit (LSB) of the encoded PCM word. in a receive signaling frame, the codec decodes the seven most
significant bits in accordance with CCITT G.733 recommendations and outputs the logical state of the LSB on
SIGR until it is updated in the next signaling frame. Timing relationships for signaling operations are shown in
Figure 8. The signaling path is used to transmit digital signaling information such as ring control, rotary dial
pulses, and off-hook and disconnect supervision. The voice path is used to transmit prerecorded messages as
well as the call progress tones: dial tone, ring-back tone, busy tone, and reorder tone.

2-22

"":‘ TeExas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM29C13, TCM29C14, TCM29C16, TCM29C17,
TCM129C13, TCM129C14, TCM129C16, TCM129C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS011G ~ APRIL 1986 — REVISED JULY 1996

PRINCIPLES OF OPERATION

analog loopback

A distinctive feature of the TCM29C14 and TCM129C14 is the analog loopback capability. With this feature, the
user can test the line circuit remotely by comparing the signals sent into the receive channel (PCM IN) with those
generated on the transmit channel (PCM OUT). The test is accomplished by sending a control signal that
internally connects the analog input and output ports. When ANLG LOOP is TTL high, the receive output
(PWRO+) is internally connected to ANLG IN+, GSR is internally connected to PWRO—, and ANLG IN—is
internally connected to GSX (see Figure 9).

r - “ANLG LOOP |
ANLG IN- GSX
Transmit +
Voice 7 —> A/D PCM.OUT
p Digitized PCM
ANLG Loopback
IN+ Response
PWRO+ P& +H— P L | PcMIN
< <] DA |«
PWRO- < 4 - Digitized PCM
T —‘ Test Tone
> Gash |
——— JR—— |

Figure 9. TCM129C14 and TCM29C14 Analog Loopback Configuration

Due to the difference in the transmit and receive transmission levels, a 0-dBmO code into PCM IN emerges from
PCM OUT as a 3-dBm0 code, an implicit gain of 3 dB. Because of this, the maximum signal that can be tested
by analog loopback is 0 dBmO.

precision voltage references

- Voltage references that determine the gain dynamic range characteristics of the device are generated internally.
No external components are required to provide the voltage references. A difference in subsurface charge
density between two suitably implanted MOS device is used to derive a temperature- and bias-stable reference
voltage, which is calibrated during the manufacturing process. Separate references are supplied to the transmit
and receive sections, and each is calibrated independently. Each reference value is then further trimmed in the
gain-setting operational amplifiers to a final precision value. Manufacturing tolerances of typically £0.04 dB can
be achieved in absolute gain for each half channel, providing the user a significant margin to compensate for
error in other system components.
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conversion laws

The TCM29C13, TCM29C14, TCM129C13, and TCM129C14 provide pin-selectable p-law or A-law operation
as specified by CCITT G.711 recommendation. A-law operation is selected when ASEL is connected to Vgg,
and p-law operation is selected by connecting ASEL to Vg or GND. Signaling is not allowed during A-law
operation. If i-law operation is selected, SIGX is a TTL-level input that can be used in the fixed-data-rate timing
mode to modify the LSB of the PCM output is signaling frames.

The TCM29C16 and TCM129C16 are p-law only; the TCM29C17 and TCM129C17 are A-law only.

transmit operation

transmit filter

The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than
10 kQ in parallel with less than 50 pF. The input signal on ANLG IN+ can be either ac or dc coupled. The input
operational amplifier can also be used in the inverting mode or differential amplifier mode.

A low-pass antialiasing filter section is included on the device. This section provides 35-dB attenuation at the
sampling frequency. No external components are required to provide the necessary antialiasing function for the
switched-capacitor section of the transmit filter.

The pass-band section provides flatness and stop-band attenuation that fulfills the AT&T D3/D4 channel bank
transmission specification and CCITT recommendation G.712. The device specifications meet or exceed digital
class 5 central office switching-systems requirements.

A high-pass section configuration has been chosen to reject low-frequency noise from 50- and 60-Hz power
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency
noise. Even with the 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 external 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 performs an analog-to-digital conversion on a switched-capacitor
array. Digital data representing the sample is transmitted on the first eight data clock bits of the next frame.

The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses the
sign-bit-averaging technique. The sign bit from the encoder output is long-term averaged and subtracted from
the input to the encoder. All dc offset is removed from the encoder input waveform.

receive operation

decoding

The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog
conversion is performed, and the corresponding analog sample is held on an internal sample-and-hold
capacitor. This sample is transferred to the receive filter.

receive filter

The receive section of the filter provides pass-band flatness and stop-band rejection that fulfills both the AT&T
D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the
(sin x)/x response of such decoders.
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receive output power amplifiers

A balanced-output amplifier is provided to allow maximum flexibility in output configuration. Either of the two
outputs can be used single ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively,
the differential output directly drives a bridged load. The output stage is capable of driving loads as low as 300-Q
single-ended to a level of 12 dBm or 600 Q2 differentially to a level of 15 dBm.

The receive channel transmission level may be adjusted between specified limits by manipulation of the GSR
input. GSR is internally connected to an analog gain-setting network. When GSR is connected to PWRO—, the
receive level is maximum. When GSR is connected to PWRO+, the level is minimum. The output transmission
levelis adjusted between 0 and ~12 dB as GSR is adjusted (with an adjustable resistor) between PWRO+ and
PWRO-.

Transmission levels are specified relative to the receive channel output under digital milliwatt conditions
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation G.711).
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APPLICATION INFORMATION

output gain-set design considerations (see Figure 9)
PWRO+ and PWRO- are low-impedance complementary outputs. The voltages at the nodes are:

Vo+at PWRO+
Vo- at PWRO-
Vob = Vo+ ~ Vo - (total differential response)

R1 and R2 are a gain-setting resistor network with the center tap to the GSR input.
A value greater than 10 kQ and less than 100 kQ for R1 + R2 is recommended because of the following:

The parallel combination of R1 + R2 and R|_ sets the total loading.
The total capacitance at the GSR input and the parallel combination of R1 and R2 define a time constant
that has to be minimized to avoid inaccuracies.

Vp represents the maximum available digital milliwatt output response (Vp = 3.006 Vrms).

Vop=AxVp
_ 1+(R1/R2)
where A= m
2
IS . PWRO+
v TCM129C13
o] R1 TCM129C14
<+ TCM129C16
.2 4 TCM129C17
AL Vob GSR TCM29C13
TCM29C14
TCM29C16
R2 TCM29C17
3
. PWRO- PCM IN ——4———’
Vo- Digital Milliwatt
i Sequence Per
= CCITT G. 711

Pin numbers shown are for the TCM29C13, TCM29C14, TCM129C13, and TCM129C14 package only.
Figure 10. Gain-Setting Configuration
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Replace Use of TCM2910A and TCM2911A FEATURES TABLE
in Tandem With TCM2912B/C FEATURE 29C13A | 29C14A | 29C16A | 29C17A
® Reliable Silicon-Gate CMOS Technology 129C13A | 129C14A | 129C16A | 129C17A
® Low Power Consumption: Nurnber of Pins: X
Operating Mode . . . 80 mW Typical 20 X
Power-Down Mode . . . 5 mW Typical 16 X X
e Excellent Power-Supply Rejection Ratio “‘Lfl‘_”L’Q‘;VLaW Coding: X x X
Over Frequency Range of 0 Hz to 50 kHz A-Law X X
® No External Components Needed for Gain Timing Rates:
Variable Mod
Sample, Hold, and Autozero Functions 62"'3‘2"30 2? oia MHz X X y X
@ Precision Internal Voltage References )
. . Fixed Mode
® Improved Version of TCM29C13 Series 1.536 MHz X X
and TCM129C13 Series B andvita X X X X
Loopback Test Capability X
8th-Bit Signaling X
description

The TCM29C13A, TCM29C14A, TCM29C16A, TCM29C17A, TCM129C13A, TCM129C14A, TCM129C16A,
and TCM129C17A are single-chip PCM codecs (pulse-code-modulated encoders and decoders) and PCM line
filters. These devices provide all the functions required to interface a full-duplex (4-wire) voice telephone circuit
with a time-division-multiplexed (TDM) system. These devices are intended to replace the TCM2910A or

TCM2911A in tandem with the TCM2912C. Primary applications include:

® Line interface for digital transmission and switching of T1 carrier, PABX, and central office telephone

systems
Subscriber line concentrators
Digital-encryption systems

Digital signal processing

TCM29C13A, TCM129C13A

Digital voice-band data storage systems

TCM29C14A, TCM123C14A

DW OR N PACKAGE DW PACKAGE
(TOP VIEW) (TOP VIEW)
ves(] 1 Uzo]vcc vesll1 7 24l voc
pwrO+[l2  19[] asx PWRO+[|2 23] GSX
PWRO-[|3 18]l ANLG IN- PWRO-[|3  22f] ANLGIN-
GSR[4  17[] ANLG IN+ GSR[l4  21[J ANLG IN+
PON[l 5 16{] ANLG GND PDN[| 5 20}] ANLG GND
CLKSEL[]6  15[] SIGX/ASEL CLKsEL[Js  19fINC
DCLKR[| 7 14[] TSX/DCLKX ANLG LOOP[} 7 18] %X/ASEL
PCMIN[I8  13]] PCMOUT SIGR[] 8 17[] TSX/DCLKX
FSR/TSRE [ © 12]] FSX/TSXE DCLKR([] 9 16] PCM OUT
DGTL GND [ 10 " ] CLKR/CLKX PCM IN[ 10 15] FSX/TSXE
FSRTSRE[] 11 14f] CLKX
DGTLGND[] 12 13]] CLKR

NC — No internal connection

A
A

TCM29C16, TCM29C16A,
TCM129C16, TCM123C17A
DW OR N PACKAGE

(TOP VIEW)
ves [] 1 U16]Vcc
PWRO+[|2  15[]] GSX
PWRO-[]3  14]] ANLG IN-
PDN[|4  13[] ANLG GND
DCLKR[]| 5  12[] TSX/DCLKX
PCMIN[|6  11[JPcmouT
FSRITSRE[| 7 10[] FSX/TSXE
DGTLGND [| 8 9[] CLKR/CLKX

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

PRODUCTION DATA information Is cutrent as of publication date.
Products conform to spe:lf' cations per lhe lenns of 1};“: Instruments
standard warranty. Prod include
testing of all parameters.
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description (continued)

These devices are designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. They are
intended to be used at the analog termination of a PCM line or trunk.

The TCM29C13A, TCM29C13A, TCM29C16A, TCM29C17A, TCM129C13A, TCM129C14A, TCM129C16A,
and TCM129C17A provide the band-pass filtering of the analog signals prior to encoding and after decoding.
These combination devices perform the encoding and decoding of voice and call progress tones as well as the
signaling and supervision information. These devices contain patented circuitry to achieve low transmit channel

idle noise and are not recommended for applications in which the composite signals on the transmit side are
below —55 dBm0.

The TCM29C13A, TCM29C14A, TCM29C16A, and TCM29C17A are characterized for operation from 0°C to

70°C. The TCM129C13A, TCM129C14A, TCM129C16A, and TCM129C17A are characterized for operation
from —40°C to 85°C.

functional block diagram
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Terminal Functions

NAME

TERMINAL NO.

TCM29C13A
TCM129C13A

TCM29C14A
TCM129C14A

TCM29C16A
TCM29C17A | /O
TCM129C16A
TCM129C17A

DESCRIPTION

ANLG GND

16

20

13

Analog ground return for all internal voice circuits. Not internally
connected to DGTL GND.

ANLG IN+

17

21

Noninverting analog input to uncommitted transmit operational
amplifier. Internally connected to ANLG GND on TCM29C16A,
TCM129C16A, TCM29C17A, and TCM129C17A.

ANLG IN—

22

14 |

Inverting analog input to uncommitted transmit operational
amplifier.

ANLG LOOP

Provides loopback test capability. When this input is high, PWRO +
is internally connected to ANLG IN.

CLKR

1

13

Receive master clock and data clock for the fixed-data-rate mode.
Receive master clock only for variable-data-rate mode. CLKR and
CLKX are internally connected together for TCM29C13A,
TCM29C16A, TCM29C17A, TCM129C13A, TCM129C16A, and
TCM129C17A.

CLKSEL

Clock-frequency selection. Input must be connected to VR, VCC,
or ground to reflect the master clock frequency. When tied to Vgg,
CLK is 2.048 MHz. When tied to ground, CLK is 1.544 MHz.
When tied to Vo, CLK is 1.536 MHz.

CLKX

11

Transmit master clock and data clock for the fixed-data-rate mode.
Transmit master clock only for variable-date-rate mode. CLKR and
CLKX are internally connected for the TCM29C13A, TCM29C16A,
TCM29C17A, TCM129C13A, TCM129C16A, and TCM129c17A.

DCLKR

Selects fixed- or variable-data-rate operation. When DCLKR is
connectedto Vpp, the device operates in the fixed-data-rate mode.
When DCLKR is not connected to Vgg, the device operates in the
variable-data-rate mode and DCLKR becomes the receiver data
clock, which operates at frequencies from 64 kHz to 2.048 MHz.

DGTL GND

10

Digital ground for all internal logic circuits. Not internally connected
to ANLG GND.

FSR/TSRE

11

Frame-synchronization clock input/time-slot enable for receive
channel. In the fixed-data-rate mode, FSR distinguishes between
signaling and nonsignaling frames by a double- or single-length
pulse, respectively. In the variable-data-rate mode, this signal must
remain high for the duration of the time slot. The receive channel
enters the standby state when FSR is TTL low for 300 ms.

FSX/TSXE

Frame-synchronization clock input/time-stot enable for transmit
channel. Operates independently of, but in an analagous manner
to, FSR/TSRE. The transmit channel enters the standby state when
FSX is low for 300 ms.

GSR

Input to the gain-setting network on the output power amplifier.
Transmission level can be adjusted over a 12-dB range depending
upon the voltage at GSR.

GSX

19

23

Output terminal of internal uncommitted operational amplifier.
Internally, this is the voice signal input to the transmit filter.
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Terminal Functions (Continued)

NAME

TERMINAL

TCM29C13A
TCM129C13A

TCM29C14A
TCM129C14A

TCM29C16A
TCM28C17A
TCM129C16A
TCM129C17A

|{e]

DESCRIPTION

PCM IN

10

6

Receive PCM input. PCM data is clocked in on this terminal on eight
consecutive negative transitions of the receive data clock, which is
CLKR in fixed-data-rate timing and DCLKR in variable-data-rate
timing.

PCM OUT

13

16

Transmit PCM output. PCM data is clocked out on this output on eight
consecutive positive transitions of the transmit data clock, which is
CLKX in fixed-data-rate timing and DCLKX in variable-data-rate
timing.

PDN

Power-down select. The device is inactive with a TTL low-level input
to this terminal and active with a TTL high-level input to this terminal.

PWRO+

Noninverting output of power amplifier. Can drive transformer hybrids
or high-impedance loads directly in either a differential or a
single-ended configuration.

PWRO-

Inverting output of power amplifier; functionally identical with and
complementary to PWRO +.

SIGR

Signaling bit output, receive channel. In the fixed-data-rate mode,
outputs the logical state of the 8th bit (LSB) of the PCM word in the
most recent signaling frame.

SIGX/ASEL

A-law and p-law operation select. When connected to Vgg, A-law is
selected. Whenconnectedto Vi orground, p-lawis selected. When
notconnectedto Vg, itis a TTL-level input that is transmitted as the
eighth bit (LBS) of the PCM word during signaling frames on PCM
OUT (TCM29C14A and TCM129C14A only). SIGX/ASEL is
internally connected to provide p-law operational for TCM29C16A
and TCM129C16A and A-law operation for TCM29C17A and
TCM129C17A.

TSX/DCLKX

14

/(o]

Transmitchannel time-slot strobe (output) or data clock (input) for the
transmit channel. In the fixed-data-rate mode, this terminal is an
open-drain output to be used as an enable signal for a 3-state output
buffer. In the variable-data-rate mode, DCLKX becomes the transmit
data clock, which operates ata TTL level from 64 kHz to 2.048 MHz.

VBB

Most negative supply voltage. Input is -5 V £5%.

Vce

20

24

Most positive supply voltage. Inputis 5 V £5%.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ... -0.3Vto15V
Outputvoltage range, Vo .. ...t e -0.3Vtoi15V
Input voltage range, V| .. ... e e -0.3Vto15V
Digital ground voltage range . ........vveeei it e e -0.3Vto15V
Continuous total dissipation at (or below) 25°C free-air temperature ......................... 1375 mW
Operating free-air temperature range, Ta: TCM29CxXXA ... ... ... iiiiiiiiiiiinene.. 0°C to 70°C

TCMI29CXXA ..ot n ~40°C to 85°C
Storage temperature range, Tpg -« ... ovvvvrentiin ittt —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DWorNpackage .............. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values for maximum ratings are with respect to Vgp.

recommended operating conditions (see Note 2)

MIN NOM MAX UNIT
Vce Supply voltage (see Note 3) 4.75 5 5.25 \
Ve Supply voltage -4.75 -5 -525 \
Digital ground voltage with respect to ANGL GND 0 \Y
VIH High-level input voltage, all inputs except CLKSEL 2.2 v
ViL Low-level input voltage, all inputs except CLKSEL 0.8 \
2.048 MHz VBB Vpp +0.5
CLKSEL input voltage : 1.544 MHz 0 0.5 Vv
1.536 MHz Vee-0.5 Vce
GSX 10 kQ
Rr Load resistance
PWRO + and/or PWRO- 300 Q
. GSX 50
CL Load capacitance pF
PWRO + and/or PWRO—- 100
TCM29CxxA 0 70
Ta Operating free-air temperature °C
TCM129CxxA —-40 85

NOTES: 2. Toavoid possible damage to these CMOS devices and resulting reliability problems, the power-up procedure described in the device

power-up sequence paragraphs later in this document should be followed.
3. Voltage is at analog inputs and outputs. V¢ and Vgg terminals are with respect to ANLG GND. All other voltages are referenced
to the digital ground unless otherwise noted.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

supply current, fpcLK = 2.048 MHz, outputs not loaded

PARAMETER TEST CONDITIONS TCM29xxCA TCM129xxCA UNIT
MIN TYPT MAX| MIN TYPT MAX
Operating 7 9 8 13
lec fsrgm)’gg"e"' Standby | FSX or FSR at Vy__after 300 ms 05 14 07 15| mA
Power down | PDN V| _after 300 ms 0.3 0.9 0.4 1
Operating -7 -9 -8 -13
8B fsrg&pgsg rrent Standoy | FSX or FSR at V| after 300 ms ~05 -1 Z07 15| mA
Power down | PDN V) _ after 300 ms -03 -09 -04 -11
Operating 70 90 80 130
Pp Power dissipation Standby FSX or FSR at V|_after 300 ms 5 10 7 15| mw
Power down | PDN V_ after 300 ms 3 8 4 10
T Al typical values are at Vgg =—5 V, Vg = 5 V, and Ta = 25°C.
digital interface
PARAMETER TEST CONDITIONS TCM29xxCA TCM129xxCA UNIT
MIN TYPT MAX MIN TYPT MAX
, PCM OUT |lpH=-9.6mA 2.4 2.4
VoH  High-level output voltage \
SIGR loH =-1.2mA 2.4 2.4
VoL #cg\gl(-’lgggutput voltage at PCM OUT, loL = 32 mA 0.4 05 v
IIH High-level input current, any digital input Vi=2.2Vto Ve 10 12 pA
e Low-level input current, any digital input Vi=0t0 0.8V 10 12 pA
Cj Input capacitance 5 10 5 10 pF
Co Output capacitance 5 5 pF
T All typical values are at Vgg =—5 V, Vo = 5 V, and Ta = 25°C.
transmit amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Input current at ANLG IN+, ANLG IN — +100 nA
Input offset voltage at ANLG IN+, ANLG IN - Vi==-217Vt0 217V 251 mV
Common-mode rejection at ANLG IN +, ANLG IN — 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN+, ANLG IN — 10 MQ
1 All typical values are at Vgg =—5 V, VoG = 5 V, and T = 25°C.
receive filter output
PARAMETER TEST CONDITIONS MIN TYPT MAX| uNIT
Output offset voltage at PWRO+, PWRO- (single ended) Relative to ANLG GND 80 180 mV
Output resistance at PWRO+, PWRO- 1 Q

1 All typical values are at Vgg = -5 V, Vo = 5V, and Ta = 25°C.

‘@ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM29C13A, TCM29C14A, TCM29C16A, TCM29C17A,
TCM129C13A, TCM129C14A, TCM129C16A, TCM129C17A
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS030D ~ AUGUST 1989 — REVISED JULY 1996

gain and dynamic range, Vcc =5V, Vgg =5 V, Ty = 25°C (see Notes 4, 5, and 6) (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

Signal input = 1.064 Vrms for p-law,
Signal input = 1.068 Vrms for A-law

Encoder milliwatt response (transmit gain tolerance) +0.04 £0.2| dBmO

Encoder milliwatt response

= 0° ° ies = £ 59 +
(nominal supplies and temperature) Ta =0°C 10 70°C, Supplies =+ 5% +0.08 d8
Dlgn.aI milliwatt respon.se A(recelve tolgrance gain) Signal mput per CCITT G.711, +004 +02| dBmo
relative to zero-transmission level point Output signal = 1 kHz
Digital mll!lwan response variation with temperature Ta = 0°C o 70°C, Supplies = + 5% +0.08 dB
and supplies
p-faw 2.76
RL = 600 Q
Zero-transmission-level point, transmit A-law 2.79 oBm
channel (0 dBm0) p-law 1
RL =900 Q
A-law 1.03
p-law 5.76
R =600 Q
Zero-transmission-level point, receive A-law 5.79 B
channe! (0 dBm0) p-law 4 m
RL =900 Q
A-law 4.03

NOTES: 4. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point of
the channel under test. This corresponds to an analog signal input of 1.064 Vrms or an output of 1.503 Vrms.
5. The input amplifier is set for noninverting unity gain. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz
sine wave through an ideal encoder.
6. Receive output is measured single ended in the maximum-gain configuration. To set the output amplifier for maximum gain, GSR is
connected to PWRO - and the output is taken at PWRO+. All output levels are (sin x)/x corrected.

gain tracking over recommended ranges of supply voltage and operating free-air temperature,
reference level =-10 dBm0

PARAMETER TEST CONDITIONS MIN MAX | UNIT
3 2 input level > -40 dBm0 +0.25
Transmit gain-tracking error, sinusoidal input ~40 > input level 2 -50 dBm0 +0.5 dB
—50 > input level > -55 dBm0 +1.2
3 2input level 2 -40 dBm0 +0.25
Receive gain-tracking error, sinusoidal input —40 > input level 2 —50 dBm0 +0.5 dB
—-50 > input level > —55 dBm0 +1.2
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noise over recommended ranges of supply voltage and operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Transmit noise, C-message weightedt ANLG IN+ = ANLG GND, ANLG IN- = GSX 1 7 } dBmCO
Transmit noise, C-message weighted with eight-bit | ANLG IN+ = ANLG GND, ANLG IN- = GSX, 13 | dBmco
signaling (TCM129C14A and TCM29014A only) 6th frame signaling
Transmit noise, psophometrically weightedf ANLG IN+ = ANLG GND, ANLG IN- = GSX -82 —80 | dBmOp
PCM IN = 11111111 (p-law),
Receive noise, C-message-weighted quiet code PCM IN = 10101010 (A-law), 2 5| dBmnCO
Measured at PWRO +
Receive noise, C-message-weighted sign bit Input to PCM IN is zero code with sign bit toggled :
3 6 | dBinCO
toggled at 1-kHz rate
Receive noise, psophometrically weighted PCM = lowest positive decode level ~81 | dBmOp

1T All typical values are at Vgg = =5V, Vg = 5 V, and TA = 25°C.
% This parameter is achieved through the use of patented circuitry and is not recommended for applications in which composite signals on the

transmit side are below =55 dBm0.

