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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current
specifications in accordance with TI's standard warranty. Testing and
other quality control techniques are utilized to the extent Tl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does Tl warrant or represent that any license,
either express or implied, 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.

Revised: June 1988

Copyright © 1988, Texas Instruments Incorporated



INTRODUCTION

In just over 100 years, technical advances in the telecommunications industry have made the modern telephone
system one of the true wonders of the world. We can now communicate with any part of the world in a matter
of seconds. The modern telecommunication system uses digital-transmission techniques, microelectronics,
network transmission, and speech-signal processing. The system is controlled by the largest network of
interconnected and cooperating computers in the world. This system is on the leading edge of a
telecommunication revolution that is making the home and business environment very similar. Remote banking,
automated brokerage transactions, home-security monitoring from a distance, food preparation from the office,
and robot control will provide the home with technical capabilities similar to those experienced by industry.

Texas Instruments (Tl), because of its broad base of reliable multipurpose integrated circuits, has become a
versatile and proven leader for components in the telecommunication industry. The Tl capability in circuit design,
process technology, and automated manufacturing of telecommunications devices has provided the switching,
terminal, and transmission components required by the telecommunication industry. To integrate the analog,
digital logic, and memory function on one chip, Tl has developed the TCM series of telecommunication integrated
circuits. Tl uses the following processes and technologies:

1. Bipolar, MOS, and mixed (i.e., Bipolar and MOS on a single chip).

2. BIDFET™ process, which combines low-power logic with high-voltage circuits and requires fewer external
components because of its variable packing circuitry capability.

3. Silicon-Gate CMOS technology, which allows the interconnection of analog and digital on one chip.

New suface-mount packages (8 to 84 leads) used in the TCM series of integrated circuits include standard DIPs,
chip carriers, small outline plastic packages, and quadriform flat packages, which optimize board density with
minimum impact on power dissipation. Telecommunication test equipment with handlers and automated assembly
bonders strengthen the production capabilities to provide a lower cost to performance ratio. Tl continues to
improve quality and reliability of telecommunication integrated circuits by improving materials, processes, test
methods, and test equipment. In addition, specifications and programs are continuously updated. Quality and
performance are monitored throughout all phases of manufacturing.

The telecommunication devices in this data book support central office products, subscriber circuits, transmission
circuits, modems, and the digital-signal processor requirements. The demand of the telecommunication industry
for growth products has made it practical to develop an entire u-Law Codec with filter on a single chip. This
chip will replace 50 general-purpose integrated circuits.

The rapid growth of the semiconductor content in the telephone system has dramatically altered the protection
required against such hazards as lightning and accidental connection to ac lines. Because of faster responses,
well defined voltage levels, and reliable operation, previous protection methods are no longer adequate. Tl has
developed a transient suppressor (TISP) series of devices that provide shunt protection against transient voltages
(static, lightning), and protection against damage caused by induction or accidental connection to an ac source.

To achieve a high level of system integration and performance for digital signal processing applications, Tl offers

the analog interface circuits combining high-resolution A/D and D/A converters, programmable filters, digital
control and timing circuits, and programmable input amplifiers and multiplexers.

BIDFET is a trademark of Texas Instruments Incorporated.
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The alphanumeric index in this data book provides a means of quickly locating the device type. The selection
guide includes a description of each device and contains information on key parameters and packaging. The
glossary describes the symbols, abbreviations, terms, and definitions used in this data book. The detailed data
sheets, quality and reliability assurance and the application reports complete the contents of the data book.

While this volume offers design and specification data only for Telecommunications components, complete
technical data for Analog Interface Circuits (AIC), Digital Signal Processing (TMS320 series), and all other Ti
semiconductor products is available from your nearest Tl Field Sales Office, local authorized Tl distributor, or
by writing directly to:

Texas Instruments Incoroprated
LITERATURE RESPONSE CENTER
P.O. Box 809066

DALLAS, TEXAS 75380-9066

We sincerely feel that you will discover the new 7988 Telecommunications Circuits Data Book to be a significant
addition to your collection of technical literature.
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SELECTION GUIDE

TELECOMMUNICATIONS

—

telecommunications circuits

DESCRIPTION FUNCTION TECHNOLOGY Vs(:l';':.;E PRODUCT FEATURES TYPE PKG PAGE

AMI or HDB3 encoding TCM2222 16-Pin 2-29
Encoder/Decoder NMOS 5V Récen/edA signal J
diagnostics
AMI/HDB3 Zero to 3 MHz bit rate
Transmission Serial bipolar data rates TCM2203 28-Pin 2-21
up to 3 MHz J
Low-Q clock extraction
Two ALBO taps with
Bipolar 5V 42 dB range

Phase adjust for
recovered clock

Direct interface with
TCM2222

Provides p-Law TCM2909 22-Pin 2-37
companding J.N
Compatible with CCITT
recommendations
G.711 and G.712
Optional programmable
PCM 12v, time-slot selection
Interface CODEC NMOS +5V Compatible with CCITT TCM2910A | 24-Pin 2-37
recommendations J.N
G.711 and G.712
pu-255-Law encoding and
8th-bit signaling
Optional programmable
time-slot selection

Equipment Line
Interface

General Information
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SELECTION GUIDE

telecommunications circuits (continued)

DESCRIPTION

FUNCTION

TECHNOLOGY

SUPPLY
VOLTAGE

PRODUCT FEATURES

TYPE

PAGE

PCM
Interface

Line Filter

COMBO

NMOS

+5V

High-pass transmit filter
for rejection of all low-
frequency noise
6th-order low-pass
transmit filter

CCITT G.172 compatible
AT&T D3/D4 compatible
Three-state PWRO + and
PWRO - outputs

TCM2912C

20-Pin

2-57

Synchronous, u-Law,
A-Law coding

Variable data rate

Fixed data rate

1.536 MHz, 1.544 MHz,
2.048 MHz

TCM2913

20-Pin

2-71

Synchronous/
asynchronous

p-Law, A-Law coding,
8th-bit signaling
Variable data rate

Fixed data rate

1.536 MHz, 1.544 MHz,
2.048 MHz

TCM2914

24-Pin
J,

28-Pin
FN

2-71

Synchronous, p-Law,
variable data rate
Fixed data rate
2.048 MHz MHz

TCM2916

16-Pin

2-71

Synchronous, A-law,
Variable data rate

Fixed data rate 2.048 MHz

TCM2917

16-Pin

2-71
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telecommunications circuits {continued)

POST OFFICE BOX 655012  DALLAS, TEXAS 75265

DESCRIPTION FUNCTION TECHNOLOGY Vs(::.:'P:;E PRODUCT FEATURES TYPE PKG PAGE
Synchronous, p-Law, TCM29C13 20-Pin 2-93
A-Law coding J.DW,
Variable data rate DYy
Fixed data rate
1.636 MHz, 1.644 MHz,
2.048 MHz
Synchronous/ TCM29C14 | 24-Pin 2-93
asynchronous J,DW,
u-Law, A-Law coding, 28-Pin

PCM 8th-bit signaling FN

comBo CMOSs +5V Variable data rate

Interface
Fixed data rate
1.536 MHz, 1.644 MHz,
2.048 MHz
Synchronous, p-Law, TCM29C16 16-Pin 2-93
Variable data rate JN
Fixed data rate
2.048 MHz
Synchronous, A-Law, TCM29C17 16-Pin 2-93
Variable data rate J.N
Fixed data rate
2.048 MHz
Low-cost speech band TCM29C18 16-Pin | 2-115
DSP interface TCM29C19 N
pu-Law encoding
Asynchronous TCM3105 16-Pin | 2-129
Half-duplex operation up J

Bell 202/CCITT to 1200 baud

Modem V.23 Cmos 5V Full-duplex operation
1200/150 baud,
reversible

EXAS Q‘
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SELECTION GUIDE

telecommunications circuits (continued)

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

DESCRIPTION FUNCTION TECHNOLOGY vsol:.?:;E PRODUCT FEATURES TYPE PKG PAGE
Output Center Frequency TCM1531 8-Pin 2-13
(Hz): 2000 P
Output Center Frequency | TCM1501B 8-Pin 2-13
(Hz): 2000 P
Output Center Frequency TCM1532 8-Pin 2-13
(Hz): 1250 P
| Telephone Tone 40—150 Output Center Frequency | TCM1512B 8-Pin 2-13
R FET
ingers Ringer Drivers BIDFE Vac (Hz): 1250 P
Output Center Frequency TCM1536 8-Pin 2-13
(Hz): 500 P
Output Center Frequency | TCM1506B 8-Pin 2-13
(Hz): 500 P
Output Center Frequency TCM1539 8-Pin 2-13
(Hz): 2000 P
Ring Detector TTL/MOS BIDFET 40—150 TTuMOS output., TCM1520A 8-Pin 2-7
Output Vac transient protection P
SPST/DPST keyboard or TCM5087 16-Pin | 2-161
electronic input N
Low impedance tone
Tone Encoder DTMF cMos 3.5-10 v f—output_ _ _
Standard Transmitter switch and TCM5089 16-Pin 2-167
mute output DPS'T I.<ey- TCMB092 N 2173
board or electronic input
Keyboard active output TCM5094 2179
gy | Oreskovervoltage to TISP1082 | TO220 | 2-209
common: 82 V max
145y | Breakover voltage to TISP2180 | T0220 | 2-215
5 common: 180 V max
Transient Breakover voltage to
Suppressor Voltage Bipolar 200 V 9 TILSP2290 TO220 | 2-215
common: 290 V max
Suppressor Breakover voltage to
145 v 9 TISP3180 T0220 | 2-219
common: 180 V max
|
200 v Breakover voltage to TISP3290 | TO220 | 2-219
common: 290 V max
INSTRUMENTS




SELECTION GUIDE

telecommunications circuits (concluded)

-—

P
DESCRIPTION FUNCTION TECHNOLOGY Vs('::.:':(YiE PRODUCT FEATURES TYPE PKG PAGE
| 1SP41 -
145 v Breakover voltage to TISP4180 TO220 | 2-223 -
common: 180 v max (=)
Breakover voltage to TISP4290 | T0220 | 2-223| =
200 v (1]
common: 290 V max
145 v Breakover voltage to TISP7180 T0220 | 2-227 g
common: 180 V max [«
[
1 -
Transient 200 v Breakover voltage to TISP7290 TO220 | 2-227 c
Suppresso Volt Bipol common: 290 V max f—
r age ipolar
PP N P Breakover voltage to TISPB180 | T0220 | 2231| G
Suppressor 145 V
common: 180 V max qh,
200 V Breakover voltage to TISP8290 TO220 | 2-231 c
common: 290 V max O
125y | Breakover voltage to TISP9180 | T0220 | 2-235| O
common: 180 V max
200 V Breakover voltage to TISP9290 T0220 | 2-235
common: 290 V max
TTL- . Peak high-voltage TIL181 6-Pin 2-205
(o] | Bipol: 122v
procoupler Compatible ipotar 2 isolation: 3.54 kV cp-7
Three selectable balance TCM4204A | 24-Pin | 2-141
networks J
Three selectable balance TCM4205A 28-Pin | 2-141
networks J
. TTL;-bl cMOS Th:eetauxiliary relay
ompatil o
Subscriber P © +5V utputs .
Line Control Ground-start operation
- Flux-canceling option TCM4207A | 24-Pin | 2-141
Circuits
Two selectable balance J
networks
Quad Telephone Bipol 5V, 50-mA output current DS3680 14-Pin 2-3
ipolar
Relay Driver P -60V capability D,J,N
Converter/ Octal Receiver/ Programmable baud rates: | TCM78808 68-Pin | 2-185
al Receiver,
Controller Transmitt NMOS 5V 50 to 19,200 FN,
ontrolle al er HAHB
analog interface for digital signal processors
TRANSFER DYNAMIC SAMPLING ON-BOARD
FUNCTION ESOLUTI TY| Al
CHARACTERISTIC RANGE RESOLUTION RATE FILTERS PE PAGE
High-Perf . 407 | 2-
igh-Performance Linear 14 Bits 14 Bits 19.2 kHz Yes TLC32040 2-239
Combo (Programmable) | (Programmable) | TLC320417

tTheTLC32040 and TLC32041 have two differential inputs for the 14 bit A/D and a serial port input for the 14 bit D/A. The A/D conversion
accuracy for this device is measured in terms of signal-to-quantization distortion and also in LSB over certain converter ranges. Please
refer to the data sheet.
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GLOSSARY

ADC

-

Analog-to-digital converter. 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.

AMI

Alternate Mark Inversion. A pseudoternary signal converting binary digits, in which successive ‘‘marks’’
are normally of alternate positive and negative polarity but equal in amplitude and in which ‘’space’’ is
of zero amplitude.

Address

General Information

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

ALBO

Automatic Line Build Out. In digital transmission systems, a circuit that monitors the amplitude of the
received digital signal and, based on this information, automatically adjusts its gain and frequency response
to correct for the effects of the transmission line.

Aliasing

The occurrence of spurious frequencies in the output of a pulse-coded modulation (PCM) system or ADC
that were not present in the input due to foldover of higher frequencies.

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

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 (BPS) Versus Baud Rate

For modems using voice grade telephone lines, the bit rate equals the data rate. The baud rate is the actual
number of times per second that the transmitted carrier is modulated or changes state.

BORSCHT

An acronym for the function that must be performed in the central office when digital voice transmission
occurs; Battery, Overvoltage, Ringing, Supervision, Coding, Hybrid, and Test.

Byte

A group of bits treated as a unit. Often equivalent to one alphabetic or numeric character.

TExAs ¢ 111
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GLOSSARY

CCITT

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

Central Office (CO)

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.

Channel

An electronic communication path. In telecommunications, it is usually a voice bandwidth of 4,000 Hz.

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

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.

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

Combo

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

Common Battery

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

Compander

A contraction for a compressor-expander; a circuit that compresses the dynamic range of an input signal
and expands it back to almost the original form at the output.

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.

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.

Crosstalk

Undesired voice-band energy transfer from one circuit to another (usually adjacent).

Cutoff Frequency

The frequency above or below which signals are attenuated below a specified value by a circuit or network.

1-12 TeExas @
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GLOSSARY

DAC

Digital-to-analog converter. A converter that represents a limited number of different digital 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.

c
0
Data =
«
In telephone systems, any information other than human speech. E
-
Data Set e
[=
Telecommunications term for a modem. -—
©
Decibel (dB) dhb
A unit of measure of relative power, 10 log (P1/P2), or voltage, 20 log (V1/V2), in terms of the ratio of 5
two values. ()
dBm
Decibels referenced to one milliwatt; used in communication work as a measure of absolute power values.
Zero dBm equals one milliwatt.
dBmO
Noise power referenced to or measured at a zero transmission level point (OTLP).
dBmOp
Noise power in dBmO, measured by a psophometer or noise measuring set having psophometric weighting.
dBrn
Decibels above reference noise. Rated noise power in dB referenced to one picowatt. Zero dBrn equals
—-90 dBm.
dBrnC
Weighted 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.
Demultiplexer
A circuit that distributes an input signal to a selected output line (with more than one output line available).
T {l’
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GLOSSARY

Dial Pulsing
Transmission of address information by breaking a dc path; the number of breaks corresponds to the decimal
digit dialed.
DTMF
Dual-Tone-Multi-Frequency. Use of two simultaneous voice-band tones for dialing.
EIA
Electronic Industries Association. (2001 Eye Street, N.W., Washington, D.C. 20006)
Electromagnetic Spectrum
The total range of wavelengths or frequencies of electromagnetic radiation, extending from the longest
radio waves to the shortest known cosmic rays.
Encoder
Any device that modifies information into the desired pattern or form for a specific method of transmission.
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.
Exchange Area

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

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.

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.

Fiber Optics

The process of transmitting infrared and visible light frequencies through a low-loss glass fiber with a
transmitting laser or LED.

FSK

Frequency—Sh\ift Keying. A method of transmitting digital information that utilizes two tones; one
representing a high level, the other a low level.

‘{i’
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GLOSSARY

Full Duplex

—

Simultaneous communication in both directions between two points.