power supply rejection ratio and crosstalk attenuation over recommended ranges of supply
voltage and operating free-air temperature

PARAMETER _TEST CONDITIONS MIN TYPt MAX| UNIT
- ! 0<f<30kHz Idle channel, -40
\'/olo] st'Jpplly-voltlage rejection ratio, Supply signal = 200 MV (peak-to- peak). dB
transmit channe 30<f<50kHz |fmeasured at PCM OUT 45
; - . 0<f<30kHz Idle channel, —-35
VBB sqppLy-voltage rejection ratio, Supply signal = 200 MV(peak-to- peak). dB
transmit channel 30<f<50kHz |fmeasured at PCM OUT -55
- . 0<{<30kHz Idle channel, —40
VCC_ supply-voltage rejection ratio, Supply signal = 200 mV(peak-to-peak)v dB
receive channel (single ended) 30<f<50kHz |fmeasured at PWRO+ —-45
- . 0<f<30kHz Idle channel, —40
VBB.suppIy-voHag.e rejection ratio, Supply signal = 200 mV(peak-to-peak)v dB
receive channel (single ended) 30<f<50kHz | Narrow-band f measured at PWRO+ —-45
ANLG IN+ = 0 dBm0,
Crosstaltk attenuation, transmit to receive (single ended) ::C:\/l(:ﬁ k—l-:f);/vest de;';;ylgjg’ 75 dB
Measured at PWRO +
Crosstalk attenuation, receive to transmit (single ended) ,\PAZZAS::QZ th Eg]hg,ofuflj 02 kHz, 75 dB

1 All typical values are at Vgg =5 V, VoG = 5 V, and Ta = 25°C.
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distortion over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt mMAX| UNIT
o . . o . 02 ANLG IN+ = -30 dBm0 36
?:::f{"é'cfﬁ‘g;‘; g'f'&'ﬂf;‘oﬁ,a’;?' sinusoidal ~30 > ANLG N+ =40 dBmo 30 dB
—40 > ANLG IN+ > -45 dBm0 25
o ! . o . 02 ANLG IN+ 2 -30 dBm0 36
?}iﬁ‘:'("c‘:*gl'f_';aé? 1‘29’_‘%';;: . :"2")' sinusoidal 230 > ANLG IN+ > -40 dBmo0 30 d8
—40 > ANLG IN+ > —-45 dBm0 25
Transmit single-frequency distortion products AT&T Advisory #64 (3.8), Input signal = 0 dBm0 -46 | dBm0
Receive single-frequency distortion products AT&T Advisory #64 (3.8), Input signal =0 dBm0 —46 | dBmO
CCITT G.712 (7.1) -35
Intermodulation distortion, end to end spurious CCITTG.712(7.2) ~91 4Bmo
out-of-band signals, end to end CCITT G.712 (6.1) —25
CCITT G.712 (9) -40
Transmit absolute delay time to PCM OUT :::ﬁ(ti-tga;;[actie;m- 1.02 kazC;Kc;( d=B§;g48 MHz, 245 us
f =500 Hz to 600 Hz 170
Transmit differential envelope delay time f = 600 Hz to 1000 Hz 95
relative to transmit absolute delay time f = 1000 Hz to 2600 Hz 45 He
f = 2600 Hz to 2800 Hz 105
Receive absolute delay time to PWRO + ‘[:)?;?; |di::aau:ai;e[,)MW co des'CLKR =2.048 MHz, 190 us
f = 500 Hz to 600 Hz 45
Receive difierential envelope delay time f =600 Hz to 1000 Hz 35
relative to transmit absolute delay time f= 1000 Hz to 2600 Hz 85 us
f = 2600 Hz to 2800 Hz 110

1 All typical values are at Vgg = -5 V, VoG = 5 V, and Ta = 25°C.

transmit filter transfer over recommended ranges of supply voltage and operating free-air
temperature (see Figure 1)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
16.67 Hz -30
50 Hz -25
60 Hz -23
Input amplifier set for unity gain, 200 Hz 1.8 -0.125
Gain relative to gain at 1.02 kHz Noninverting maximum gain output, dB
Input signal at ANLG IN+ is 0 dBm0 300Hzto3kHz }-015 015
3.3 kHz -0.35 0.15
3.4 kHz -1 -0.1
4 kHz -14
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receive filter transfer over recommended ranges of supply voltage and operating free-air

temperature (see Figure 2)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Below 200 Hz 0.15
200 Hz -05 0.15
300 Hz to 3 kHz -0.15 0.15
Gain relative to gain at 1.02 kHz Input signal at PCM IN is 0 dBm0 3.3kHz -035 0.15 dB
3.4 kHz -1 -01
4 kHz -14
4.6 kHz -30

timing requirements

clock timing requirements over recommended ranges of supply voltage and operating free-air temperature

(see Figure 3)

MIN TYPt MAX| uNIT
te(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) 488 ns
tn i Rise and fall times for CLKX and CLKR 5 30 ns
tw(CLK) Pulse duration for CLKX and CLKR (see Note 7) 220 ns
tw(DCLK) Pulse duration, DCLK (fpcLK = 64 Hz to 2.048 MHz) (see Note 7) 220 ns

Clock duty cycle, [tw(CLK)/tc(CLK)] for CLKX and CLKR 45% 50% 55%

T All typical values are at Vgg = -5 V, Vg = 5 V, and Ta = 25°C.
NOTE 7: FSX CLK must be phase locked with CLKX. FSR CLK must be phase locked with CLKR.

transmit timing requirements over recommended ranges of supply voltage and operating free-air

temperature, fixed-data-rate mode (see Figure 3)

MIN MAX UNIT
td(FSX) Frame-sync delay time ) 100 to(CLK)—100 ns
tsu(siax) Setup time before bit 7 falling edge of CLKX (TMC29C14A and TCM129C14A only) 0 ns
th(sigx)  Hold time after bit 8 falling edge of CLKX (TCM29C14A and TCM129C14A only) 0 ns

receive timing requirements over recommended ranges of supply voltages and operating free-air

temperature, fixed-data-rate mode (see Figure 6)

PARAMETER MIN MAX UNIT
td(FSR) Frame-sync delay time 100 te(CLK)—100 ns
tsu(PCM IN)  Receive data setup time 50 ns
th(PCM IN)  Receive data hold time 60 ns

temperature, fixed-data-rate mode (see Figure 5)

transmit timing requirements over recommended ranges of supply voitage and operating free-air

PARAMETER MIN MAX UNIT
td(Tspx)  Time-slot delay time from DCLKX (see Note 8) 140 tg(DCLKX)—140 ns
td(FSX) Frame sync delay time 100 t¢(CLK)—100 ns
tc(DCLKX) Clock period for DCLKX 488 15620 ns

NOTE 8: tFg|x minimum requirement overrides the tq(Tspx) maximum requirement for 64-kHz operation.
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receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, variable-data-rate mode (see Figure 6)

PARAMETER MIN MAX UNIT
td(TSDR) _ Time-slot delay time from DCLKR (see Note 9) 140 td(DCLKR)—140 ns
td(FSR) Frame-sync delay time 100 te(CLK)—100 ns
tsu(PCM IN)  Receive data setup time 50 ns
th(PCM IN)  Receive data hold time 60 ns
te(DCLKR)  Data clock period 488 15620 ns
tSER Time-slot end receive time 0 ns

NOTE 9: tpg|R minimum requirement overrides the t4(TSDR) Maximum requirement for 64-kHz operation.

64-kbit operation timing requirements over recommended ranges of supply voltage and operating free-air
temperature, variable-data-rate mode

PARAMETER TEST CONDITIONS MIN  MAX [ UNIT
tFSLX Transmit frame-sync minimum down time . . 488 ns
- — - FSX = TTL high for remainder of frame
tFSLR Receive frame-sync minimum down time 1952 ns
tw(DCLK) Pulse duration, data clock 10 us

switching characteristics

propagation delay times over recommended ranges of supply voltage and operating free-air temperature,
fixed-data-rate mode (see Figure 3 and 4)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT

From rising edge of transmit clock to bit 1 data valid at PCM OUT (data enable _
Tt time on time-slot entry) (see Note 10) CL =010 100 pF 0 145 ns
todz Frqm rising edge of transmit clock bit n to bit n data valid at PCM QUT (data CL =010 100 pF 0 145 ns

valid time)

From falling edge of transmit clock bit 8 to bit 8 Hi-Z at PCM OUT (data float time _
'pd3 o time-slot exit) (see Note 10) CL=0 60 2151 ns
toda I-Trom rising edge of transmit clock bit 1 to TSX active (low) (time-slot enable CL =010 100 pF 0 145 ns
P time)

From falling edge of transmit clock bit 8 to TSX inactive (high) (time-slot disable _
tpd5 time) (see Note 10) CL=0 60 190} ns
{ From rising edge of channel time slot to SIGR update (TCM29C14A and 0 2 s
Pd6  TCM129C14A only) s

NOTE 10: Timing parameters tpd1, tpd3. and tpqs are referenced to the high-impedance state.

propagation delay times over recommended ranges of operating conditions, variable-data-rate mode (see
Note 11 and Figure 5)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tpd7 Data delay time from DCLKX 0 100 ns
tods Data delay from time-slot enable to PCM OUT Cy =010 100 pF 0 50 ns
tpdg Data delay from time-slot disable to PCM OUT 0 80 ns
tbd10 Data delay time from FSX td(TSDX) = 80 ns 0 140 ns

NOTE 11: Timing parameters tpqg and tpgg are referenced to the high-impedance state.
3 15
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PARAMETER MEASUREMENT INFORMATION

CLKR and CLKX selection requirements for DSP-based applications
1. Note that CLKX and CLKR must be selected as follows:

CLKR, CLKX
CLKSEL (BETWEEN 1 MHz to 3 MHz) DEVICE TYPE
vt (256) x (1 ¢ ) TCM29C13A/14A/16A/17A
_ = x (frame-sync frequenc:
5 (frame-sy q v TCM129C13A/14A/16A/17A
TCM29C13A/14A
oV = (193) x (frame-sync frequency)
TCM129C13A/14A
TCM29C13A/14A
5V = (192) x (frame-sync frequency)
TCM129C13A/14A

t CLKSEL s internally set to —5 V for TCM29C16A/1A7 and TCM129C16A/17A.

e. g., for frame-sync frequency = 9.6 kHz

CLKR, CLKX
CLKSEL (BETWEEN 1 MHz to 3 MHz) DEVICE TYPE
TCM29C13A/14A/16A/17A
—5vt = 2.4576 MHz
TCM129C13A/14A/16A/17A
TCM29C13A/14A
oV =1.8528 MHz
TCM129C13A/14A
TCM29C13A/14A
5V =1.8432 MHz
TCM129C13A/14A

t CLKSEL s internally setto -5 V for TCM29C16A/1A7 and TCM129C16A/17A.

2. Corner frequency at 8-kHz frame-sync frequency = 3 kHz
Therefore, the corner frequency = (3/8) x (frame-sync frequency for nonstandard frame sync).
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Figure 1. Transfer Characteristics of the Transmit Filter
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PARAMETER MEASUREMENT INFORMATION

f - Frequency — Hz

NOTE A: This is a typical transfer function of the receive filter component.

Figure 2. Transfer Characteristics of the Receive Filter
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PARAMETER MEASUREMENT INFORMATION

¢ Time-Slot 1 »
CLKX A 1 i 2 |3 4 s l 6 7 8
FSX Input'd(stm 3 - ta(Fsx) ' k- i t"" _J
(nonsignaling | W(CLK) k—"—‘c(CLK)
frames) L_ f
t, |
Fsxinput | ld(FSX) - }4— t(FsX)
(slgnaling
frames)
FRAME SYNCHRONIZATION TIMING
be Time-Slot N >
CLKX 1 | 2 3 4 5 6 7 8
tpat —¥ = —l 4—tpd2 | tpdd —¥ —

PCM OUT —}_{eluf)(“ Bit2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7
—l —toda : tpds —ﬂr—
TSX Output \ ! /

tsu(SlGX)“’i f— —ﬂr—-'msuen
SIGX Input Don't Care X vald X Don'tCare

OUTPUT TIMING

1 Bit 1 = MSB = sign bit and is clocked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in

last on PCM IN or is clocked out last on PCM OUT.
NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is

indicated.
Figure 3. Transmit Timing (Fixed-Data Rate)
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le Time-Siot 1 "
CLKR 1 2 E 4] E E 7 8
psp 'd(FSRI [‘- —Dl k—td(psn)| ol e t— k—_J |¢_ ‘w(CLK)
(nonslignaling l I ,4—-»,— te(CLK)
frames) | i
FSR —ﬂl,_r_ ‘d(FSR.) L I‘“d(FSR)
(signaling |
frames)
FRAME SYNCHRONIZATION TIMING
l¢ Time-Slot N »
CLKR 1 2 3 4 5 6 7 8
tsuPCMIN ™™ % 1 thieem in) tpdé —
pemin 777K UK RIDK KUK UK XK XKD .’//// Wiy
Bit 1t BIt2 BIt3 Bit4 Bit5 BIt6 Bit7 Bit 8t
Valld Valld Valid valid Valld valld Valid Valld
SIGR Output Valid X Valld
INPUT TIMING

1Bit 1 = MSB = sign bit and is clocked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in
last on PCM IN or is clocked out last on PCM OUT.
NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.

Figure 4. Receive Timing (Fixed-Data Rate)
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¢ Time Slot P
V4 AN
‘ | U,
[P —tq(TsDX) \
-\ | l — r— r— I~ — ~— — | —
DCLKX I/1\ /' 2\ /3\ Fa\N /s5\ e\ /JT1\ /J8\l/
\_l./ v | v v et — i/
- H—td(FSX) | |
CLKX _// : / \ / \ / \ / | \ / \ / \ / \ / \ / \ / \ /
14._ | |
tpda | le—toa10 —» 4 tpa7 todo —»  [4—

PCM OUT '—U Blt1TX Bit 2 X Bit 3 X Bit4 X Bit5 X Bit 6 X Bit 7 X Bitaf}——

Figure 5. Transmit Timing (Variable-Data Rate)

FSR / AN
H—N—td(rsnn) :
/N / Sr N\ /N / \ N\ [\ |/
POLKR \_,./ SXWANVE (R W TN
—> 44— td(FSR) | | L t(SER)—M —
| L/l
CLKR _// / \ / \_1/ \T—'/ \ \_4/ | \\_’/ \ / \ / \ / \ / \ /

'su(PCM IN—> — D :4— th(PCM IN)

PCMIN Don't Care
Bit1t Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit 8t

Figure 6. Receive Timing (Variable-Data Rate)

1 Bit 1 = MSB = sign bit and is clocked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in
last on PCM IN or is clocked out last on PCM OUT.
NOTE A: Al timing parameters are referenced to V|4 and V|_ except tphdg and tpdg, which references the high-impedance state.
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PRINCIPLES OF OPERATION

system reliability and design considerations

General TCM29C13A, TCM29C14A, TCM29C16A, TCM29C17A, TCM129C13A, TCM129C14A,
TCM129C16A, and TCM129C17A system reliability and design considerations are described in the following
paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though the TCM29CxxA and TCM129CxxA devices are heavily protected against latch-up, it is still
possible to cause latch-up under certain conditions in which excess current is forced into or out of one or more
terminals. Latch-up can occur when the positive supply voltage drops momentarily below ground, when the
negative supply voltage rises momentarily above ground, or possibly if a signal is applied to a terminal after
power has been applied but before the ground is connected. This can happen if the device is hot-inserted into
a card with the power applied, or if the device is mounted on a card that has an edge connector, and the card
is hot-inserted into a system with the power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent), between
each power supply and GND (see Figure 7). Ifitis possible that a TCM29CxxA- or TCM129CxxA-equipped card
that has an edge connector could be hot-inserted into a powered-up system, it is also important to ensure that
the ground edge connector traces are longer than the power and signal traces so that the card ground is always
the first to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure no signals are applied to the device before the power-up sequence is complete.
Connect GND. )

Apply Vgg (most negative voltage).

Apply Vg (most positive voltage).

Force a power down condition in the device.

Connect clocks.

Release the power-down condition.

Apply FSX and/or FXR synchronization pulses.

© © N O Ok~ b=

Apply signal inputs.
When powering down the device, this procedure should be followed in the reverse order.
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b Vee

} DGND

t VBB

Figure 7. Diode Configuration for Latch-Up Protection Circuitry

internal sequencing

On the transmit channel, digital outputs PCM OUT and TSX are held in the high-impedance state for
approximately four frames (500 ps) after power up or application of Vgg or V. After this delay, PCM OUT, TSX,
and signaling are functional and occur in the proper time slot. The analog circuits on the transmit side require
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Therefore, valid
digital information, such as on/off hook detection, is available almost immediately, while analog information is
available after some delay.

On the receive channel, the digital output SIGR is also held low for a maximum of four frames after power up
or application of Vgpg or V. SIGR remains low until it is updated by a signalling frame.

To further enhance system reliability, PCM OUT and TSX are placed in the high-impedance state approximately
20 ps after an interruption of CLKX. SIGR is held low approximately 20 ps after an interruption of CLKR. These
interruptions could possibly occur with some kind of fault condition.

power-down and standby operations

To minimize power consumption, a power-down mode and three standby modes are provided.

For power down, an external low signal is applied to PDN. In the absence of a signal, PDN is internally pulled
up to a high logic level and the device remains active. In the power-down mode, the average power consumption
is reduced 15 mW.

Three standby modes give the user the options of placing the entire device on standby, placing only the transmit
channel on standby, or placing only the receive channel on standby. to place the entire device on standby, both
FSX and FSR are held low. For transmit-only operation (receive channel on standby), FSX is high and FSR is
held low. For receive-only operation (transmit section on standby), FSR is high and FSX is held low. When the
entire device is in standby mode, power consumption is reduced to an average of 3 mW. See Table 1 for
power-down and standby procedures.

Table 1. Power-Down and Standby Procedures

TYPICAL POWER
DEVICE STATUS PROCEDURE CONSUMPTION DIGITAL OUTPUT STATUS
Power down BDN low 3mw TSX and PCM OUT are in the high-impedance state;

SIGR goes low within 10 ps.

Entire device on standby 3mw

FSX and FSR are low TSX and PCM OUT are in the high-impedance state;
SIGR goes low within 300 ms.

Only transmit on standby

FSXislow, FSRis high TSX and PCM OUT are placed in the high-impedance

40 mw state within 300 ms.

Only receive on standby FSRislow, FSXis high 30 mW SIGR is placed in the high-impedance state within 300 ms.
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fixed-data-rate timing (see Figure 8)

Fixed-data-rate timing is selected by connecting DCLKR to Vgg and uses master clocks CLKX and CLKR,
frame-synchronizer clocks FSX and FSR, and the output TSX. FSX and FSR are 8-kHz inputs that set the
sampling frequency and distinguish between signaling and nonsignaling frames by their pulse durations. A
frame- synchronization pulse one master-clock period long designates a nonsignaling frame, while a
double-length sync pulse enables the signaling function (TCM12914A and TCM29C14A only). Data is
transmitted on PCM OUT on the first eight positive transitions of CLKX following the rising edge of FSX. Data
is received on PCM IN on the first eight falling edges of CLKR following FSR. A digital-to-analog (D/A)
conversion is performed on received digital word, and the resulting analog sample is held on an internal
sample-and-hold capacitor until transferred to the receive filter.

The clock-selection terminal (CLKSEL) is used to select the frequency of CLKX and CLKR (TCM29C13A,
TCM29C14A, TCM129C13A, and TCM129C14A only). The TCM29C13A, TCM29C14A, TCM129C13A, and
TCM129C14A fixed-data-rate mode can operate with frequencies of 1.536 MHz, 1.544 MHz, or2.048 MHz. The
TCM29C16A, TCM29C17A, TCM129C16A, and TCM129C17A fixed-data-rate mode operates at 2.048 MHz

only.
192/193/256
e——rsix—  le— Tine Slots — —— 1s1x ——»]
CLKX LUy Ny
t12345678 12 3 45 6 7 8
192/193/256 Transmit Signal Frame
FSX I —i5 T 1
. Bz Bg SIGX
PCM OUT — X OO """ - T - -_—=
By B2 B3 B4 B5 Bg B7 Bg y B¢ B B3 By B Bg| |
S ——\_ —i 4 N !
| | Do:’} Care
SIGXT T TT yoooooooooooffoxe ===z —==
Don’t Care Valid
192/193/256
lk——— TS1R ——JI e— i s — |'4——— TSIR —NI
CLKR LU rernrsy
1123456789 123 4567 8
192/193/256 Receive Signal Frame
FSR _| — g—T 1
SIGR
PCM IN = 2>XOOOOOOOOC T T T T T T I T T -
B B2 B3 B4 Bs Bg B7 Bg Bq B2 B3 B4 B5 BgB7 Bg
SIGR — {0 X
12 T 7 7
Previous Value New Value

Figure 8. Signaling Timing (Fixed-Data Rate Only)
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variable-data-rate timing

Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather
than to Vgg. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame-synchronization
clocks FSX and FSR.

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from
64 kHz to 2.048 MHz. Master clocks in the TCM129C13A, TCM129C14A, TCM29C13A, and TCM29C14A are
restricted to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing
mode. The master clock for the TCM129C16A, TCM129C17A, TCM29C16A, and TCM29C17A is restricted to
2.048 MHz.

When the FSX/TSXE is high, PCM data is transmitted from PCM OUT onto the highway on the next eight
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR.

The transmitted PCM word is repeated in all remaining time slots inthe 125-us frame aslong as DCLKX s pulsed
and FSXis held high. This feature, which allows the PCM word to be transmitted to the PCM highway more than
once per frame if desired, is available only with variable-data-rate timing. Signaling is allowed only in the
fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a signaling
frame.

signaling

The TCM29C14A (only) provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive
signaling frames are independent of each other and are selected by a double-width frame-sync pulse on the
appropriate channel. During a transmit signaling frame, the signal present on SIGX is substituted for the least
significant bit (LSB) of the encoded PCM word. In a receive signaling frame, the codec decodes the seven most
significant bits in accordance with CCITT G.733 recommendations and outputs the logical state of the LSB on
SIGR until it is updated in the next signaling frame. Timing relationships for signaling operations are shown in
Figure 8. The signaling path is used to transmit digital signaling information such as ring control, rotary dial
pulses, and off-hook and disconnect supervision. The voice path is used to transmit prerecorded messages as
well as the call progress tones: dial tone, ring-back tone, busy tone, and reorder tone.
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analog loopback

A distinctive feature of the TCM29C14A and TCM129C14A is the analog loopback capability. With this feature,
the user can test the line circuit remotely by comparing the signals sent into the receive channel (PCM IN) with
those generated on the transmit channel (PCM OUT). The test is accomplished by sending a control signal that
internally connects the analog input and output ports. When ANLG LOOP is TTL high, the receive output
(PWRO+) is internally connected to ANLG IN+, GSR is internally connected to PWRO-, and ANLG IN- is
internally connected to GSX (see Figure 8).

T T T T T T T T T T T T T T T T T T ANLG LooP |
ANLG IN- GSX
Transmit +
Voice —» AD |- PCM our
-, Digitized PCM
ANLG Loopback
IN+ Response
PWRO+ P H—< P L | PCMIN
< <] DA |«
PWRO- > | ® = Digitized PCM
Test Tone
|
- o J

Figure 9. TCM29C14A and TCM129C14A Analog Loopback Configuration

Due to the difference in the transmit and receive transmission levels, a 0-dBm0 code into PCM IN emerges from
PCM OUT as a 3-dBmO code, an implicit gain of 3 dB. Because of this, the maximum signal that can be tested
by analog loopback is 0 dBmO.

precision voltage references

Voltage references that determine the gain dynamic range characteristics of the device are generated internally.
No external components are required to provide the voltage references. A difference in subsurface charge
density between two suitably implanted MOS device is used to derive a temperature- and bias-stable reference
voltage, which are calibrated during the manufacturing process. Separate references are supplied to the
transmit and receive sections, and each is calibrated independently. Each reference value is then further
trimmed inthe gain-setting operational amplifiers to a final precision value. Manufacturing tolerances of typically
+0.04 dB can be achieved in absolute gain for each half channel, providing the user a significant margin to
compensate for error in other system components.

conversion laws

The TCM29C13A, TCM29C14A, TCM129C13A, and TCM129C14A provide pin-selectable pu-law operation as
specified by CCITT G.711 recommendation. A-law operation is selected when ASEL is connected to Vg, and
p-law operationis selected by connecting ASEL to Vg or GND. Signalingis not allowed during A-law operation.
If p-law operation is selected, SIGX is a TTL-level input that can be used in the fixed-data-rate timing mode to
modify the LSB of the PCM output is signaling frames.

The TCM29C16A and TCM129C16A are p-law only; the TCM29C17A and TCM129C17A are A-law only.
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transmit operation

transmit filter

The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than
10 kQ in parallel with less than 50 pF. The input signal on ANLG IN + can be either ac or dc coupled. The input
operational amplifier can also be used in the inverting mode or differential amplifier mode.

A low-pass antialiasing filter section is included on the device. This section provides 35-dB attenuation at the
sampling frequency. No external components are required to provide the necessary antialiasing function for the
switched-capacitor section of the transmit filter.

The pass-band section provides flatness and stop-band attenuation that fulfills the AT&T D3/D4 channel bank
transmission specification and CCITT recommendation G.712. The device specifications meet or exceed digital
class 5 central office switching-systems requirements.

A high-pass section configuration has been chosen to reject low-frequency noise from 50-Hz and 60-Hz power
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency
noise. Even with the 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 external 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 performs an analog-to-digital conversion on a switched-capacitor
array. Digital data representing the sample is transmitted on the first eight data clock bits of the next frame.

The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses the
sign-bit-averaging technique. The sign bit from the encoder output is long-term averaged and subtracted from
the input to the encoder. All dc offset is removed from the encoder input waveform.

receive operation

decoding

The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog
conversion is performed, and the corresponding analog sample is held on an internal sample-and-hold
capacitor. This sample is transferred to the receive filter.

receive filter

The receive section of the filter provides pass-band flatness and stop-band rejection that fulfills both the AT&T
D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the
(sin x)/x response of such decoders.

""? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-49



TCM29C13A, TCM29C14A, TCM29C16A, TCM29C17A,
TCM129C13A, TCM129C14A, TCM129C16A, TCM129C17A
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

SCTS030D ~ AUGUST 1989 — REVISED JULY 1996

PRINCIPLES OF OPERATION

receive output power amplifiers

A balanced-output amplifier is provided to allow maximum flexibility in output configuration. Either of the two
outputs can be used single ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively,
the differential output directly drives a bridged load. The output stage is capable of driving loads as low as 300-Q
single-ended to a level of 12 dBm or 600 2 differentially to a level of 15 dBm.

The receive channel transmission level may be adjusted between specified limits by manipulation of GSR. GSR
isinternally connected to an analog gain-setting network. When GSR is connected to PWRO—, the receive level
is maximum. When GSR is connected to PWRO+, the level is minimum. The output transmission level is
adjusted between 0 and —12 dB as GSR s adjusted (with an adjustable resistor) between PWRO+and PWRO-.

Transmission levels are specified relative to the receive channel output under digital milliwatt conditions
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation G.711).

APPLICATION INFORMATION

output gain-set design considerations (see Figure 9)

PWRO+ and PWRO- are low-impedance complementary outputs. The voltages at the nodes are:

Vo+at PWRO+
Vo-at PWRO-
Vo = Vo — V- (total differential response)

R1 and R2 are a gain-setting resistor network with the center tap connected to the GSR input.
A value greater than 10 kQ2 and less than 100 kQ for R1 + R2 is recommended because of the following:

The parallel combination of R1 + R2 and R|_ sets the total loading.
The total capacitance at the GSR input and the parallel combination of R1 and R2 define a time constant
that has to be minimized to avoid inaccuracies.

Va represents the maximum available digital milliwatt output response (Vp = 3.006 Vrms).

Vop=AeVp
_ 1+(R1/R2)
where A= m
2
° © PWRO+
v TCM29C13A
o] Ri TCM29C14A
TCM29C16A
= 4 TCM29C17A
RL Vob GSR TCM129C13A
TCM129C14A
TCM129C16A
R2 TCM129C17A
3
L ® PWRO- PCMIN
Vo- Digital Milliwatt
Sequence Per
¥ CCITT G. 711

Figure 10. Gain-Setting Configuration
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TCM29C18, TCM29C19, TCM129C18, TCM129C19

~ ANALOG INTERFACE FOR DSP

SCTS021C ~AUGUST 1987 ~REVISED JULY 1996

Reliable Silicon-Gate CMOS Technology

Low Power Consumption
-~ Operating Mode ... 80 mW
~ Power-Down Mode ... 5 mW

u-Law Coding

Excellent Power-Supply Rejection Ratio
Over Frequency Range of 0 Hz to 50 kHz

No External Components Needed for
Sample, Hold, and Autozero Functions

Precision Internal Voltage Reference

Single Chip Contains A/D, D/A, and
Associated Filters

description

The TCM29C18, TCM29C19, TCM129C18, and
TCM129C19 are low-cost single-chip PCM
codecs (pulse-code-modulated encoders and
decoders) and PCM line filters. These devices
incorporate both the A/D and D/A functions, an
antialiasing filter (A/D), and a smoothing filter
(D/A). They are ideal for use with the TMS320
DSP family members, particularly those featuring
a serial port such as the TMS32020, TMS32011,
and TMS320C25.

Primary applications include:

¢ Digital encryption systems
® Digital voice-band data storage systems
® Digital signal processing

DW OR N PACKAGE

(TOP VIEW)
U
vee |1~ 16)) Voo
PWRO+ [} 2 15]] GSX
PWRO-[|3  14J ANLGIN
PDN[|4  13]] ANLG GND
DCLKR[| 5  12]] TSX/DCLKX
PCMIN[l 6 11[] PCM OUT
FSRSRE [| 7 10[] FSX/TSXE
DGTLGND [ 8 9] CLK
FEATURES TABLE
Number of Pins:
16
Coding Law:
u-Law
Variable Mode:
64 kHz to 2.048 MHz
Fixed Mode:
2.048 MHz (TCM29C18, TCM129C18),
1.536 MHz (TCM29C19, TCM129C19)
8-Bit Resolution
12-Bit Dynamic Range

These devices are designed to perform encoding of analog input signals (A/D conversion) and decoding of
digital PCM signals (D/A conversion). They are useful for implementation in the analog interface of a digital
signal processing system. Both devices also provide band-pass filtering of the analog signals prior to encoding,

and smoothing after decoding.

The TCM29C18 and TCM29C19 are characterized for operation over the temperature range of 0°C to 70°C.
The TCM129C18 and TCM129C19 are characterized for operation over the temperature range of

—40°C to 85°C.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ during storage or handling to prevent electrostatic damage to the MOS gates.

A

PRODUCTION DATA information Is current as of publication date.

Praducts conform to specifications per the terms of Texas Instruments i
standard warranty. Preduction processing does not necessarily include
testing of all parameters. EXAS

INSTRUMENTS
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TCM29C18, TCMéQC1 9, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP

SCTS021C ~AUGUST 1987 —REVISED JULY 1996

functional block diagram

Transmit Section

1

1
14 Filter PCM OUT
ANLG IN — Sample .
ucc Output
| 2nd Hold [~ Comparator _Aspro;iils:{;n ] Regigter «12 TSX/
and DAC DOLKX
asx™s I
4 Analog- <
> to-Digital JRET)
Reference e Con?rol : 9 FSX/TSXE
Logic < CLK
Receive Section |r Control Section T
|
- 4  Filter | Cf:t::l < 4 BBR
Gain s —\— I Y g
L
L 5 A
T
Sample L] Digital- «+-5 pemin
and Hold to-Analog Input
PWRO+ + Control V Register 5
3 and DAC Lodl . DCLKR
PWRO- —|— ogic
Reference —>——| ‘L
Tﬂ? E ‘: -‘ 13 7
\ V| DGTL ANLG FSR/TSRE
ce BB GND GND
¥ 1
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP

SCTS021C ~AUGUST 1987 —~REVISED JULY 1996

Terminal Functions

TERMINAL
1o} DESCRIPTION
NAME NO.

ANLG IN 141 1 Inverting analog input. Input to uncommitted transmit operational amplifier.

ANLG GND 13 Analog ground return for all voice circuits. Not internally connected to DGTL GND.

CLK 91 I Master clock and data clock input for the fixed-data-rate mode. Master (filter) clock only for variable-data-rate
mode. This clock is used for both the transmit and receive sections.

DCLKR 5 | Fixed data rate mode—variable data rate mode select. When connected to Vgg, the device operates in the
fixed-data-rate mode. When DCLKR is not connected to Vgp, the device operates in the variable-data-rate mode
and DCLKR becomes the receive data clock, which operates at frequencies from 64 kHz to 2.048 MHz.

DGTL GND Digital ground for alt internal logic circuits. Not internally connected to ANLG GND.

FSR/TSRE | Frame-synchronization clock input/time-slot enable for the receive channel. In the variable-data-rate mode, this
signal must remain high for the duration of the time siot. The receive channel enters the standby state when FSR
is TTL low for 30 ms.

FSX/TSXE 101 1 Frame-synchronization clock input/time-slot enable for transmit channel. Operated independently of, but in an
analogous manner to FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms.

GSX 15 | O |Outputterminal of internal uncommitted operational amplifier. Internally, this is the voice signal input to the transmit
filter.

PCM IN 6 | Receive PCM input. PCM data is clocked in on eight consecutive negative transitions of the receive data clock,
which is CLKR in fixed-data-rate timing and DCLKR in variable-data-rate timing.

PCM OUT 11 | O | Transmit PCM output. PCM data is clocked out of this output on eight consecutive positive transition of the transmit
data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing.

PDN 4] 1 Power-down select. On the TCM239C18 and the TCM129C18, the device is inactive with a TTL low-level input and
active with a TTL high-level input to the terminal. On the TCM29C19 and the TCM129C19, this terminai must be
connected to a TTL high level.

PWRO + 2| O | Noninverting output of power amplifier. PWRO+ can drive transformer hybrids or high-impedance loads directly
in either a differential or single-ended configuration.

PWRO- O | Inverting output of power amplifier—functionally identical to PWRO +.

TSX/DCLKX 12 | /O | Transmit channel time-slot strobe (output) or data clock (input). In the fixed-data-rate mode, this is an open-drain
output to be used as an enable signal for a 3-state buffer. In the variable-data-rate mode, DCLKX becomes the
transmit data clock, which operates at TTL levels from 64 kHz to 2.048 MHz.

VBB 1 Negative supply voltage, =5 V £5%.

Vce 16 Positive supply voltage, 5 V +5%.
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP

SCTS021C ~AUGUST 1987 ~REVISED JULY 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ..o e s -03Vto15V
Outputvoltage range, Vo ... e e e -03Vto15V
Input voltage range, V| .. ..o e -03Vtoi15V
Digital ground voltage range . .......oiiitii it e e -0.3Vto15V
Operating free-air temperature range, Ta: TCM29C18, TCM29C19 ............ccovnvvnnnn. 0°C to 70°C

TCM129C18, TCM129C19 .................. —40°C to 85°C
Storage temperature range, Tgtg - .« vvvverneiii e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ............... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1. Voltage values for maximum ratings are with respect to Vgg.

recommended operating conditions (see Note 2)

MIN NOM MAX| UNIT
Vee Supply voltage (see Note 3) 4.75 5 525 \
VBB Supply voltage -4.75 -5 =525 \
DGTL GND voltage with respect to ANLG GND 0 \
ViH High-level input voltage, all inputs except ANLG IN 2.2 \
VIL Low-level input voltage, all inputs except ANLG IN 0.8 \
Viipp) Peak-to-peak analog input voltage (see Note 4) 4.2 \
. GSX 10 kQ
RL Load resistance
PWRO + and/or PWRO— 300 Q
§ GSX 50
CL Load capacitance pF
PWRO + and/or PWRO- 100
. . TCM29C18 or TCM29C19 0 70
TA Operating free-air temperature °C
TCM129C18 or TCM129C19 —40 85

NOTES: 2. Toavoidpossible damage tothese CMOS devices and resulting reliability problems, the power-up procedure described in the device
power-up sequence paragraphs later in this document should be followed.
3. Voltages atanaloginputs and outputs and V¢ and Vg terminals are with respect to ANLG GND. All other voltages are referenced
to DGTL GND unless otherwise noted. .
4. Analog inputs signals that exceed 4.2 V peak to peak may contribute to clipping and preclude correct A/D conversion. The digital
code representing values higher than 4.2 V is 10000 000. For values more negative than 4.2 V, the code is 0000000.
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP
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electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

supply current, fpcp k = 2.048 MHz, outputs not loaded

TCM29Cxx TCM129Cxx
PARAMETER TEST CONDITIONS UNIT
MIN  MAX| MIN MAX
Operating 10 14
Icc  Supply current from Voo Standby FSX or FSR at V)_ after 300 ms 1.2 1.5 mA
Power down | PDN at Vy_after 10 ps 1 1.2
Operating -10 -14
Isg  Supply current from Vg Standby FSX or FSR at V|_ after 300 ms -1.2 -15 mA
Power down | PDN at V)_after 10 us -1 -1.2
digital interface
PARAMETER TEST CONDITIONS MIN TYPt mMAX| uNIT
. loH =-9.6 MA 24
VoH  High-level output voltage, PCM QUT v
IoH =—-0.1 mA 35
VoL  Low-level output voltage, TSX loL=3.2mA 0.5 \
IIH High-level input current, any digital input Vi=22VtoVggo 12 HA
L Low-level input current, any digital input Vi=0t008V 12 A
Cj Input capacitance 5 10 pF
Co Output capacitance 5 pF
1 All typical values are at Vg = -5V, VoG = 5 V, and Tp = 25°C.
¥ 15
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INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-55



TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP

SCTS021C ~AUGUST 1987 —REVISED JULY 1996

transmit side (A/D) characteristics

PARAMETER TEST CONDITIONS MIN TYPt MAX| uNIT
Input offset voltage at ANLG IN V|=-217Vt0 217V +25 mV
Input offset current at ANLG IN V|=-217Vt10217V 1 pA
Input bias current Vi=-217V102.17V +100 nA
Open-loop voltage amplification at GSX 5000
Unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN 10 MQ
Gain-tracking error with sinusoidal input |—3 2 dBmO input level 2 —40 dBm0,  Ref level =-10 dBm0 +0.5 "
(see Notes 5, 6, and 7) -40 > dBm0 input level > ~50 dBm0, Ref level = —10 dBm0 125
Transmit gain tolerance V=108V, f=1.02 kHz 0.95 119 | Vrms
Noise Ref max output level: 200 Hz to 3 kHz . =70 dB
Supply-voltage rejection ratio, f=0Hz t.o 30 kHz (measured at PCM OUT) idle channel, —20 dB
Ve to Ve Supply signal = 200 mV peak to peak
Crogstalk .attenualion, transmit to ANLG IN = 0 dBm, f =1 kHz unity gain, 62 dB
receive (single ended) PCM IN = lowest decode level, Measured at PWRO +
_ ) . 0dBm0 2 ANLG IN > -30 dBm0 33
ifgfé;:edﬁéf:g" ratio, sinusoidal 750 4Bmo0 > ANLG IN > ~40 dBmo 27 B
—40 dBmO > ANLG IN 2 —45 dBm0 22
Absolute delay time to PCM OUT ::;3? t‘;":”,‘q’f’éem 1 KHz a0 6B foLKx =2.048 MHz, 245 s

1 All typical values are at Vgg = -5 V, Vo = 5 V, and Tp = 25°C.
NOTES: 5. Unless otherwise noted, the analog input is a 0-dBmO0, 1020-Hz sine wave, where 0 dBmO is defined as the zero-reference point
of the channel under test. This corresponds to an analog signal input of 1.064 Vrms or an output of 1.503 Vrms.
6. The input amplifier is set for unity gain. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz sine wave
through an ideal encoder.
7. The TCM29C18, TCM29C19, TCM129C18, and TCM129C19 are internally connected to set PWRO+ and PWRO~to 0 dBM. All
output levels are (sin x)/x corrected.
8. CCITT G.712 — Method 2.
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP
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receive side (D/A) characteristics (see Note 9)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Output offset voltage PWRO + and .
PWRO- (single ended) Relative to ANLG GND +200] mv
Output resistance at PWRO + and 1 2 Q
PWRO-
Gain-tracking error with sinusoidal input | =3 dBm0 2 input level 2 —40 dBm0,  Ref level = -10 dBm0 +0.5 B
(see Notes 5, 6, and 7) —40 dBmO > input level > =50 dBm0, Ref level = —10 dBm0 +25
Receive gain tolerance V|=1.06V, f=1.02 kHz 1.34 169 | Vrms
Noise . Ref max output level: 200 Hz to 3 kHz -70 dB
o " f=0Hzto 30 kHz, Idle channel,
\S/upplt):) \sltag(t:i:]ej:ig?‘f&;z‘;o' Supply signal = 200 mV peak to peak, Narrow band, -20 dB
cc BB {sing Frequency at PWRO +
Crosstalk attenuation, receive to PCMIN=0dB, 60 dB
transmit (single ended) Frequency = 1 kHz at PCM OUT
) o o i 0dBmO 2 ANLG IN 2 -30 dBm0O 33
$|gnal-to-d|ston|on ratio, sinusoidal —30 dBm0 > ANLG IN > —40 dBmo 27 dB
input (see Note 8)
—40 dBm0 > ANLG IN = —45 dBmO 22
Absolute delay time to PWRO + Fixed data rate, fCLKX = 2.048 MHz 190 us

1 All typical values are at Vgg = -5 V, VoG = 5 V, and Tp = 25°C.

NOTES: 5. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point
of the channel under test. This corresponds to an analog signal input of 1.064 Vrms or an output of 1.503 Vrms.
6. The input amplifier is set for unity gain. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz sine wave

through an ideal encoder.

7. The TCM29C18, TCM29C19, TCM129C18, and TCM129C19 are internally connected to set PWRO + and PWRO- to 0 dBM. All

output levels are (sin x)/x corrected.
8. CCITT G.712 — Method 2.
9. The receive side (D/A) characteristics are referenced to a 600-02 termination.

timing requirements

clock timing requirements over recommended ranges of supply voltage and operating free-air temperature

(see Figures 3 and 4)

MIN TYPt MAX| UNIT
tc(CLK) Clock period for CLK (2.048-MHz systems) 488 ns
t tf Rise and fall times for CLK 5 30 ns
tw(CLK) Pulse duration for CLK 220 ns
tw(DCLK) Pulse duration, DCLK (fpcLK = 64 kHz to 2.048 MHz) 220 ns

Clock duty cycle, [tw(CLK)/tc(CLK)] for CLK 45% 50%  55%
t Al typical values are at Vgg = -5V, Vo = 5 V, and Ta = 25°C.
¥
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP
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transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see Figure 3)

MIN MAX UNIT
4(FSX) Frame-sync delay time 100 t5(cLK)—100 ns
receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, fixed-data-rate mode (see Figure 4)

PARAMETER MIN MAX UNIT

td(FSR) Frame-sync delay time 100 tg(CLK)-100 ns
transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, variable-data-rate mode (see Figure 5)

PARAMETER MIN MAX UNIT
td(Tspx)  Delay time, time-slot from DCLKX (see Note 10) 140 t4(DCLKX)—140 ns
td(FSX) Delay time, frame sync . 100 te(CLK)—100 ns
tC(DCLKX) Pulse duration, DCLKX 488 15620 ns

NOTE 10: trg| x minimum requirement overrides the ty(Tspx) maximum requirement for 64-kHz operation.

receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, variable-data-rate mode (see Figure 6)

PARAMETER MIN MAX UNIT
td(TSDR) Delay time, time slot from DCLKR (see Note 11) 140 tw(DCLKR)-140 ns
1d(FSR) Delay time, frame sync TG(CLK) 100 tc(CLK)—-100 ns
tsu(PCM IN)  Setup time before bit 7 falling edge 10 ns
th(PCM IN)  Hold time after bit 8 falling edge 60 ns
tw(DCLKR)  Pulse duration, DCLKR 488 15620 ns
tSER Time-slot end receive time 0 ns

NOTE 11: tFg| R minimum requirement overrides the te(TSDR) maximum requirement for 64-kHz operation.

64-kbit operation timing requirements over recommended ranges of supply voltage and operating free-air
temperature, variable-data-rate mode

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tFSLX Transmit frame sync, minimum down time FSX = TTL high for remainder of frame 488 ns
tFSLR Receive frame sync, minimum down time FSR = TTL high for remainder of frame 1952 ns
tw(DCLK) Pulse duration, data clock 10 us

{'f TEXAS
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP
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switching characteristics

propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode
(see timing diagrams)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
D v cLowier | o s w
tpd2 z;tr: \r/i:]iir;gni:jé;)e of transmit clock bit n to bit n data valid at PCM OUT CL =010 100 pF 0 145 ns
pda Ejr:tr;\ ff:)lg?griggoenc;ifr:]r:_r:;r:i;;illc))ck bit 8 to bit 8 Hi-Z at PCM OUT CL=0 60 245 ns
- z;;r:.;iiiiygnziﬁ;: 1?:11 t;;:msmit clock bit 1 to TSX active (low) CL =010 100 pF 0 145 ns
tpds z;'r::.;alig:r;giszi?:t?; ter;msmit clock bit 8 to TSX inactive (high) cL=0 60 190 ns

propagation delay times over recommended ranges of operating conditions, variable-data-rate

mode
PARAMETER TEST CONDITIONS MIN  MAX | UNIT

tpd6 From DCLKX 0 100 ns
tod7 From time-slot enable to PCM QUT C| =010 100 pF 0 50 ns
thds From time-slot disable to PCM OUT 0 80 ns
todg From FSX t4(TSDX) = 140 ns 0 140 ns

*3
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: This is a typical transfer function of the receiver filter component.

Figure 1. Transfer Characteristics of the Transmit Filter
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Gain Relative to Gain at 1 kHz ~ dB
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PARAMETER MEASUREMENT INFORMATION
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NOTE A: This is a typical transfer function of the receive filter component.

Figure 2. Transfer Characteristics of the Receive Filter
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TCM29C18, TCM29C19, TCM129C18, TCM129C19
ANALOG INTERFACE FOR DSP

SCTS021C -AUGUST 1987 —~REVISED JULY 1996

PARAMETER MEASUREMENT INFORMATION

e

Y

Time-Slot 1

CLK | 1 | 2

| |
t e =t tf—
d(FSX) —’i | td(FSX) r tW(CLK)—-J " |
FSX Input ———— tecLK)

FRAME SYNCHRONIZATION TIMING

e

Time-Slot N —|

CLK

tpd1 — f‘— —» i‘_'pd2 tpd3

PCM OUT —1|—< Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit5)< Bit 6 X Bit 7

— et tpds > |

TSX Output

OUTPUT TIMING

NOTES: A. Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.
B. Bit 1is the most significant bit (MSB) and is clocked in first on the PCM IN input or is clocked out first on the PCM OUT output.
Bit 8 is the least significant bit (LSB) and is clocked in last on the PCM IN input or is clocked out last on the PCM OUT output.

Figure 3. Transmit Timing (Fixed-Data Rate)

le Time-Slot 1

Yy

CLKR 5 |

| | | !
td(Fsr) =¥ ¢ —" i" td(FsR) tr ¥ {4—4—- tw(CLK)
FSR Input ¢ : : te(CLK)

FRAME SYNCHRONIZATION TIMING

e - Time-Slot N »
CLK 1 2 3 4 5 6 7 8
tsu(PCM INT ) 5 ¢ thpcm IN)
peun 777K RUK KUK KUK R RIK R RUK_ X%,
Bit 1 Bit 2 Bit3 Bit4 Bit 5 Bit6 Bit7 Bit8
Valid Valid Valid Valid Valid Valid Valid Valid
INPUT TIMING

NOTES: A. Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.
B. Bit 1is the most significant bit (MSB) and is clocked in first on the PCM IN input or is clocked out first on the PCM OUT output.
Bit 8 is the least significant bit (LSB) and is clocked in last on the PCM IN input or is clocked out last on the PCM OUT output.