Ground Start

A method of signaling between two machines in which one machine grounds one side of the line and the
other machine detects the presence of the ground.

HDB3
High-Density Bipolar Three-line code. See AMI.
Half-Duplex

A circuit that can carry information in both directions but not simultaneously.

Hybrid

General Information

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.

Instruction Code
Digital information that represents an instruction to be performed by a computer.
ISDN

Integrated Services Digital Network. A communication network capable of carrying digitized voice and
data multiplexed onto the public network.

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.

B

Longitudinal Balance

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

Loop Current

Flow of dc in the local loop. Indicates that a telephone is in use.
Loss

Attenuation of a signal due to any cause.
Mark

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

MTS

Message Telephone Service. The official name for long distance or toll service.

{i’
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GLOSSARY

Modem

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. The word modem is a
contraction of modulator/demodulator.

Multiplexer

A device for accomplishing simultaneous transmission of two or more signals over a common transmission
medium. :

Off-Hook

The condition that indicates the active state of a telephone circuit. The opposite condition is On-Hook.

PABX

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

Parallel Data

The transfer of data simultaneously over two or more wires or transmission links.

Parity

A bit that indicates whether the number of ‘‘ones’’ in a bit string is odd or even.

PBX

Private Branch Exchange. A telephone exchange serving an individual organization and having connection
to a public telephone exchange.

Period

The time between successive similar points of a repetitive signal.

Phase

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

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 of a carrier signal by modifying the phase of the
carrier wave.

Psophometric Weighting

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

PCM

Pulse-Coded Modulation. That form of modulation in which the modulating signal is sampled and then
quantized and coded, so that each element of information is represented in digital form by a serial bit stream.

1-16 TExAs Q’
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GLOSSARY

Quantizing Noise

An undesirable 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.

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

Serial Data

The transfer of data over a single wire in a sequential pattern.

Sidetone

That portion of the speaker’s vaice that is fed back to his receiver.
Simplex

A circuit that can carry information in only one direction (e.g., broadcasting.)
SLCC

Subscriber Line Control Circuits. A family of CMOS LSI circuits which provide the hybrid, supervisor and
controlling functions in a single package.

SLIC

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

Space

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

State

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

SbyS

Step-by-Step system. An electromechanical telephone switching system in which the switches are
controlled directly by digits dialed by the calling party.

General Information
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GLOSSARY

Subscriber Loop

See Local Loop.

Supervision

The function of monitoring and controlling the status of a call.

TDM

Time Division Multiplexing. A communication system technique that separates information from channel
inputs and places them on a carrier in specific positions of time.

Tip
One conductor of the wire pair composing the local loop and designated by 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.

Transhybrid Loss

In a telphone hybrid, the measure of the isolation between the receive and transmit ports. It is 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.

Trunkside

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

Voice-Grade Line

A local loop, or trunk, having a bandpass of approximately 300 to 3,000 Hz.

Wideband Circuit

A transmission facility having a bandwidth greater than that of a voice-grade line.

1-18 Texas Q’
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DS3680
QUAD TELEPHONE RELAY DRIVER

D2758, MARCH 1986

® Designed for —52-V Battery Operation
® 50-mA Output Current Capability
® Input Compatible with TTL and CMOS
® High Common-Mode Input Voltage Range
® Very Low Input Current
® Fail-Safe Disconnect Feature
® Built-In Output Clamp Diode
® Direct Replacement for National DS3680
and Fairchild x/A3680
description

The DS3680 telephone relay driver is a monolithic integrated circuit designed to interface —48-volt relay
systems to TTL or other systems in telephone applications. It is capable of sourcing up to 50 milliamperes
from standard — 52-volt battery power. To reduce the effects of noise and IR drop between logic ground
and battery ground, these drivers are designed to operate with a common-mode input range of + 20 volts
referenced to battery ground. The common-mode input voltages for the four drivers can be different, so
a wide range of input elements can be accommodated. The high-impedance inputs are compatible with
positive TTL and CMOS levels or negative logic levels. A clamp network is included in the driver outputs
to limit high-voltage transients generated by the relay coil during switching. The complementary inputs
ensure that the driver output will be ‘‘off’’ as a fail-safe condition when either output is open.

The DS3680 is characterized for operation from —25°C to 85°C.

symbol (each driver)

BATTERY GROUND
NONINVERTING
INPUT IN+ +

OUTPUT
INVERTING
INPUT IN— »

BATTERY NEGATIVE

D, J OR N PACKAGE
(TOP VIEW)

N+ [Tr Unal] BaT GND

2 13[] OUTPUT AMPL #1
IN-[3  12[J ouTPUT AMPL #2
AMPL #2
{m s 11[JOUTPUT AMPL #3
AMPL #3 {IN+ Os 1] ouTPUT AMPL #4
IN- s o[ ] BAT NEG
AMPL #4 IN-[]7 8[]IN+ AMPL #4

schematic diagram (each driver)

Telecommunications Circuits H

IN+ 15kQ BAT GND

ouTPUT
X gatnec

PRODUCTION DATA documents contain 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 paramsters. INSTRUM ENTS

Copyright © 19886, Texas Instruments Incorporated
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DS3680
QUAD TELEPHONE RELAY DRIVER

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

Supply voltage range at BAT NEG, VB — . . ... ittt it
Input voltage with respect to BAT GND . . ... ... ... . . ...

Input voltage with respect to BAT NEG
Differential input voltage, V|p (see Note 2)

inductive load
Inductive output load

Operating free-air temperature range

NOTES: 1. All voltages are with respect to the BAT GND terminal, unless otherwise specified.

the J package, and 13.2 mW/°C for the N package.

recommended operating conditions

Storage temperature range . . .. ... ...ttt e
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package.............
N package ............

.. =70V t0 0.5V
~70Vto 20V
.. —06Vto70V
+20V

Output current: resistive load. . . . . .. .. .

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3):
Dpackage. . . ... e
Jpackage . . ... e
N package. . . .. ... o e

1650 mW
—25°C to 85°C

—-65°C to 150°C

300°C

2. Differential input voltages are at the noninverting input terminal IN+ with respect to the inverting input terminal IN—.
3. For operation above 25 °C free-air temperature, derate linearly at the rate of 7.2 mW/°C for the D package, 8.2 mW/°C for

s3INo41) suonesunwwodssel N

MIN MAX | UNIT
Supply voltage, Vg — -10 -60 \"
Input voltage, either input —~20% 20 v
High-level differential input voltage, V|pH 2 20 \
Low-level differential input voltage, V|pL -207 0.8 \
Operating free-air temperature, TA -25 85 °Cc

TThe algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for input voltage

levels.

electrical characteristics over recommended operating free-air temperature range, VB—- = —-52 V

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
\ . . Vip =2V 40 100
I High-level input current (into IN+ A
H 9 fnput curr ) Vip = 7V 375 1000 | *
| Low-level input current (into IN +) Vip = 04V oo > A
L P Vip = -7V -1 —100 | ¥
VO(on) On-state output voltage lo = 50 mA, Vip =2V -1.6 -2.1 Vv
Vip = 0.8V -2 -100
! Off-stat tput t Vo = VB- A
Oloff) © output curren Y B Inputs open -2 -100 K
IR Clamp diode reverse current Vo =0 2 100 rA
o = 50 mA 09 1.2
A Output cl olt \
Ok Dutput clamp vortage o = —50 mA, Ve = 0 09 -12
IB(on) On-state battery current All drivers on -2 -4.4 mA
IB(off) Off-state battery current All drivers off -1 -100 A

Al typical values are at Tp = 25°C.

2.4 Texas ‘»
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DS3680

QUAD TELEPHONE RELAY DRIVER

switching characteristics V- = -52 V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton  Turn-on time Vip = 3-V pulse, R = 1kQ, 1 10 us
toff Turn-off time L=1H, See Figure 1 1 10 us

PARAMETER MEASUREMENT INFORMATION

h —
\

LOAD

= 52V -52V

|||—-—o<

FIGURE 1. GENERALIZED TEST CIRCUIT, EACH DRIVER

BAT GND
INPUT +
OUTPUT
- RL =1k
BAT NEG L=1H
9
~52V
TEST CIRCUIT

I
| |
14— ton [ toff
| |
I 1~~~ =" Vo(on)
OUTPUT _25V F _25V q
~-52V

VOLTAGE WAVEFORMS
FIGURE 2. SWITCHING CHARACTERISTICS, EACH DRIVER

{i’
Texas
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DS3680
QUAD TELEPHONE RELAY DRIVER

TYPICAL APPLICATION DATA

52V BATTERY
=
SN74XX =
=== (9) DS3680
] (1) BAT NEG r K1
: I )° @2 ::"i} AMPL #1 h;___ /g
(4)
} IN+
| Dc_: (3) IN—-} AMPL #2 OouUT #1 (13)
| ) (5) [ K2
D . o ] ™ aveL 4 __g
| | IN- -
\ ()
IN+ (12)
| | ) HE® 'N_} AMPL #4 ouT #2
[ 4 [ K3
CONTROL = S
SIGNAL - ?/
SOURCE ouT #3 (11)
Ka <L_
our #4 [ é
K1THRU K4

BAT GND

50-V RELAY COILS ~ 50 mA MAX

-|:14)

FIGURE 3. RELAY DRIVER

{i’
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TCM1520A
RING DETECTOR

D2860, OCTOBER 1984—REVISED JANUARY 1988

® On-Chip 150-V Bridge Diode Configuration P PACKAGE
. (TOP VIEW)
® Reliable BIDFET! Technology
: AC INPUT )1 Us :] AC INPUT
® High Standby Impedance . . . 1 MQ Typ INVERTING OUTPUT (12 7] commoN
® Efficient High-Voltage Operation comMMmoN 3 6[] C FILTER
_ 4 5| ] BELL TAPPING SENSE
® Output Compatible with TTL, NMOS, and 5V ouTPUT B
CMOs
® Built-In 5-V Series Regulator TCM1520A APPLICATION
@ Built-In Lightning and Transient Protection PHONE LINE
L. AC RING
description SIGNAL

The TCM1520A is a monolithic ring detection
integrated circuit designed for use in isolated or
nonisolated telephone applications. The device
uses a modified form of the Texas Instruments Cj
BIDFETT technology to combine low-voltage TCM1520A

CMOS and high-voltage bipolar input/output
circuitry. It features efficient high-voltage (40 V

to 150 V) operation with a typical current drain

of 1 mA. ELECTRONIC TELEPHONE
OR ACCESSORY

During standby, the input impedance is TTL

approximately 1 MQ or greater, which will gmg:

prevent any lnterferent::e yvnth parallel off-hot?k MICROPROCESSOR

telephones transmitting DTMF or voice

frequencies. The device achieves such a high

input impedance with an on-chip series zener

diode that does not conduct until the voltage across Pins 1 and 8 exceeds 8 V. When the voltage across
Pins 1 and 8 exceeds 18 V, the internal switch is closed, which bypasses the 6.8-V zener diode and series
resistor. This allows more efficient power transfer to the load when the device is in the operating mode.
In the operating mode, the impedance of the device varies from 30 kQ to 7 kQ over the ring signal of 40 V
at 16 Hz to 150 V at 68 Hz and is reasonably independent of the output load.

In typical telephone applications, the TCM1520A is activated through the telephone line by a ring voltage
of 40 V at 16 Hz to 150 V at 68 Hz. The TCM1520A generates a signal suitable to drive an optocoupler
or TTL, NMOS, or CMOS logic. The 5-V Output (pin 4) may be used as a supply source for optocouplers
or low-power logic. This output is noninverting and will be at a high-level during ringing.

The TCM1520A incorporates lightning and transient protection that is designed to suppress lightning strikes
of 1.5-kV amplitude and 200 ps duration. The TCM1520A also features built-in circuitry to avoid tapping
or false triggering due to transients.

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

TBIDFET — Bipolar, Double-Diffused, N-channel and P-channel MOS transistors on the same chip — patented process.

PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to ¢

nc.liﬁes(ions per tl'n,e tderms of Texas Inst‘:umomo: TEXAS

andard warranty. Production processing does n
necessarily include testing of apll parameters. INST RUMENTS
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TCM1520A
RING DETECTOR

functional block diagram

(2) INVERTING
OUTPUT

o e — ——————
PUT Mmi RINGSIGNAL 1 HIGH INPUT IMPEDANCE/.}
AC INPU VOLTAGE INPUT | ANTI-TAPPING SECTION |
I SECTION ] |
o Py
| T |
@l = |
AC INPUT I
TRANSIENT —:
| PROTECTION 1A
| SECTION asv l
: 1
i CURRENT |
i SENSOR |
|
|
] ! : ""E"‘:ﬂ>—1
|
[ DR DR
| REGULATED
| VOLTAGE
| OQUTPUT SECTION
|
| 5-VOLT —-————————I—— 5V OUTPUT
| SERIES
| REGULATOR
|
|
|
|
|
|

$3IN2419) SUOREBDIUNWWO23|d | !

——— —— ...._.._.._(3;’._.._____.___...

COMMON COMMON

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

Continuous supply voltage at pin 6 (see Note 1) . ... ..... ... ...t iiiinennnnnnn
Continuous differential input voltage, VIp (Pins 1and 8) ............. ... ... ........
Continuous output current, 10 ... .. ...ttt e

Continuous SCR on-state input current (see Note 2) . ...................cuuuun... 200 mA
SCR on-state input current, lj(gn) (duration <200 us) (see Note 2) .................. 900 mA
Continuous total dissipation (see Note 3) . ... ............ 00t iiinnnnnnnn 1000 mW
Operating free-air temperature range . .................. e -20°C to 70°C
Storage temperature range . .. ... .......ueevuunnnnnnneennnnananans —-40°C to 125°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .....................

NOTES: 1. All voltage values, unless otherwise noted, are with respect to pin 7.
2. SCR on-state input current is the current at the input when the SCR turns on.
3. For operation above 25°C free-air temperature, derate to 640 mW at 70°C at the rate of 8 mW/°C.

2-8 Texas {"
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TCM1520A
RING DETECTOR

recommended operating conditions

MIN NOM MAX | UNIT
High-level input voltage, V|4 40 \4
Low-level input voltage, Vi 5[ Vv
Operating free-air temperature, TA 0 70| °C

electrical characteristics over recommended operating free-air temperature range, RL = open,
C(fitr) = 10 pF (unless otherwise noted)

detector section

PARAMETER TEST CONDITIONS t MIN TYP! MAX| UNIT 2
Collector-emitter (7] |
V(BRICEX Vi<5V 10 = 5 A 45
(BR) output breakdown voltage, Pin 2 ! frms), 0 a h ~ .
VoL Low-level output voltage, Pin 2 Vi = 25 V (rms), lp = 1.6 mA 1 \4 3 !
Vra Positive-going 18 25 v o
threshold voltage (&)
vr_ Negative-going 6 7 v n
threshold voltage c
Vhys Hysteresis (VT4 — V1) 1 \ _9
Z)(off) Standby input impedance Vi =3V, f = 20 kHz 10 MQ "‘5
z Impedance when ringi Vig = 40V, f=16 Hz 30 kQ (&)
i e ce w ringin .-
ring P 9ing Vig = 130 V, = 20 Hz 20 ko el
liton) On-state input current, SCRY See Note 4 55 110| mA E
Vi(on) On-state input voltage, SCR See Note 4 50 100| Vv
li{hold) Input holding current, SCR See Note 4 100 rA E
Vo Output voltage, Pin 4 V| = 40V, R = 10 kO 4.25 5.75| V 8
Shunt voltage, Pin 6 I = 10 mA 38 50 \' Q
Operating current V| =40V, Output open 1 1.6 mA T,
switching characteristics at 25 °C operating free-air temperature, f = 20 Hz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ton Turn-on time V) =40V 100| ms
t Turn-off time Vi= 40V 175
rn- ] ms
off) Vi = 60 V t0 150 V 300

T All characteristics are measured with a 2.2 kQ resistor connected to pin 1 and a 0.47 uF capacitor connected at pin 1 in series with
the input signal, unless otherwise noted.

$All typical values are at T = 25°C.
This is the input current required to turn on the SCR.