Figure 4. Receive Timing (Fixed-Data Rate)
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PARAMETER MEASUREMENT INFORMATION

¢ Time Slot #5
FSX 4 N
I | W
|<—l—>|l——td(TSDX) |
DCLKX /71N 7/ 2\ /3\ Z4a\ /5s5\ /6N /71\ /s8\ly/
—P| M tq(Fsx) | f
r— — [ T — — Y r— r = ’
CLKX  / /N /S NN SN NSNS NN NSNS
—d IH\——I s et s | s s s v et v | et
b I l4— tpdo —» 14— tpde tpag M l—

A
PCM OUT ——O( Bit 1 X Bit2 X Bit3 x Bit4 >< Bit5 X Bit6 X Bit7 X Bit8 )—'
NOTES: A. Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.
B. Bit 1 is the most significant bit (MSB) and is clocked in first on the PCM IN input or is clocked out first on the PCM OUT output.

Bit 8 is the least significant bit (LSB) and is clocked in last on the PCM IN input or is clocked out last on the PCM OUT output.
C. All timing parameters referenced to ViH and V|_ except tpd7 and tpgg, which references the high-impedance state.

Figure 5. Transmit Timing (Variable-Data Rate)

FSR / \
H—H— 'd(TSDR) :
/_’k / Sf / \ e\ [N\ g\ |/
DCLKR \_,./ \_/ PN N T‘—/ —/ * N1/
—:Lr— td(FSR) | | tSER—N L
Iam)
CLKR | VR
_//\/\/\_/ \P—-'/ \\_‘/ \\_,/\/\/\/\/\/
tsu(PCM IN—> [€—  —P| [€— thPcMIN)
PCMIN Don’t Care
Bit 1 Bit2 Bit3 Bit4 Bit5 Bit 6 Bit7 Bit 8
NOTES: A. Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is

indicated.
B. Bit 1 is the most significant bit (MSB) and is clocked in first on the PCM IN input or is clocked out first on the PCM OUT output.
Bit 8 is the least significant bit (LSB) and is clocked in last on the PCM IN input or is clocked out last on the PCM OUT output.
C. Alltiming parameters referenced to V|4 and V|| except tpd7 and tpgg, which references the high-impedance state.

Figure 6. Receive Timing (Variable-Data Rate)
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PRINCIPLES OF OPERATION

system reliability and design considerations

TCM29C18, TCM29C19, TCM129C18, and TCM129C19 system reliability and design consnderatlons are
described in the following paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though these devices are heavily protected against latch-up, it is still possible to cause latch-up under
certain conditions in which excess currentis forced into or out of one or more terminals. Latch-up can occur when
the positive supply voltage drops momentarily below ground, when the negative supply voltage rises
momentarily above ground, or possibly if a signalis applied to a terminal after power has been applied but before
the ground is connected. This can happen if the device is hot-inserted into a card with the power applied, or
if the device is mounted on a card that has an edge connector and the card is hot-inserted into a system with
the power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent) between the
power supply and GND (see Figure 7). If it is possible that a TCM29C18-, TCM29C19-, TCM129C18-, or
TCM129C19-equipped card that has an edge connector could be hot-inserted into a powered-up system, it is
also important to ensure that the ground edge connector traces are longer than the power and signal traces so
that the card ground is always the first to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure that no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply Vo (most positive voltage).

Force a power down condition in the device.

Connect clocks.

Release the power down condition.

Apply FS synchronization pulses.

© ® N o o0 » 0w Db

Apply the signal inputs.

When powering down the device, this procedure should be followed in the reverse order.
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PRINCIPLES OF OPERATION

Vee

) DGND

b VBB

Figure 7. Latch-Up Protection Diode Connection

internal sequencing

On the transmit channel, digital outputs PCM OUT and TSX are held in the high-impedance state for
approximately four frames (500 ps) after power up or application of Vgg or V. After this delay, PCM OUT, TSX,
and signaling are functional and occur in the proper time slot. The analog circuits on the transmit side require
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Thus valid digital
information, such as on/off hook detection, is available almostimmediately while analog informationis available
after some delay.

To further enhance system reliability, PCM OUT and TSX are placed in the high-impedance state approximately
20 ps after an interruption of CLKX. These interruptions could possibly occur with some kind of fault condition.

power-down and standby operations

To minimize power consumption, a power-down mode and three standby modes are provided.

For power down, an external low signal is applied to PDN. In the absence of a signal, PDN is internally pulled
up to a high logic level and the device remains active. In the power-down mode, the average power consumption
is reduced to 5 mW.

Three standby modes give the user the options of placing the entire device on standby, placing only the transmit
channel on standby, or placing only the receive channel on standby. To place the entire device on standby, both
FSX and FSR are held low. For transmit-only operation (receive channel on standby), FSX is high and FSR is
held low. For receive-only operation (transmit section on standby), FSR is high and FSX is held low. When the
entire device is in standby mode, power consumption is reduced to 12 mW. See Table 1 for power-down and .
standby procedures.

Table 1. Power-Down and Standby Procedures

TYPICAL POWER
DEVICE STATUS PROCEDURE CONSUMPTION DIGITAL OUTPUT STATUS
Power down PDN =TTL low 5mw TSX and PCM OUT are in the high-impedance state
Entire device on standby | FSX and FSR are TTL low 12mw TSX and PCM OUT are in the high-impedance state
. FSXis TTL low, TSX and PCM OUT are placed in the high-impedance
Only transmit on standby | £sp i 11 high 7OmW | tate within 300 ns
Only receive on standby ig;‘ :: g:: :::f’l 110 mwW
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PRINCIPLES OF OPERATION

fixed-data-rate timing (see Figures 3 and 4)

Fixed-data-rate timing is selected by connecting DCLKR to Vgg and uses master clock CLK,
frame-synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the sampling
frequency. Data is transmitted on PCM OUT on the first eight positive transitions of CLK following the rising edge
of FSX. Data is received on PCM IN on the first eight falling edges of CLK following FSX. A digital-to-analog
(D/A) conversion is performed on the received digital word and the resulting analog sample is held on aninternal
sample-and-hold capacitor until transferred to the receive filter.

The TCM29C18 and TCM129C18 operate at 2.048 MHz only. The TCM29C19 and TCM129C19 operate at
1.536 MHz only.

variable-data-rate timing

Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather
than to Vpg. It uses master clock CLK, bit clocks DCLKX and DCLKR, and frame-synchronization clocks FSX
and FSR.

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from
64 kHz to 2.048 MHz. The bit clocks must be asynchronous; however, the master clock is restricted to
2.048 MHz.

When FSX/TSXE is high, PCM data is transmitted from PCM OUT onto the highway on the next eight
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR.

The transmitted PCM word is repeated in all remaining time slots in the 125-pus frame aslong as DCLKX is pulsed
and FSXis held high. This feature, which allows the PCM word to be transmitted to the PCM highway more than
once per frame if desired, is available only with variable-data-rate timing.

asynchronous operation

In either timing mode, the master clock, data clock, and time slot strobe must be synchronized at the beginning
of each frame. Specifically, in the variable-rate mode, the falling edge of CLKX must occur within t4(rsx) ns after
therise of FSX, and the falling edge of DCLKX must occur within tygpx ns after the rise of FSX. CLK and DCLKX
are synchronized once per frame but may be of different frequencies. The receive channel operates in a similar
manner and is completely independent of the transmit timing (see Figure 6).
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PRINCIPLES OF OPERATION

transmit operation

transmit filter

The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than
10 kQ in parallel with less than 50 pF. The input signal on ANLG IN can be either ac or dc coupled.

A low-pass antialiasing filter section is included on the device. This section provides 35-dB attenuation at the
sampling frequency. No external components are required to provide the necessary antialiasing function for the
switched-capacitor section of the transmit filter.

The pass band section provides flatness and stopband attenuation that fulfills the AT&T D3/D4 channel bank
transmission specification and CCITT recommendation G.712. The device specifications meet or exceed digital
class 5 central office switching-systems requirements.

A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power lines,
17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency noise.
Even with the 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 external 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 performs an analog-to-digital conversion on a switched-capacitor array. Digital
date representing the sample is transmitted on the first eight data clock bits of the next frame.

The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses the sign
bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted from the
input to the encoder. All dc offset is removed from the encoder input waveform.

The analog input is encoded into an 8-bit digital representation by use of the p-law encoding scheme
(CCITT G.711) that equates to 12 bits of resolution for low amplitude signals. Similarly, the decoding section
converts 8-bit PCM data into an analog signal with 12 bits of dynamic range. The filter characteristics (band
pass) for the encoder and decoder are determined by a single clock input (CLK). The filter roll off (-3 dB) is
derived by:

feo = k@ foLk/256 for the TCM29C18 and TCM129C18

feo = Ko foLk/192 for the TCM29C19 and TCM129C19

where k has a value of 0.44 for the high-frequency roll-off point and a value of 0.019 for the low-frequency roll-off
point.

The sampling rate of the ADC is determined by the transmit frame-sync clock (FSX); the sampling rate of the
DAC is determined by the receive frame-sync clock (FSR). Once a conversion is initiated by FSX or FSR, data
is clocked in or out on the next eight consecutive clock pulses in the fixed-rate-mode. Likewise, data may also
be transferred on the next eight consecutive clock pulses of the data clocks (DCLKX and DCLKR) in the
variable-data-rate mode. In the variable-data-rate mode, DCLKX and DCLKR are independent but must be in
the range from fo k/32 to fo k.
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PRINCIPLES OF OPERATION

receive operation
decoding

The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog
conversion is performed and the corresponding analog sample is held on an internal sample-and-hold capacitor.
This sample is transferred to the receive filter.

receive filter

The receive section of the filter provides pass band flatness and stop band rejection that fulfills both the AT&T
D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the
(sin x)/x response of such decoders.

receive output power amplifiers

A balanced-output amplifier is provided to allow maximum flexibility in output configuration. Either of the two
outputs can be used single ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively,
the differential output directly drives a bridged load. The output stage is capable of driving loads as low as 300 Q
single ended to a level of 12 dBm or 600 Q differentially to a level of 15 dBm.

Transmission levels are specified relative to the receive channel output under digital milliwatt conditions
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation G.711).

output gain
The devices are internally connected to set PWRO+ and PWRO-to 0 dBm.
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® Combined ADC, DAC, and Filters DW OR N PACKAGE
® Extended Variable Frequency Operation (TOP VIEW)
— Master Clock Up to 4.096 MHz
— Sample Rates Up to 16 kHz Vs [ 1 ~ 20 ] Vee
— Passband Up to 6 kHz PWRO+[} 2 19]] GSX
© Reliable Silicon-Gate CMOS Technology PWRO-[}3 18] ANLG IN~
® [ow Power Consumption G_SR[ 4 17[] ANLG IN+
— Operating Mode . . . 80 mW Typical PDN[ls 16 ﬂ ANLG GND
— Power-Down Mode . . . 5 mW Typical CLKSEL[f 6 15]] SIGX/ASEL
© Excellent Power-Supply Rejection Ratio DOLKR [} 7 4[] TSX/IDCLKX
Over Frequency Range of 0 to 50 kHz PCMIN[]8 13 g PCM OUT
FSR/TSRE |] ¢ 12]] FSX/TSXE
® No External Components Needed for DGTL GND% 10 11[] CLKR/CLKX

Sample, Hold, and Autozero Functions
® Precision Internal Voltage References
® -law and A-law Coding

description

The TCM29C23 and TCM129C23 are single-chip PCM codecs (pulse-code-modulated encoders and
decoders) and PCM lines filters. These devices provide all the functions required to interface a full-duplex
(4-wire) voice telephone circuit with a TDM (time-division-multiplexed) system. Primary applications include
digital encryption systems, digital voice-band data storage systems, digital signal processing, and mobile
telephones.

These devices are designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. They are
intended to be used at the analog termination of a PCM line or trunk.

The TCM29C23 and TCM129C23 provide the band-pass filtering of the analog signals prior to encoding and
after decoding. These combination devices perform the encoding and decoding of voice and call progress tones
as well as the signaling supervision information.

The TCM29C23 is characterized for operation from 0°C to 70°C. The TCM129C23 is characterized for operation
from —40°C to 85°C.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
A during storage or handiing to prevent electrostatic damage to the MOS gates.

Copyright © 1996, Texas Instruments Incorporated

PRODUCTION DATA informatlon is current as of publication date. o

Prod:ct: conioytnyx to specifications per Ihed terms t:i Texas Instrumler:;s l

standard warranty. P [ ing does nof include

testing of all parameters. TEXAS
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functional block diagram
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< I A 0 l <
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Successive Output | 114 _
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| < SIGX/ASEL
asx 22 l
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. to-Digital PELAL
Reference »> Control —¢ p FSX/TSXE
Logic < CLKR/CLKX
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PWRO+ Sample Digital- +Ir8_ PCMIN
P to-Analog Input
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‘V TeEXAS
INSTRUMENTS

2-70 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM29C23, TCM129C23
VARIABLE-FREQUENCY PCM OR DSP INTERFACE

SCTS029A ~ AUGUST 1989 —REVISED JULY 1996

Terminal Functions

TERMINAL
1o DESCRIPTION
NAME NO.

ANLG GND 16 Analog ground return for all internal voice circuits. Not internally connected to DGTL GND.

ANLG IN+ 17 | Noninverting analog input to uncommitted transmit operational amplifier.

ANLG IN- 18 | Inverting analog input to uncommitted transmit operational ampilifier.

CLKR 1 t Receive master clock and data clock for the fixed-data-rate mode. Receive master clock only for variable-data-rate
mode. CLKR and CLKX are internally connected together.

CLKSEL 6 | Clock frequency selection. Input must be connected to Vgg, Vcc, or groundto reflect the master clock frequency.

CLKX 11 [ Transmit master clock and data clock for the fixed-data-rate mode. Transmit master clock only for
variable-data-rate mode. CLKR and CLKX are internally connected.

DCLKR 7 | Selects fixed- or variable-data-rate operation. When connected to VBB, the device operates in the fixed-data-rate
mode. When DCLKR is not connected to Vg, the device operates in the variable-data-rate mode and DCLKR
becomes the receive data clock, which operates at frequencies from 64 kHz to 4.096 MHz.

DGTL GND 10 Digital ground for all internal logic circuits. Not internally connected to ANLG GND.

FSR/TSRE l Frame-synchronization clock input/time-siot enable for receive channel. In the fixed-data-rate mode, FSR
distinguishes between signaling and nonsignaling frames by a double- or single-length pulse, respectively. In the
variable-data-rate mode, this signal must remain high for the duration of the slot. The receive channel enters the
standby state when FSR is TTL low for 300 ms.

FSX/TSXE 12 | Frame-synchronization clock input/time-slot enable for the transmit channe!. Operates independently of, butin an
analogous manner to, FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms.

GSR 4 | Input to the gain-setting network on the output power amplifier. Transmission level can be adjusted over a 12-dB
range depending upon the voltage at GSR.

GSX 19 O | Outputterminat ofinternal uncommitted operational amplifier. Internally, this is the voice signal input to the transmit
filter.

PCMIN 8 | Receive PCMinput. PCM data is clocked in on this pin on eight consecutive negative transition of the receive data
clock, which is CLKR in fixed-data-rate timing and DCLKR in variable-data-rate timing.

PCMOUT 13 O | Transmit PCM output. PCM data is clocked out of this output on eight consecutive positive transition of the transmit
data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing.

PD 5 | Power-down select. This device isinactive witha TTL low-level inputto this terminal and active with a TTL high-level
input to this terminal.

PWRO+ 2 O | Noninverting output of power amplifier. Can drive transformer hybrids or high-impedance loads directly in either
a differential or single-ended configuration.

PWRO- O | Inverting output of power amplifier; functionally identical to but complementary to PWRO+.

SIGX/ASEL 15 | A-law and pi-law operation select. When connected to Vg, A-law is selected. When connected to V¢ or ground,
p-law is selected.

TSX/DCLKX 12 | VO | Transmitchanneltime slotstrobe (output) or data clock (input) for the transmitchannel. In the fixed-data-rate mode,

thisis an open-drain outputtobe used as an enable signal for a 3-state output buffer. Inthe variable-data-rate mode,
DCLKX becomes the transmit data clock, which operates at TTL levels from 64 kHz to 2.048 MHz.

Most negative supply voltage; inputis =5 V £5%.

Most positive supply voltage; input is 5 V £5%.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vg (see Note 1)
Output voltage range, Vo .. vv vt i e e e e e e
Input voltage range, V| .. ..ot e
Digital ground voltage range ......... ...t e e
Operating free-air temperature range, Ta: TCM29C23
TCM129C23 ... i
Storage temperature range, Tgtg -+« v v v vurnreeerenna e
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package

-0.3Vto15V
-0.3Vtoi5V
-0.3Vto15V
-0.3Vto15V
0°C t070°C
—-40°C to 85°C
—-65°C to 150°C
260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values for maximum ratings are with respect to Vgp.

recommended operating conditions (see Note 2)

MIN NOM MAX| UNIT
Vce Supply voltage (see Note 3) 4.75 5 525 Vv
VBB Supply voltage -4.75 -5 -5.25 v
DGTL GND voltage with respect to ANLG GND 0 \Y
VIH High-level input voltage, all inputs except CLKSEL 2.2 A
ViL Low-level input voltage, all inputs except CLKSEL 0.8 \
For 2.048 MHz Veg Vpg +0.5
CLKSEL input voltage For 1.544 MHz 0 0.5 Vv
For 1.536 Mhz Vece -0.5 Vce
At GSX 10 kQ
Rp Load resistance
At PWRO + and/or PWRO- 300 Q
. At GSX 50
CL Load capacitance pF
At PWRO + and/or PWRO~ 100
) TCM29C23 0 70
TA Operating free-air temperature °C
TCM129C23 -40 85

NOTES: 2. Toavoid possible damage tothese CMOS devices and resulting reliability problems, the power-up procedure described inthe device

power-up sequence paragraphs later in this document should be followed.

3. Voltages at analog inputs and outputs, Vo and Vgg, are with respect to ANLG GND. All other voltages are referenced to
DGTL GND unless otherwise noted.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

supply current, fpcLK = 4.096 MHz, outputs not loaded

PARAMETER TEST CONDITIONS TcM29C23 TCM129023 UNIT
MIN TYPt mMAXx| MIN TYPt MAX
Operating 7 9 8 13
Icc \S/(”:F(’:p'y current oM 'Standoy | FSX, or FSR at Vy_ after 300 ms 0.5 1 07 15| ma
Power down | PDN at V||_after 10 us 03 08 0.4 1
Operating -7 -9 -8 -13
IBB sgpaply current from Standby FSX or FSR at V)_ after 300 ms -05 -1 -0.7 -15 mA
Power down | PDN at V| _after 10 us -03 -038 -0.4 -1
Operating 70 90 80 130
Pp  Power dissipation Standby FSX or FSR at V)_after 300 ms 5 10 7 15| mwW
Power down | PDN at Vj(_ after 10 us 3 8 4 10

T All typical values are at Vgg = -5V, Vg = 5 V, and Tp = 25°C.
digital interface

PARAMETER TEST TMC29C23 TMC129C23 UNIT
CONDITIONS MIN TYPt MAX| MIN TYPt mAX

VoH  High-level output voltage PCMOUT |loHq=-9.6 mA 2.4 2.4 \
VoL  Low-level output voltage at PCM OUT, TSX, SIG | loL =3.2mA 0.4 0.5 \
IIH High-leve! input current, any digital input Vi=22VtoVce 10 12 A
L Low-level input current, any digital input V=0t 0.8V 10 12 A
Cj Input capacitance 5 10 5 10 pF
Co Output capacitance 5 5 pF

T All typical values are at Vgg = -5 V, Ve =5V, and Ta = 25°C.

transmit amplifier input

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

Input current at ANLG IN+, ANLG IN— +200 nA
Input offset voltage at ANLG IN +, ANLG IN— V|=-217Vto2.17V +25 mV
Common-mode rejection at ANLG IN+, ANLG IN— 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN+, ANLG IN— 10 MQ

1 All typical values are at Vgg = =5 V, VoG = 5 V, and T = 25°C.

receive filter output

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT

Output offset voltage at PWRO +, PWRO— (single ended) Relative to ANLG GND 80 mV
Output resistance at PWRO+, PWRO - 1 Q

T All typical values are at Vg =—5 V, Vece =5V, and T = 25°C.
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gain and dynamic range, Voc =5V, Vgg = -5V, Ta = 25°C (unless otherwise noted)

(see Notes 4, 5, and 6)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. L Signal input = 1,064 Vrms for p-law
Encoder milliwatt response (transmit gain tolerance) - - +0.5 +1| dBmO
Signal input = 1.068 Vrms for A-law
- . ) Ta = 0°C to 70°C,
Encoder milliwatt response (nominal supplies and temperature) Supply voltages = 5 V £5% +0.15 dB
Digitat milliwatt response (receive tolerance gain) relative to Signal input per CCITT G.711, 0.5 +1| dBmo
zero-transmission level point Output signal = 1 kHz . m
- - - . . Ta =0°C to 70°C,
Digital milliwatt response variation with temperature and supplies Supply voltages = 5 V £5% +0.15 dB
p-law 2.76
RL =600Q
i i A-law 2.79
Zero-transmission-level point, transmit channel (0 dBm0) I p dBm
-law
£ Ry =900 Q
A-law 1.03
p-law 5.76
RL =600 Q
. . . A-law 5.79
Zero-transmission-level point, receive channel (0 dBm0) I " dBm
-law
a RL =900 Q
A-law . 4.03

NOTES: 4.

the channel under test. This corresponds to an analog signal input of 1.064 Vrms or an output of 1.503 Vrms.
5. The input amplifier is set for noninverting unity gain. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz

sine wave through an ideal encoder.

Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point of

6. Receive output is measured single ended in the maximum gain configuration. To set the output amplifier for maximum gain, GSR is
connected to PWRO - and the output is taken at PWRO+. All output levels are (sin x)/x corrected.

gain tracking over recommended ranges of supply voltage and operating free-air temperature,

reference level =-10 dBm0

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
o . . o 3 2 input level 2 —40 dBm0 +0.5
Transmit gain-tracking error, sinusoidal input - dB
—40 > input level 2 —50 dBm0 +1.5
i X i X L 3 2input level = —40 dBm0O +0.5
Receive gain-tracking error, sinusoidal input - dB
—40 > input level > ~50 dBm0 +1.5

noise over recommended ranges of supply voltage and operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Transmit noise, C-message weighted ANLG IN+ = ANLG GND, ANLG IN-=GSX 18 | dBmnCO
Transmit noise, psophometrically weighted ANLG iN+ = ANLG GND, ANLG IN-=GSX —72 | dBmOp
. . . ) PCMIN = 11111111 (u-law), PCM IN =10101010 (A-law),
Receive noise, C-message-weighted quiet code Measured at PWRO+ 11 | dBrnCO
Receive noise, psophometrically weighted PCM = lowest positive decode level =79 | dBmOp
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power-supply rejection and crosstalk attenuation over recommended ranges of supply voltage
and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
_— . < Idle channel, -
Vee sgpply-voltage rejection ratio, 0=f<30kHz Supply signal = 200 mV peak to peak 30 4B
transmit channel 30 <t<50kHz {1 measured at PCM OUT -45
_— . o<f kH Idle channel, -30
VeB sup ply-voltage rejection ratio, <%0knz Supply signal = 200 mV peak to peak, dB
transmit channel 30<f<50kHz |fmeasured at PCM OUT -55
\Zee] supp!y-voltage rejection ratio, receive 0<f<30kHz lsdllji::; a;;:; = 200 mV peak to peak -20 4B
channe! (single ended) 30 <f <50 kHz |f measured at PWRO+ —45
- . . < Idle channel, -
VBB supply-voltage rejection ratio, receive 0<1<30kHz Supply signal = 200 mV peak to peak 20 dB
channel (single ended) 30<f<50kHz | Narrow-band, fmeasured at PWRO+ ~45
ANLG IN+ = 0 dBmO,
Crosstalk attenuation, transmit to receive (single ended) :’=CI1VI(:I%1 lil-:(z);/vest decode Ielj;'ty gain, 68 dB
Measured at PWRO +
Crosstalk attenuation, receive to transmit (single ended) ;(;gnsg\rlez 232&3 'OUT f=1.02kHz, 68 dB

1 All typical values are at Vgg = ~5 V, VoG = 5 V, and Tp = 25°C.

distortion over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT

0 2 ANLG IN+ 2-30 dBmO 33

Transmit signal-to-distortion ratio, sinusocidal input [ —

(CCIT G.712 — Method 2) 30 > ANLG IN+ 2 —40 dBmO 28 dB
—40 > ANLG IN+ > -45 dBm0 23
0 2 ANLG IN+ 2-30 dBm0 33

Receive signal-to-distortion ratio, sinusoidal input [ —

(CCITT G.712 - Method 2) 30 > ANLG IN+ > —-40 dBmO 28 dB
—40 > ANLG IN+ 2 -45 dBm0 23

Transmit single-frequency distortion products AT&T Advisory #64 (3.8),  Input signal = 0 dBmO0 -40| dBmO

Receive single-frequency distortion products AT&T Advisory #64 (3.8),  Input signal = 0 dBm0 -46 | dBmo

T All typical values are at Vgg =5 V, Vce =5V, and Ta = 25°C.

transmit filter transfer over recommended ranges of supply voltage and operating free-air
temperature, fpcpk = 4.096 MHz, FSX/FSR = 16 kHz (see Figure 1)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
50 Hz -10 0
200 Hz -1 0.5
Input amplifier set for unity gain, 300 Hz to 6 kHz —0.5 05
Gain relative to gain at 1.02 kHz Noninverting maximum gain output, 6.5 kHz ~4 0.3 dB
Input signal at ANLG IN+ is 0 dBm0 6.8 kHz 6 0
8 kHz -12
9 kHz and above -30
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receive filter transfer over recommended ranges of supply voltage and operating free-air

temperature (see Figure 2)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Below 200 Hz -2 0.5
200 Hz -1 0.5
300 Hz to 6 kHz -0.5 0.5
Gain relative to gain at 1.02 kHz Input signal at PCM INis 0 dBm0 | 6.6 kHz -4 0.3 dB
6.8 kHz -6 0
8 kHz -12
9.2 kHz and above -30

timing requirements

clock timing requirements over recommended ranges of supply voltage and operating free-air temperature

(see Figure 3)

MIN TYPt mAX | UNIT
tc(CLK) Clock period, for CLKX, CLKR (2.048-MHz systems) 244 ns
tr, tf Rise and fall times for CLKX and CLKR 5 20 ns
tw(CLK) Pulse duration for CLKX and CLKR (see Note 7) 110 ns
tw(DCLK) Pulse duration, DCLK (fpCLK = 64 kHz to 2.048 MHz) (see Note 7) 110 ns
Clock duty cycle, [tw(CLK)/te(CLK)] for CLKX and CLKR 45% 50%  55%
t All typical values are at Vgg = -5 V, Vg = 5 V, and Ta = 25°C.
NOTE 7: FSX CLK must be phase locked with CLKX. FSR CLK must be phase locked with CLKR.
transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see Figure 3)
PARAMETER MIN MAX UNIT
td(FSX) Frame-sync delay time 60 te(CLK) =60 ns
receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, fixed-data-rate mode (see Figure 4)
PARAMETER MIN MAX UNIT
td(FSR) Frame-sync delay time 60 to(CLK)—60 ns
transmit timing requirements over recommended ranges of supply voitage and operating free-air
temperature, variable-data-rate mode (see Figure 5)

PARAMETER MIN MAX UNIT
tg(rspx)  Time-slot delay time from DCLKX 60 t4(DCLKX)—60 ns
td(FSX) Frame-sync delay time 60 tc(CLK)—60 ns
te(DCLKX)  Clock period for DCLKX 244 15620 ns

¢ TeEXAS
INSTRUMENTS

2-76 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM29C23, TCM129C23
VARIABLE-FREQUENCY PCM OR DSP INTERFACE

SCTS029A — AUGUST 1989 ~REVISED JULY 1996

receive timing requirements over recommended ranges of supply voltages and operating free-air
temperature, variable-data-rate mode (see Figure 6)

PARAMETER MIN . MAX UNIT
td(TSDR) Time-slot delay time from DCLKR 60 t4(DCLKR)—140 ns
td(FSR) Frame-sync delay time 60 te(CLK)—60 ns
tsu(PCM INy  Setup time before bit 7 falling edge 10 ns
th(pcm IN)  Hold time after bit 8 falling edge 60 ns
1c(DCLKR) Data clock frequency 244 15620 ns
tSER Time-slot end receive time 0 ns

switching characteristics

propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode (see
Figure 3)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
D e T cLowrorr | 0wl
tod2 ertr: ;I::Eﬁ it;lg)e of transmit clock bit n to bit data valid at PCM OUT CL =010 100 pF 0 %0 ns
o ey " o 5|
tpda z::\r: ;ilsoitnegnzcli)lg:tci)r; Z)ansmit clock bit 1 to TSX active (low) CL =010 100 pF 0 90 ns
B o0 |

NOTE 8. Timing parameters tpd1, tpd3. and tpds are referenced to the high-impedance state.

propagation delay times over recommended ranges of operating conditions, variable-data-rate
mode (see Note 9 and Figure 5)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tpd7 Data delay time from DCLKX 0 90 ns
thds Data delay from time-siot enable to PCM OUT C|.=0to 100 pF 0 50 ns
thdg Data delay from time-slot disable to PCM OUT 0 80 ns
tpd10 Data delay time from FSX t4(TSDX) =80 ns Q 90 ns

NOTE 9: Timing parameters tpdg and tpdg are referenced to the high-impedance state.
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PARAMETER MEASUREMENT INFORMATION

CLK, CLKR, and CLKX selection requirements for DSP-based applications

CLK, CLKR, and CLKX must be selected as follows:
CLK, CLKR, CLKX

CLKSEL PIN (BETWEEN 1 MHz to 3 MHz)
-5V = (256) x (frame-sync frequency)

ov = (193) x (frame-sync frequency)

5V = (192) x (frame-sync frequency)

e.g., for frame-sync frequency = 16 kHz
CLK, CLKR, CLKX

CLKSEL PIN (BETWEEN 1 MHz to 3 MHz)
5V = 4,096 MHz
oV =3.088 MHz
5V =3.072 MHz

“9 TEXAS
INSTRUMENTS

2-78 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM29C23, TCM129C23
VARIABLE-FREQUENCY PCM OR DSP INTERFACE

SCTS029A — AUGUST 1989 —REVISED JULY 1996

PARAMETER MEASUREMENT INFORMATION
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Figure 1. Transfer Characteristics of the Transmit Filter
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-5

Gain Relative to Gain at 1 kHz - dB

NOTE A:

PARAMETER MEASUREMENT INFORMATION
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Figure 2. Transfer Characteristics of the Receive Filter

Expanded Scale
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PARAMETER MEASUREMENT INFORMATION

Time-Siot 1

ke

Y

CLKX | | | |

t t t

w0 —”I k= ta(Fsx) - ft\A/—(:3|LK) —l‘—’i I

FSX Input [¢———— te(CLK)
(nonsignaling
frames)
e Time-Slot N »
CLKX 1 2

|
tpd1 N f‘— —»] r_tpd2 tpd3 —

PCM OUT —4—(5&11\‘){ Bit2 XBita X Bit4 X Bit5 X Bit6 X Bit7
—’l I‘-tpd4 ‘pd5 — l
TSX Output \ ¥

1 Bit 1 = MSB = sign bit and locked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in last
on PCM IN or is clocked out last on PCM OUT.
NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is

indicated.
Figure 3. Transmit Timing (Fixed-Data Rate)
le Time-Slot 1 »
CLKR 1 2 ! 5 |
ta(rsm) ¥ ”‘ [+ taFsm) =¥ [ twjeLig
FSR Input DR N 1e(CLK)
(nonsignaling
frames)
e Time-Slot N »
CLK 1 2 3 4 5 6 7 8
tsu(pcM IN)_’i | th(PcM IN)
N/, ) S S S S S Sy Sy
Bit1t Bit 2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit 8t
Valid Valid Valid Valid Valid Valid Valid Valid

tBit1=MSB= sign bit and locked in first on PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in last
on PCM IN or is clocked out last on PCM OUT.
NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is
indicated.

Figure 4. Receive Timing (Fixed-Data Rate)
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PARAMETER MEASUREMENT INFORMATION

¢ Time Slot >’1l
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— Iurl ~— L - v | L - s — - (- s | —
t"""::‘I k._.tpd“o —» 4— tpd7 ' tpdg—» [

1Bit 1 = MSB = sign bit and locked in first on the PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in
last on PCM IN or is clocked out last on PCM OUT.
NOTE A: 1Al timing parameters referenced to ViH and V) except tpg7 and tpdg, which reference the high-impedance state.

Figure 5. Transmit Timing (Variable-Data-Rate)
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N — \—
‘su(PCM IN—P [4— —B |¢— th(pcm IN)
PCMIN Don't Care
Bit1t Bit 2 Bit3 Bit 4 Bit5 Bit6 Bit7 Bit 8t

1 Bit 1 = MSB = sign bit and locked in first on the PCM IN or clocked out first on PCM OUT. Bit 8 = LSB = least significant bit and is clocked in
last on PCM IN or is clocked out last on PCM OQUT.
NOTE A: All tlmmg parameters referenced to V|H and V|_ except tpd7 and tpgs, which reference the high-impedance state.

Figure 6. Receive Timing (Variable-Data-Rate)
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PRINCIPLES OF OPERATION

system reliability and design considerations

TCM29C23, TCM129C23 system reliability and design considerations are described in the following
paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though the TCM29C23 and TCM129C23 are heavily protected against latch-up, it is stili possible to cause
latch-up under certain conditions in which excess current is forced into or out of one or more terminals. Latch-up
can occur when the positive supply voltage drops momentarily below ground, when the negative supply voltage
rises momentarily above ground, or possibly if a signal is applied to a terminal after power has been applied
but before the ground is connected. This can happen if the device is hot-inserted into a card with the power
applied, or if the device is mounted on a card that has an edge connector and the card is hot-inserted into a
system with the power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent) between the
power supply and GND (see Figure 7). If it is possible that a TCM29C23- or TCM129C23-equipped card that
has an edge connector could be hot-inserted into a powered-up system, it is also important to ensure that the
ground edge connector traces are longer than the power and signal traces so that the card ground is always
the first to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure that no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply Ve (most positive voltage).

Force a power down condition in the device.

Connect clocks.

Release the power down condition.

Apply FS synchronization pulses.

© © N OO A b=

Apply the signal inputs.
When powering down the device, this procedure should be followed in the reverse order.
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PRINCIPLES OF OPERATION

b Vee

p DGND

P VBB

Figure 7. Latch-Up Protection Diode Connection

internal sequencing

On the transmit channel, digital outputs PCM OUT and TSX are held in the high-impedance state for
approximately four frames (500 ps) after power up or application of Vgg or Vo After this delay, PCM OUT, TSX,
and signaling are functional and occur in the proper time slot. The analog circuits on the transmit side require
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Thus valid digital
information, such as on/off hook detection, is available almostimmediately while analog information is availabie
after some delay. To further enhance system reliability, PCM OUT and TSX are placed in the high-impedance
state approximately 20 ps after an interruption of CLKX.

power-down and standby operations

To minimize power consumption, a power-down mode and three standby modes are provided.

For power down, an external low signal is applied to PDN. In the absence of a signal, PDN is interally pulled
up to a high logic level and the device remains active. In the power-down mode, the average power consumption
is reduced to 5 mW.

Three standby modes give the user the options of placing the entire device on standby, placing only the transmit
channel on standby, or placing only the receive channel on standby. to place the entire device on standby, both
FSX and FSR are held low. For transmit-only operation (receive channel on standby), FSX is high and FSR is
held low. For receive-only operation (transmit section on standby), FSR is high and FSX is held low. When the
entire device is in standby mode, power consumption is reduced to an average of 3 mW. See Table 1 for
power-down and standby procedures.

Table 1. Power-Down and Standby Procedures

TYPICAL POWER .
DEVICE STATUS PROCEDURE CONSUMPTION DIGITAL OUTPUT STATUS
Power down PN low 3mw TSX and PCM OUT are in the high-impedance state; SIGR

goes to low within 10 ps.

Entire device on standby 3mw

FSX and FSR are low TSX and PCM OUT are in the high-impedance state; SIGR
goes to low within 300 ms.

Only transmit on standby

FSXis low, FSRis high TSX and PCM OUT are placed in the high-impedance state

40 mw within 300 ms.

Only receive on standby FSRis low, FSXis high 30 mW SIGR is placed in the high-impedance state within 300 ms.
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fixed-data-rate timing

Fixed-data-rate timing is selected by connecting DCLKR to Vgpg. It uses master clocks CLKX and CLKR, frame-
synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are inputs that set the sampling frequency.
Data is transmitted on PCM OUT on the first eight positive transitions of CLKX following the rising edge of FSX.
Data is received on PCM IN on the first eight falling edges of CLKR following FSX. A digital-to-analog (D/A)
conversion is performed on the received digital word and the resulting analog sample is held on an internal
sample-and-hold capacitor until transferred to the receive filter.

variable-data-rate timing

Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather
than to Vgg. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame-synchronization
clocks FSX and FSR.

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from
64 kHz to 4.096 MHz. The bit clocks must be asynchronous.

When the FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next eight
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR.

The transmitted PCM word will be repeated in all remaining time slots in the frame as long as DCLKX is pulsed
and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM highway more than
once per frame if desired, is available only with variable-data-rate timing. Signaling is allowed only in the
fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a signaling
frame.

asynchronous operation

In order to avoid crosstalk problems associated with special interrupt circuits, the design includes separate
digital-to-analog converters and voltage references on the transmit and receive sides to allow completely
independent operation of the two channels. In either timing mode, the master clock, data clock, and time-slot
strobe must be synchronized at the beginning of each frame. Specifically, in the variable-rate mode, the falling
edge of CLKX must occur within tgggx) ns after the rise of FSX and the falling edge of DCLKX must occur within
trspx ns after the rise of FSX. 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 independent of the transmit
timing (see Figure 6). This approach requires the provision of two separate master clocks but avoids the use
of a synchronizer, which can cause intermittent data conversion errors.

precision voltage references

Voltage references that determine the gain and dynamic range characteristics of the device are generated
internally. No external components are required to provide the voltage references. A difference in subsurface
charge density between two suitably implanted MOS devices is used to derive a temperature- and bias-stable
reference voltage, which are calibrated during the manufacturing process. Separate references are supplied
to the transmit and receive sections, and each is calibrated independently. Each reference value is then further
trimmed in the gain-setting operational amplifiers to a final precision value. Manufacturing tolerances of typically
+0.04 dB in absolute gain can be achieved for each half channel, providing the user a significant margin to
compensate for error in other system components.

{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-85



TCM29C23, TCM129C23
VARIABLE-FREQUENCY PCM OR DSP INTERFACE

SCTS029A — AUGUST 1989 —REVISED JULY 1996

PRINCIPLES OF OPERATION

conversion laws

The TCM29C23 and TCM129C23 provide pin-selectable A-law or p-law operation as specified by the CCITT
G.711 recommendation. A-law operation is selected when ASEL is connected to Vgp. Signaling is not allowed
during A-law operation. p-law operation is selected by connecting ASEL to Vg or GND.

transmit operation
transmit filter

The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than
10 kQ in parallel with less than 50 pF. The input signal on ANLG IN+ can be either ac or dc coupled. The input
operational amplifier can also be used in the inverting mode or differential amplifier mode.

A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the
sampling frequency. No external components are required to provide the necessary antialiasing function for the
switched-capacitor section of the transmit filter.

encoding

The encoder internally samples the output of the transmit filter and holds each sample on an internal sample-
and-hold capacitor. The encoder performs an analog-to-digital conversion on a switched-capacitor array. Digital
data representing the sample is transmitted on the first eight data clock bits of the next frame.

The autozero circuit corrects for dc offset on the input signal to the encoder using the sign bit averaging
technique. The sign bit from the encoder output is long-term averaged and subtracted from the input to the
encoder. All dc offset is removed from the encoder input waveform.

receive operation

decoding

The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog
conversion is performed, and the corresponding analog sample is held on an internal sample-and-hold
capacitor. This sample is transferred to the receive filter.

receive filter

The receive section of the filter provides pass-band flatness and stop-band rejection that fulfills both the AT&T
D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the
(sin x)/x response of such decoders.

receive output power amplifiers

A balanced output amplifier is provided to allow maximum flexibility in output configuration. Either of the two
outputs can be used single ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively,
the differential output directly drives a bridged load. The output stage is capable of driving loads as low as
300 Q single ended to a level of 12 dBm or 600 Q differentially to a level of 15 dBm.

The receive channel transmission level may be adjusted between specified limits by manipulating of the GSR
input. GSR is internally connected to an analog gain-setting network. When GSR is connected to PWRO+, the
level is minimum. The output transmission level between 0 and —12 dB as GSR is adjusted (with an adjustable
resistor) between PWRO+ and PWRO-.

Transmission levels are specified relative to the receive channe! output under digital milliwatt conditions
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation G.711).
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APPLICATION INFORMATION

output gain-set design considerations (see Figure 7)
PWRO+ and PWRO- are low-impedance complementary outputs. The voltages at the nodes are:

Vo4 at PWRO+
Vo_ at PWRO-
Vo = Vo, — Vo .- (total differential response)

R1 and R2 are a gain-setting resistor network with the center tap to the GSR input.
A value greater than 10 kQ and less than 100 kQ for R1 + R2 is recommended because of the following:

The parallel combination of R1 + R2 and R|_sets the total loading.
The total capacitance at the GSR input and the parallel combination of R1 and R2 define a time constant

that has to be minimized to avoid inaccuracies.
Vap represents the maximum available digital milliwatt output response (V5 = 3.06 V rms).

Vop=A+Vap
1+ (R1/R2)
where A= I+ RIRD)
2
* © PWRO+
Vo+ /1
é TCM19C23
RL = Vop 4 GSR TCM129C23
R2
® 3 PWRO- PCMIN 8—4——’

Digital Milliwatt Sequence
Per CCITT G. 711

|||‘—o<

Figure 8. Gain-Setting Configuration
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TCM320AC54
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS043A - NOVEMBER 1994 — REVISED JULY 1996

® Complete PCM Codec and Filtering System *

Includes:

—~ Transmit High-Pass and Low-Pass
Filtering

— Receive Low-Pass Filter With (sin x)/x
Correction

— Active RC Noise Filters

~ p-Law Compatible Coder and Decoder

—- Internal Precision Voitage Reference

— Serial /O Interface

— Internal Autozero Circuitry

p-Law Coding

DTAD and DSP Interface Codec

+5-V Operation

Low Operating Power . .. 50 mW Typ

Power-Down Standby Mode ... 3 mW Typ

Automatic Power Down

TTL- or CMOS-Compatible Digital Interface

Maximizes Line Interface Card Circuit
Density

® 6 06 ¢ 0 06 0 O

description

DW OR N PACKAGE

(TOP VIEW)
VBB[ 1 % 16]VFX|+
ANLG GND[] 2 15[] VFXI-
VFRO{] 3 14[] GSX
Veell 4 13[] TSX
FSR[] 5 12[] FSx
DR[| s 1] DX
BCLKR/CLKSEL{] 7 10[] BCLKX
MCLKR/PDNI[] 8 9[] MCLKX

The TCM320AC54 is comprised of a single-chip PCM codec (pulse-code-modulated encoder and decoder) and
PCM line filter. This device provides all the functions required to interface a full-duplex (2-wire) voice telephone
circuit with a TDM (time-division-multiplexed) system. Primary applications include:

® Line interface for digital transmission and switching of T1 carrier,

PABX, and central office telephone systems
® Subscriber line concentrators
® Digital-encryption systems
® Digital signal processing

The device is designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A
conversion) as well as the transmit and receive filtering functions in a PCM system. It is intended to be used
at the analog termination of @ PCM line or trunk. The device requires two transmit and receive master clocks
that may be asynchronous (1.536 MHz, 1.544 MHz, or 2.048 MHz), transmit and receive data clocks that are
synchronous with the master clock (but can vary from 64 kHz to 2.048 MHz), and transmit and receive
frame-sync pulses. The TCM320AC54 provides the band-pass filtering of the analog signals prior to encoding

and after decoding of voice and call progress tones.

The TCM320AC54 is characterized for operation from 0°C to 70°C.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ during storage or handling to prevent electrostatic damage to the CMOS gates.

Aiad

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

standard warranty. p g does not ly include
testing of al parameters. J U I EXAS

Copyright © 1996, Texas Instruments Incorporated
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MONOLITHIC SERIAL INTERFACE
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functional block diagram

14
GSX
R2 Autozero
Analog 4 Lagic
Input v
15 R A
VFXI- \ RC Switched-
16 Active Filter Capacitor [ | Dsll\'::
VFXI+ / Band-Pass Filter
Voltage ¢ :r{gol ~NJ Transmit
Reference Logic | Regulator | 11 DX
Comparator OE
> I 4
Switched-
3 RC Active S/H Receive
VFRO : Capacitor |« 6
Filter Low-Pass Filter DAC Regulator £°  pg
Power CLK
Amplifier (
13 N
Timing and Control TSX
5V -5V .

RN

Vee Vg ANLG GND

T T

MCLKX MCLKR/ BCLKX BCLKR/ FSR FSX
DN

CLKSEL
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TCM320AC54
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS043A - NOVEMBER 1984 — REVISED JULY 1996

Terminal Functions

TERMINAL

DESCRIPTION
NAME NO.

ANLG GND 2 | Analog ground. All signals are referenced to ANLG GND.

BCLKR/CLKSEL 7 | Receive bit (data) clock/clock select terminal for master clock. BCLKR/CLKSEL shifts data into DR after the FSR
leading edge and can vary from 64 kHz to 2.048 MHz. Alternately, BCLKR/CLKSEL can be a logic input that selects
either 1.536 MHz/1.544 MHz or 2.048 MHz for the master clock in the synchronous mode. BCLKX is used for both
transmit and receive directions (see Table 1).

BCLKX 10 | Transmit bit (data) clock. BCLKX shifts out the PCM data on DX and can vary from 64 kHz to 2.048 MHz, but must
be synchronous with MCLKX.

DR 6 | Receive data input. PCM data is shifted into DR following the FSR leading edge.

DX 11 | The 3-state PCM data output that is enabled by FSX

FSR 5 | Frame sync clock input for receive channel. FSR is an 8-kHz pulse train that enables BCLKR to shift PCM data in DR
(see Figures 1 and 2 for timing details).

FSX 12 | Frame sync clock input for transmit channel. FSX is an 8-kHz pulse train that enables BCLKX to shift out the PCM
data on DX (see Figures 1 and 2 for timing details).

GSX 14 | Analog output of the transmit input amplifier. GSX is used to externally set gain.

MCLKR/PDN 8 | Receive master clock (must be 1.536 MHz, 1.544 MHz, or 2.048 MHz). MCLKR/PDN may be synchronous with
MCLKX but should be synchronous with MCLKX for best performance. When the input is continuously low, MCLKX
is selected for all internal timing. When the input is continuously high, the device is powered down.