NOTE 4: These parameters are measured using pulse techniques (t,, =< 200 gs, duty cycle < 5%) with terminal pin 6 grounded.

Texas W
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TCM1520A
RING DETECTOR

PARAMETER MEASUREMENT INFORMATION

0.47 uF, TCM1520A
30V

| ] ac 5V REG|(4)
(f 22ka | INPUT  OUTPUT
40V TO 150 V D

v

{rms) v+ (s)|ac 2

OuTPUT
S 10k

INPUT OUTPUT

6) C FILTER

10 uF, COMMON

50 V .
/]\ 3 |

FIGURE 1. SWITCHING TEST CIRCUIT

SN2 SUOEBIIUNWWOD3|d | !

TYPICAL CHARACTERISTICS

CAPACITOR VOLTAGE (PIN 6)

DC INPUT VOLTAGE (PINS 1 AND 8)

Vs

OUTPUT VOLTAGE
Vs

(PIN 4)

CAPACITOR VOLTAGE (PIN 6)

2-10

18 T 6 [
Ta =25°C Ta=25°C

15 5 //
> > /
I 12 | 4
g g /
& &
£ COMPARATOR 5
> 9 SWITCH FIRES > 3 /]
5 5
3 6.8-V ZENER DIODE g
£ 6|-STARTS TO CONDUCT ° 2 4
(8]

o / COMPARATOR
3 — 1 4~ SWITCH FIRES —
0 '// 0 e > >
8 0 12 14 16 18 20 4 5 6 7 8 9 10
V| — DC Input Voltage — V Capacitor Voltage — V
FIGURE 2 FIGURE 3
i
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TCM1520A
RING DETECTOR

TYPICAL APPLICATION DATA

TCM1520A

- TIL181
R1—2.2|(Sl(1) AC 5 v REG |14
Vi INPUT OUTPUT
40V TO 150 V, Vip 3 TO ISOLATED
16 Hz TO 68 Hz )| ac OouTPUT
| INPUT
C1=0.47 uF
)¢ FiLTer
c2=104F, | COMMON $R2=22ka 2
sov T
3) |(7)
N
x
3
FIGURE 4. ISOLATED CONFIGURATION 2
TCM1520A »
R1=22k2 ([ c svrea]w Vee 2
Vi INPUT OUTPUT o
40V TO 150V, 10 kQ -
16 Hz TO 68 Hz 8)] AC (2) ©
INPUT OuTPUT OUTPUT o
C1=0.47 uF c
_L—(G)‘ C FILTER g
COMMON
€2 =10 uF,

50V [ - g
@) (7 o
2
nd )
-

FIGURE 5. NONISOLATED CONFIGURATION

NOTE: See Table 1 for component functions.

TABLE 1. COMPONENT FUNCTIONS

COMPONENT FUNCTION
R1 Limits current into SCR during high voltage transients and aids in dial pulse rejection.
R2 Limits current into light-emitting diode.
c1 Blocks dc battery voltage in standby and aids in filtering dial pulses. Smaller values of C1
improve tapping immunity.
c2 Stores energy from the ring signal to power the 5-V regulator.
OPTOCOQUPLER Provides ground and transient isolation between the host system and the telephone line.

{i’
Texas
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

D2940, MARCH 1986—REVISED APRIL 1987

® Electronic Replacement for Electromechanical P DUAL-IN-LINE PACKAGE

Telephone Bell When Used with Transducer (TOP VIEW)
® Designed to Meet or Exceed FCC Part 68 Ac INpUT (1 U 8[]JAc INPUT

Class B Ringer Requirements DRIVER OUTPUT ]2 7[JcCoMMON
® Low-Cost External Component Requirements ANTITAPPING IN[]3 6[]C FILTER

OSCR E 4 5| JANTITAPPING OUT/
® lLow External Component Count INTERNAL ZENER
i t
® High Standby Input Impedance . . . 1 MQ Typ BYPASS
. . 1 Antitapping Output for TCM1531, TCM1532, TCM1536, and

® Low nger Equ“’alency Number . .. <1 Typ TCM1539. Internal Zener Bypass for B-suffix versions.
® Single-Ended High-Voltage Output Compatible

with Piezo Transducer or Transformer-
Coupled Speaker

® Reliable BIDFETT Process Technology Provides
Efficient High-Voltage Operation
® On-Chip High-Voltage Full-Wave Diode Bridge
Rectifier and Output Voltage Regulator

BELL/TONE
RINGER

TRANSDUCER

))))

Telecommunications Circuits H

® On-Chip .Circuitry_Provide_s Rir}g Rejection of TYPICAL CHARACTERISTICS
Rotary Dial Transients, Lightning, and Induced TELEPHONE TONE RINGER DRIVER FAMILY
High-Voltage Transients
NOMINAL NOMINAL
® On-Chip Thyristor Coupled with Additional OUTPUT WARBLE |, \RBLE
External Components Provides Enhanced PART NO. CENTER RATIO FREQ.
Rejection of Dial Pulses FREQUENCY (Hz)| HL) (Hz)
® TCM1501B, TCM1512B, and TCM1506B are TCM1531, 2000 . 78
Improved Direct Replacements for TCM1501A, TCM15018
TCM1512A, and TCM1506A, Respectively :2&:2?23 1250 8.7 9.8
® Requires Only a Single-Value Oscillator TCM1536,
Resistor Which Eliminates Binning Codes of TCM15068 500 5:4 78
the TCM15XXA Series TCM1539 2000 5:4 312
description

The TCM1531, TCM1532, TCM1536, TCM1539, TCM1501B, TCM1506B, and TCM1512B are monolithic
integrated circuit telephone tone ringer drivers that, when coupled with an appropriate transducer, replace
the electromechanical bell. These devices are designed, using BIDFETT technology, for use with either
a Piezo transducer or an inexpensive transformer-coupled speaker to produce a pleasing tone composed
of a high frequency (fH) alternating with a low frequency (fL) resulting in a warble frequency. Each device
is powered and activated by the telephone line ring voltage, which may vary from 40 volts to 150 volts
rms at frequencies from 15.3 hertz to 68 hertz.

During low voltage (off-hook) standby, typical input impedance is greater than 1 megohm; this prevents
interference with telephone DTMF or voice signals without the use of expensive mechanical switches.
This high standby impedance is achieved with an on-chip series zener diode that is activated by a differential
input voltage of typically 8.9 volts at pins 1 and 8. A voltage level of typically 17 volts differential at pins

A

‘Z Caution. These devices have limited built-in gate 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.

TBIDFET — Bipolar, double-diffused, N-channel and P-channel, MOS transistors on the same chip—patented process.

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to v}

specifications per the terms of Texas Instruments T

standard wamnlJ. Production processing does not

necessarily include testing of all parameters. lNS’r RUMENTS
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

description (continued)

1 and 8 deactivates the internal zener diode, allowing for more efficient power transfer to the load when
the device is in the operating mode. During ringing, the impedance of the applied circuit (see Figures 4,
5 and 6) varies from 30 kilohms to 8 kilohms over the Class B ring signal, and is reasonably independent
of the output load.

These devices feature lightning and transient protection circuitry designed to withstand transients of
1.5 kilovolt for up to 200 microseconds duration when used with the proper external circuitry (see Figures 4
and 5). In addition, an on-chip thyristor coupled with an external resistor and capacitor circuit will reject
dial pulses from parallel telephones so that false ringing (tapping) will not occur (see Typical Application
Data).

The TCM1501B, TCM1506B, and TCM1512B have a provision for bypassing the internal series diode with
one of lower voltage, thereby lowering the turn-on threshold of the device. If the antitapping thyristor
is used with these devices, an external zener diode must be added in series with pin 5.

These telephone tone ringer drivers may be used in nontelephone communications applications. For example,
the devices can be used with a few external components to produce an inexpensive and highly efficient
alarm (see Figure 6).

functional block diagram

oscr 2| osciLLaTorR |— WARBLE RATE

DIVIDER

40 VvV

| REGULATOR
b
v v L 2
(2)
FREQUENCY OUTPUT

DIVIDERS

{

SHN2417) SUOIIEIIUNWWOI33 | !

10V
REGULATOR <
* ' COMPARATOR r—‘ C FILTER
i3 SWITCH
&) * esv 20008 | T N ______
AC INPUT i A
VREF
TRANSIENT
8) (3) ANTITAPPING
AC INPUT SENSOR 2
l 68V 8 ka |
—i¢ 33k
. 2 common
68V 5)
¢ ANTITAPPING OUT?
L ] %) \NTERNAL ZENER BYPASS!

TAntitapping output for TCM1531, TCM1532, TCM1536, and TCM1539. Internal Zener Bypass for B-suffix versions.

{ip
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

absolute maximum ratings

Continuous peak-to-peak input voltage, pin 1 to pin 8 (see Note 1) . ................... 110V
Continuous dc input voltage at pin 6 . . . . .. ... ... e 55 V
Negative dc voltage, any pin . . . ... ... e -1.2V
Continuous output current, 10, @t PiN 2 . . ... ... e 12 mA
Continuous output current, pin 5and pin 6. .. .. ... ... 30 mA
Continuous SCR on-state input current, pin 1topin 8 ............................ 200 mA
SCR on-state input current, pin 1 to pin 8 (duration <200 us) . ..................... 900 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1000 mW
Operating free-air temperature range . .. ... ... ...t —40°C to 85°C 2
Storage temperature range . . . ... . ..o vttt e —40°C to 125°C
NOTES: 1. For applications requiring = 38 Vrms, an external resistor and capacitor are required to prevent damage to the device (see ‘.m_,
Note 3). Tip and ring may be connected interchangeably to either pin 1 or pin 8. -5
2. For operation above 25°C free-air temperature, derate linearly at the rate of 8 mW/°C. o
T

recommended operating conditions

MIN MAX | UNIT
RMS input voltage, V) (f = 15.3 Hz to 68 Hz) (see Note 3) 40 150 \
Resistor between OSCR and COMMON, Rggc 120 180 kQ
Operating free-air temperature, Ta -20 70 °C

NOTE 3: Input voltage is applied to pins 1 and 8 through a series 2.2 k@ + 10% resistor and a 0.47 yF = 10% capacitor (see
Figures 4, 5, and 6).

electrical characteristics at 25 °C free-air temperature, RL = open, C(fitr) = 10 pF, f = 20 Hz (unless
otherwise noted), see Figure 2

detector section

Telecommunications C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Ringing start threshold voltage Pin 5 open, RL = 4 k@ 19 28 Vv
Ringing start threshold rms voltage Pin 5 open, RL = 4k, 40 Y
f =15.83 Hz
Ringing stop threshold voltage Pin 5 open, RL = 4 k@ 7 11 \
Ringing start threshold voltage Antitapping thyristor activated 40 \%
Pin 3 voltage required to activate 1 v
antitapping thyristor
Pin 3 input current required to
. ) . 0.2 mA
activate antitapping thyristor
Vi =3V, f < 20 kHz 0.1 1 MQ
Standby input impedance Vi =3V, f < 20 kHz 10 @
(see Note 5)
Vi =40V, RL = 4 kQ, 25
Impedance when ringing f =15.3 Hz kQ
V; =130V, RL = 4 k@ 22
Operating current Pin 2 open, Vi =40V 1.3 mA
Low-level input current V=5V 20 pA
SC.:R tngger voltage All pins open, 50 60 100 v
(pin 1 to pin 8) li = 125 mA (see Note 4)
S(?R tngger current All pins open, 55 80 110 mA
(pin 1 to pin 8) V| < 100 V (see Note 4)
SCR input hold current {see Note 4) 10 mA

NOTES: 4. These parameters are measured using pulse technigues (t,, < 200 us, duty cycle < 5%).
5. Pin 5 connected to pin 6, and pin 6 connected to pin 7 through a 100 Q resistor.

i
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

electrical characteristics at 25 °C free-air temperature, Cfitr) = 10 uF, f = 20 Hz (unless otherwise

noted), see Figure 2

output section

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vi =17V, lo = 2mA, See Note 6 10
. V=50V, o = 5 mA, See Note 6 44
Output voltage, pin 2 V: ~20V, 'g T A, =16z 3 \%
Vi =180V, 0 = 2mA, f=153Hz 40
Output voltage, pin 6 (See Note 7) Vi =150V, f = 15.3 to 68 Hz 55 \'
High-level output current Vi =50V, Vo = 43V -15 mA
Low-level output current Vi =50V, VoL =15V, See Note 6 11 mA

NOTES: 6. Devices must be forced to the required output state by taking pin 4 to 8 V and toggling to O V as required. This stops the

on-chip oscillator.

7. Normal device operation requires that a capacitor be connected from pin 6 to common (pin 7). A 10 uF capacitor is recommended
for optimum antitapping vs turn-off-time performance of the circuit. Increasing or decreasing the value of this capacitor will
respectively increase or decrease the antitapping capabilities of the circuit.

oscillator section

PARAMETER

TEST CONDITIONS MIN TYP MAX UNIT
TCM1531, TCM1501B | 1983/1736 2133/1867 2283/1998
Output tone frequency
Hiot tone frecoamet. | B - 150 k@ 4 19 |_TCM1532, TCM15128 | 12301085 1333/1167 142771249 |
9 quency osc = TCM1536, TCM 15068 516/414  555.5/445.5  595/477 ?
Low tone frequency
TCM1539 2066/1653  2222/1778  2378/1903
TCM1531, TCM15018 7.8
' TCM1532, TCM1512B 9.8
Warble f Rosc = 1 7
arle frequency osc = 180K + 1% I e 36, TOM15068 7.8 Hz
TCM1539 3.2
T T fricient
crperature CoSTHIEIENt | 14 = —20°C to 70°C +0.05 %/°C
of frequency
Texas &?
INSTRUMENTS
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B,
TELEPHONE TONE RINGER DRIVERS

PARAMETER MEASUREMENT INFORMATION

0.47 4F
¢ (W] ac (2)

—?—mn—' Nout OUTPUT TEST POINT
Vi \7] AL
l’ 8 Ac ReTURN 5] ne

(3) st
14) ——NC
OSCR
c FiLTER o
>
Rosc /:," _l 10 4F
COMMON T
® ‘
FIGURE 1. TEST CIRCUIT
TYPICAL CHARACTERISTICS
1°k AN 1 T 1 T i G . .
N 11 1 1 IR R
\\ T T IBRIRERAL
$ \ \\ Tgm:Zi; TCM15018B,
| T 2
7 % NN
c
g N
T 2k N NPy,
o Y N
o N
5 \\ \
g 1 < N
3 H % s N
N7,
-
% 400 RECOMMENDED TCM1832,
£ OPERATING OM15128
9 AREA 1
3 200 TCM1536,
- TCM15068
100 R
10 20 40 70100 200 400 700 1000

FIGURE 2. OSCILLATOR RESISTOR vs OUTPUT AVERAGE FREQUENCY

Rosc—Oscillator Resistor —kQ

Telecommunications Circuits H
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

2.2 k0 ] ac
TELEPHONE § . 0.47 uF
LINE i
BN pc mpuT

TELEPHONE

C FILTER
10 pF, —[

100 V

!

4
4

Rosc g 57}

TYPICAL APPLICATIONS

(6)

@ OSCR

COMMON

(2) I

0.1 uF

4000:8 Q

P A

FIGURE 3. TELEPHONE APPLICATION—SPEAKER DRIVE

2.2 kQ

LINE Vi

i

0.47 uF

(] AC

OUTPUT

INPUT

8) AC INPUT

6) C FILTER

$}IN2J19) SUOEDIUNWWOI3|d | !

10 uF.—[

100 V (@)

OSCR

COMMON

VWA

RDSC :
<

(7)

TELEPHONE
LINE

= PIEZO
_‘—__F<| TRANSDUCER

FIGURE 4. TELEPHONE APPLICATION—PIEZO DRIVE

2.2 k 1 ac (2)
—-f—ovw—| INPUT OUTPUT
Vi 0.47 yF
(8)} AC ANTITAPPING| (3)
= PIEZO
—
INPUT N = TRANSDUCER
0.002-
O ¢ FiLTeR 0.022 uFf4
ANTITAPPING |(5)
-4 out
10 uF AN B oscr
$ COMMON 100 <
Rosc 3 7] 220 ket $

T Optimum values to be determined by specific antitapping requirements.

FIGURE 5. TELEPHONE APPLICATION, IMPROVED ANTITAPPING CIRCUIT

*p
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TCM1531, TCM1532, TCM1536, TCM1539

TCM1501B, TCM1506B, TCM1512B
TELEPHONE TONE RINGER DRIVERS

110 V;

TYPICAL APPLICATIONS

NC —Normally Closed

[
120 v
60 Hz

AC 2)
Moy OUTRUT
PIEZO
== | TRANSDUCER
AC INPUT )
(RESET) C FILTER
=10 4F S 6 kO
#oscr  common}Z ¢ 2
NC
Rosc$ NC ‘(ﬁ
=}
(5]
NG i~
[72]
5
FIGURE 6. ALARM SYSTEM CONFIGURATION -
3
10 4F 750 ko —
100 v c
\| LMo =]
Ll b 2.2 ke

] AA 0 +5V E
8 7 ® 5 o
Q
TCM1531, TCM1532, TCM1536, TCM1539 & TiL181 o
TCM15018, TCM15068, TCM15128 ®
-

6.8 kQ

1 2 3

L

3.3k
PIEZO

‘-:[:' TRANSDUCER

_‘f

R |

OPEN-COLLECTOR
TTL OR STTL

FIGURE 7. NONTELEPHONE APPLICATION

2.2 kQ

(2)

PIEZO
TRANSDUCER

1
-T-AM——-]# oy ouThUT
vetepHone J ) 0.47 4F
LINE ! g
4 ® AC INPUT
1N4002 o
¢ ¥ ¢ FiLTen
—— 3 uF
~
100 v
:‘ 2"326 suf L ) oscr
100 v T COMMON
Rosc 7

FIGURE 8. TELEPHONE APPLICATION —PIEZO DRIVE FAST RING SIGNAL CUTOFF
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TCM2203
EQUIPMENT LINE INTERFACE

D2861, AUGUST 1985—REVISED DECEMBER 1987

® Transmits and Receives Serial Bipolar Data
at Up to 3 Mbit/s Using Two Twisted-Wire
Pairs.

Low-Q Clock Extraction

Two ALBO (Automatic Line Build Out) Taps
with a Range of 42 dB

® On-Chip Amplifier with 50-dB Open-Loop
Voltage Amplification

Phase Adjustment for Recovered Clock

Direct Interface with the TCM2222
AMI/HDB3 (Alternate Mark Inversion/High-
Density Bipolar, Third Order)
Encoder/Decoder

® Receive Line Signal Loss Detection with
Mute Output

® Bipolar Technology

description

The TCM2203 is designed to perform the
interface function between the bipolar data
encoder/decoder (e.g., TCM2222) and the line.
The TCM2203 consists of a receiver that
extracts clock information and reshapes the data
waveforms, and a transmitter that interfaces
bipolar data to the line. Detection of receive
signal loss is performed and a mute output is
available. Auto-adaptive slicing level ensures
excellent jitter and error performance.

The TCM2203 is characterized for operation
from 0°C to 70°C.

TCM2203
J
DUAL-IN-LINE PACKAGE
(TOP VIEW)

TANK O/P []1 ] SLICER IN -
PHASE ADJ 1 []2 ] SLICER REF
PHASE ADJ 2 []3 [} SLICER IN +

GND [4 [] LINE OUT X
ALBO 1[]s [ ] LINE OUT Y
BUF IN e [JRX D+ OUT
BUF OUT []7 ] RX CLK OUT
ALBO 2 []s [JRX D- OUT
C ALBO 1 [ ] TX DATAIN Y
C ALBO 2 ] TX DATA IN X
PREAMP IN [ MUTE
PREAMP OUT [] TX CLK IN
vee [] NEG PEAK DETECT

[ ] POS PEAK DETECT

PRODUCTION DATA documents contain information

- current as of publication date. Products conform to i i
specifications per the terms of Texas Instruments TEXAS

Copyright © 1985, Texas Instruments Incorporated

standard warranty. Production processing does not
necessarily include testing of all parameters. INS.r RUMENTS
POST OFFICE BOX 655012 « DALLAS, TEXAS 75265
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TCM2203
EQUIPMENT LINE INTERFACE

typical timing diagram

BINARY 110 1 1 11 11 0 0 0 11 0 0 0
PATTERN
AMI/HDB3 N N M. [
SIGNAL J U L U ]
RESTORED INPUT | ““/\_"A——hA ___________________
SIGNAL ON AMPL IN | — —— — \//_____\7/ \/_"\F ______ _
POSITIVE DATA M M nr |
NEGATIVE DATA M M M | 1

CURRENT PULSES m [\ {\[\[\ [) ﬂ n [\ D

TO LC TANK

RECOVERED
SINEWAVE FROM FILTER

FROM CLOCK BUFFER

suNo41) suonesiunwwodsja] ¥

posimve Latchen | L] L L _J L [ L]
DATA
NEGATIVE LATCHED i LI LI 1 L]
DATA

024V

POSITIVE DATA
SLICER REF

— = == === NEGATIVE DATA
SLICER REF

NOTE: A low logic level on RX DATA OUT represents a received pulise, or a ‘‘mark.”” RX DATA OUT is latched on the falling edge of RX CK OUT,

and tracks the input signal when RX CK OUT is high.

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

Supply voltage, VCC (see Note 1) . ... ... i e
Continuous total dissipation at 25°C free-air temperature . . .. ... ..... ...t uiirnnennnn
Operating free-air temperature range . ............. e e

NOTE 1: Voltage is with respect to network ground.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 4.5 5.0 5.5 \"
Operating free-air temperature, TA 0 70 °C
TX Data in Y
Vv 0.8
v"- TX Data in X ol v
H TX CLK in 3.0

922 Texas WP
INSTRUMENTS
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TCM2203
EQUIPMENT LINE INTERFACE

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

(unless otherwise noted)

PARAMETER SECTION TEST CONDITIONS MIN TYPT MAX | UNIT
RX D+ out
VOH RX D— out Vee =5V, IoH = 40 kA 4.5 4.8 \
RX CLK out
TX Data in Y
. TXDatain X | Vi =0V, Vi =5V £50 1 A
I - +50
TX CLK in
On-state impedance 25 50 Q 2
Off-state impedance 9 1 kQ
n - - ALBO
Dynamic resistance matching error Vp.p = 480 mV 2% 3
Transconductance? (referenced to pin 14) 0.1 0.15 s '5
Input impedance fo = 1 MHz 10 20 kQ (8]
Output impedance Buffer 40 Q =
Voltage amplification 4.5 5.3 6.0 dB o
Input impedance Pre-Amp f=1MHz 40 60 kQ [72)
Output impedance fo = 1 MHz 50 Q g
Open-loop voltage amplification Preampilifier Vce =5V, VE=1MHz 42 46 dB E]
Unity-gain frequency 40 MHz [4+]
Input impedance . fqQ = 1 MHz 7 11 kQ .9
Voltage amplification (each output) Phas.e 'shcer 4.5 5.3 6.0 dB c
" — — - amplilfier =
Capacitance-driving capability, peak detect pins 0.1 uF E
Input impedance fqg = 2 MHz 100 150 kQ E
Voltage amplification Clock Slicer Ig : i :::: 60 dB 8
Input-to-output delay PHASE ADJ CAP = 75 pF 60 ns o
Peak-to-peak eye amplitude Vec =5V 480 mV '5
Data slicing level Data Slicer 50% -
Clock slicing level$ 66%
Neg.a.tvve-gt?lng threshold voltage Mute Vee = 5V 3.3 v
Positive-going threshold voltage 3.5
Leakage RX D+ OUT, | Vo4 = 5V 50 A
Low-level output voltage, VoL RXD- OUT | lgL = 2 mA 0.85 1 \
Leakage LINEOUT X, | Vo = 5V 50 A
Low-level output voltage, VoL LINEOUTY | IloL = 20 mA 0.9 1.1 \
Leakage Mute VoH =5V 50 A
Low-level output voltage, VoL Mute lpL = 1 mA 250 400 mV
Output rise time, t, LINE OUT X, | R = 220 Q 50 100 ns
Output fall time, t5 LINEOQUTY | R =2200Q 50 100 ns
Supply current, Icc Vece =5V 25 40 mA

T All typical values are at Voc = 6V, TA = 25°C.
 Transconductance is defined as the change in current for each diode string divided by the change in peak-to-peak voltage at pin 14.

8§ Clock slicing level is the data level at which the TANK O/P puts out a current pulse.

(]
INSTRUMENTS
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TCM2203
EQUIPMENT LINE INTERFACE

S3IN2419) SUONEDIUNWWOD3|d | !

Eye Diagram Amplitude — (Vpp)

TYPICAL CHARACTERISTICS

EYE DIAGRAM REGULATION
(AT INPUT OF 6- dB AMPLIFIER)
15

1.25 T =70°C
1

Ta =25°C

| \\

0.75 \\

05 \

TA = 25°C )k
0.25 |

Ta = 70°C Y

0 |
0 -10 -20 -30 -40 -50 -60

Line Attenuation — dB
FIGURE 1

T
Veec=5V

TYPICAL PREAMPLIFIER PHASE CHARACTERISTICS

o

|

2

©
<
o

180 —TTTTTMT=]
Vec =5V T
160 g =1mQ N
140 - CL= 10°pF
TaA=25C
120
100
80 \
60
40 \
2 \
0 N
—20
1k 10 k 100 k ™ 10M
f — Frequency — Hz
FIGURE 3

TYPICAL PREAMPLIFIER VOLTAGE
AMPLIFICATION CHARACTERISTICS

60 prp—rrrrrrTy
Vece=5V
A5-RL=1MQ AN
Cp =10 pF

40+
3 Ta = 25°C N
| 35 : \
c
£ 5 N
3
&
= 2
€
< 20
)
f=
£ 15
3

10

5

0

1k 10k 100 k ™ mom
f — Frequency — Hz
FIGURE 2

PREAMPLIFIER OPEN-LOOP VOLTAG: AMPLIFICATION
vs
FREE-AIR TEMPERATURE

48

o

-

|

c B
£ //
3
E
2

£
< a7

>

S
°
>

Q

(-]
3

¢ [~Vcc=5V
3 | VI=3mV (p-p)
f=1.024 MHz
46 ] | |

0 10 20 30 40 50 60 70 80
Ta — Free-Air Temperature —°C

FIGURE 4
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TCM2203
EQUIPMENT LINE INTERFACE

ALBO DYNAMIC RESISTANCE (EACH STRING)
Vs

CURRENT
10 k T
\ Vec=5V
Ta =25°C
cf 1k \
8 \
s \
g 100
© \
L2
£
£ 10 \
[a)
1
0.001 0.01 0.1 1 10
Diode String Current — mA
FIGURE 5

PRINCIPLES OF OPERATION

general

The TCM2203 is designed to form the interface between a bipolar decoder/encoder and the transmission
line. It is optimized for 1.536 MHz, 1.544 MHz, and 2.048 MHz operation, but is capable of operating
at 3.152 MHz and low frequency for special applications. The TCM2203 can be considered in two separate
parts, a transmitting section and a receiving section.

Telecommunications Circuits H

receiving section

This section performs three functions: signal restoration, clock recovery, and data slicing. It also detects
loss of incoming signal and flags this condition by taking the mute output high.

signal restoration

The incoming signal is typically very distorted and exhibits considerable intersymbol interference. The input
section must restore the signal to provide a clear eye diagram to the data and clock slicer. An amplifier
with open-loop voltage amplification of 50 dB with externally adjusted gain, together with the bode networks
and associated ALBO taps, give a dynamic range of up to 36 dB (6 dB to 42 dB). This allows positioning
of the terminal at any line length (within the limits of ALBO dynamic range) from repeater or like transmitter.

Equalization of the line characteristics is performed by a simple external series LC network buffered by
the 6-dB amplifier. The restored signal from the 6-dB phase splitter (controlled to 0.48 V peak-to-peak)
is sent to two peak detectors that store the peak values on external capacitors. The average peak values
are then summed to provide a signal level, which is compared to a Vcc-derived reference to form an error
signal level. This error signal level controls the current in the ALBO strings. As ALBO string current increases,
the dynamic resistance of the string decreases and more signal is shunted to ground. In this way, automatic
gain control and automatic line build out are acheived. Typically, there is frequency response contouring
associated with the automatic gain control to compensate for the responses of different lengths of line.

TeEXAs {” 2-25
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TCM2203
EQUIPMENT LINE INTERFACE

clock extraction

!

SHNO4I) SUOIIBIIUNWIWODID |

The received signal contains its own clock information, which must be extracted in the receive section.
An averaged peak input signal is derived from the sum of the positive and negative peak detectors. The
negative peak detector is actually the positive peak of AMPL IN inverted. Alternately, the peak average
sum is equal to the sum of the averaged absolute values of the negative and positive peaks. When the
negative or positive pulse at AMPL IN exceeds 66% of the averaged peak value, a current pulse occurs
at the TANK O/P output. These current pulses are filtered by a tuned-primary transformer-coupled circuit
to extract the clock and drive the slicer inputs. The slicer converts the sinewave into a binary square-wave
clock signal. The transformer-coupled tuned-primary circuit sets the clock extraction Q. The slicer is a high-
gain 60-dB comparator that minimizes conversion of amplitude modulation in the sine wave to phase
modulation in the recovered square wave clock.

data slicing

The data comparators trigger whenever the signal goes above 50% of the average peak values from the
peak detectors. This data is then presented to the data latches and latched into the output buffers by
the falling edge of the recovered clock. When the RX CLK OUT is high, RX D— OUT and RX D+ OUT
track the comparators. The clock buffer trigger circuit can be externally phase adjusted with a 5-pF to
75-pF trim capacitor across PHASE ADJ 1 and PHASE ADJ 2 to set the falling edge exactly to the center
of the data pulses. This maximizes jitter acceptance and noise immunity.

receive signal loss detection

The average peak data values are half-summed to give a dc value that is compared to an internal reference
relative to Vcc. When the value falls below 33% of the nominal value after ALBO gain control, the MUTE
output goes high.

transmitting section

The transmitting section gates the signals applied to TX DATA IN X and TX DATA IN Y with the signal
applied to TX CLK IN. The gated signals are then applied to the line outputs. The line output pulse duration
is one-half of the bit period. The LINE OUT X and LINE OUT Y outputs are open-collector n-p-n transistors.
Each collector will sink 20 milliamperes when the appropriate TX DATA IN input and TX CLK IN are at
low levels.