MCLKX 9 | Transmit master clock (must be 1.536 MHz, 1.544 MHz, or 2.048 MHz). MCLKX may be asynchronous with MCLKR.

TSX 13 | Transmit time-slot strobe. TSX is an open-drain output that pulses low during the encoder time slot.

VBB 1 | Negative power supply. Vgg =-5V £10%

Vee 4 | Positive power supply. Voc =5V £10%

VFRO 3 | Analog output of the receive filter

VFXI+ 16 | Noninverting input of the transmit input amplifier

VEXi- 15 | Inverting input of the transmit input amplifier

{'f TeEXAS
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TCM320AC54
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo (see NOte 1) ..ot e 7V
Supply voltage, VB (see NOte 1) ... .. i i e et e s -7V
Voltage range at any analog inputoroutput ............. ... ... ... ... ... Vgg +0.3VitoVgg —0.3V
Voltage range at any digital inputoroutput .......................... Vog +0.3 Vto ANLG GND -0.3 V
Continuous total dissipation ............. i i See Dissipation Rating Table
Operating free-air temperature range, Ta ... oo vt 0°C to 70°C
Storage temperature range, T gtg « -« «evevrnterteiiii e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  .............. ... ...coiivinn.. 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltages are with respect to GND.

DISSIPATION RATING TABLE

PACKAGE Ta £25°C DERATING FACTOR Ta=70°C TA =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
DwW 1025 mW 8.2mW/°C 656 mW 533 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW

recommended operating conditions (see Note 2)

MIN NOM . MAX| UNIT
Supply voltage, Ve 4.5 5 5.5 v
Supply voltage, Vg -45 -5 -55 v
High-level input voltage, V|4 2.2 \
Low-level input voltage, V| 0.6 \
Common-mode input voltage range, VICR* +2.5 \
Load resistance, GSX, R 10 kQ
Load capacitance, GSX, C 50 pF
Operating free-air temperature, Tp 0 70 °C

¥ Measured with CMRR > 60 dB.
NOTE 2: To avoid possible damage to these CMOS devices and resulting reliability problems, the power-up procedure described in the device
power-up sequence paragraphs later in this document should be followed.

electrical .characteristics over recommended ranges of supply voltage and operating free-air
temperature

supply current

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power down 0.5 3
lcc  Supply current from Vo " No load mA
Active 6 11
Power down 0.5 3
Isg  Supply current from Vg - No load mA
Active 6 "

“? TEXAS
INSTRUMENTS

2-92 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM320AC54

MONOLITHIC SERIAL INTERFACE
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electrical characteristics at Voo =5 V5%, Vg =—5 V5%, GND at 0 V, Tp = 25°C (unless otherwise

noted)
digital interface
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
VoH  High-level output voltage DX IH=-3.2mA 2.4 \
DX IL=32mA 0.4
VoL  Low-level output voltage —— - v
TSX IL=3.2mA, Drain open 0.4
IIH High-level input current Vi=VI|Hto Voo +15 HA
i Low-level input current All digital inputs Vi=GNDto V| +15 HA
VoL  Output current in high-impedance state DX Vo =GNDto Vce 15 HA
analog interface with transmit amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
] Input current VEXi+or VFXI- |V|=-25Vto25V +200 nA
f Input resistance VFXI+or VFXI- |V[=-25Vto25V 10 MQ
o Output resistance Closed loop 1 3 Q
Output dynamic range GSX Rl =210 kQ +2.8 \
Ay Open-loop voltage amplification VEXI+to GSX 5000
B Unity-gain bandwidth GSX 1 2 MHz
Vio Input offset voltage VFXI+ or VEXI - +20 mV
CMRR Common-mode rejection ratio 60 dB
KgyRr Supply-voltage rejection ratio 60 dB
T All typical values are at Voo =5 V, Vg = -5 V, and Ta = 25°C.
analog interface with receive filter
PARAMETER TEST CONDITIONS MIN TYPT mAx| uNIT
Qutput resistance I VFRO 1 3 Q
Load resistance VFRO =125V 600 Q
Load capacitance VFRO to GND 500 pF
Output dc offset voltage VFRO to GND +200 mV
T All typical values are at Vo =5 V, Vgp = =5 V, and Ta = 25°C.
l
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operating characteristics, Voo =5 V £5%, Vgg =—5 V +5%, GND at 0 V, V; = 1.2276 V, f = 1.02 kHz,
Ta =0°C to 70°C, transmit input amplifier connected for unity gain, noninverting (unless otherwise

noted)

timing requirements

TEST CONDITIONS MIN TYPt maX| uNIT
MCLKX 1.536
felock(M)  Frequency of master clock (see Table 1) | and Depends on BCLKX/CLKSEL 1.544 MHz
MCLKR 2.048
felock(B)  Freguency of bit clock, transmit BCLKX 64 2.048 | kHz
twi Pulse duration, MCLKX and MCLKR high 160 ns
tw2 Pulse duration, MCLKX and MCLKR low 160 ns
MCLKX
tri Rise time of master clock and 50 ns
MOLKR M d from 20% to 80%
MOLKX easured from 20% to 80%
t1 Fall time of master clock and 50 ns
MCLKR
tro Rise time of bit clock, transmit BCLKX 50 ns
- - Measured from 20% to 80%
tfo Fall time of bit clock, transmit V BCLKX 50 ns
\ Setup time, BCLKX high (and FSX in long-frame First bit clock after the leading 100 ns
su sync mode) before MCLKX{ edge of FSX
twa Pulse duration, BCLKX and BCLKR high ViH=22V 160 ns
twa Pulse duration, BCLKX and BCLKR low ViIL=06V 160 ns
Hold time, frame sync low after bit clock low
th1 0 ns
(long frame only)
t Hold time, BCLKX high after frame syncT 0 ns
h2 (short frame only)
tou2 Setup time, frame sync high before bit clockd 80 ns
(long frame only)
td1 Delay time, BCLKX high to data valid Load = 150 pF plus 2 LSTTL loads¥ 0 140 ns
tge Delay time, BCLKX high to TSX low Load = 150 pF plus 2 LSTTL loadst 140 ns
Delay time, BCLKX (or 8 clock FSX in long frame
l43 only) low to data output disabled 50 165 ns
Delay time, FSX or BCLKX high to data valid _
td4 (long frame only) CL =0pFto 150 pF 20 165 ns
tsu3 Setup time, DR valid before BCLKRL 50 ns
tha Hold time, DR valid after BCLKR or BCLKX{ 50 ns
t Setup time, FSR or FSX high before Short-frame sync pulse (1 or 2 bit 50 ns
su4 BCLKR or BCLKR{ clock periods long) (see Note 3)
N Hold time, FSX or FSR high after Short-frame sync pulse (1 or 2 bit 100 ns
h4 BCLKX or BCLKR! clock periods long) (see Note 3)
. . . Long-frame sync pulse (from 3 to 8 bit
ths Hold time, frame sync high after bit clockd clock periods long) 100 ns
Minimum pulse duration of the frame sync .
tws pulse (low level) 64-kbps operating mode 160 ns

1T All typical values are at Voo =5 V, Vg =~5 V, and Tp = 25°C.
$ Nominal input value for an LSTTL load is 18 kQ.
NOTE 3: For short-frame sync timing, FSR and FSX must go high while their respective bit clocks are high.
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filter gains and tracking errors

PARAMETER TEST CONDITIONS* MIN TYPT MAX| UNIT
Maximum peak transmit overload level 3.17 dBmO 2.501 v
Transmit filter gain, absolute (at 0 dBm0) Ta=25°C -15 1.5 dB
f=16Hz -35
f=50Hz -25
f=60Hz =21
f=200Hz -2 0.5
f=3800H -0.5 0.5
Transmit filter gain, relative to absolute 3 2 t0 3000 Hz ° dB
f=3300Hz -0.55 0.5
f =3400 Hz -1.5 1.5
f = 4000 Hz -10
f > 4600 Hz (measure response from _25
0 Hz to 4000 Hz)
Absolute transmit gain variation with temperature . _—
and supply voltage Relative to absolute transmit gain -0.1 0.1 dB
Sinusoidal test method,
Reference level = —~10 dBm0
Transmit gain tracking error with level 3 dBm0 = input level = —40 dBMO dB
~40 dBm0 > input level 2 =50 dBm0 +
s . Input is digital code sequence for _
Receive filter gain, absolute (at 0 dBm0) 0 dBmO signal, Ta = 25°C 1.5 1.5 dB
f = 0 Hz to 3000 Hz, Tp =25°C -0.5 0.5
) ) . f = 3300 Hz —-0.55 0.5
Receive filter gain, relative to absolute dB
f=3400Hz -15 1.5
f = 4000 Hz -10
Absolute receive gain variation with temperature —0A1 0.4 a8
and supply voltage
Sinusoidal test method; reference
input PCM code corresponds to an
Receive gain tracking error with level ideally encodad —10 dBm0 signal dB
3 dBmO 2 input level 2 ~40 dBm0 +
—40 dBm0O > input level > —50 dBm0
Receive output drive voltage R =10kQ ) + \
T All typical values are at Vog = 5V, Vgg = -5 V, and Tp = 25°C.
% Absolute rms signal levels are defined as follows: Vy=1.2276 V = 0 dBmO = 4 dBm at f = 1.02 kHz with R|_= 600 Q.
{i,
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envelope delay distortion with frequency

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Transmit delay, absolute (at 0 dBm0) f=1600 Hz 290 315 us
f = 500 Hz to 600 Hz 195 220
f = 600 Hz to 800 Hz 120 145
f =800 Hz to 1000 Hz 50 75
Transmit delay, relative to absolute f = 1000 Hz to 1600 Hz 20 40 us
f = 1600 Hz to 2600 Hz 55 75
f = 2600 Hz to 2800 Hz 80 105
f=2800 Hz to 3000 Hz 130 155
Receive delay, absolute (at 0 dBm0) f=1600 Hz 180 200 us
f =500 Hz to 1000 Hz -40 -25
f=1000 Hz to 1600 Hz -30 -20
Receive delay, relative to absolute f = 1600 Hz to 2600 Hz 70 90 us
f = 2600 Hz to 2800 Hz 100 125
f =2800 Hz to 3000 Hz 140 175
noise
PARAMETER TEST CONDITIONS MIN TYPt WMAX| UNIT
Transmit noise, C-message weighted VFXI=0V 5 19 | dBrnCO
. . . PCM code equals alternating positive
Receive noise, C-message weighted and negative zero 2 10 | dBrnCO
Noise, single frequency VFXl+=0V, 1=0KkHz10100kHz, -531 dBm0
Loop-around measurement
1 All typical values are at Vg = 5 V, Vgg =5 V, and TA =25°C.
power-supply rejection
PARAMETER TEST CONDITIONS MIN  MAX { UNIT
. . - . Vg =5V + 100 mVrms, VFXI+ = ~50 dBmo,
Positive power-supply rejection, transmit f= 0 kHz to 50 kHz 25 dBcH
) - . V=5V + 100 mVrms, VFXI+ = -50 dBm0,
Negative power-supply rejection, transmit f = 0 KHz to 50 kHz 25 dBct
- - . PCM code equals positive zero, _ +
Positive power-supply rejection, receive VoG =5V + 100 mVims f=0 Hz to 50 kHz 25 dBC
. - . PCM code equals positive zero, _
Negative supply-voltage rejection, receive VpB = -5 V + 100 mVrms f=0Hzto 50 kHz 25 dBct
0 dBm0, 300-Hz to 3400-Hz input applied to DR
individual i ianal R -25 dB
Spurious out-of-band signals at the channel output (measure individual image signals at VFRO)
(VFRO) f = 4600 Hz to 7600 Hz -28 B
f=7600 Hz to 100 Hz -35

¥ The unit dBC applies to C-message weighting.
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distortion
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Level = 3 dBm0 28
) Level = 0 dBmO to —30 dBm0 30
Signal-to-distortion ratio, transmit or receive half-channel¥ . dsct
: Transmit 25
Level = —-40 dBm0
Receive 25
Single-frequency distortion products, transmit -41 dB
Single-frequency distortion products, receive -41 dB

Intermodulation distortion

Loop-around measurement,
VFXI+=—-4 dBm0 to —21 dBm0, -35 dB
Two frequencies in the range of 300 Hz to 3400 Hz

1t The unit dBC applies to C-message weighting.

% Sinusoidal test method. The TCM320A54 is measured using a C-message weighted filter.

crosstalk
PARAMETER TEST CONDITIONS MIN TYPS MAX| uNIT
Crosstalk, transmit-to-receive f = 300 Hz to 3000 Hz, DR at steady PCM code -90 -75 dB
Crosstalk, receive-to-transmit (see Note 4) VFXI=0V, f =300 Hz to 3000 Hz -90 -75 dB

§ All typical values are at Voo =5V, Vgg = -5 V, and Tp = 25°C.

NOTE 4: Receive-to-transmit crosstalk is measured with a — 50-dBmo0 activation signal applied at VFXI+.
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. Short-Frame Sync Timing
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Long-Frame Sync Timing
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PRINCIPLES OF OPERATION

system reliability and design considerations

TCM320AC54 systém reliability and design considerations are described in the following paragraphs.

Latch-up is possible in all CMOS devices. Itis caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though the TCM320AC54 is heavily protected against latch-up, it is still possible to cause latch-up under
certain conditions in which excess current is forced into or out of one or more terminals. Latch-up can occurwhen
the positive supply voltage drops momentarily below ground, when the negative supply voltage rises
momentarily above ground, or possibly if a signal is applied to a terminal after power has been applied but before
the ground is connected. This can happen if the device is hot-inserted into a card with the power applied, or if
the device is mounted on a card that has an edge connector and the card is hot-inserted into a system with the
power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent) between the
power supply and GND (see Figure 3). if it is possible that a TCM320AC54-equipped card that has an edge
connector could be hot-inserted into a powered-up system, it is also important to ensure that the ground edge
connector traces are longer than the power and signal traces so that the card ground is always the first to make
contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure that no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply Vg (most positive voltage).

Force a power down condition in the device.

Connect clocks.

Release the power down condition.

Apply FS synchronization pulses.

© ® N o o s~ DN =

Apply the signal inputs.
When powering down the device, this procedure should be followed in the reverse order.
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PRINCIPLES OF OPERATION

p Vee

) DGND

) VBB

Figure 3. Latch-Up Protection Diode Connection

internal sequencing

Power-on reset circuitry initializes the TCM320AC54 when power is first applied, placing it into the power-down
mode. DX and VFRO outputs go into high-impedance states and all nonessential circuitry is disabled. A low level
or clock applied to MCLKR/PDN powers up the device and activates all circuits. DX, a 3-state PCM data output,
remains in the high-impedance state until the arrival of the second FSX pulse.

synchronous operation

For synchronous operation, a clock is applied to MCLKX. MCLKR/PDN is used as a power-down control. A low
level on MCLKR/PDN powers up the device and a high level powers it down. In either case, MCLKX is selected
as the master clock for both receive and transmit direction. BCLKX must also have a bit clock applied to it. The
selection of the proper internal divider for a master-clock frequency of 1.536 MHz, 1.544 MHz, or 2.048 MHz
can be done via BCLKR/CLKSEL. The device automatically compensates for the 193rd clock pulse of each
frame.

A fixed level on BCLKR/CLKSEL selects BCLKX as the bit clock for both the transmit and receive directions.
Table 1 indicates the frequencies of operation that can be selected depending on the state of BCLKR/CLKSEL.
In the synchronous mode, BCLKX can be in the range from 64 kHz to 2.048 MHz but must be synchronous with
MCLKX.

Table 1. Selection of Master-Clock Frequencies

MASTER-CLOCK FREQUENCY
BCLKR/CLKSEL SELECTED
Clock input 1.536 MHz or 1.544 MHz
Logic input L (sync mode only) 2.048 MHz
Logic input H (open) (sync mode only) 1.536 MHz or 1.544 MHz

The encoding cycle begins with each FSX pulse, and the PCM data from the previous cycle is shifted out of the
enabled DX output on the rising edge of BCLKX. After eight bit-clock periods, the 3-state DX output is returned
to the high-impedance state. With an FSR pulse, PCM data is latched via DR on the faliing edge of BCLKX (or
BCLKR, if running). FSX and FSR must be synchronous with MCLKX and MCLKR.
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PRINCIPLES OF OPERATION

asynchronous operation

For asynchronous operation, separate transmit and receive clocks can be applied. MCLKX and MCLKR must
be 1.536 MHz or 1.544 MHz and need not be synchronous. For best performance, however, MCLKR should
be synchronous with MCLKX. This is easily achieved by applying only static logic levels to MCLKR/PDN. This
connects MCLKX to all internal MCLKR functions. For 1.544-MHz operation, the device compensates for the
193rd clock pulse of each frame. Each encoding cycle is started with FSX and FSX must be synchronous with
MCLKX and BCLKX. Each decoding cycle is started with FSR and FSR must be synchronous with BCLKR. The
logic levels shown in Table 1 are not valid in the asynchronous mode. BCLKX and BCLKR can operate from

64 kHz t0 2.048 MHz.

short-frame sync operation

The device can operate with either a short- or a long-frame sync pulse. On power up, the device automatically
goes into the short-frame mode where both FSX and FSR must be one bit-clock period long with timing
relationships specified in Figure 1. With FSX high during a falling edge of BCLKX, the next rising edge of BCLKX
enables the 3-state output buffer, DX, which outputs the sign bit. The remaining seven bits are clocked out on
the following seven rising edges and the next falling edge disables DX. With FSR high during a falling edge of
BCLKR (BCLKX in synchronous mode), the next falling edge of BCLKR latches in the sign bit. The following
seven falling edges latch in the seven remaining bits. The short-frame sync pulse can be utilized in either the
synchronous or asynchronous mode.

long-frame sync operation

Both FSX and FSR must be three or more bit-clock periods long to use the long-frame sync mode with timing
relationships as shown in Figure 2. Using the transmit frame sync (FSX), the device detects whether a short-
or long-frame sync pulse is being used. For 64-kHz operation, the frame-sync pulse must be kept low for a
minimum of 160 ns. The rising edge of FSX or BCLKX, whichever occurs later, enables the DX 3-state output
buffer. The first bit clocked out is the sign bit. The next seven rising edges of BCLKX edges clock out the
remaining seven bits. The falling edge of BCLKX following the eighth rising edge or FSX going low, whichever
occurs later, disables DX. A rising edge on FSR, the receive-frame sync pulse, causes the PCM data at DR to
be latched in on the next eight falling edges of BCLKR (BCLKX in synchronous mode). The long-frame sync
pulse can be utilized in either the synchronous or asynchronous mode.

transmit section

The transmit section input is an operational amplifier with provision for gain adjustment using two external
resistors. The low-noise and wide-bandwidth characteristics of this device provide gain in excess of 20 dB
across the audio passband. The operational amplifier drives a unity-gain filter consisting of an RC active prefilter
followed by an eighth-order switched-capacitor band-pass filter clocked at 256 kHz. The output of this filter
directly drives the encoder sample-and-hold circuit. As per p-law coding conventions, the ADC is a companding
type. A precision voltage reference provides a nominal input overload of 2.5 V peak. The sampling of the filter
output is controlled by the FSX frame-sync pulse. Then, the successive-approximation encoding cycle begins.
The 8-bitcode is loaded into a buffer and shifted out through DX at the next FSX pulse. The total encoding delay
is approximately 290 ps. Any offset voltage due to the filters or comparator is cancelled by sign-bit integration.
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receive section

The receive section consists of an expanding DAC that drives a fifth-order low-pass filter clocked at 256 kHz.
The decoder and the fifth-order low-pass filter corrects for the (sin x)/x attenuation caused by the 8-kHz sample-
and-hold circuit. The filter is followed by a second-order RC active post-filter/power amplifier capable of driving
a 600-Q2 load to a level of 7.2 dBm. The receive section is unity gain. At FSR, the data at DR 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 decoder delay is about 10 us (decoder
update) plus 110 ps (filter delay) plus 62.5 ps (1/2 frame), or a total of approximately 180 ps.
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APPLICATION INFORMATION

power supplies

While the terminals of the TCM320AC54 are well protected against electrical misuse, it is recommended that
the standard CMOS practice be followed, ensuring that ground is connected to the device before any other
connections are made. In applications in which the printed-circuit board can be plugged into a hot socket with
power and clocks already present, an extra long ground pin in the connector should be used.

All ground connections to each device should meet at a common point as close as possible to ANLG GND. This
minimizes the interaction of ground return currents flowing through a common bus impedance. Vg and Vgg
supplies should be decoupled by connecting 0.1-pF decoupling capacitors to this common point. These bypass
capacitors must be connected as close as possible to Vg and Vgg.

For best performance, the ground point of each codec/filter on a card should be connected to a common card
ground in star formation, rather than via a ground bus. This common ground point should be decoupled to Vo
and Vg with 10-uF capacitors.

1 16
-5V — I/—' Ves VFXI+|—4———— From SLIC
0.1 UF 15
2 VEXI- [
I ANLG GND 14 R R2
T oapF . GSX 1
I TCM320AC54 -
5V Vee Analog Interface
3
To SLIC ————— VFRO
5 2
——5 Fsp Fsx|—<+—
pxft—— » Data Digital
5 Out Interface
Dataln ———»—] DR
7
5V or GND —— | BCLKR/CLKSEL BeLkx 12
8 9
PDN ————> MCLKR/PDN MCLKX BCKL (2.048 MHz/1.544 MHz)

NOTE A: Transmit gain = 20 log (R1_;§_R_2), (R1 + R2) = 10 kQ

Figure 4. Typical Synchronous Application
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® Meets CCITT/(D3/D4) Channel Bank

TCM37C13, TCM37C15...

DW OR N PACKAGE

Recommendations for Input Signals (TOP VIEW)
Greater than —55 dBm0O v o > v
N . . BB - [T Vee
L] Programn:lable_ Transmit and Receive Gain PWROs C | 2 19|01 a8x
Control with Pin-Selectable
. . RIN T | 3 18 /[T TSt
Gain/Attenuation Levels rs1 . | 4 17|33 182
® [ncludes Differential Output on the RS2 I |5 16 ([-1TJ ANLGIN
TCM37C14 GSR I |6 15|71 AGND
® Precision Switched-Capacitor Filters and Gs1 LI |7 14117 PCMOUT
Converters Gso 1|8 13| FSX
PCMIN CI | o 12 |[FT3 MCLK
® Improved Version TCM29C13 Series Cgﬂsg ! 1o 14O g(ca;ND
COMBOs (CODEC and Filters)
© Low Power CMOS
— Operating Mode . . . . 80 mW Typical TCM37C1(.‘;6;,'\I,)|;VV\ZACKAGE
— Power-Down Mode . .. 5 mW Typical
® Internal Sample-and-Hold and Autozero vpg | 10 24P Ve
Functions PWRO+ 1| 2 23 ([T GSX
. PWRO- 1|3 22|13 TSt
°
Precision Internal Volt.age References AN o | 4 21 |EO Ts2
® TCM37C14 Features Pin-Selectable p-Law rs1 CI| s 20|33 anLGIN
or A-Law Companding, TCM37C13 is p-Law rRs2 CI1| s 19|33 AGND
only, and TCM37C15 is A-Law Only. GSR CI!7 18 |71 TSX
© Pin-Selectable Master Clock Rate (1.536 - GS1[I]| 8 17 |13 PCMOUT
MHz, 1.544 MHz, and 2.048 MHz Available) Gso 1| ¢ 16|71 FSX
on the TCM37C14 CLKSEL 17| 10 15|11 ASEL
PCMIN T | 11 14|13 MCLK
deseripﬁon FSR I | 12 13|[-12J DGND

The TCM37C13, TCM37C14, and TCM37C15 devices are single-chip PCM combos (pulse-code-modulated
CODECs with voice-band filtering). They are designed to perform transmit encoding (A/D conversion) and
receive decoding (D/A conversion), as well as the transmit and receive filtering functions required to meet
CCITT/(D3/D4) G.711 and G.714 specifications in a PCM system. Each device provides all the functions
required to interface a full-duplex, 4-line voice telephone circuit with a TDM (time-division-multiplexed) system,
and also perform the encoding and decoding of call progress tones. The TCM37C13, TCM37C14, and
TCM37C15 are based on the proven TI TCM29C13 core, and have the added feature of programmable transmit

and receive gain.