2-26
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TCM2203
EQUIPMENT LINE INTERFACE

TYPICAL APPLICATION DATA

_________________________ -
Vee |
1
1
1(22)
> [ RXcLkouT
|
|
|
. | 2
l n 5kQ |
[ RXD+oOUT
| (2]
-
b
=]
o
)
o
[72])
c
o
-
RX D — OUT ©
Q
—
c
MUTE 3
1(5) ,, 1 uF
12kQ g
11500270{ 430 "ELINE IN O
(10 N 2
2kQ : T : 43093,,0.50 |2
= |
0.1 uF | | 620
= I l(7) 01 wF N
mes : : " 12kQ
| 270 |
| H —[‘50"% 430 0
9] 1 ‘ I(S)KT pF § 0
! : s P
(a) |
GND——{ﬁ | 620 0
™ (ol (251 i
DATAIN X —I_' ) |
“an :
TX CLK IN - | Vee —3[f LINE ouT
: l(24)
™
DATA IN v‘z‘”{ :
U G 1

Texas W 927
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N

Vee a7 9
>
S1kS
3
>
— ¢ 3¢ -
¢4 20k D119
01 uF N ~L 360 pF : b4 o1 e > $ LINEOUT
= T C e QOJ uF 4
4| = >
3:2CT T 2.63CT:1
TCM2203 =
15k
5 ke 1 rank o sticer IN-p22!
RX “ (2 (27)
130 2 | PHASE <70
LINE N PV SLICER REF
111 100PFT 3 pase SLICER In+ } 28!
= Aps2 (25)
o1 uF E——“' GND LINE OUT X
L1 =
4
L] AP LINE ouT v |24 TcM2222
0.1uF (6) (23) — 16
———{ Bur N RX D+ OUT > A Frorrn Vss '—-L)-
470 2 =
e ) gur out Rx cLk out |22 Dc 2] e xekin nrzout K81 outpuTs
Sl
(21) —
)} 8 aLeo2 RX D- OUT 3 wrpe= Txckin P12
vee 4 &) (20) 1) [— (13) INPUTS
15k22 49 WF——CALBO1 TXDATAINY TXHDB+ NRZIN ==
=4, 1:Eﬂ cago2 TxDpaTainx |12 N Srive= Als ing 20
270PpF 5570 T - CONTROL
an PREAMP IN mure |18 gLl P noez/Awi ALY status
CONTROL 1/0 PINS
258kQ 2 7
)} A Y U2 ppeampout X oLk in P2 status o < ais error [
cc —| 1/0 PINS
220 pF
2P g v10pr) L2 o NEG PEAK | (16) _® oorine voo 2 sv
I 523k 6 ) ——9 DETECT
510 pF (14) (15)
.\ wv—=) |— ampL in POS PEAK
N £
Mhogiat43ke o7 DETECT
1.5 nF
19.3kQ
$0.01 uF
3ke 3 > 0.1 _L 01
J:: 100kn g L T uF 3100k

NOTE: Filter resistors are 1%.
Filter capacitors are 5%.
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TCM2222
AMIHDB3 ENCODER/DECODER

D2894, OCTOBER 1985—REVISED DECEMBER 1987

® AMI or HBD3 Encoding of Binary Data J PACKAGE
: TOP VIEW|
Simultaneous Decoding of Received AMI or { !
HDB3 Signal RXADB + [[1 [Uis[] vss
. i - RXCKIN [J2  1s[JNRZOUT
Static Logic Allows Zero to 3-MHz Bit Rate RXADB= []3  14[] TXCKIN
® Seven Outputs for Received-Signal TXHDB+ [{4  13[JNRzIN
Diagnostics TXHDB- (|5  12[J AIS INJ
" zib s  11[] AMI/HDB3
Reliable NMOS Technology als [ 10[] ERROR
Single 5-V Supply LOOPING (8 9|1 Vpp
description

The TCM2222 performs three functions:
encoding, decoding, and signal monitoring.

" In the encoding section, a binary non-return-to-
zero (NRZ) signal is converted to a ternary signal
to improve its transmission characteristics. In the
decoding section, a received ternary signal is
independently converted into a binary form. In
the signal-monitoring section, the received
ternary signal in the decoder is checked for
various diagnostics, and errors that are found are
flagged.

The TCM2222 can be directly connected to the
TCM2203 line interface device to form a
complete equipment transmission interface.

The TCM2222 is characterized for operation
from 0°C to 70°C.

Telecommunications Circuits H

‘z \ Caution. These devices have limited built-in gate 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 documents contain information

. Copyright 1985, Texas Instruments Incorporated
current as of publication date. Products conform to d; :
sg:c;v‘ﬁc:tions per tlil,s tdorms'o,f Texas Inst;umsms TEXAS :
standard warranty. Production processing does not -
necessarily inelutJ testing of :Il paumgter_s. lNST RUMENTS 2 ;29
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TCM2222

AMI/HDB3 ENCODER/DECODER

functional block diagram

pd==—

(12)

AIS INJ
NRZ IN (13) 10

l— bC1
Txck inJ2 :

|4 7xrpeT

L 15) TxTiDE=

[—>C1 F>C1 [—>c1 bc1 O

Amimpea-11L]

I.OOPINGi

CONTROL LOGIC, SWITCHING,
AND ERROR DETECTION

LD ais

ﬂERROR

—Q'ZID

SHN2119) SUOIEDIUNWWOI3D | !

—(1)
RxnDBEr—o> 1D

c1

5— ) 1D 1D

b— —PC1 —pC1 —pC1

vy

rxckN—2Lq

—11D

o

—(3)
RXHDB——»_'

SAME AS RXHDB+

(18)

NRZOUT

D1C
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TCM2222
AMIHDB3 ENCODER/DECODER

PIN FUNCTIONAL DESCRIPTION

PIN DESCRIPTION
NAME NO.
AIS 7 Alarm Inhibit Signal output. High when an alarm-inhibit consisting of essentially all highs is received from the
line.
AlS INJ 12 Alarm Inhibit Signal Injection input. Forces the alarm inhibit signal (all pulses) onto outputs TXHDB + and
TXHDB -
AMI/HDB3 11 Alternate Mark InversiirL(A_MI) or High-Density Bipolar-Three (HDB3) control input. When high, HDB3 is
selected. When low, AMI is selected
ERROR 10 Error output. Goes high for one-half cycle at every error found in the incoming line signal. 2
NRZIN 13 Serial binary Non-Return-to-Zero (NRZ) data input.
NRZOUT 15 Non-Return-to-Zero output. Binary NRZ daﬁrecovered from the RXHDB + and RXHDB — inputs. *‘Stuffing’’ ﬂ
sequence pulses are removed when the AMI/HDB3 control input is high. '5
RXCKIN 2 Clock from PCM transceiver. RXHDB + and RXHDB — data are clocked in on the rising edge of RXCKIN. e

Receive High-Density Bipolar Positive input. One of two data inputs to the decoder section. A low level indicates|
a positive pulse from the line.

RXHDB + 1

AXADE= 3 Receive High-Density Bipolar Negative input. One of two data inputs to the decoder section. A low level
indicates a negative pulse from the line.

TXCKIN 14 Transmit Clock input. The NRZIN input data is clocked in on the rising edge of TXCKIN.

TXHDB + 4 Transmit High-Density Bipolar Positive output. Low when a positive pulse is sent to the line.

TXHDB - 5 Transmit High-Density Bipolar Negative output. Low when a negative pulse is sent to the line.
Vpp 9 Positive supply voltage, 5 V +10%.
Vsg 16 Supply ground (0 V).

Incoming Zero Detection output. High when a sequence of 128 consecutive lows is received from the line.

ZID 6 . . —_
Disabled in the AMI mode.

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

Telecommunications C

Supply voltage, VDD (see Note 1) . ... ...t 03Vto7V
Input voltage, V| ... .. . e -0.3Vto20V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1375 mW
Operating free-air temperature range . . . .. ... ittt 0°C to 70°C
Storage temperature range . . .. ... ...ttt e —-55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for60 seconds. .. ................... 300°C

NOTES 1: All voltages are with respect to Vgg.
2. For operation above 25°C free-air temperature, derate linearly to 880 mW at 70°C at the rate of 11 mW/°C

recommended operating conditions

MIN NOM MAX | UNIT
Vpp Supply voltage 4.5 5 5.5 \
Vgg  Supply ground (o] \%
V|4 High-level input voltage 2 \%
VL Low-level input voltage . 0.8 v
Ta  Operating free-air temperature [o] 70 °C

i
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TCM2222
AMI/HDB3 ENCODER/DECODER

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
All outputs except Vpp =56V, 2.4
TXADBE loy = - 12 )
VoH High-level output voltag \?” — vo 1A v
TXADB +, TXHDB— oD =" 4.2
loH = - 40 A
All outputs except Vpp =5V, 0.4
TXHDB £ oL = 2.4 mA ’
VoL Low-level output voltage v Yy
TXHDB, TXADB - op = ° % 04| v
loL = 2mA
V| =585V,

- IlH  High-level input current V:::.|D= : 45V 10 A

@ = 5.

a‘ i Low-level input current z:::-o___ OzSVV' -10 wA

8 Ipp Supply current Vpp =565V 60 75 mA

3 Ci Input capacitance 20 pF

g timing requirements, transmit and receive sections

2. PARAMETER MIN MAX | UNIT

8 tsu1_Setup time, NRZIN before TXCKINT 20 ns

= th1 Hold time NRZIN after TXCKINT 40 ns

g tgy2 Setup time, RXHDB £ before RXCKIN?T 40 ns

[T} thg _ Hold time, RXHDB = after RXCKINt 40 ns

o tr1  Rise time, RXCKIN 25 ns

= tf1  Fall time, RXCKIN 16 ns

Q

€. switching characteristics, transmit and receive sections

-

(4 PARAMETER TEST CONDITIONS MIN MAX | UNIT
t;2  Rise time, TXHDBx CL = 25 pF, IoH = —40 A 40 ns
tf2  Fall time, TXHDB £ CL = 25 pF, loL = 2 mA 40 ns
t;3  Rise time, NRZOUT CL = 50 pF, IoH = —120 A 100 ns
tf3  Fall time, NRZOUT CL = 50 pF, oL = 2.4 mA 100 ns

. loH = —120 4A, loL = 2.4 mA,

1, Pulse di , ERR 200

w1 Pulse duration OR output CL = 25 pF. tec = 488 ns ns
! = —40 A, loL = 2 mA,

tpd1 Propagation delay, TXCKIN to TXHDBE OH s oL =~em 50 200 | ns
CL = 25 pF

7
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TCM2222
AMI/HDB3 ENCODER/DECODER

PARAMETER MEASUREMENT INFORMATION

p—m—q |t -b'
l
ViH '“"" | Vi max
TXCKIN H/- \ 7' \h__/ \_/-_\__f-
(See Note A) I | | -
tu1—P — | tut— l"“ | l
ViH min—hl l ' I __________ ViH
NRZIN I |
ViL
| |
i — |
[ ] VoH
TXHDB+ VoL max * l —_— I ——————————— VoL
I
tpd1—H  j——

P | VoH
TXHDB— Vo max A

VoL
FIGURE 1. TRANSMIT CHANNEL TIMING INFORMATION (AMI MODET)

NOTE A: The CLKSENSE is low and the rising edge of the TXCKIN is used to strobe NRZIN.
tIn the HDB3 mode, the pulses on TXHDB + are delayed three additional clock periods.

Telecommunications Circuits H
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TCM2222
AMI/HDB3 ENCODER/DECODER

PARAMETER MEASUREMENT INFORMATION

_,\lk_)}{'\m_Jr—\ N VA /AN

| je—thz—sf | tsuz—p)| je— fe—th2—p
I
[

| —’I I‘_tsu2 I I

RXHDB+ }F
| —————— Vi

ViL ma)'(_/ l‘_
th2
: tsuz—p) le— _’}

I | ; v
V|4 min H
RXHDB— | ViL maxx_—_f_ ____________ — L
___ﬂ twl k___
|

VOH minf_\_’f‘ — — — —Vou
_/1 VoL
VoL max

ERROR

1
I
I
tpd2
—.: r_VDOH '“i"\ .
RXCKOUT \ / \ / \ / \— = 7 T Vo
| VoL
___ﬂ r___M1
|
VQOH min = — VOoH
f ' VoL

FIGURE 2. RECEIVE CHANNEL TIMING INFORMATION (AMI MODE?)

tIn the HDB3 mode, NRZOUT is delayed three additional clock periods.

SHNDJI) SUOIIBIIUNWIWOD3D | !

NRZOUT
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TCM2222
AMI/HDB3 ENCODER/DECODER

PRINCIPLES OF OPERATION

The TCM2222 combines a coder section and a decoder section to which a signal monitor function is
attached. It can operate at clock frequencies from zero to 3 MHz in either the AMI or HDB3 modes. The
AMI or HDB3 mode is selected by the AMI/HDB3 input.

Binary data at the NRZIN input is clocked into the coder on the rising edge of TXCKIN. In the AMI mode
a logic high at NRZIN causes an output at either TXHDB + or TXHDB — on the falling edge of TXCKIN.
In the HDB3 mode, the output appears on the falling edge of TXCKIN 3.5 clock cycles later. This delay
allows the insertion of extra pulses due to sequences of four consecutive lows. When the AIS INJ input
is high, data at NRZIN is ignored and an *‘all highs’’ signal is transmitted with alternate outputs on TXHDB +
and TXHDB - every clock cycle.

Ternary data received at RXHDB — or RXHDB + is clocked into a decoder on the rising edge of RXCKIN.
In the AMI mode, the decoded data is output on NRZOUT on the falling edge of RXCKIN 0.5 clock cycles
later. In the HDB3 mode, the receiver recognizes violation pulses and removes any pulse sequences added
by the originating equipment, and outputs the decoded data 3.5 clock cycles later.

If the LOOPING input is high, the decoder ignores data received on RXHDB + or RXHDB - and uses data
at the TXHDB + and TXHDB — outputs. In addition, RXCKIN is ignored and TXCKIN is used to control the
decoder timing. In the AMI mode there is a 1.5-clock-cycle delay from NRZIN to NRZOUT. In the HDB3
mode the delay is 7.5 clock cycles.

A signal monitor circuit associated with the decoder monitors the received ternary signal and diagnoses
the presence of particular conditions. There are three received signal diagnostic outputs. The three outputs
are as follows:

ERROR This output flags an error in the received signal by pulsing high for 0.5 clock cycles.
In the AMI mode an error is two consecutive pulses of the same polarity. In the HDB3
mode an error can be either the same as the AMI error (provided it is not part of a violation
stuffing sequence) or an incorrect stuffing sequence. On power up, the ERROR output
remains high until the RXCKIN input is functioning.

ZID This flag is set high if a sequence of 128 incoming lows is detected. It is inhibited when
the device is in AMI mode. The output is latched if the RESET input is low.

AIS The AIS output goes high when two frames of 512 bits each, each containing no more
than two lows, is received. If the reset input is low, the output is latched. This flag is
set if a sequence of continuous highs is detected.

Other pin functions are as follows:

RESET A positive transition on this input resets the ZID and AlS outputs for one cycle of RXCKIN.
They are then free to be set again when their diagnostic condition occurs. RESET can
be used in the normally high mode, in which the outputs are not latched but continuously
reflect the current diagnostic status.

ternary data transmission

Ternary signals are used in telecommunications to transmit data over long distances because they offer
improved transmission characteristics compared to binary signals. The requirements are:

Narrow bandwidth for good signal-to-noise ratio.

Minimum high-frequency content to allow wider repeater spacing.

No dc component in the signal to allow inexpensive transformer coupling without distortion.
Timing information carried with the data to allow extraction of the clock.

Error detection to flag faults and enable their location.

Telecommunications Circuits H
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TCM2222
AMI/HDB3 ENCODER/DECODER

PRINCIPLES OF OPERATION

The ternary signal is bipolar. It has a zero center level, which is the rest condition, and positive and negative
levels of equal amplitude. The simplest form of coding is Alternate Mark Inversion (AMI) in which successive
logic highs in the binary signal are transmitted alternately as positive or negative pulses. Logic lows are
transmitted as a zero level. The disadvantage of this type of coding is that no timing information is contained
in a succession of logic lows, requiring the remote receiver to use a high-Q (crystal-controlled) clock
extraction circuit if long successions of lows are to be received.

To improve the timing content, high-density bipolar third-order coding (HDB3) can be used. This is identical
to AMI except that four successive lows cause the insertion of a violation bit that is a logic high pulse
of the same polarity as the previous logic high pulse (see Figure 3). This increases the timing information
and allows the use of a low-Q LC tank circuit in the clock extractor. The extra bits are removed by the
decoder, introducing a transmission delay of four cycles.

In order to maintain zero dc content, the violation bit must be the same polarity as the previous bit but
of opposite polarity to the previous violation bit. To replace four consecutive lows, there are two possible
sequences of pulses; LLLV if there is an odd number of logic highs since the last violation bit, or SLLV
if there is an even number of logic highs. In this notation S represents a ‘’stuffing’’ bit of opposite polarity
than the previous pulse and V represents a ‘‘violation’’ bit of the same polarity.

i
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NOTE 3: In the HDB3(1) signal, the previous violation bit was negative. In the HDB3(2) signal, the previous violation bit was positive.