Primary applications include line interface for digital transmission and switching of T1 carrier (PABX [private
branch automatic exchange] and central office telephone systems), subscriber line concentrators, digital
encryption systems, and digital signal processing. They are intended to be used at the analog termination of
a PCM line or trunk to the POTS (plain old telephone system) local-loop line.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
A during storage or handling to prevent electrostatic damage to the MOS gates.

A

ADVANCE INFOHMATION concerns new producls In the sampling or
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description (continued)

The TCM37C13 and TCM37C15 are available in 20-pin DW SOIC (small-outline IC) or 20-pin N PDIP (plastic
dual inline package) packages, and the TCM37C14 is available in a 24-pin DW SOIC package and includes
differential output. All are characterized for operation from 0°C to 70°C.

functional block diagram

T it Section
181 221 Gain 256 kHz 8 kHz
) Set v v
T i Transmit Transmit
T:Ir:(:lrder sl!xth grder :{I:-s:‘- ?,rder sample output 17 pemour
ntiallas ow-Pass gh-Pass
20 Low-Pass > Filter g Filter i« ang AH:’d i Register - 18 Tsxt
ANLGIN —== Fliter (Switched Cap)| | (Switched Cap) >
23 (Analog) Fe =200 Hz F¢ = 3400 Hz
GSX < — A A
18
Analog to < FSX
A Digital Control 14
Logic < MCLK
Receive Section Control Section
| < CLKSELT
. | Control < ASELT
RIN — > Fllter i Logic < 9_ aso
GSR $-1 Gain & 8 @gs1
ps1 —£ > set ’ - Ll ——— —
rs2 —8 > v
2 Digital to Digital to
PWRO+ —= Analog 4—4Analog Control }— R'"?“: < 1 PCMIN
Converter Logic egister
A
pwRo-t —]
| 24 | 1 | 13 | 20 12
vce veB DGND AGND FSR
T TCM37C14 only.

NOTE A: Terminal numbers shown are for the TCM37C14,
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Terminal Functions

TERMINAL
NAME '37C13  '37C14 [1[e} DESCRIPTION
'37C15

AGND 15 19 Analog ground return for all internal voice circuits. AGND is not connected internally to DGND.

ANLGIN 16 20 ! Analog input to transmit operational amplifier.

ASEL 15 | Selection between A-law and p-law operation. When ASEL is connected to Vgg, A-law is
selected. When ASEL is connected to Ve or ground, p-law is selected.

CLKSEL 10 | Clock frequency selection. Inputmust be connectedto Vgg, Vo, orgroundto selectthe master
clock frequency. When tied to Vgg, MCLK is 2.048 MHz. When tied to ground, MCLK s at 1.544
MHz. When tied to Vg, MCLK is 1.536 MHz.

DGND 1 13 Digital ground for all internal logic circuits. DGND is not internally connected to AGND.

FSR 10 12 | Frame synchronization clock input/time slot enable for receive channel. The receive channel
enters the standby state when FSR is held low for 300 ms.

FSX 13 16 | Frame synchronization clock input/time slot enable for transmit.

GSo0 | Input for first bit of the programmable gain control circuitry. This terminal works in combination
with GS1 to simultaneously control transmit and receive gain, and controls power down
instruction. See Table 1 and 2 for contro! logic information.

GS1 7 8 | Input for second bit of the programmable gain control circuitry. This terminal works in
combination with GSO to simultaneously control transmit and receive gain, and controls power
down instruction. See Table 1 and 2 for control logic information.

GSR 6 7 | Input to gain-setting network of the output power amplifier. Gain is set by external resistors with
three levels of programmable gain or attenuation control. See Figure 6 and Figure 7 for
recommended configuration.

GSX 19 23 o ~Output terminal of internal uncommitted operational amplifier. Internally, this is the voice signal
input to the transmit filter.

MCLK 12 14 I Master clock (input). For the TCM37C14, the master clock frequency can be either 2.048 MHz,
1.544 MHz, or 1.536 MHz, and is selected by the CLKSEL pin. MCLK for the TCM37C13 and
the TCM37C15 is 2.048 MHz.

PCMIN 9 " I Receive PCM input. PCM data is clocked in on this pin on eight consecutive negative transitions
of the receive data clock, (MCLK).

PCMOUT 14 17 (0] Transmit PCM output. PCM data is clocked out on this output on eight consecutive positive
transitions of the transmit data clock, (MCLK).

PWRO+ 2 2 (o] Noninverting output of power amplifier. PWRO+ can drive transformer hybrids or
high-impedance loads directly in a differential or a single-ended configuration.

PWRO- 3 (0] Inverting output of power amplifier. PWRO~ is functionally identical with and complementary
to PWRO +.

RIN 3 4 | Input to receive section amplifiers. See Figure 6 and Figure 7 for recommended circuitry.

RS1 4 5 Terminal for first gain-control resistor on the receive section. Selected through closure of the first
gain control switch. See Figure 6 and Figure 7 for recommended circuitry.

RS2 5 6 Terminal for second gain control resistor on the receive section. Selected through closure of the
second gain control switch. See Figure 6 and Figure 7 for recommended configuration.

TS1 18 22 Terminal for gain-control resistor on input of transmit section. Selected through closure of the
first gain-control switch. See Figure 6 and Figure 7 for recommended configuration.

TS2 17 21 Terminal for gain-control resistor on input of transmit section. Selected through closure of the
second gain-control switch. See Figure 6 and Figure 7 for recommended configuration.

TSX 18 (0] Transmit channel time slot strobe for the transmit channel (active low).

VBB 1 1 Most negative voltage supply voltage. Input is =5 V + 5%.

Vee 20 24 Most positive supply voitage. Inputis 5 V + 5%.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo (see Note 1) ..o e -03Vto15V
INPUEVORAGE, V) oot e e e -03Vtoi5V
Digital ground voltage . ... e e -03Vto15V
Continuous total dissipation at (or below) 25°C free-air temperature ......................... 1375 mW
Operating free-air temperature range, Ta ... ..ot iii i e 0°C to 70°C
Storage temperature range, Tstg ................................................... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ............... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: Voltage values are with respect to Vgg.

recommended operating conditions (see Note 2)

MIN NOM MAX| UNIT

Supply voltage, Vo (see Notes 2 and 3) 4.75 5 525 \
Supply voltage, Vg -4.75 -5 =525 \
DGND voltage with respect to AGND 0 \
High-level input voltage, V|4 2.2 \
Low-level input voltage, Vi 0.8 \
At GSX 10 kQ
Load resistance, R
At PWRO + and/or PWRO— 300 Q
At GSX 50
Load capacitance, C_ pF
At PWRO+ and/or PWRO- 100
Operating free-air temperature, Tp . 0 70 °C

NOTES: 2. Toavoid possible damage to these CMOS devices and resulting reliability problems, the power-up procedure described in the device

power-up sequence paragraphs later in this document should be followed.
3. Voltages at analog inputs and outputs, Vo and Vg terminals, are with respect to the AGND terminal. All other voltages are
referenced to the DGND terminal unless otherwise noted.
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (outputs not loaded) (unless otherwise noted)

supply current

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Operating 7 9
Icc  Supply current from Voo Standby FSX or FSR at V|_ (after 300 ms) 0.5 1 mA
Power-down | PDN = V|_ (after 300 ms) 0.3 0.9
Operating -7 -9
IBB Supply current from Vgg Standby FSX or FSR at V|_ (after 300 ms) -0.5 -1 mA
Power-down | PDN = V|_(after 300 ms) -03 -09
Operating 70 90
Power dissipation Standby FSX or FSR at Vy_ (after 300 ms) 5 10 mw
Power-down [ PDN = V_(after 300 ms) 3 8
digital interface
PARAMETER TEST CONDITION MIN TYPt MAX| UNIT
VoH High-level output voltage PCMOUT |IloH=-9.6 mA 24 \
VoL Low-level output voltage at PCMOUT, TSX loL=3.2mA 0.4 Vv
[[1¥] High-level input current, any digital input Vi=22Vto Ve 10 pA
i Low-level input current, any digital input V|=0to 0.8V 10 pA
Ci Input capacitance 5 10 pF
Co Output capacitance 5 pF
t All typical values are at Vgg = -5 V, Vog = 5 V, and T = 25°C
transmit amplifier input
PARAMETER TEST CONDITION MIN TYPt MAX| UNIT
Input current at ANLGIN V|=-217Vto2.17V +100 nA
Input offset voltage at ANLGIN Vi=-217Vto 217V +25 mV
Common-mode rejection at ANLGIN V|=-217V10 217V 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLGIN 10 MQ

1 All typical values are at Vgg =—5 V, Vo = 5 V, and Tp = 25°C
receive filter output#

PARAMETER TEST CONDITION MIN TYPT MAX | UNIT
Output offset voltage PWRO +, PWRO- (single-ended), 80 mV
Relative to AGND
Output resistance at PWRO +, PWRO - 1 Q

1 All typical values are at Ve =—-5V,Vocc=5V,and Tp =25°C
+ PWRO- on TCM37C14 only.
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gain and dynamic range, Vgc =5V, Vgg =~5V, Tp = 25°C (see Notes 4, 5, and 6) (unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX]| UNIT

Signal input = 1.064 Vims for p-law
Signal input = 1.068 Vims for A-law

Encoder milliwatt response (transmit gain tolerance) +0.04 *0.2| dBmO

Encoder milliwatt response

(nominal supplies and temperature) Ta = 0°C - 70°C, supplies = £5% +008| dB

Encoder milliwatt response
(receive tolerance gain)
relative to zero-transmission level point

Signal input per CCITT G.711,

output signal = 1 kHz +0.04 202 dBmd

Digital milliwatt response variation with temperature and

supplies TA = 0°C - 70°C, supplies = +5% +0.08 dB
p-law 2.76
RL = 600 Q
Zero-transmission-level point, transmit channel | Alaw 2.79
dBm
(0 dBmo0) iaw -
AL = 900 Q
A-law 1.03
u-law 5.76
RL =600
Zero-transmission-level point, receive channel A-law . 5.79 Bm
(0 dBmo) = "
RL = 900 Q
A-law 4.03

NOTES: 4. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBmO is defined as the zero-reference point
. of the channel under test with unity gain set on the amplifier. This corresponds to an analog signal input of 1.064 Vrms, or an output
of 1.503 Vrms.
5. Theinputamplifieris 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.
6. Receive output is measured single-ended with the output amplifier in the unity gain configuration. All output levels are (sin x)/x
corrected.

gain tracking, reference level = ~10 dBm0

PARAMETER TEST CONDITION MIN MAX | UNIT
3 > input level > -40 dBm0 +0.25

Transmit gain tracking error, sinusoidal input —40 > input level 2 -50dBm0 +0.5 dB
—50 > input level > -55 dBm0 +1.2
3 > input level 2 —40 dBm0 +0.25

Receive gain tracking error, sinusoidal input —40 > input level +0.5 dB
—50 > input level > -55 dBm0 +1.2

noise
PARAMETER TEST CONDITION MIN TYPT MAX| uNiT

Transmit noise, C-message weighted ANLGIN = AGND 1 7 1 dBrnCO

Transmit noise, psophometrically weighted ANLGIN = AGND -82 —80 | dBmOp

Receive noise, C-message-weighted quiet code at PWRO + ggmm : 1:)11311;: 0(”([/5:&0 2 5 | dBrmCO

Receive noise, psophometrically weighted PCM = lowest positive decode level —81 | dBmOp

T All typical values are at Vgg =—5 V, VoG = 5 V, and Ta = 25°C
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power supply rejection and crosstalk attenuation

ADVANCE INFORMATION

PARAMETER TEST CONDITION MIN TYPT mMAX | uNIT
iacti o 0 <f<30kHz |Idlechannel,
Xg;n% r?)lijtppl’luy voltlage rejection ratio, supply signal = 200 mVpp, dB
channe 30 < f < 50 kHz | f measured at PCMOUT -45
0<f<30kHz |!dlechannel, -35
- ' . supply signal = 200 mVpp,
Vpp supply voltage rejection ratio, transmit channel 01-50m f measured at PCMOUT = dB
<t< Z| 1dle channel, -
0<f<30kHz |!dechannel, -40
Ve supply voltage rejection ratio, receive channel supply signal = 200 mVpp, dB
(single-ended) ¢ KH narrow-band, 45
30 <t <50 kHz| ¢ easured at PWRO+ -
0<f<30kHz |!dlechannel, -40
VBB supply voltage rejection ratio, receive channel supply signal = 200 mVpp, dB
(single-ended) narrow-band,
30 <f< 50 kHz| { measured at PWRO+ —45
ANLGIN = 0 dBm0,
Crosstalk attenuation, transmit-to-receive at PWRO + (single-ended) | f = 1.02 kHz, unity gain, 75 dB
PCMIN = lowest decode level
Crosstalk attenuation, receive-to-transmit at PWRO+ (single-ended) fp f’:ﬂg\; T(SdemO, 75 dB
t All typical values are at Vgg = -5 V, Vo = 5 V, and Ta = 25°C
distortion
PARAMETER TEST CONDITION MIN  TYP MAX| UNIT
0> ANLGIN = -30 dBmO 36
Transmit signal to distortion ratio, sinusoidal input — —
(CCITT G.742 — Method 2) 30 > ANLGIN = -40 dBm0 30 dB
~40 > ANLGIN 25
0> ANLGIN = -30 dBm0 36
Receive signal to distortion ratio, sinusoidal input
(CCITT G.712 — Method 2) —30 > ANLGIN = -40 dBm0O 30 dB
—40 > ANLGIN 2 -45 dBm0 25
Transmit single-frequency distortion products ATA&T advisory #64 (3.8}, Input signal = 0 dBm0 —46 | dBmO
Receive single-frequency distortion products AT&T advisory #64 (3.8), Input signal = 0 dBm0 —-46 | dBmO
CCITT G.712 (7.1) -35
Intermodulation distortion, end-to-end CCITT G.712 (7.2) -49 | dBm0
Spurious out-of-band signals, end-to-end CCITT G.712 (6.1) —_25
CCITT G.712 (9) -40
¥ 1
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transmit filter transfer function (see Figure 1)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Transmit absolute delay time to Fixed data rate, fMCLK = 2.048 MHz, 245 us
PCMOUT Input to ANLGIN 1.02 kHz at 0 dBm0
f = 500 Hz to 600 Hz 170
s . [ 800 Pt to00Fs = &
delay time f = 1000 Hz to 2600 Hz 45
f = 2600 Hz to 2800 Hz 105
g&;:;ive absolute delay time to Fi_xe.ad qata rgte, fMCLK = 2.048 MHz, 190 uS
O+ Digital input is DMW codes
f = 500 Hz to 600 Hz 45
oo | =e00to o606 35 s
delay time f=1000 Hz to 2600 Hz 85
f = 2600 Hz to 2800 Hz 110
16.67 Hz -30
50 Hz -25
60 Hz -23
Gain (voltage amplification) relative to Innopnl:;\z/i;t‘?:fgier;zi:;ﬂg rg];igi/nggg:i)ut, 200 Hz -1.8 -0.125 B
gain at 1.02 kHz input signal at ANLGIN is 0 dBmo0 300 Hz to 3 kHz -0.15 0.15
3.3 kHz -0.35 0.15
3.4 kHz -1 -0.1
4 kHz —14
tal typical values are at Vgg = -5V, Vcg =5V, and Tp = 25°C
receive filter transfer function (see Figure 2)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Below 3 kHz -0.15 0.15
) o ‘ ' 3.3 kHz -0.35 0.5
?g‘;‘m’z“age amplification) relative to gain at Input signal at PCMIN is 0 dBm0 | 3.4 kHz 1 _01| B
4 kHz —-14
4.6 kHz and above —-30
timing requirments
clock timing (see Figure 3)

MIN  TYP MAX| UNIT
te(MCLK)  Clock period for MCLK (2.048 MHz systems) 488 ns
t Rise time for MCLK 5 30 ns
tf Fall time for MCLK 5 30 ns
tw(MCLK) Pulse duration for MCLK (see Note 7) 220 ns

Clock duty cycle [tw(CLK)/tc(CLK)] for MCLK 45% 50% 55%
T All typical values are at Vgg =—5 V, Vo = 5 V, and T = 25°C
NOTE 7: FSX CLK and FSR CLK must be phase-locked with MCLK.
transmit timing (see Figure 3)

MIN MAX | UNIT

td(FSX) Delay time (frame sync), FSR high or low before MCLK | 100 to(MCLK) —100 ns
{i’ TE
XAS
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receive timing (see Figure 4)

PARAMETER MIN MAX | UNIT
td(FSR Delay time, frame sync high or low before MCLK 100 te(MCLK) —100 ns
(FSR) ( )
tsu(PCMIN)  Setup time, PCMIN high before MCLK | 50 ns
th(PCMIN) Hold time, after PCMIN { 60 ns
switching characteristics
propagation delay times (see Figure 3 and 4)
PARAMETER TEST CONDITION MIN  MAX ] UNIT
Propagation delay times, MCLK T to bit 1 data valid at PCMOUT _
tpd (data enable time on time slot entry) (see Note 8) CL =0pF to 100 pF 0 145 ns
todz \I;’arﬁgétiigr::)on delay times, MCLK T bit n to bit n data valid at PCMOUT (data CL=0 pF to 100 pF 0 145 ns
Propagation delay times, MCLK { low bit 8 to bit 8 Hi-Z at PCMOUT _
tpd3 (data float time on time slot exit) (see Note 8) CL=0pF g0 215 ns
Propagation delay times, MCLK T bit 1 to TSX active (low) _
tpdd (time slot enable time) CL=0pF 0100 pF 0 145 ns
Propagation delay times, MCLK { to bit 8 to TSX inactive (high) _
tpds (timeslot disable time) (see Note 8) CL=0pF 60 190 ns
NOTE 8: Timing parameters tpq1, tpd3, and tpds are referenced to the high-impedance state.
3
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0.15dB 0.15dB
300 Hz 3000 Hz
o -0.125dB —
200 Hz
-0.15dB -0.15dB
300 Hz 3000 Hz
1k -0.35 dB
3300 Hz
Typical Filter -1dB
| Transfer Function 3400 Hz
T ~1.8dB

2 oL 200 Hz

1

: 1
T
=

®

c
.a _10 | —
(4]

8

[
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& -20
£
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z Transfer Function

-30—

-30dB
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eol_ 1 1 ot N | | [11]-go
10 50 100 1k 10k

f - Frequency — Hz

NOTE A: For this figure, gain (voltage amplification) is defined as gain relative to gain at 1 kHz in dB.

Figure 1. Transmit Filter Transfer Characteristics
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Ay — Gain Relative to Gain at 1 kHz-dB

NOTE A:

0.15dB D
0.15dB 0.15dB  0.15dB 3000 HZ 0.15 dB
20Hz .. 200Hz  300Hz \_ _ 3300 HZ P
0l—— — — R~ -0.10dB 0 @
° . ® B\ 3400 Hz 3
-0.15dB -015dB  -0.15dB —0.15dB > 2
20 Hz 200 Hz 300 Hz 3°°°V g
~0.35 dB i
-1 3300 Hz -1
-1d
3400 Hz
:‘1: N -
0> o
-10(- --10
-14dB
4000 Hz
—20|- -20
Ve
pd
-30dB
1\ 4800 Hz
-30|- Typical Filter _/ -30
Transfer Function
40} “ -{-40
A
-s0|- 1 |-50
eoll 111111 Lol il L1 | IR I P
10 50 100 1k 10k

f— Frequency - Hz

For this figure, gain (voltage amplification) is defined as gain relative to gain at 1 kHz in dB.

Figure 2. Receive Filter Transfer Characteristics
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¢ Time Slot 1 !
MCLK | | 1 | | 2 , 3 4, | 5 l 6 7 8
‘d(FSX)"I * tr —
+l ‘d(FSX) |

tw(MCLK —Le—sl |
FSX )‘ I\ : w ) I‘_’l‘"c(MCLK) l
| |

tod1 —’% e —J I“-‘pdz

| tpd3 —>| le—
PCMOUT———'—( Bit 1t )( Bit2 X Bit3 X Bit4 X Bit5 X Bit6 )( Bit7
—'I e tpaa tpds | |‘—

X I
TSX |/
OUTPUT

Figure 3. Transmit Timing

be— Time Slot 1 »
MCLK | K 2 ! 3 4 | 5 | 6 | 7 8
L
td(FSR = t t
(FSR) 1_4 kT o sn) W(MCLK) J<—+. oLk
n—————ﬁ—&-
FSR | ( )

tsu(PCMIN)
-L.I—H le— *h(PCMIN)

S S S ) S S S S ) S ), S,

Bit 11 Bit 2 Bit3 Bit 4 Bit 5 Bit6 Bit 7 Bit 8¢
Valid Valid Valid Valid Valid Valid Valid Valid

1Bit 1 = MSB = most significant bit (sign bit} and is clocked in first on the PCMIN pin or clocked out first on the PCMOUT terminal.

¥ BIT 8 = LSB = least significant bit and is clocked in last on the PCMIN or is clocked out last on the PCMOUT terminal.

NOTE A: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V when the high level is indicated and 0.8 V when the low
level is indicated.

Figure 4. Receive Timing
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PRINCIPLES OF OPERATION

system reliability and design considerations

General TCM37C13, TCM37C14, and TCM37C15 system reliability and design considerations are described
in the following paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though the TCM37C13, '14, and '15 are heavily protected against latch-up, it is still possible to cause
latch-up under certain conditions in which excess current is forced into or out of one or more terminals.Latch-up
can occur when the positive supply voitage drops momentarily below ground, when the negative supply voltage
rises momentarily above ground, or possibly if a signal is applied to a terminal after power has been applied
but before the ground is connected. This can happen if the device is hot-inserted into a card with the power
applied, or if the device is mounted on a card that has an edge connector, and the card is hot-inserted into a
system with the power on.

To help ensure that latch-up does not occur, itis considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V — 1N5711 or equivalent), between
each power supply and GND (see Figure 5). If it is possible that a TCM37C13-, '14-, or '15-equipped card that
has an edge connector could be hot-inserted into a powered-up system, it is also important to ensure that the
ground edge connector traces are longer than the power and signal traces so that the card ground is always
the first to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

Ensure no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply Vg (most positive voltage).

Force a power down condition in the device.

Connect the master clock.

Release the power-down condition.

Apply FSX and/or FXR synchronization pulses.

© ® N o o b~ o b=

Apply signal inputs.

When powering down the device, this procedure should be followed in the reverse order.
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PRINCIPLES OF OPERATION

b Vee

) DGND

) VBB

Figure 5. Latch-Up Protection Diode Connection

internal sequencing

On the transmit channel, digital outputs PCMOUT and TSXT are held in the high-impedance state for
approximately four frames (500 ps) after power up or application of Vgg or V. After this delay, PCMOUT and
TSXT are functional and occur in the proper timeslot. The analog circuits on the transmit side require
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Thus, valid digital
information, such as for on/off hook detection, is available almost immediately, while analog information is
available after some delay.

To further enhance system reliability, PCMOUT and TSX 1 are placed in a high-impedance state approximately
20 ps after an interruption of MCLK. This interruption could possibly occur with some kind of fault condition
elsewhere in the system.

t TCM37C14 only.
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PRINCIPLES OF OPERATION

miscellaneous functions

Miscellaneous functions of the TCM37C13, TCM37C14, and TCM37C15 are described in the following
paragraphs.

gain/attenuation control

On-chip logic is included on the TCM37C13, '14, and '15 to control the channel gain or attenuation, and
power-down functions with minimum terminal allocation. The operational amplifiers in the receive and transmit
sections can be configured to either attenuate or amplify the signal depending on how external resistors are
connected to the device.