FIGURE 3. TERNARY DATA TRANSMISSION TIMING DIAGRAM
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TCM2909, TCM2910A
PCM »-LAW COMPANDING CODECS

D2664, JUNE 1982 —REVISED MARCH 1986

® TCM2909 Provides u-Law Companding in TCM2909
22-Pin Package J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)
® TCM2910A is Designed to be
Interchangeable with Intel 2910A CAPX1 [JcLke
. . CAPX2 []oC
® Compatible with CCITT Recommendations ANLG IN vas
® ,-255-Law Encoding and 8th-bit Signaling ANLG GND [JCLKX
(TCM2910A only) Compatible with AT&T VbDp []FSR
D-Type Channel Banks PCM IN 1CLKR
PDN [ Tvee
® TTL-Compatible Digital Inputs and Outputs ANLG OUT (75X
Optional Programmable Time-Slot Selection NC [JPCM OUT
NC [ ]DGTL GND
® Low Operating Power Consumption:
Active ............. 230 mW Typical TCM2910A
Power-Down Mode.. . . .. 33 mW Typical J OR N DUAL-IN-LINE PACKAGE
® +5% Power Supplies: +12V, +5V, -5V {TOP VIEW)
High-Reliability, Advanced N-Channel MOS capx1fr UaaJcike
Technology CAPX2[]2  23[]DC
ANLG IN[J3  22[]VBs

® Low External Component Count AUTO ZERO[]4 21[]SIGX
PEP Processing Available

Telecommunications Circuits H

description Vppl]?  18lFSR.
PCM IN[]s 17| JCLKR

The TCM2909 and TCM2910A are single-chip PDN[To 16[]Vee
pulse-code-modulated encoders/decoders (PCM " ANLG OUT[] 15[1TSX
codecs) that provide all the functions required Nc[Ti1  1afJPCM OUT
to interface a full duplex (4-wire) voice telephone NC[Ti2  13[]DGTL GND
circuit with a time-division-multiplexed (TDM)
system. Integrated into the codecs are circuits NC—No internal connection

for signaling interface, PCM time-slot control
logic, analog-to-digital (A/D) conversion, and
digital-to-analog (D/A) conversion. Primary
applications of the devices 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

The TCM2909 and TCM2910A are
characterized for operation from 0°C to 70°C.

‘z \ Caution. These devices have limited built-in gate 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.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments

EXAS
standard warranty. Production processing does not 2-37
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS
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CENTRAL OFFICE OR PABX SWITCHING SYSTEM

HOOK SWITCH DETECT

| Y

SLIC > >
(Sub-scribey FILTER CODEC
+—1> Line TCM29128 TCM2909,
Interface TCM2910A
Circuit) < <
RING CONTROL PCM

HIGHWAY

functional description

The TCM2909 and TCM2910A are designed to perform the transmit (encoding or A/D conversion) and
receive (decoding or D/A) conversion) functions in a pulse-code-modulated system.

The functions of the codec are control, transmit, and receive. The control section consists of a precision
voltage reference, a digital-to-analog converter, a multiplexer, and a control register. The voltage reference
supplies the D/A-converter resistor ladder network with an accurate, stable reference. The analog output,
in turn, is used to determine the A/D output as well as the D/A output. The control register multiplexes
incoming receive and outgoing transmit data into the D/A converter.

The control section also enhances the basic codec function with programmable time-slot allocation and
power-down circuits. These circuits allow dynamic allocation of both receive and transmit time slots. In
small systems this feature could significantly reduce per-channel hardware for the first level of switching.
In larger systems the time-slot selection circuits can be disabled, and time-slot allocation can be performed
at a common system location. With either system design, the codec can be powered down during periods
of inactivity, thereby significantly reducing average system power consumption.

functional block diagram

2-38
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

PIN
NAME TCM2909 TCM2910A DESCRIPTION
ANLG GND 5 5 Analog return common to the transmit and receive analog circuits. Not connected to DGTL
GND internally.
ANLG IN 3 3 Analog input to be encoded into a PCM word. The signal on this pin is sampled at the
same rate as the transmit frame synchronization pulse, FSX, and the sample value is held
in the external capacitors connected at the CAPX1 and CAPX2 pins.
ANLG OUT 9 10 Analog output. The voltage present on this pin is the decoded value of the PCM word
received on PCM IN and is held constant between two conversions.
AUTO ZERO 4 4 This output is the same as the most significant bit of the encoded PCM word (5 V for
negative, —5 V for positive inputs). 2
CAPX1 1 1 Connection for the transmit holding (analog sampling) capacitor.
CAPX2 2 2 Connection for the transmit holding (analog sampling) capacitor. »
CLKC 22 24 Clock input to clock in the data on the DC pin that defines the mode of operation of the b~
codec. When CLKC is connected to V¢, DC becomes an active-low chip select. TTL- 3
compatible. 2
CLKR 16 17 Clock input that defines the bit rate on the receive PCM highway (1.544 megabits per 5
second for a T1 carrier). The maximum rate is 2.1 megabits per second at 50% duty cycle.
TTL-compatible. 2
CLKX 18 19 Transmit clock input defining the bit rate on the transmit PCM highway. It is typically 1.544 (o]
megabits per second. Maximum rate is 2.1 megabits per second at 50% cycle. TTL- '43
compatible. 8
DC 21 23 Data input to program the codec for either the direct or microcomputer mode of operation. L
TTL-compatible. g
DGTL GND 12 13 Ground return common to the logic power supply, Vcc. E
FSR 17 18 Frame synchronization pulse for the receive PCM highway. Resets the internal time-siot
counter for the receive section. Maximum frame synchronization repetition rate is 12 kHz. E
Also used to differentiate between nonsignaling frames and signaling frames for the receive 8
side. TTL-compatible. Q
FSX 19 20 Frame synchronization pulse for the transmit PCM highway. Resets the internal time-siot -q-,
counter for the transmit section. Maximum repetition rate is 12 kHz. Also used to -

differentiate between nonsignaling frames and signaling frames on the transmit section.
TTL-compatible.

NC 10 11 No internal connection. It is recommended that this pin be connected to ANLG GND.

NC 11 12 No internal connection. It is recommended that this pin be connected to ANLG GND.

PCM IN 7 8 Receive PCM highway (serial bus) interface. The codec serially receives a PCM word (8 bits)
through this pin at the time defined by FSR, CLKR, and the contents of the receive control
register.

PCM OUT 13 14 Output of the encoder onto the PCM highway. The 8-bit PCM word is serially sent out

as defined by FSX, CLKX, and the control register. TTL three-state output capable of driving
two TTL loads (4 mA).

PDN 8 9 Power-down output is active (high) when the codec is in the power-down state. The open-
drain output is capable of sinking one TTL load (1.6 mA).

SIGR 6 Signaling output SIGR is updated with the 8th bit of the receive PCM word on signaling
frames, and is latched between two signaling frames. TTL-compatible.

SIGX 21 Signaling input. This digital input is transmitted as the 8th bit of the PCM word on the

PCM OUT pin in signaling frames. 'I"TL-compatibIe.

TSX 14 15 Normally high, the transmit time-slot output goes low while the codec is transmitting a
PCM word on PCM OUT. Time-slot information is used for diagnostic purposes and also
to gate the data on the PCM OUT pin to the PCM transmit highway. The open-drain output
is capable of sinking two TTL loads (3.2 mA).

Ve 20 22 Supply voltage (-5 V +5%) referenced to ANLG GND.
Vce 15 16 Supply voltage (5 V +5%) referenced to DGTL GND.
VpD 6 7 Supply voltage (12 V +5%) referenced to ANLG GND.

{i’
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

operation
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The TCM2909 and TCM2910A are capable of operating as transmitters and receivers in any of the 64
channels of a PCM system. The receive and transmit sections can be assigned to the same channel (time
slot) or to different channels, and assignments can be changed under microcomputer control to meet
changing system needs. Table 1 shows the control options.

TABLE 1. OPERATION CONTROL CONFIGURATIONS

CONTROL
SIGNALS OPERATION
CLKC DC
L X Undefined operation
Vee H Power-down or standby operational status
Vee L Direct-control operation. Receive and transmit in the first time slot.
{ X Microcomputer-control operation. Clock in one of 8 bits of the control word at the DC input.
Bits 1 and 2 (See Figure 3)
V] 0 Load bits 3 through 8 into transmit and receive time-slot counters.
(o] Load bits 3 through 8 into transmit counter only.
1 o] Load bits 3 through 8 into receive counter only.
1 1 Power down (Bits 3 through 8 are irrelevant).
Bits 3 through 8 for time-slot assignments 1 through 64. The time-siot numbers
equal one more than the decimal equivalent represented by bits 3 (MSB)
through 8 (LSB) using positive logic.
Time
slot Bit3 Bit4 Bit5 Bit6 Bit 7 Bit8
1 0o 0o o] o 0 (o]
2 0 (o} 0 4] o 1
6 0 0 0 1 0 1
63 1 1 1 1 1 [o]
64 1 1 1 1 1 1
H = high level, L = low level, see digital interface table.
X = irrelevant, | = Vcc-to-low transition.

In microcomputer control operation, the control word at DC is divided into a mode selection (bits 1 and
2) and a time-slot assignment (bits 3 through 8). In mode 00 both the receive and transmit time-slot counters
are addressed, and they both receive the same subsequent 6-bit time-slot assignment. in mode 01 the
transmit time-slot counter is addressed for time-slot assignment. Mode 10 assigns a time-slot only for
the receive section. Mode 11 puts the device in the standby operational status and ignores the remaining
6 bits of the control word. Specific functional considerations for microcomputer-control operation are:

® All 8 negative-going transitions of CLKC must occur within 125 microseconds for the frame rate of
8 kilobits per second. The first transition of CLKC may occur anywhere within a frame. The CLKC
pin should be a TTL low level after time-slot assignment is completed.

® A dead period of 250 microseconds (2 frames) must be observed between the first positive transition
of CLKC in a time-slot assignment and that of any subsequent time-slot assignment.

® Itis recommended that either mode 00 or mode 01 be transmitted to the control register during power-up
or system initialization to ensure that a valid time-slot is always transmitted.

2-40
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

® The receive or the transmit section of the codec will operate only after both sections have been assigned
a time-slot. Therefore, transmit-only and receive-only time-slot allocation is not allowed.

® Clocking the control register while the codec is active may cause an increase in idle-channel noise.

Direct-control operation is implemented by connecting the CLKC pin to +5 volts (Vcc) and using the DC
pin as the chip select pin. When the DC pin is held low, the device transmits in the channel following FSX
and receives in the channel following FSR. On the other hand, when the DC pin is held high, the device
is in the power-down state. Operational considerations for direct time-slot allocation are:

® At least two framing pulses must occur after DC goes low to ensure that the codec is in direct-control
status.

® Three frames (375 microseconds) are required to enter direct operation after power supply requirements
are met and all clocks are available.

After DC is brought high, two framing pulses are required to put the codec into the standby mode.

The TCM2909 or TCM2910A can replace a 2910 codec even though the CLKC characteristics are
not the same for the two devices.

encoding mode

The analog input signal sampled at the ANLG IN pin is held by an external capacitor on pins CAPX1 and

- CAPX2. This sampling is done synchronously with the transmit time-slot assigned to the device. The eight-bit
digital PCM word will be transmitted on the PCM OUT pin in the frame immediately following the frame
in which the analog signal was sampled. See Table 3.

decoding mode

When the assigned receive time-slot occurs, the eight-bit digital PCM word is retrieved from the PCM
highway on the PCM IN pin. The word is converted from digital to analog and held with an internal capacitor
until the next assigned receive time-slot update. See Table 3.

Telecommunications Circuits H

signaling

These devices are compatible with per-channel signaling and are capable of differentiating between the
signaling and nonsignaling frames. A signaling frame is one in which the eighth bit of the PCM word contains
signaling information while the seven most significant bits are normal information bits. The signaling frame
is designated by the framing pulse (FSX or FSR) whose length is extended to two full clock periods as
shown in the timing diagrams. A framing pulse of a nonsignaling frame is one full clock period in length.
During a transmit signaling frame, the level present on the SIGX pin (of the TCM2910A) is substituted
for the 8th bit of the PCM word. During a receive signaling frame the value of the 8th bit of the PCM
word of the receive channel will be put on the SIGR pin (of the TCM2910A) and the signal level will remain
unchanged until it is updated by the next signaling frame. The remaining 7 bits will be decoded according
to the procedure in CCITT Recommendation G.733. See Figure 1 and Figure 2 for transmit and receive
timing diagrams.

framing

These devices are compatible with the D3/D4 framing format (T1 framing), which inserts a 193rd bit after
the 24th serial channel (8 bits per channel) frame. The extra bit raises the clock frequency (CLKX and
CLKR) from 1.536 MHz to 1.544 MHz.

‘Qip
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TCM2909, TCM2910A
PCM »-LAW COMPANDING CODECS

standby operation
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The codec provides for powering down to standby status from both microcomputer-control and direct-
control operation. The power consumption is reduced from 230 mW to 33 mW. Standby operation results
in the powering down of all the codec functions except the DC, CLKC, SIGXT, SIGRT, and PDN inputs.
Also, PCM QUT is forced into a high-impedance state thus helping to ensure that the PCM bus will not
be driven. The SIGRT output is held low to provide a known condition until changed by a signaling frame
after reactivation.

In microcomputer-control operation, the power-down state is invoked by clocking in 11 at the DC inputs
as described in Table 1. In direct operation the power-down state is called by taking the DC pin high and
connecting clock CLKC pin to VcC. Recovery from the power-down condition is accomplished by forcing
DC to the Iow level and allowing at least 2 frame synchronization pulses to occur.

internal reset

The TCM2909 and TCM2910A are designed to aid the user by eliminating certain system power-interruption
problems. Three of the most common of these problems are:

(1) Plugging a card into a ‘’hot’’ system thus causing spikes on the common power supplies
(2) Various transients such as caused by duplicated power supply faults or power feeder faults
(3) Transients and spikes that result from turning the power supplies on.

These devices are tolerant of transients in the negative power supply (VBB) provided that VBB remains
more negative than — 3.5 volts. The device will go into the power-down (standby) status if, during power
up (single-card or system), V¢ or VpD is supplied after VBB or if a transient causes the positive power
supplies to drop below approximately 2 volts. Since TSX is inhibited in standby operation, any codec in
this status can be detected easily.

companding

The amplitude distribution of a speech message is not uniform. Moreover, the probability of occurrence
for a small amplitude is greater than the probability for large amplitudes. Advantage can be taken of this
fact by ‘‘compressing’’ digital resolution into the lower signal amplitude during transmission and
““expanding’’ the signal upon the reception, thus increasing the overall signal-to-noise ratio. CCITT has
defined this function and entitled it the p-law.

In + [1+ p|x|]
f(x) = sgn(x) ——  for: -1 = x =1
In (1 + p

where p = 255, x is the normalized input, and sgn(x) is the sign of x. A continuous implementation of
f(x) would be impossible, therefore a piecewise continuous approximation of f(x) is used. The approximation
divides the function into 16 segments, and each segment is divided into 16 equal intervals except for the
first interval of the first segment. Refer to CCITT Recommendation G.711 for the segment and interval
implementation details of the u-law used for these circuits.

T TCM2910A only
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

absolute maximum ratings

Vce. VDD, ANLG GND, and DGTL GND with respectto VBB . . . .. ............
All inputs and outputs with respect t0 VBB -« - -« c vt t vt i v iie e
Temperature under bias . . . .. ... .. .. ... e
Storage temperature raNQgE . . . . ... u v vt vt u ettt

-0.3Vto20V
-0.3Vto20V
-10°C to 80°C
-65°C to 150°C

NOTE: Stresses in excess of absolute maximum ratings may permanently damage the device. Functional operation outside the recommended
operating conditions is not guaranteed. Prolonged exposure to absolute maximum ratings may have an adverse effect on device

characteristics.

recommended operating conditions

N

MIN NOM MAX UNIT n
Supply voltage, Vpp (see Note 1) 1.4 12 12.6 \% =
Supply voltage, Vcc 4.75 5 5.25 v =
Supply voltage, Vgg -4.75 -5 ~5.25 \" 2
Ground voltages (ANLG GND and DGTL GND) 0 v 'S
Auto-zero resistor, R1 (see Figures 9 and 10) 150 kQ
Auto-zero resistor, R2 (see Figures 9 and 10) 330 Q
Auto-zero resistor, R3 (see Figures 9 and 10) 470 (Y]
Analog coupling capacitor, C1 (see Figures 9 and 10) 0.1 uF
Analog coupling capacitor, C2 (see Figure 10) 0.3 uF
Analog sampling capacitor, CAPX, for 8-kHz sampling rate (see Figures 9 and 10) 1600 2000 2400 pF
Operating free-air temperature, Ta o] 70 °C

NOTE 1: Voltages at the analog input, analog output, and Vpp terminals are with respect to the analog ground terminal. All other voltages

are referenced to the digital ground terminal unless otherwise noted.

Telecommunications C
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TCM2909, TCM2910A
PCM ,.-LAW COMPANDING CODECS

electrical characteristics over recommended ranges of operating free-air temperature and supply voltages

(unless otherwise noted)

_digital interface

NOTES: 2.

~ 8

PARAMETER TEST CONDITIONS MIN MAX [UNIT
ViH High-level input voltage 2 \2
ViL Low-level input voltage 0.6 \4
I+ High-level input current V) =55V 10 pA
L Low-level input current V=0V -10 A
2 Vo High-level output voltage |PCM OUT IoH = 15 mA 2.4 v
H
(see Note 2) SIGRT loH = 80 uA 2.4
- PCM OUT loL = 4 mA 0.4
o SIGRT loL = 0.5 mA 0.4
\ Low-level
CT ol ow-level output voltage PDN loL = 1.6 mA 04 \2
Q TSX loL = 3.2 mA 0.4
(=}
g analog interface
c PARAMETER TEST CONDITIONS MIN  TYP} MAX |UNIT
2_ Analog-input impedance (between ANLG IN and
o CAPX1) in'series with CAPX to ANLG GND Vi=-3.1Vto 3.1V 125 300 500 Q
9' during sampling of ANLG IN
O | Smallsignal impedance at ANLG OUT Vo = -3.1Vt 31V 100 180 300 | @
= Serial 11111111
D -50 )
w ecoder output offset voltage to PCM IN 50 m!
Q' ncoder input offset voltage (see Note 31 Serial 11111111 5 1.5 5 | mv
g- | Encoder input offset voltage (see Note from PCM OUT . m
E. Peak neg-a"(ive output voltage at auto zero$ 200 K2 to ANLG GND VBB+2  Vpg \
. a Peak positive output voltage at auto zero Vee-2 Vee \2
power supplies
PARAMETER TEST CONDITIONS MIN  TYP? MAX |UNIT
IpD1 Vpp standby current VoD = 12.6 V, 0.7 1.1 mA
Icct V¢ standby current Ve = 5.25 V 4 7 mA
I8B1 Vpp standby current VCC _ '4 75 ’V -1.4 -25 | mA
IbD2 Vpp operating current ‘ BB - 2 C;48 M,Hz 1 16 | mA
Icc2 Ve operating, current Sce’;KN;te 4 ’ 13 21 mA
IBB2 VBB operating current -4 -7.5 mA
TTCM2910A only.
*Typical values are at Vpp = 12V, Vcc = 5V, Vgg = -5V, and Tp = 25°C. .
S Limits are expressed as magnitudes. For example, if Vgg = —5 V, the typical value is —5 V and the minimum value is -3 V.

PDN and TSX outputs are open-drain n-channel transistors that only sink current to DGTL GND. External pull-up devices are
required to source current.

External auto-zero must be used when the required input offset is less than +4 code steps or approximately 2.7 mV. The
external auto-zero circuit shown in Figure 10 will bias the codec at the zero-crossing point and reduce the input offset voltage
to zero.

. These measurements apply to the microcomputer and direct modes. All output pins are left open, the dc input (pin 23) is

at 5 V for standby current and at O V for operating current. All other input pins are grounded with the clocks operating.
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

operating characteristics over recommended ranges of supply voltages and operating free-air
temperature, R = 600 Q (unless otherwise noted)

gain and dynamic range

T Typical values are at Vpp = 12V, Ve = 5V, Vgg = -5V, and Ta = 25°C.

NOTES: 5. The input to PCM IN is a repetitive digital word sequence specified in CCITT Recommendation G.711. Measurement is made
at ANLG OUT. Limits are not corrected for (six x)/x degradation and no C-message-weighted filter is used. See Table 2.
6. In the dc procedure, the positive and negative clipping levels are measured and dynamic voltage range is calculated. In the
ac procedure, a sinusoidal input signal to ANLG IN is used and input dynamic voltage range is measured directly.
7. The codec acts as both encoder and decoder (PCM OUT = PCM IN) in a digital loop-back configuration. Specified gain is

in addition to normal (sin x)/x insertion loss. See Note 8.

8. In the term (sin x)/x

gain tracking error at f = 1.02 kHz

measurement frequency
sampling frequency

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Nominal | It , TA = 25°C,
Digital milliwatt response ominal Supply voltages, Ta 553 563 573 | dBm
: See Note 5 and Figure 6
T t fficient of Nominal | It .
.er.nperavu.re coefficient o ominal supply voltages -0.001 -0.002 |dBroc
digital milliwatt response See Note 5
Suppl It; hanging +5%,
Change in digital milliwatt response UpPly voltages changing +0.07 dB 2
Ta = 25°C, See Note 5
RMS input d i It Nominal | It ,

Inpl.J ynamic voltage ominal supply voltages ] 217 2.20 2.23 v »
range using dc and ac tests TA = 25°C, See Note 6 and Figure 6 =
Temperature coefficient of Nominal supply voltages, =]

P ' pply voltag -05 |mvicc| O
RMS input dynamic voltage range See Note 6 -
Supply volt hanging + 5%, IS}
Change in RMS input dynamic voltage range upply voltages changing ° +18 mV o
Ta = 25°C, See Note 6 »
RMS output dynamic voltage range Nominal supply voltages, Tp = 25°C 2.13 2.16 2.19 \% c
Temperature coefficient of RMS . (@]
. Nominal supply voltages -0.5 imv/°C ]
output dynamic voltage range ‘(-B'

Supply voltages changing +5%,
Change in RMS output dynamic voltage range PPl 9 9ing +18 mV ,2
Ta = 25°C c

P| = 0 dBmO at 1.02 kHz,

Self-loop gain ! ) z -0.2 dB 3
See Note 7 and Figure 5 E
=]
Q
2
(V]
-

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MOST mosT UNIT
NEG. POS.
Pj = —37 dBmO to 0 dBmO -0.4 0.4
End-to-end gain tracking error (see Figure 4) P = —50 dBmO to —37 dBmO -0.8 0.8 dB
Pj = —55 dBmO to —50 dBmO -2.4 2.4
Half-channel gain tracking error (encoder only Pi = ~37 dBmO to 0 dBmO —0.3 0.3
with ideal decoder) See Figure 6 Pl = ~50dBmoO to —37 dBmO —09 0.9 d8
P} = —-55 dBmO to —50 dBmO -1.5 1.5
Half-channel gain tracking error (decoder only Pi = —37 dBmoO to 0 dBmO —03 03
with ideal encoder) See Figure 6 Pi = ~50 dBmoO to —37 dBmO —0.9 99 8
Pj = —55 dBmO to —50 dBmO -1.5 1.5
+*p
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

operating characateristics over recommended ranges of supply voltages and operating free-air
temperature, R = 600 Q (unless otherwise noted) (continued)

transmission characteristics (see Figure 6), f = 1.02 kHz (unless otherwise noted)

PARAMETER MIN TYPt mAX | uniT
Signal-to-total-distortion ratio, C-message weighting, end-to-end See Figure 7
Signal-to-total-distortion ratio, C-message weighting, (half-channel) See Figures 6 & 7
Harmonic distortion (2nd or 3rd overtone) measured at ANLG OUT, P = O dBmO _48  -44 dB
See Figure 6.
2 No external auto zero 2 10
Encoder idle-channel noise measured at mid-tread See Figure 9 dBrnco
(no quantizing noise) C-message weighting with no signaling With external auto zero 8
; See Figure 10
5 Encoder idle-channel noise measured at the riser (quantizing noise included) 17 |dBmco
'e) C-message weighting, no signaling
=) Encoder idle-channel noise measured at mid-tread No external auto zero 10 13
3 . . I See Figure 9
(no quantizing noise), C-message weighting, - dBrncO
3 6th and 12th frame signaling per AT&T System requirements With external auto zero 13
c See Figure 10
2 Decoder idle-channel noise, no sign-bit toggling, no signaling,
o ) - -10. 7 |dBrncO
quiet code (serial 11111111 to PCM IN)
g_ Decoder idle-channel noise with sign-bit toggling, no signaling, 13 17 ldBmco
(«] quiet code (serial 11111111 to PCM IN)
=1
w power supply rejection and crosstalk attenuation
9 PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
(2] SVRR1 Vpp supply voltage rejection ratio Decoder alone, See Note 9 45 55 dB
E. SVRR2 Vg supply voltage rejection ratio Decoder alone, See Note 9 35 38 dB
a SVRR3 V(¢ supply voltage rejection ratio Decoder alone, See Note 9 50 80 dB
SVRR4 Vpp supply voltage rejection ratio Encoder alone 50 75 dB
SVRR5 Vpgg supply voltage rejection ratio Encoder alone 45 70 dB
SVRR6 V(c( supply voltage rejection ratio Encoder alone 50 85 dB
SVRR7 Vpp supply voltage rejection ratio Self loop, See Note 10 40 50 dB
SVRR8 Vgg supply voltage rejection ratio Self loop, See Note 10 35 38 dB
SVRR9 V(( supply voltage rejection ratio Self loop, See Note 10 50 80 dB
ay Crosstalk attenuation See Figure 8, See Note 11 75 >80 dB
clock timing requirements over recommended ranges of operating conditions (see Note 12)
PARAMETER MIN MAX | UNIT
tc(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) 485 ns
tr tf Rise and fall times for CLKX, CLKR, and CLKC 5 30 ns
tw(CLK) Clock pulse duration for CLKX, CLKR, and CLKC 215 ns
Clock duty cycle [ty (CLK)/tc(CLK)] for CLKX and CLKR 45 55 %

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

NOTES:

9.

supply pin and measurements are made at the decoder output with the encoder in idle-channel conditions.

at ANLG OUT.

- All timing parameters are referenced to 2 V except tpg3 and tpgs, which reference a high-impedance state.

With the test device acting as a decoder, a 200-mV peak-to-peak, 1,02 kHz signal is applied to the appropriate supply pin
and measurements are made at the remote encoder output with the decoder in idle-channel conditions.
. With the test device acting as encoder and decoder, a 200-mV peak-to-peak, 1.02-kHz signal is applied to the appropriate

. The analog input power is 0 dBmO at 1.02 kHz and the decoder is under idie-channel conditions. Measurement is made
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TCM2909, TCM2910A
PCM -LAW COMPANDING CODECS

transmit timing requirements over recommended ranges of operating conditions (see Note 12)

PARAMETER MIN MAX | UNIT
t Analog input conversion time referenced to 20 time
conviX) leading edge of transmit time slot (see Note 13) slots
td(FSX) Frame sync delay time 20 150 ns
tsu(SIGX) Setup time before Bit 7 falling edge 0 ns
th(SIGX) Hold time after Bit 8 falling edge 100 ns

receive timing requirements over recommended ranges of operating conditions (see Note 12)

PARAMETER MIN MAX | UNIT
Analog output update from leading time
tconv(R) edge of : 7116
ge of the channel time slot slots
td(FSR) Frame sync delay time 20 150 ns
tsu(PCM IN) Receive data setup time 20 ns
th(PCM IN)  Receive data hold time 60 ns

control (microcomputer operation) timing requirements over recommended ranges of operating
conditions

PARAMETER MIN MAX | UNIT
tsu(DC) Control data setup time 100 ns
th(DC) Control data hold time 100 ns

propagation delay times over recommended ranges of operating conditions (see Note 12 and timing
diagrams)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
From rising edge of transmit clock Bit 1
tpd1 to Bit 1 data valid at PCM OUT ) CL = Oto 100 pF 50 180 ns

Telecommunications Circuits Ji®

(data enable time on time-slot entry)
From falling edge of transmit clock Bit n
tpd2 to Bit n+1 data valid at PCM OUT CL
(data-valid time)
From falling edge of transmit clock Bit 8
tpd3 to Bit 8 Hi-Z at PCM OUT CL = 0, See Note 13 75 245 ns
’ (data float time on time-slot exit)

0 to 100 pF 80 230 ns

From rising edge of transmit clock Bit 1

to TSX active (low) (time-slot enable time)

From falling edge of transmit clock Bit 8

to TSX inactive (high) (time-slot disable time)

From falling edge of receive clock Bit 8

tods o.n sng'nahn? frames to updated 1000 ns
signaling bit on SIGR output
(receive signaling update time)

tpda CL = Oto 100 pF 30 220 | ns

tpd5 CL = O, See Note 13 70 225 ns

NOTES: 12. All timing parameters are referenced to 2 V except tpg3 and tpgs, which reference a high-impedance state.
13. The 20-time-slot minimum ensures that the complete A/D conversion will take place under any combination of receive interrupt
of asynchronous operation of the codec. If only the transmit channel is operated, the A/D conversion can be completed
in @ minimum of 11 time slots.

{ip
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TCM2909, TCM2910A
PCM x-LAW COMPANDING CODECS

| TIME SLOT 1

tf | f—
tw(CLK)— -—

——»i_ 1c(CLK)

(NON S'GNAL|NG FRAMES)
———| F'd(FSX) |-—‘d(st)

(SIGNALING FRAMES)

FIGURE 1a. TRANSMIT FRAME SYNCHRONIZATION TIMING

TIMESLOTN |

|
|
|
tsu(SlGX)—»I Iq— — Iq-—'h(ssGX)

¥

|—1tpd4 | tpd5
TSX ouTPUT tod f—
SIGX INPUT DON'T CARE x VALID OONT

FIGURE 1b. TRANSMIT OUTPUT TIMING
|- TIME SLOT 1 |
CLKR 1 2 3 6 7 8
-->| I-m(ssn) n _ll__ tf__”__
TaFSR) |-'w(CLK)

FSR INPU n-tc(cm)-i

(NON SIGNALING FRAMES)

—-l l<——tdu=sn) —»] |e—tirsn)
FSR INPUT f -\
(SIGNALING FRAMES)

FIGURE 2a. RECEIVE FRAME SYNCHRONIZATION TIMING

- TIME SLOT N »|

CLKR
tsu(PCM IN)

|a— t(pcm ")

SIGR OUTPUT VALID . XVALID

FIGURE 2b. RECEIVE INPUT TIMING

CLKC 1 2 3 4 5 6 7 8

tsu(DC) —Ol ty '0- —t‘ 4

th(DC)

oc KRR _ K _IRK_ RN X) R

[ 2[4 [ oc oc oc oc oc
STABLE STABLE STABLE STABLE STABLE STABLE STABLE  STABLE
MODE SELECT- TIME-SLOT T l

FIGURE 3. CONTROL TIMING
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TCM2909, TCM2910A

PCM ,-LAW COMPANDING CODECS

PARAMETER MEASUREMENT INFORMATION

W & G: WANDEL AND GOLTERMANN
FIGURE 6. TRANSMISSION PARAMETER TEST CIRCUIT

ANALOG
SOURCE ANLG PCM ] ANLG PCM
ADRET 2230 IN out IN out
(or equivalent) CODEC CODEC ANALOG
_|rcm ANLG| PCM ANLG LEVEL METER
IN ouTt IN ouTt W & G PLM-95
{or equivalent)
W & G: WANDEL AND GOLTERMANN
FIGURE 4. END-TO-END GAIN TEST CIRCUIT
ANALOG
SOURCE ANLG PCM
ADRET 2230 IN ouT!
(or equivalent) CODEC ANALOG
PCM ANLG LEVEL METER
IN ouT W & G PLM85
(or equivalent)
W & G: WANDEL AND GOLTERMANN
FIGURE 5. SELF-LOOP GAIN TEST CIRCUIT
ANALOG IDEAL DECODER ANALOG
SOURCE ANLG PCM W&G ENCODER LEVEL LEVEL METER
ADRET 2230 IN ouTt PCD-64 W& G PLM-95
(or equivalent) {or equivalent) (or equivalent)
o Q
CODEC $1~0—0— s2
o Q
DIGITAL DATA NOISE LEVEL
GENERATOR PCM ANLG METER
W & G PCG-1 IN ouT DECODER NOISE W& G PMD-1
(or equivalent) (or equivalent)