Two control input terminals (GS0 and GS1) select one of three levels of gain or attenuation in the transmit and
receive path, and power-down. Note that the gain for both the transmit and receive sides are set together and
that the device enters the power-down mode when both GS0 and GS1 are held low

gain adjustment

If gain is used on the receive side, the input PCM data levels must be properly limited to prevent saturation of
the output amplifier. Refer to the gain and dynamic range table in the electrical characteristics section of this
document.

The gain of the transmit and receive amplifiers is set by external resistors connected to the device as shown
in Figure 6 and can be adjusted using internal switching elements as shown in Table 1.

PWRO+

RTA

|
|
= AGND |
& From Buffer | |
GSR po |
o
Receive Gain Control Circuitry GSX L
(Gain Configuration) | |
RTF || |
RTIN | |

[ N

ANLGIN I | —

|
N

Analog Input

TS2 \I

Transmit Gain Control Circuitry
(Gain Configuration)

= AGND

Figure 6. Gain Control Circuitry
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Table 1. Logic Table for Programmable Gain Control

ook INTERNAL SWITCH POSITION AN Ny
GS0 | GS1 1s1 | 7152 | Rst [ Rs2 RECEIVE | TRANSMIT
tow | ow POWER DOWN
tow | H OPEN OPEN OPEN | OPEN |-RSF/RSIN - RTF/RTIN

H | tow | cLosep | OPEN | CLOSED | OPEN |-RSF/RSINIIRSA |-RTF/RTIN Il RTA
HI HI OPEN | CLOSED | OPEN | CLOSED [-RSF/RSINIRSB |- RTF/RTIN Il RTB

attenuation adjust

The attenuation of the transmit and receive amplifiers is set by external resistors connected to the device as
shown in Figure 7 and can be adjusted using internal switching elements as shown in Table 2.

PWRO+
RSB
RSA
RSF RS1
|
RSIN RS2 _]I I
- RIN I
bl From Buffer |
GSR |
Receive Gain Control Circuitry Sox (|
(Attenuation Configuration) Py Py |1
' ]
[
RTB |
]
RTA I

— AGND

SO
RTF TS1 |
_O:IK st
RTIN TS2

Analog Input >—"\A\—@ *
ANLGIN
Transmit Gain Control Circuitry
(Attenuation Configuration)

Figure 7. Attenuation Control Circuitry

2-120

*5’ TeExXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TCM37C13, TCM37C14, TCM37C15
PCM COMBO WITH PROGRAMMABLE GAIN CONTROL

SLWS018 — JUNE 1996

PRINCIPLES OF OPERATION

Table 2. Logic Table for Programmable Attenuation Control

oNTROL INTERNAL SWITCH POSITION TR‘?;'.?::&';‘;’,‘&J)DN
Gso | ast Ts1 | T1s2 | Rst [ Rs2 RECEIVE [  TRANSMIT
tow | Low POWER DOWN
ow | Hi OPEN | open OPEN | OPEN [-RSFRsIN —RTF/RTIN
HI_ | Low [ cLosep | opEN [ CLOSED | OPEN [-RSFIIRSBRSIN [-RTF IIRTB/RTIN
Hi HI OPEN | CLOSED | OPEN | CLOSED [-RSFIIRSARSIN |~ RTF Il RTA/RTIN

power-down and standby operations

To minimize power consumption, a power-down mode and three standby modes are provided. For power-down,
low signals are applied to terminals GS0 and GS1. It is not sufficient to remove the high signal from GS0 and
GS1. In the absence of a signal, the pins float to high and the device remains active. In the power-down mode,
the average power consumption is reduced to an average of 5 mW.

The standby modes give the options of placing the entire device on standby, placing only the transmit channel
on standby, or placing only the receive channel on standby. To place the entire device on standby, both FSX
and FSR are held low. For transmit-only operation, FSX is high and FSR is held low. For receive-only operation,
FSR is high and FSX is low. See Table 3 for power-down and standby procedures.

Table 3. Power-Down And Standby Procedures

TYPICAL POWER
DEVICE STATUS PROCEDURE CONSUMPTION DIGITAL QUTPUT STATUS
Power down GS0 and GS1 are low 3mw TSX and PCMOUT are in a high-impedance state
Entire device on standby | FSX and FSR are low 3mw TSX and PCMOUT are in a high-impedance state
. ) L TSX and PCMOUT are placed in a high-impedance
Only transmit on standby | FSX is low FSR is high 40 mW state within 300 ms.
Only receive on standby | FSR is low FSX is high 30 mW

fixed-data-rate timing

Fixed-data-rate timing uses master clock MCLK, frame synchronizer clocks FSX and FSR, and outputs TSX
(TCM37C14 only). An 8-kHz clock signal should be applied to the FSX and FSR inputs to set the sampling
frequency. Data is transmitted on the PCMOUT terminal on the first eight positive transitions of MCLK following
the rising edge of FSX. Data is received on the PCMIN terminal on the first eight falling edges of MCLK following
FSR. A D/A conversion is performed on the received digital word and the resulting analog sample voltage is
held on an internal sample-and-hold capacitor until transferred to the receive filter.

The TCM37C14 operates with MCLK frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz, while the
TCM37C13 and TCM37C15 operate at 2.048 MHz.

precision voltage references

Voltage references that determine the gain and dynamic range characteristics of the device are generated
internally and require no external components to operate. A difference in subsurface charge density between
two suitably implanted MOS devices is used to derive a temperature- and bias-stable reference voltage. These
references are calibrated during the manufacturing process. Separate references are supplied to the transmit
and receive sections, and each is calibrated independently. Each reference value is then further trimmed by the
gain-setting operational amplifiers to a final precision value. Manufacturing tolerances of typically £ 0.04 dB in
absolute gain for each half channel can be achieved, providing a significant margin to compensate for error in
other board components.
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conversion laws

The TCM37C14 provides pin-selectable p-law or A-law operation as specified by the CCITT G.711
recommendation. A-law operation is selected when the ASEL terminal is connected to Vgg and p-law operation
is selected when the ASEL terminal is connected to Vg or to GND.

The TCM37C13 provides p-law operation only, and the TCM37C15 provides A-law operation only.

transmit operation

The transmit operation is described in the following paragraphs.
transmit filter

The input section provides gain adjustment in the passband by means of an on-chip uncommitted operational
amplifier. The load impedance to ground (AGND) at the amplifier output must be greater than 10 kQ in parallel
with less than 50 pF.

A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the
sampling frequency. No external components are required to provide the necessary antialiasing function for the
switched capacitor section of the transmit filter.

The band-pass section provides passband flatness and stopband attenuation that fulfills the AT&T D3/D4
channel bank transmission specification and CCITT recommendation G.712. Device specifications meet or
exceed digital class-5 central office switching systems requirements for input signals greater than —55 dBm0.

A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power lines,
17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency noise.
Even with the 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 external components to be used in
systems.

encoding

The encoder internally samples the output of the transmit filter and holds each sample on an internal
sample-and-hold capacitor. The encoder performs an A/D conversion on a switched-capacitor array. Digital
data representing the sample is then transmitted on the first eight data clocks bits of the next frame.

The autozero circuit corrects for dc offset on the input signal to the encoder, using the sign bit averaging
technique. The sign bit from the encoder output is long-term averaged and subtracted from the input to the
encoder, removing all dc offset from the encoder input waveform.

receive operation

The receive operation is described in the following paragraphs.
decoding

The serial PCM word is received at the PCMIN terminal on the first eight data clock bits of the frame. D/A
conversion is performed and the corresponding analog sample is held on an internal sample-and-hold capacitor.
The sample voltage is then transferred to the receive filter.

receive filter

The receive filter provides passband flatness and stopband rejection that fulfills both the AT&T D3/D4
specification and CCITT recommendation G.712. The filter contains the required compensation for the (sin x)/x
response of such decoders.
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receive output power amplifiers

A balanced-output amplifier is provided to allow maximum flexibility in output configuration. Either of the two
outputs can be used to drive single-ended loads (i.e. referenced to AGND) . Alternatively, the differential output
can directly drive a bridged load. The output stage is capable of driving resistive loads as low as 300 Q to a
single-ended leve! of 12 dBm, or as low as 600 Q in the differential mode to a level of 15 dBm.

Transmission levels are specified relative to the receive channel output under digital milliwatt conditions (i.e.
when the digital input at PCMIN is the 8-code sequence specified in CCITT recommendation G.711).
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Single 5-V Supply

Replaces Four TCM29C13 Combos
(CODEC and Fliters)

Reliable Submicron Silicon-Gate CMOS
Technology

Low Power Consumption (per Channel)

~ Operating Mode . . . 40 mW Typlcal

— Power-Down Mode . .. 1 mW Typical
Meets CCITT/(D3/D4) G.711 and G.714
Channel Bank Specifications

Differential Signal Processing Architecture
for Low Idle-Channel Noise and Good
Power Supply Rejection

Single PCM I/O for Simplified PCM Interface
Advanced Switched-Capacitor Filters and
Sigma-Delta A/D and D/A Converter
Technology

description

A

The TCM38C17 QCombo is a 4-channel single-chip
PCM combo (pulse-code-modulated CODEC with
voice-band filtering) device. It performs the transmit
encoding (A/D conversion) and receive decoding (D/A
conversion), as well as the transmit and receive filtering
functions required to meet CCITT G.711 and G.714
specifications in a PCM system. Each channel provides
all the functions required to interface a full-duplex,
4-line voice telephone circuit with a TDM
(time-division-multiplexed) system. The TCM38C17 is
specifically designed for fixed-data-rate applications
and is intended to replace four TCM29C13 devices.

DGG PACKAGE
(TOP VIEW)
RBIAS ] © 48]) REFLTR1
AGND []2 47{] REFLTR2
AVSS[] 3 46] AVDD
0GSX [| 4 45[] 2GSX
OANLGIN-[] 5 44[] 2ANLGIN-
OANLGIN+ | 6 43]] 2ANLGIN+
O0PWRO+ [| 7 42[] 2PWRO+
0GSR [} 8 41]} 2GSR
OPWRO-[] 9 40]} 2PWRO-
1GSX [] 10 39} 3GsX
1ANLGIN-[] 11 38[] BANLGIN-
1ANLGIN+ ] 12 37[] BANLGIN+
1PWRO+ ] 13 36]] BPWRO+
1GSR [| 14 35[] 3GSR
1PWRO-[] 15 34]] 3PWRO-
OPDN [] 16 33]] 3PDN
1PDN [] 17 32]] 2PDN
vss ] 18 31]) oFs
DVSS[] 19 30]] 1Fs
DVDD [| 20 29]] 2Fs
DVDDPLL [} 21 28] aFs
MCLK [} 22 27]] PCMOUT
DVSSPLL ] 23 26[] RESET
ASEL [ 24 25[] PCMIN

Primary applications include digital transmission and switching of T1 carrier PABX (private automatic branch
exchange) and central office telephone systems and subscriber line concentrators. The device serves as the
analog termination of a PCM line or trunk to the POTS (plain old telephone system) local-loop line.

Other applications include any PCM digital-audio interface such as voice-band data storage systems and many
digital signal processing applications that can benefit from the reduced footprint of a quad codec configuration
and single-rail operation. Dynamic range and excellent idle-channel noise performance are maintained using

the Tl advanced 4Vt process technologies.

The TCM38C17 is available in a 48-pin plastic DGG TSSOP (thin shrink small-outline package) and is

characterized for operation from ~40°C to 85°C.

Atad

Tl and QCombo are registered trademarks of Texas Instruments, Inc.

These devices have limited buiit-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

PRODUCT PREVIEW Information concerns produﬂl In the formative or
design phase of development. Characteristic data and other
R«gﬂwlans are design goals. Texas Instruments reserves mo rightto
change or discontinue thess products without notice.
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functional block diagram

GSX —¢——— .
Transmit Section

ANGLIN- —p——— 2 Antialias

Fiter | 5| ~ZaADC | | Digital @» Qutput | o bemout
ANGLIN+ —>——{+"" | 2o Filter Register

Y 7'y A A A
Clock
B 14 <— MCLK
(2.048 MHz)
Frame
GSR —~¢— Control FS
A4 A4 A\ 4 v A
Output Smoothing

” DAC Digital Input
PWRO+ -] Amplifier | g1  Filter A le— Compander —<4— PCMIN
¢ < Filt Regist
V2 SXaV] I VRN A LLL ” i

tnverting Receive Section
Amplifier

VAR S XAW)
NOTE A: One of four identical channels is depicted.
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Terminal Functions

TERMINAL
/o DESCRIPTION
NAME NO.

AGND 2 Analog ground (mid supply). An external decoupling capacitor (0.1 uF) should be connected from
AGND to AVSS for filtering purposes.

OANLGIN+ 6 | Noninverting analog input to uncommitted transmit operational amplitier for channel 0.

OANLGIN- 5 | Inverting analog input to uncommitted transmit operational amplifier for channel 0.

TANLGIN+ 12 | Noninverting analog input to uncommitted transmit operational amplifier for channel 1.

1ANLGIN- 11 | ] Inverting analog input to uncommitted transmit operational amplifier for channel 1.

2ANLGIN+ 43 ! Noninverting analog input to uncommitted transmit operational amplifier for channel 2.

2ANLGIN- 44 || Inverting analog input to uncommitted transmit operational amplifier for channel 2.

3ANLGIN+ 37 | Noninverting analog input to uncommitted transmit operational amplifier for channel 3.

3ANLGIN- 38 | Inverting analog input to uncommitted transmit operational amplifier for channel 3.

ASEL 24 | | A-law and p-law operation select. When ASEL is connected to ground, A-law is selected. When ASEL
is connected to VDD, p-law is selected (digital).

AVDD 46 Analog supply voltage, 5V, +10%.

AVSS 3 Analog ground return for AVDD supply.

DvDD 20 Digital supply voltage, 5 V, £10%.

DVDDPLL 21 Phase-locked loop digital supply voltage, 5 V £10%.

DVSSPLL 23 Digital ground return for DVDD supply.

DVSS 19 Phase-locked loop ground return for DVDDPLL supply.

OFS 31 | Frame synchronization clock input/time slot enable for channel 0 (digital).

1FS 30 | Frame synchronization clock input/time slot enable for channel 1 (digital).

2FS 29 | Frame synchronization clock input/time slot enable for channel 2 (digital).

3FS 28 | Frame synchronization clock input/time slot enable for channel 3 (digital).

0GSR 8 I | Receive amplifier gain-set input (channel 0). The ratio of an external voltage divider network connected
to OPWRO - and OPWRO+ determines the receive amplifier gain. Maximum gain occurs when 0GSR is
connected to OPWRO -, and minimum gain occurs when it is connected to CPWRO+ (analog).

1GSR 14 | Receive amplifier gain-set input (channel 1). The ratio of an external voltage divider network connected
to 1PWRO- and 1PWRO+ determines the receive amplifier gain. Maximum gain occurs when 1GSR is
connected to 1IPWRO~, and minimum gain occurs when it is connected to 1IPWRO+ (analog).

2GSR 41 | Receive amplifier gain-set input (channet 2). The ratio of an external voltage divider network connected
to 2PWRO- and 2PWRO+ determines the receive amplifier gain. Maximum gain occurs when 2GSR is
connected to 2PWRO—, and minimum gain occurs when it is connected to 2PWRO+ (analog).

3GSR 35 | Receive amplifier gain-set input (channel 3). The ratio of an external voltage divider network connected
to BPWRO - and 3PWRO+ determines the receive amplifier gain. Maximum gain occurs when 3GSR is
connected to 3SPWRO -, and minimum gain occurs when it is connected to 3PWRO+ (analog).

0GSX 4 O | Output terminal of internal uncommitted transmit operational amplifier for channel 0 (analog).

1GSX 10 O | Output terminal of internal uncommitted transmit operational amplifier for channel 1. (analog)

2GSX 45 O | Output terminal of internal uncommitted transmit operational amplifier for channel 2. (analog)

3GSX 39 O | Output terminal of internal uncommitted transmit operational amplifier for channel! 3 (analog).

MCLK 22 I | Master clock input (2.048 MHz) (digital).

PCMIN 25 | | Transmit PCM input (digital).

PCMOUT 27 O | Transmit PCM output (digital).

OPDN 16 | Power-down select for channel 0. This channel of the device is inactive with a CMOS low-level input to
OPDN and active with a CMOS high-level input to the terminal (digital).

1PDN 17 | Power-down select for channel 1. This channel of the device is inactive with a CMOS low-level input to
1PDN and active with a CMOS high-level input to the terminal (digital).

2PDN 32 | Power-down select for channel 2. This channel of the device is inactive with a CMOS low-level input to
2PDN and active with a CMOS high-level input to the terminal {digital).
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Terminal Functions

TERMINAL
/0 DESCRIPTION
NAME NO.

3PDN 33 [ Power-down select for channel 3. This channel of the device is inactive with a CMOS low-level input to
3PND and active with a CMOS high-level input to the terminal (digital).

OPWRO+ 7 O | Noninverting output of channel 0 power amplifier, able to drive 600 Q |l 100 pF load (analog).

OPWRO- 9 O | Inverting output of channel O power amplifier, able to drive 600 Q Il 100 pF load (analog).

1PWRO+ 13 O | Noninverting output of channel 1 power amplifier, able to drive 600 Q |l 100 pF load (analog).

1PWRO- 15 O | Inverting output of channel 1 power amplifier, able to drive 600 Q |l 100 pF load (analog).

2PWRO+ 42 O | Noninverting output of channel 2 power amplifier, able to drive 600 Q il 100 pF load (analog).

2PWRO- 40 O | Inverting output of channel 2 power amplifier, able to drive 600 Q || 100 pF load (analog).

3PWRO+ 36 O | Noninverting output of channel 3 power amplifier, able to drive 600 Q I 100 pF load (analog).

3PWRO- 34 O | Inverting output of channel 3 power amplifier, able to drive 600 Q 1l 100 pF load (analeg).

RBIAS 1 Bias current setting resistor. A 100 kQ, + 5% resistor should be connected between terminals RBIAS
and AVSS to set the bias current of the device.

REFLTR1 48 Voltage reference. A 1-uF external decoupling capacitor should be connected from REFLTR1 to AVSS
for filtering purposes.

REFLTR2 47 Voltage reference. A 1-uF external decoupling capacitor should be connected from REFLTR2 to AVSS
for filtering purposes

RESET 26 Reset. Reset for all internal registers is initiated when RESET is brought high and held high for eight
clock cycles (digital).

VSS 18 Substrate bias. This terminal should be externally connected to AVSS.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vpp (see Note 1) .. ... ... -03Vto7V
Inputvoltage range, V| .. ... s -03Vto7V
Digital ground voltage range, Vo ... vvv vt e -03Vto7V
Operating free-air temperature range, T - ..ot iiiii o —-40°C to 85°C
Storage temperature range, Tatg - -« - . vvvneii i —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: Voltage values are with respect to AVSS.

recommended operating conditions (see Notes 2 and 3)

MIN NOM MAX | UNIT
Supply voltage, Vpp 4.5 5 5.5 \
High-level input voltage, V|H 0.8xVpp \
Low-level input voltage, V|| . 0.2xVpp \
Load resistance between PWRO+and AVSS (single ended), R 600 Q
Load capacitance between PWRO+ and AVSS, (single ended) C 100 pF
Operating free-air temperature, Ta -40 85 °C

NOTES: 2. Toavoidpossible damage to these CMOS devices and resulting reliability problems, the power-up procedure describedin the device

power-up sequence paragraphs later in this document should be followed.
3. Voltages at analog inputs, outputs and the AVDD terminal are with respect to the AGND terminal. All other voltages are referenced
to the DVSS terminal unless otherwise noted.
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electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

supply current, total device, MCLK = 2.048 MHz, outputs not loaded, Vpp =5V, Ty =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ibp Supply current from Vpp Operating %5 mA
Power down PDN (all channels) 1 mA
digital interface
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH High-level output voltage PCMOUT loH=-32mA 4.6 \
VoL  Low-level output voltage PCMOUT loL=32mA 0.2 0.4 \
IIH High-level input current, any digital input V|=0.8xVpp 10 HA
i, Low-level input current, any digital input V=02 xVpp 10 pA
Cj Input capacitance 5 pF
Co Output capacitance 5 50 pF
transmit amplifier input (unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX| UNIT
Input current at ANLGIN+ and ANLGIN— +100 nA
Input offset voltage at ANLGIN+ and ANLGIN— +20 mV
Common-mode rejection at ANLGIN+ and ANLGIN— . 55 dB
— Internal gain control set to 0 dB
Open-loop voltage amplification at ANLGIN+ and ANLGIN— 5000
Open-loop unity-gain bandwidth at ANLGIN+ and ANLGIN— 1 MHz
Input resistance at ANLGIN+ and ANLGIN~ 10 MQ
receive filter output
PARAMETER TEST CONDITION MIN TYPt MAX| UNIT
Output offset voltage PWRO+ Relative to AGND 80 mV
Output resistance at PWRO+ 1 Q
tAl typical values are at Vpp =5 V, and T =25°C
transmit and receive gain and dynamic range, Vpp =5V, Tp = 25°C (unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Encoder milliwatt response (transmit gain tolerance) Signal input = 0.75 Vrms +0.04 £0.18 | dBmO
Encoder milliwatt response (nominal supplies and temperature) | Ta = 0°C to 70°C, Supplies = +5% +0.08 dB
e e o 941 e e o7
Digital milliwatt response variation with temperature Ta= Q°C to 70°C, +0.08 dB
and power supplies Supplies = +5%
;:T(S_{glg\;ir?;g::ggiIi\g,'\l(g’ d8). Input buffer is configured in unity gain 3| Vpp
Roculeraneesna it 1 PR, (Loadesiianc s oot 2| vme
between PWRO+ and PWRO-)
g\ézrlﬁzgs‘:?nal level, (3 dB level) fully differential ::I‘_IB:der(:eosigszt ﬁ Cr:?:gt:‘r:e%f:; 8 Vop
between PWRO+ and PWRO-)
NOTE 4: Maximum voltage swing (single-ended) is 3.5 V when Vpp is 4.5 V.
%3 1)
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transmit and receive gain tracking over recommended ranges of supply voltage and operating free-air
temperature, reference level = -10 dBm0

PARAMETER TEST CONDITION MIN TYP MAX | UNIT
3 > input level > —40 dBmO +0.25
Transmit gain tracking error, .
sinusoidal input —40 > input level > —50 dBm0 +0.5 dB
—50 > input level > =55 dBm0 +1.2
3 > input level > ~40 dBm0 +0.25
Receive gain tracking error, -
sinusoidal input —40 > input level > —50dBm0 +0.5 dB
—50 > input level > —55 dBm0 +1.2
noise over recommended ranges of supply voltage and operating free-air temperature
PARAMETER TEST CONDITION MIN TYP MAX| UNIT
Transmit noise, C-message weighted ANLGIN+ = AGND 12 | dBrnCO
Transmit noise, psophometrically weighted ANLGIN+ = AGND -75 | dBmOp
. . . . PCMIN = 10101010 (A-law)
Receive noise, C-message-weighted quiet code measured at PWRO+ 12 | dBrnCO
Receive noise, psophometrically weighted PCM = lowest positive decode level -79 | dBmOp

operating free-air temperature

power supply rejection and crosstalk attenuation over recommended ranges of supply voltage and

PARAMETER TEST CONDITION MIN TYPt MAX | UNIT
_— ' 0<f<30kHz Idle channel, —40
::/'%?1 ns(l;lpply voltage rejection, transmit supply signal = 200 mVpp, dB
30 <f<50kHz f measured at PCMOUT —-45
- . 0<f<30kHz Idle char}ne!, ~40
Vpp supply voltage rejection, receive supply signal = 200 mVpp, dB
channel (single-ended) narrow-band,
30 << 50 kHz f measured at PWRO+ -45
ANLGIN+ = 0 dBm0,
Crosstalk (same channel) attenuation, transmit-to-receive f = 1.02 kHz, unity gain, 75 dB
(single-ended) PCMIN = lowest decode level,
measured at PWRO
Crossta