Telecommunications Circuits H
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TCM2909, TCM2910A

PCM n-LAW COMPANDING CODECS

Signal-to-Total-Distortion Ratio—dB

40

PARAMETER MEASUREMENT INFORMATION

35

20

15

---------- TYPICAL, HALF CHANNEL

10

==== MINIMUM, END-TO-END

~— MINIMUM END-TO-END, AT&T D3 CHANNEL BANK

COMPATIBILITY SPECIFICATION (ISSUE 3, 10-77)

-45

-40 -35 -30 -25 -20 -15 -10 -5
Input Level—dBmO
FIGURE 7. SIGNAL-TO-TOTAL DISTORTION RATIO
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

PARAMETER MEASUREMENT INFORMATION

DIGITAL-TO-ANALOG TEST

IDEAL DECODER ANALOG
ANLG PCM W&G LEVEL METER
”l7_"1 IN out PCD-64 W & G PLM-95
DIGITAL DATA CODEC (or equivalent) (or equivalent)
GENERATOR PCM ANLG
W & G PCG-1 0dBm0 Code | IN out |~
(or equivalent) at 1020 Hz
ANALOG-TO-DIGITAL TEST 33
ANALOG 3
SOURCE ANLG pcm| -
ADRET 2230 0 dBmO Code IN ouTt 6
{or equivalent) at 1020 Hz
(2}
CODEC c
2
)
DIGITAL DATA ANALOG ]
GENERATOR PCM ANLG LEVEL METER o
W & G PCG-1 11111111 IN ouT W & G PLM-95 c
(or equivalent) Code (or equivalent) g
W & G: WANDEL AND GOLTERMANN £
FIGURE 8. CROSSTALK ATTENUATION TEST CIRCUIT o)
[&]
TABLE 2. u-LAW DIGITAL WORD SEQUENCE FOR THE DIGITAL %
MILLIWATT RESPONSE PER CCITT RECOMMENDATION G.711 -
Bit Number
1/2[3|af[s|6|7]s
1{olofof1 11|10
2 JojoJofJo1Jof1]1
g[3fJofloJofoli1lo]1]n
5 alojofol1[1|1[1]o
(s [1Jofo]1[1[1[1]0
2lelrJololol1 o1
71 fofolof1fof1]n
gl[1]ofo[ 111 ]1]o0

{i’
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

FILTER

1
i
|
|
I
|

J

TYPICAL APPLICATION INFORMATION

(3}
-

I I
| | o3urF |
| | encooer | I I | ANLG IN 4/c A CA"X‘!
| FILTER "L ] N _L
| | I capx
| R1 ¢ | | 2000pF
2 | : 1Boka S o—| bac capxz|
| I ¢—1 AuTo ZERO }
| m |
; | | anLG Gnp | + !
— i | l T 2mV ]
8 | | pecooer | ! T OFFSET |
o | FILTER LD :ANLG out ° |
| - |
3 | ! I ANLG GND !
I | b e
c
3.
8 FIGURE 9. ANALOG INTERFACE WITHOUT EXTERNAL AUTO ZERO
~* .
5] FILTER CODEC
Q| L osir | '
=" | encooer | | 0'3," | ANLG IN -~ " carxa |
2 I'] Ften A I © VW | J_
= | | R1 ¢ &3 | CAPX
@ | | 190 ke 1’ 0ka | capx2 | MOPFT
—A—] AUTO ZERO o0— pac
| | R2 3 |
| | oo |
| | /J? 3 I
ANLG GND
| | oecooer | | | ~ g:'éer I
| FILTER | ] ANLG ouT ° |
| | | |
ANLG GND
| I | IR A |
FIGURE 10. ANALOG INTERFACE WITH EXTERNAL AUTO ZERO
'3
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TCM2909, TCM2910A
PCM 4-LAW COMPANDING CODECS

LINE

INTERFACE

ANALOG
INPUT

GAIN ADJUSTMENT

ELECTRONIC HYBRIDS

POWER AMPLIFIER

TRANSFORMER
HYBRIDS

LEGEND

TYPICAL APPLICATION INFORMATION

TCM2912C

>
{c
]
<
+
-0
-~

ANLG IN+ VFXO

ANLG
GND

GSX CLKSEL!

ANLG IN—

VFRO PDN

PWRI CLK

DGTL
GND

PWRO- VFRI

PWRO+

EVBB Vee

v

ANALOG DIGITAL
GROUND GROUND

SIGR|  |SIGX DIGITAL
L TCM2910A INTERFACE
capx ctke[H ¢ FROM SYSTEM
CONTROL
’Lﬂ CAPX2 oc[H—
ANLG
3'_1 —w ves[ H—
AUTO $
g | 5": 2ERO siex[ -
ANLG N
% Oeno Fsx[F—
™} 'm :
- A o > .;?::ME SYNC
(— —{voo rsr[ J——— | AnoBiTcLOCKS
$' PcM
:I'__L — IN CLKR :—0—4— J
- e
0 Qron e
ANLG e IR
Ljour X[ » W
PCMp—y ~ o~
NC >
E ouTp-
PcM
Ne onp HIGHWAY
GND
<

52 T

FIGURE 11. TCM2910A INTERFACE WITH TCM2912C FILTER
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TCM2909, TCM2910A
PCM .-LAW COMPANDING CODECS

TABLE 3a. p-LAW POSITIVE INPUT VALUES
Reproduced from CCITTt (Volume lll — 2 on Line Transmission)
Recommendation G.711 on Pulse Code Modulation of Voice Frequencies

1 2 3 4 5 6 7 8
Number Value g - Character signal Value Decoder
Segment | of intervals | at segment Decision Decision (see Note B) at decoder output
number | X interval end value value x output y, value
size points number n (see Note A) Bit number (see Note C) number
12345678
2 8159 (128)D (8159)  cmp com s e o o s e
10000000 [~ 8031 127
127 7903 T ! 1
—] | ] H : !
o 8 16 X 256 ! ! (see Note E) ! H
— | | : 1 '
1] 113 4319 | |
(1] 10001111 |~ 4191 12
o 4063 12 4063 T ! !
|
3 7 16 x 128 ! ! (see Note E) ! '
] 1 ] |
3 97 2143 L 1 |
c 10011111 [ 2079 96
- 2015 96 2015 T ! !
— | I 1 1 : |
8 6 16 x 64 ' ! (see Note E) H !
] 1 H | |
[l 81 1055 1 | |
=] 10101111 [~ 1023 80
= 991 80 991 Y ! !
7 ! | | i i
5 16 x 32 i ! (see Note E) H H
| ' [ ] 1
Q 65 511 1 [ ]
- 10111111 [~ 495 64
(] 479 64 479 T ! !
c i ' H 1 1
= 4 16 X 16 i i (see Note E) i i
» 49 239 L 1 |
11001111 = 231 48
223 48 223 T ' !
' ' - : :
3 16 % 8 ! H (see Note E) | i
Il 1 ! | |
33 103 L | '
11o0tt111 p 99 32
95 32 95 T 1 1
V 1 1 | |
2 16 x 4 ! ' (see Note E) ' '
| 1 ! 1 |
17 35 ] |
11101111 3? 16
|
3 1 3 1 | |
15x 2 : : (see l\llo\e E) : :
] ] | \
2 3 1 1 [
1 11111110 2 1
1 1
i 1x1 t111t111
0 0 0 0
NOTES: A. 8159 normalized value units correspond to the value of the on-chip voltage reference.
B. The PCM word on the highways is the same as the one shown in column 6.
C. The voltage output on the ANLG OUT lead is equal to the normalized value given in the table, augmented by an offset. The
offset value is approximately 15 mV.
D. X12g is a virtual decision value.
E. The PCM word corresponding to positive input values between two successive decision values numbered nand n + 1 (see
column 4) is (255 — n) expressed as a binary number.
tThe International Telegraph and Telephone Consultative Committee. Published by the International Telecommunication Union,
Geneva, Switzerland.
l
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TCM2909, TCM2910A
PCM u-LAW COMPANDING CODECS

TABLE 3b. u-LAW NEGATIVE INPUT VALUES
Reproduced from CCITTt (Volume Il — 2 on Line Transmission)
Recommendation G.711 on Pulse Code Modulation of Voice Frequencies

1 2 3 4 5 6 7 8
Number Value Decisi Decisi Character signal Value Decoder
Segment | of intervals | at segment ec;“"" l“s"’" (see Note B) at decoder output
number X interval end Va;’: value xp output yp value
size points number n (see Note A) Bit number (see Note C) number
12345678
0 ; ; 0 2
1x1 o111 111
1 -1
1 01111110 -2 1 (2]
2 3 1 [ b~
T ] ]
1 1 ! H H =)
15%x 2 ] [} (see Note D) | | (&)
] ] : 1 \ T
-31 16 =31 ] 1 by
01101111 (— =33 16 (&)
17 -35 1 1
T
! - - : : 2
2 16 x 4 | i (see Note D) H i c
! ! H | | (=]
-95 32 -95 1 1 -
01011111 — =9 32 ‘6
33 ~103 T | ! o
| 1 | ! ! o
| |
3 16 x 8 1 ) (see Note D) | 1 [
1 1 1 I | :
-223 48 -223 L | |
01001111 =231 48 E
49 -239 ! [
—
; . . : : £
4 16 X 16 1 [ (see Note D) \ | (=]
1 [ | \ \ o
—-479 64 —479 L 1 1 P
00111111 | —495 64 -—
65 —s11 1 ! o
H |
] | | : | l-
5 16 x 32 : : (see Note D) \ \
]
1 1
~991 80 —991 L 1 |
00101111 |~ —1023 80
81 ~1055 r | !
| | | : 1
6 16 x 64 : : (see Note D) \ 1
1
1 I
~2015 9 2015 1 1 \
00011111 = —2079 96
97 ~2143 T ! !
| 1 |
7 16 x 128 ! ! (see Note D) ! '
] | \
—4063 112 —4063 1 1 1
00001111 |— —4191 12
113 —4319 1 :
1 ] (see Note D) : |
8 16 X 256 126 —7647 \ |
00000001 |— 7775 126
127 —7903
00000000 —8031 127
—8159 (128)E (—=8159) = = e e e —

NOTES: A. 8159 normalized value units correspond to the value of the on-chip voitage reference.
B. The PCM word on the highways is the same as the one shown in column 6.
C. The voltage output on the ANLG OUT lead is equal to the normalized value given in the table, augmented by an offset. The
offset value is approximately 15 mV.
D. The PCM word corresponding to positive input values between two successive decision values numbered nand n + 1 (see
column 4) is (255 — n) expressed as a binary number.
E. X428 is a virtual decision value.

The International Telegraph and Telephone Consultative Committee. Published by the International Telecommunication Union,

Geneva, Switzerland.
la

Texas
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

2-65



N

Telecommunications Circuits

2-56



TCM2912C
PCM LINE FILTER

D2788, SEPTEMBER 1983 —REVISED DECEMBER 1987

® High-Pass Transmit Filter for Rejection of All
Low-Frequency Noise:
16Hz ............... 70 dB Typical
BOHz ............... 35 dB Typical
60Hz ............... 30 dB Typical

6th-Order Low-Pass Transmit Filter for
Improved Performance

Low Standby Power Consumption
Improved Envelope Delay Characteristics
Excellent Power Supply Rejection Ratio

CCITT G.712 as well as AT&T D3/D4
Compatible

TTL- and CMOS-Compatible
Reliable N-Channel MOS Process

® Pin-For-Pin Functional Replacement for
Intel 2912A

® Improved Noise Performance
Three-State PWRO + and PWRO — Outputs

description

The TCM2912C is a monolithic integrated circuit designed to implement the transmit and receive signal
filters of a PCM line or trunk termination. The transmit and receive passband filter sections are implemented

using switched capacitor techniques.

The TCM2912C is primarily used in telephone system applications for switching, transmission, and remote
concentration. The transmit section provides a high-pass filter to ensure rejection of all low-frequency noise
as well as the anti-aliasing function required for an 8 kHz sampling system. A sixth-order low-pass filter
is provided in the transmit section for improved performance. The receive section has a smoothing low-
pass filter and sin x/x correction required for interface with TCM2910A or TCM2911A codecs. The
TCM2912C eliminates high-frequency switching noise for direct interface with transformer or electronic
hybrids. The power-down mode (standby) can be directly controlled by TCM2910A or TCM2911A type
codecs. When the TCM2912C is in the power-down mode, all outputs are in a high-impedance state.

The -3 versions are identical to the standard versions except that gain relative to gain at 1 kHzis —0.7 dBm

minimum.

DUAL-IN-LINE PACKAGE

(TOP VIEW)
ANLG IN+ 1 Us[] vFxo
ANLG IN- [2 15%ANLG GND
Gsx[]s  14[J CLKSEL
viro[Jsa  13[JPON
PWRI E 5 12[]CLK
PWRO+ [J6  11[J DGTL GND
PWRO- [J7  10[J VFRI
Vs L{8 9llVce

The TCM2912C is characterized for operation from 0°C to 70°C.

Telecommunications Circuits ﬁ

‘z Caution. These devices have limited built-in gate 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 documents contain information .
current as of publication date. Products conform to v}
sgc.i‘f‘ic’;mns per t%l t;r::is of Texas lnst&umn:st

standard warra roduction processing does n

Recassariy nclude testing of Sl parameters INSTRUMENTS

Copyright © 1983, Texas Instruments Incorporated
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TCM2912C
PCM LINE FILTER

system block diagram

TRANSMIT SECTION

— T
ANLG 1N+ L + ANTIALIAS sc SMO
R 3RD-ORDER 6TH-ORDER MOOTHING | (4¢,
> Low-PAsS > Low-pass VFXO
@ A HIGH-PASS LOW-PASS
2 ANLG IN- > FILTER FILTER FILTER
asx.3

; SUPPORT SECTION -
@ (14)
) CLKSEL aa| 2PHAsE
o cLOCK
e CLK =1 GeneraTOR
c
E. e e e e e e e  —_—_———
° RECEIVE SECTION
2 7
(=3 7 |
=) PWRO—- L.)_0_< = — |
=}
@ 1+
o) sC
= SMOOTHING SN 10)
a —n MA— Lowpass | xix | o J2poLe acTive] gU0)
e © ‘[ FILTER LOW-PASS PRE-FILTER
= PWRO+ FILTER
/] (5) 4)

PWRI VERO

The TCM2912C system block diagram is divided into three sections: transmit, receive, and support. The
transmit section provides bandpass filtering to eliminate unwanted switching and low-frequency noise
signals. The receive section provides a 2-pole active pre-filter to filter out high-frequency components that
are present on the analog output of the codec. Since the filter is a sampled data system, the components
could alias down into the voice band and create low-frequency gain tracking and S/Q problems. Following
the pre-filter is a sixth-order low-pass filter that provides sin x/x correction for the codec. The receive section
provides sin x/x correction for the codec and elimination of high-frequency switching signals. The receive
section has optional output buffers. The support section provides clock generation.
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TCM2912C
PCM LINE FILTER

PIN
DESCRIPTION
NAME NO. ES 0
ANLG GND 15 Analog return common to the transmit and receive analog circuits. Not connected to DGTL GND internally.
ANLG IN— 2 Inverting input of the gain adjustment operational amplifier on the transmit filter
ANLG IN + 1 Analog input of the transmit filter. The ANLG IN + signal comes from the 2- to 4-wire hybrid in the case
of a 2-wire line and goes through the high-pass filter and antialiasing filter before being sent to the codec
for encoding.
CLK 12 Clock input. Three clock frequencies can be used: 1.536 MHz, 1.544 MHz, or 2.048 MHz. Frequency is 2
selected by C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>